DESCRI PTI ON FI LTERI NG METHOD, AND MEMBRANE- FI LTERI NG APPARATUS Techni cal
Field 5[0001] The present invention relates to a filtration nethod and
menbrane filtration apparatus filtering with a nmenbrane nodul e usi ng
pressure as a driving force to treat clean water, an industrial water
supply, river water, |ake water, ground water, reservoir water, secondary
treated sewage effluent, sewage, drainage and the |ike. 10Background Art

[ 0002] There are two types of ne ' ion: 1) filtration by
positive pressure on the raw wat @mﬁfﬁﬁ@brane and 2) filtration by
negative pr t he si de me 1@ S ressure
filtration ﬁf‘g‘t‘%ﬁ(kin%?@ e raw te%@%&%ﬁgeis ‘
pressurized,pr]li‘,\p t Rer meat e side is open under atnospheric pressure, to
allow for firterirng by producing a pressure differential (transnmenbrane
pressure) b : . kaw wat er side of the nenber and the perneate side.
On the ot heﬁe\ggﬁg‘?él{?‘gﬁgermate side filtration under negative pressure is

a netshod in[tmbft The DRACHE ﬁ%velﬁﬁnﬁil‘é?a § wea"glemfaﬁaﬁ Ife@RRD atpfer

at nosSpheri c -pressure, “perneate side is under negative pressure to
R L i ot S AR
constant pengaife fdOW fkving oS UdPaREEElean water, an industrial water
supply, river water, lake water, ground water, reservoir water, secondary
treated sewage effluent, sewage, drainage and the like.
10 Background Art
[0002] There are two types of membrane filtration: 1) filtration by
positive pressure on the raw water side of membrane and 2) filtration by
negative pressure on the permeate side of membrane. Raw water side
pressure filtration is a method in which the raw water side of a
15 membrane is pressurized, and the permeate side is open under
atmospheric pressure, to allow for filtering by producing a pressure
differential (transmembrane pressure) between the raw water side of the
member and the permeate side. On the other hand, the permeate side
filtration under negative pressure is a method in which the raw water
20 side of the membrane is open under atmospheric pressure, and the
permeate side is under negative pressure to allow for filtering by
producing a transmembrane pressure.
[0003] As raw water is filtered by the membrane in the above-
mentioned method at a constant permeate flow rate, the suspended
25 solids in the raw water or other substances larger than the sizes of

membrane pores (hereinafter referred to as “membrane fouling



25solids in the raw water or other substances l|arger than the sizes of
menbr ane pores (hereinafter referred to as "nenbrane fouling substances")
are rejected causing concentration polarization or form ng cake | ayers on
t he menbrane (hereinafter referred to as "nmenbrane fouling”) while

si mul taneously increasing filtration resistance, which eventually results
I n increased transnenbrane pressure. Although 5 chemcal cleaning is

PN S E TN R AT
cortS nd cou Coptent o, Load seec ARl QUL L AU ARG
U ansmenbr ateupgak B rdeReatsy” i dbesibea i ddtn ARG, LIS,
i e R
%Eif o E LEL?ﬁEﬁﬂ%ﬁffe%“isgaﬁ%@f@?%sﬁ”&@ SRS bR BRI A L
Cnoxan ned BaRrebls hat Re0SERSRE] TBR helifidl PIGREHECT rbduag@MIERE |
Invention 2QF10RefSS Heoplatiod BYsts ihd RASHonental load. Specifically,

during continuous membrane filtration operation, it is preferable that a
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constant filtration flux is maintained over a long period of time, and that
10 an increase in the transmembrane pressure difference is prevented.
[0004] As a means for preventing the rise of transmembrane pressure, a
membrane treatment method is disclosed in Patent Document 1 in
which treated liquid is circulated through intermembrane liquid
passages with a circulation pump for membrane surface cleaning while
15 liquid is sucked through the membrane with a suction pump in order to
produce permeate.
Patent Document 1: Japanese Unexamined Patent Application
Publication No. H11-300168
Disclosure of the Invention
20 Problem to be Solved by the Invention
[0005] However, in a conventional membrane treatment method
described in Patent Document 1, since the permeate extraction power
depends on the suction power of a suction pump rather than on the
pressure produced by a circulating pump, there are instances where the
25 design filtration flux cannot be assured as a result of an increase in a

transmembrane pressure caused by membrane fouling substances.



[ 0005] However, in a conventional nenbrane treatnent nethod described in
Pat ent Docunent 1, since the perneate extraction power depends on the
suction power of a suction punp rather than on the pressure produced by a
circulating punp, there are instances where the 25design filtration flux
cannot be assured as a result of an increase in a transnmenbrane pressure
caused by nenbrane fouling substances. [0006] The present invention

o ot B b
T Ty Ml SRR ARG IR, o N 0 o
e T, HUAIE i o St B Tt o
Lls: ';]er :opgs;:r ’9&@? E@a\%& a‘?ﬁ a];gwﬂ’ggt §e%%?ﬁ8gr%r nﬁng ela fﬂ?ﬁ%ﬁ i%[ﬁ{teo’per ation
;: : t?gt : 82 Qﬁgjéﬁ?@l %‘i 1&@?(;2{#”@13 &ﬁéttggée &n‘glggés}? r_lv%ﬁa%llteér S| dea_%weessure
filtrati on., 8§ I%ﬁ%ﬁ%aﬁn@%’@@g{%#éﬁogi%??lérllgnglrﬁeég(ﬁdr gP [ t'(rja'? iO(r)rEOZInEjet he

per e 514 ARRRH SIS Prdblifel on amy one of raw water 51 nater
Fesponse 1o ONLEEBHES £ Ak g B B e o B sSB - i ng

the abovementi giedh HlovideS:

10 (1) a filtration method for filtering raw water to obtain permeate

by performing a filtration operation using pressure as a driving force for
membrane modules, in which the filtration operation is performed in
three modes: raw water side pressure filtration, permeate side negative
pressure filtration and composite filtration combining the raw water side
15 pressure filtration and the permeate side negative pressure filtration, any
one of raw water side water quality, membrane filtration flux and
transmembrane pressure is measured, and any one of the three filtration

modes is switched to another in response to a measured value thereof;
(2) the filtration method according the abovementioned (1), in
20 which the measured value is a characteristic value X indicating a
concentration of a membrane fouling substance calculated from the raw
water side water quality, the raw water side pressure filtration is
conducted when the characteristic value X falls below a predetermined
threshold value, and the raw water side pressure filtration switches to
25 the composite filtration when the characteristic value X rises above a

predetermined threshold value;



20 which the measured value is a characteristic value X indicating a
concentration of a nmenbrane fouling substance calculated fromthe raw water
side water quality, the raw water side pressure filtration is conducted
when the characteristic value X falls bel ow a predeterm ned threshold

val ue, and the raw water side pressure filtration switches to 25the
conposite filtration when the characteristic value X rises above a
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abovenent i O%%ﬂtéﬁt)isﬂgingﬁ h the measured value is the suction lift of the
permeat e side correspon ng to the transnenbrane pressure, and the perneate
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rate filtration operation at t design ow rate via the said perneate
si de negati VRrRledfs ¥id® negative pressure filtration is switched to the raw water

side pressure filtration or the composite filtration when the measured

value drops below a predetermined membrane filtration flux during

constant flow rate filtration operation at the design flow rate via the said
15 permeate side negative pressure;

(6) the filtration method according the abovementioned (1), in
which the measured value is the suction lift of the permeate side
corresponding to the transmembrane pressure, and the permeate side
negative pressure filtration is switched to the raw water side pressure

20 filtration or the composite filtration when the suction lift of the permeate
side has reached the available NPSH during constant flow rate filtration
operation at the design flow rate via the said permeate side negative
pressure;

(7) the filtration method according to any of the abovementioned

25 (1) to (6), in which the said filtration operation is alternated with

backwash operation, in which liquid runs through the membrane



(7) the filtration nmethod according to any of the abovenentioned 25(1) to
(6), in which the said filtration operation is alternated with backwash
in which liquid runs through the nenbrane nodule fromthe
pernmeate side to the raw water side with nenbrane air scrubbing being

operati on,
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ntioned (7), in which pressure is applied to the perneate side
backmash S5operation; 9) the f||trat|pg nethod accordi ng
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8’??6} tion of applyi ng positive pressure to the perneat

d nega{é)vt?lepfﬁﬁrsa Ot methdd et St ifg 16 the 288vementioned (7), in
which negative pressure is applied to the raw water side to perform
backwash operation;

(10) the filtration method according to the abovementioned (7),
in which both positive pressure and negative pressure are applied to the
permeate side and raw water side respectively to perform backwash
operation;

(11) the filtration method according to the abovementioned (7),
in which backwash may be performed by selectable means: applying
positive pressure to the permeates side, applying negative pressure to
the raw water side, or employing a combination of applying positive
pressure to the permeates side and applying negative pressure to the raw
water side.

(12) a membrane filtration apparatus provided with membrane
modules using pressure as a driving force, comprising: a first means for
regulating the raw water side pressure of membrane modules; a second
means for regulating the permeate side pressure of the membrane
modules; a measuring means for measuring the water quality of the raw
water side of the membrane modules; and a controlling means for
controlling at least one of the first pressure regulation means and the

second pressure regulation means based on values measured by the said

the raw
i on

ve

raw

wash
to the

es side



(12) a nenbrane filtration apparatus provided with nenbrane 20 nodul es
using pressure as a driving force, conprising: a first neans for regul ating
the raw wat er side pressure of nmenbrane nodul es; a second neans for

regul ati ng the perneate side pressure of the nenbrane nodul es; a neasuring
means for nmeasuring the water quality of the raw water side of the nenbrane
nodul es; and a controlling neans for 25controlling at | east one of the

first pressure regul ation neans_and the secqnd pressure regul ati pn neans
based on vam@awﬁ%m@mbyﬂtw@@hmdw&g@mg tﬁgﬁﬁsp,la% amqné&@mfe

swi tching takes place anong three nodes: _yaw water side pressure ,
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or a conbi natihen of 15b pressures. Effect of the Invention [0008]
Accor di ng tca)ﬁq)ﬁeanﬁ’llgéeé.nghanvention, a desi gned nenbrane

(14) the membrane filtration apparatus according to the

10 abovementioned (12) or (13), in which the said controlling means
selectively performs backwash by controlling at least one of the means

that regulate the pressures on both the raw water and permeate sides, in

order to perform backwash using the positive pressure on the permeate

side, the negative pressure on the raw water side, or a combination of

15 both pressures.

Effect of the Invention

[0008] According to the present invention, a designed membrane

filtration flux may be assured as is, an increase in the transmembrane
20 pressure difference may be prevented, and filtration operation may be

stably continued over a long period of time.

Brief Description of the Drawings

[0009] FIG. 1 is a typical system flow diagram showing the schematic

structure of a membrane filtration apparatus capable of switching
25 between raw water side pressure filtration, permeate side negative

pressure filtration, and composite filtration, according to an embodiment



filtration flux may be assured as is, an increase in the transnmenbrane
20pressure difference nmay be prevented, and filtration operation may be
stably continued over a long period of tinme. Brief Description of the

Drawi ngs [0009] FIG 1 is a typical systemflow di agram show ng the
schematic structure of a nenbrane filtration apparatus capable of sw tching
25bet ween raw water side pressure filtration, perneate side negative
pressure filt rﬁt ion, and copposite filtration, according to an enbodi nent

of the pres®hth¢ presenf &vention; F G 2 is a typical system flow di agram
showi ng the flow

the enbrane filtr Eg}ggl ilég%l&?ﬁit%é isgg@ﬁﬁq%tﬁéﬁﬁemmgr E?{ ;On5|t:)l>/G
3 1s atyp Tiaqlui& #115‘1%@ 1talv&9 Wa ie? g{c{%nf)rsers]guv}n‘lenﬂlt}a%ori i)?fvghgfemabrane filtration
apparatus according to the present embodiment;

5 FIG. 3 is a typical system flow diagram showing the flow of a
liquid during permeate side negative pressure filtration or composite
filtration by the membrane filtration apparatus according to the present
embodiment;

FIG4 is a typical system flow diagram showing the liquid flow

10 in a cleaning process in which backwash by the positive pressure on the
permeate side and air scrubbing are performed simultaneously;

FIG.S is a typical system flow diagram showing the liquid flow
in a cleaning process in which backwash by the negative pressure on the
raw water side and air scrubbing are performed simultaneously;

15 FIG.6 is a typical system flow diagram showing the liquid flow
in a liquid discharge process in which the membrane fouling substances
removed from the membrane of a membrane module are discharged
from the module;

FIG 7 is a diagram showing the characteristic variation in the

20 transmembrane pressure difference of Example 1, Comparative
Example 1, and Comparative Example 2;

FIG 8 is a diagram showing the characteristic variation in the
turbidity of Example 1, Comparative Example 1, and Comparative
Example 2;

25 FIG 9 is a diagram showing the characteristic variation in the

membrane filtration flux of Example 1, Comparative Example 1, and



l'iquid during perneate side negative pressure filtration or conposite
filtration by the nenbrane filtration apparatus according to the present
enbodiment; FIG 4 is a typical system flow di agram showing the liquid flow
10in a cleaning process in which backwash by the positive pressure on the
perneate side and air scrubbing are perforned simultaneously; FIG5
Is a typical systemflow diagramshowing the liquid flowin a cleaning
process in Eﬂich backwash by the negative pressure on the raw water side
and air scr éﬂﬁﬂﬁ35§aﬂﬁﬁﬁgd simultaneously; 15 FIG6 is a typical
system fl ow di agr howing the liquid.flowin a |liqui.d di scharge process
"h whi ch the membiikePdsie diparans Shawiag tbeshamaterstic variation: thiler a
menbrane nodul e are, di scharged fr, t he nmp e; FILG 7 is.a diagram
Showi ng ¢ ho CEARSIRMBFANG PECTRIRT HErenve (o Egnplea s by ARG

di fference 35 Exa%pi_e 1, Conparative Exanple 1, and Conparative Exanple 2;
FIG8 is a drjfBfi¥howi ng the characteristic variation in the turbidity of

Ex 1, Co ' Ex le 1 d Co [ Ex le 2.. 25FI G 9
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Example 4, and Comparative Example 5;

FIG 12 is a diagram showing a characteristic variation in the
membrane filtration flux of Example 3, Comparative Example 4, and
10 Comparative Example 5;
FIG 13 is a diagram showing a characteristic variation in the
transmembrane pressure difference of Example 4, Comparative
Example 6, and Comparative Example 7; and
FIG 14 is a diagram showing a characteristic variation in the
15 membrane filtration flux of Example 4, Comparative Example 6, and
Comparative Example 7.
Explanation of the Reference Numerals
[00010] 1: Raw water; 3: Pressure regulating filtration pump (second
regulation device); 4: Membrane module; 5: Depressurizing filtration
20 pump (first regulation device); 11: Water quality analyzer (measuring
device); 40: Control unit {control device); 50: Membrane filtration
apparatus.
Best Configuration of Invention Embodiment
[0011] Hereinafter, embodiments of a membrane filtration apparatus
25 according to the present invention will be described in detail with

reference to the Drawings.



FIG 10 is a diagram show ng the characteristic variation in the
transnenbrane pressure difference of Exanple 2, and Conparative Exanple 3;
5FIG 11 is a diagram showi ng the characteristic variation in the
transmenbrane pressure difference of Exanple 3, Conparative Exanple 4, and
Conpar ati ve Exanpl e 5; FIG 12 is a diagram showi ng a
characteristic variation in the nenbrane filtration flux of Exanple 3,

Conparative ExanE e 4, and, 10Conpar ati ve Exanpl e 5; FIG13 is a
di agr am shoP8§2 h Amshewnein §1Ge Iva fidration; apnagatus, 30 aesptdiagetpthassur e

di fference of Exanple 4, Conparative Exanple 6, an pparatjve nple 7,
and presant embodinenti BrVAdes BIRE ranéﬁapaafee;ﬁ) i1 vehighra a%ﬁén in the

15menbrane fjltration flux of, Exanple 4, .Conparative Exagnpl e 6, d
Corpar at i ve lividseparation mesmbransn(hereinaéiener eﬂﬁééom@m%bl[a@@%ﬂeﬁ] 1: Raw

& Nenbr anc SIRd) BATSH poraeesuThe! flsration dprtaus S0 15 dquipmént §6¢' )
5 obtaining permeate by rejecting suspended solids in raw water 1 and
other substances larger than the size of the fine pores of the membrane
via a membrane module 4 using pressure as a driving force.
[0013] The membrane according to the present embodiment is a
polyvinylidene fluoride (PVDF) hollow-fiber micro-filtration (MF)
10 membrane with an inner diameter of 0.7 mm, an outer diameter of 1.2
mm, and an average pore size of 0.1 pm, and membrane module 4’s
effective surface area obtained from its outer surface area is 7.4 m®.
Moreover, the membrane module 4 is of outside-in filtration type having
a polyvinyl chloride (PVC) housing with a length of 1 m and a diameter
15 of 84 mm.
[0014] There is no particular restriction on membrane materials for the
Invention. For example, membranes for the invention may be created
using one of or mixtures of: polyolefins such as polyethylene,
polypropylene, and polybutene; fluorinated resins such as
20 tetrafluoroethylene-perfluoroalkyl vinyl ether copolymer (PFA),
tetrafluoroethylene-hexafluoropropylene copolymer (FEP),
tetrafluoroethylene- hexafluoropropylene-perfluoroalkyl vinyl ether
copolymer (EPE), an ethylene-tetrafluoroethylene copolymer (ETFE),
polychlorotrifluoroethylene (PCTFE), an ethylene-
25 chlorotrifluoroethylene copolymer (ECTFE), and polyvinylidene

fluoride (PVDF); a super engineering plastic such as a polysulfone, a



20 punp (first regulation device); 11: Water quality analyzer (nmeasuring
device); 40: Control unit (control device); 50: Menbrane filtration
apparatus. Best Configuration of Invention Enbodi nent [ 0011]

Herei nafter, enbodi ments of a menbrane filtration apparatus 25according to
the present invention will be described in detail with reference to the
Drawi ngs. [0012] As shown in FIG 1 a filtration apparatus 50 according to

t he present enbodi nent prOV|des rane nmodul e 4, in ich a

sol i d-1i qui Pokygthensnbfenge aopalyst s eliongs @epolyether ethert taae ﬁ@%%ane )
S storedwlthlna ase filtration a ara@éﬁ 50 is e nt, f

obt ai ni ng p&OkERk 911@65 &nd such gsi eallylgse age gnrr& ethy ot her

substancesla r t ha thes e of th fln ore of t he rrerrbrane via a
menbr ane m)GG BQﬁeuPP eaﬁé ﬁgc [ 0013] The nenbrane
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1 mand a d'p%?t?ct:u arly preferabimbecause of its high backwash effect.

[0016] In addition, as the membrane module according to the present
embodiment, preferable types are such that both ends or one end of a

10 hollow fiber bundle is bonded, with both module end faces or one
module end face open. In addition, the cross sectional shape of the
bonded end(s) may be triangular, rectangular, hexagonal, elliptical as
well as being circular. Membrane module 4 is a reference example of
embodying the present invention.

15 [0017] Moreover, the membrane filtration apparatus 50 is provided with
a raw water tank 2 for receiving the raw water 1, a permeate tank 6 for
storing the permeate produced by the membrane module 4, a raw water
supply pipeline 51 connecting the raw water tank 2 and inlet 4a of the
membrane module 4, and a raw water circulating pipe 53 for returning

20 drainage from drainage side outlet 4c of the membrane module to the
raw water tank 2.

[0018] Pressure regulating filtration pump 3 for pressure feeding the
raw water 1 stored in the raw water tank 2 to the membrane module is
disposed in the raw water inlet pipeline 51, and valves 14 and 24 are

25 provided on the upstream and downstream sides of pressure regulating

filtration pump 3, respectively. Air inlet pipe 5la is connected to

10



[0014] There is no particular restriction on nenbrane materials for the

I nvention. For exanple, nenbranes for the invention may be created using
one of or m xtures of: polyolefins such as pol yet hyl ene, pol ypropyl ene, and
pol ybut ene; fluorinated resins such as 20tetrafl uoroethyl ene-perfl uoroal kyl
vinyl ether copolynmer (PFA), tetrafluoroethyl ene-hexafl uoropropyl ene

copol yner (FEP), tetrafl uoroethyl ene- hexafl uoropropyl ene-perfl uoroal kyl
vinyl ether copolyner (EPE), an ethylene-tetrafluoroeth 1l ene copol yner
(ETFE), pol pehweentthe imambsaneyneduale #amdthe yales 3, h are located

25chl orotrif] uoroet hyl ene copol yner (ECTEE),. and pol yvi nylidene fluoride
(PVDF): a sdesynsiraam «fipregsiieseagudating flltrationoumipud £ oder sEPPEoPIRR her

sul fone, a pol yether ketone, a ponetZFr eﬁher ket pne, and, a, pol yphenyl ene
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be triangul ar,, rectangul ar, hexagonal, elliptical as well as being
circul ar. I\/é%%ﬁ’éfe 8% is a reference exanpl e of enbodying the present

| nvention. 10019] Furthermore, first backwash pipeline 71 and second backwash

10 pipeline 72, in which backwash water flows to raw water circulating
pipe 53, are connected to raw water side pipeline 51. The first
backwash pipeline 71 and the second backwash pipeline 72 are for
delivering wastewater sucked out of retentate outlet 4c of the membrane
module 4 by pressure regulating filtration pump 3 to wastewater

15 discharging pipeline 52, and valves 26 and 27, respectively, are
provided on the first backwash pipeline 71 and the second backwash
pipeline 72.

[0020] Opening 2a to receive raw water 1 is provided in raw water tank
2, and the raw water circulating pipe 53 communicating with retentate

20 outlet 4¢ of the membrane module 4 is connected to raw water tank 2.
Valve 15 is provided in the raw water circulating pipe 53. Moreover,.
water quality analyzer 11 for measuring the quality of the raw water is
side provided on the raw water tank 2. The water quality analyzer 11
is at least a turbidimeter or a TOC analyzer. The water quality

25 analyzer 11 is equivalent to a means of measuring the water quality of

the raw water side.

11



15[ 0017] Moreover, the nenbrane filtration apparatus 50 is provided with a
raw water tank 2 for receiving the raw water 1, a perneate tank 6 for
storing the perneate produced by the nmenbrane nodule 4, a raw water supply
pi peline 51 connecting the raw water tank 2 and inlet 4a of the nenbrane
nodul e 4, and a raw water circulating pipe 53 for returning 20 drainage
fromdrai nage side outlet 4c of the nenbrane nodule to the raw water tank
2. [0018] Pressure regulating filtration_punp 3 for pressure feeding the
raw wat er 1[008}bdniadditien; Ahe vineabrana iAraLOn, REPAERS b IOV

di sposed in the raw water,in]et_pipeline 51, and val yes, 14 and 24 are
25provi ded S¥th RPSEPSAERRHR W%@%@P?@%?P%aﬁo gth pf merglrans ng

bet veen ¢ he THARIE 4hand aTSae (kK She s pelmodioanPelinis s Padshies oFf
cConnect ed t 91 cBHpr GUSEHONS SUISHFy PR RIS 18] FIcPUBIG Sf FrBHonbr ane.
S1a. Nal v BEREA B ieuPapRYE 1 5 TR elibed, AEDMR P0G |
vastovater LeSI% LD0R DLUNE % PLORSNTS LoOULokbng b LhatbOpu
Furthermore, LRl B%%%Sp%r&ie%% {4 € %y%l?ﬁfgoﬂggﬁ%&é%@éﬂure. First
pipeline 57 is provided with valve 16 close to the branch point, and
second pipeline 58 is provided with valve 17 also close to the point. In
10 addition, the membrane filtration apparatus 50 includes a raw water
inlet pressure analyzer 12a disposed on the raw water inlet pipeline 51,
a permeate side pressure analyzer 12b disposed on the permeate
pipeline 55, a raw water outlet pressure analyzer 12¢ disposed on the
raw water circulating pipeline 53, and a membrane filtration flux
15 analyzer 13. The raw water inlet pressure analyzer 12a, the permeate
side pressure analyzer 12b, and the raw water outlet pressure analyzer
12¢ are apparatuses for measuring the pressure at these respective
positions, and the membrane filtration flux analyzer 13 is an apparatus
for measuring the membrane filtration flux of permeate flowing within
20 the first pipeline 57.
Moreover, when the pressure measured by the raw water inlet
pressure analyzer 12a is Pi, the pressure measured by the raw water
outlet pressure analyzer 12c¢ is Pp, and the pressure measured by the
permeate side pressure analyzer 12b is Po, the transmembrane pressure
25 difference Pd is calculated via the below-mentioned formula.

Pd = (Pit+Po)/2-Pp (Formula)

12



10 pipeline 72, in which backwash water flows to raw water circul ating pipe
53, are connected to raw water side pipeline 51. The first backwash

pi peline 71 and the second backwash pipeline 72 are for delivering

wast ewat er sucked out of retentate outlet 4c of the menbrane nodul e 4 by
pressure regulating filtration punp 3 to wastewater 15 di scharging

pi peline 52, and val ves 26 and 27, respectively, are provided on the first
backwash pipeline 71 and the second backwash pipeline 72. [0020] Opening 2a
to receive [Q023hTbe pipekng S /brasehesin soutgdnte twardirections soRbat eRe wat er
circulating pipe 53 commupi cating wth, retentat 20 out] et 4c of the

menbr ane noéife becpmesomititered sider pipelinee?Y+ ank gnother sidel becemes i ded i n

%QZELZ%S’:E ﬁpéc%héncsﬁl:fglt i %ﬁ%ﬁ%@ﬂﬁ&%ﬁ%@?ﬁ&%&rﬁn DR it er

T i B A i di TOC

;ﬁgl yzer. ?rﬁ&ﬁe@?‘@u%& a?t%!;y Eélﬁﬁepiﬁelﬁ}tes @ZEE‘Q&I% Veltgollgeltfi‘ggggrgo)?

Tenbiaane f | PRGBS ARSI lesbon S FpTeam Site Rnd e drRMatoA B e 55

or roat o i 581 FRE0SEMERHRENES SrPTesRUTIARE THEEHPB, RIT RS, LGHEFINEEB: i ne 15

];)ir:eEtsuP: Eihfﬂ?ﬁg&tﬁ@igﬁre?@ﬁyﬁ” Hickitashi pulte Iiiﬁiﬁﬁoqﬁégﬂéﬁgﬁ‘éoﬁei he
4 | 0 i i .

i rot ot pel ek, SdF (BEERELSLaRBY Yalbsoll Mid B R RV oo

T0°addi L1 bnreRsretivel B aie el Hirier QpRstbal! SRie AR Subtelhr sRRBF., "

10 addition, 11 i i _ 1 Welt er

por i reeifﬁéf SRS HRo I BaE, 7o li O Iy HfEs i 6 SRy RIS S %

Ei:fcﬁ’?éte | ng HpcBlythe® SHiE RERX AR TIRERES RS S, 1 cbBlE0 the 5

T ' | : i

anal yoer | 1oneclfid rpdife IHETaBRE dite Fflalile (REDEPRLAICHDR iibente! ©

appar at uses [hgh3JeRBURLNBrdRft PERBIUIRCAL, pREREIS SRRAMNE PaRpl ong, and

t he nmenbran ion ux analyzer an appafrat us asuring the

menbrane i lihgalleAN dd WhefraRf! WRALE §ideW OF “héfibiane module 4 and

15 depressurizing filtration pump 5 on the permeate side while connected

D
=

in series allowing them to be turned on and off independently, which is
a suitable configuration but can be replaced with other configurations.
[0024] Furthermore, the membrane filtration apparatus 50 includes an
oxidizing agent tank 8 storing an oxidizing agent as a chemical
20 solution, and a chemical solution supply pipeline 63 supplying the
oxidizing agent stored in the oxidizing agent tank 8 to the membrane
module 4. An oxidizing agent solution feed pump 9 is provided on the
chemical solution supply pipeline 63, and a valve 25 is also provided
even further on the downstream side than the oxidizing agent solution
25 feed pump 9. The downstream end of the chemical solution supply

pipeline 63 communicates with the permeate water pipeline 55 at a
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20t he first pipeline 57. Mor eover, when the pressure neasured by the
raw water inlet pressure analyzer 12a is Pi, the pressure neasured by the
raw wat er outlet pressure analyzer 12c is Pp, and the pressure neasured by
the perneate side pressure analyzer 12b is Po, the transnenbrane pressure
25difference Pd is calculated via the bel ownentioned fornmula. Pd =

(Pi +Po)/ 2-Pp(Fornmula) [0022] The pipeline 58 branches in route into two

directions, so that one side becones a filtered ssié(ge i pe iggrSQ . and
anot her si déoeaitgmikatais,gvamduribey an dae ginsércans side thandhe gorhingg

filtration punp 5.is provided op_the filtereq side pipeline 59, and val ves
18 and 19, p@mfe@%@@tﬁ%sépmelmeeS%ﬁadifL@@eeﬂn @@‘%b@é)?gam side and the

downst ream si de as . to, sandwi ch the depressurizing filtratign pu 5
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pi pel i ne 63 "communi cates wth e perneate water pipeline 55 at
measurement value data relating to the water quality of the raw water 1

measured by the water quality analyzer 11, is connected so as to be able
15 receive measurement value data relating to the transmembrane pressure
difference measured by the raw water inlet pressure analyzer 12a, the
permeate side pressure analyzer 12b, and the raw water outlet pressure
analyzer 12¢, and is further connected so as to be able receive
measurement value data relating to the membrane filtration flux
20 measured by the membrane filtration flux analyzer 13.
[0026] The control unit 40 consists of hardware components including
CPU, RAM, and ROM for arithmetic processing and data storage. In
addition, Contro! unit 40 has mechanisms such as an input device, for
example, to input threshold values used for evaluating the concentration
25 of membrane fouling substances calculated from raw water quality and

to input preset permeate fluxes and available net positive suction head
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| ocation that is even further on the upstream side than the branchi ng point
of the first pipeline 57 and the second pipeline 58. [0025] In addition,
the nenbrane filtration apparatus 50 includes a control unit 40 controlling
the filtration of raw water 1 with the 5 nenbrane nodule 4, and the
backwash operation in which perneate is fed into the nenbrane nodule 4 and
the air scrubbing of the nenbrane nodul e 4 are simultaneously perforned.
The control unit 40 is connected so as to be able transm_t/receive a
control si gNPSIb) tisednfoneivablatingrpsraeate, fluxes, andl acompntreg sergen
Furthernore, the control unit 10 40 is connected so as to be able

transmi t/ r ethatudisplaysvarisusdindapfdeta.r om each of valves 14, 15, 16, 17,

18, 19, 20, 21, 22, 24, 25, 26 and 27. In addition, the control unjit 40 is
connect ed s§08&7} Bhegontiod undc4l astivetes anehitaps each ofdhe punapssi ﬁg to the

water quality of the raw water 1 neasured by the te uality anglyzer 11,
i s connect ed andl the ﬁ@nlﬁ'e&?tﬂre 0 by tﬁ@éﬁﬂlﬁgnﬁeﬂafrﬁﬂg\giﬁ%%f’g tﬁ@“‘(’iﬁt ating
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water inlet pressure analyzer 12a, the permeate side pressure analyzer
12b and the raw water outlet pressure analyzer 12c, and a measurement
value relating to the membrane filtration flux measured by the
membrane filtration flux analyzer 13, as well as monitoring the suction
15 lift of the depressurizing filtration pump 5.
[0028] The control unit 40 of the membrane filtration apparatus 50
according to the present embodiment executes the filtration operation by
using pressure as a driving force for the membrane module 4.
Furthermore, the control unit 40 performs backwash operation in which
20 a mixture of permeate and an oxidizing agent is fed from the permeate
side of the membrane module 4 to the feed side thereof together with air
scrubbing thereof.
The control unit 40 effectively prevents membrane clogging by
alternately performing filtration operation and the backwash operation.
25 (Filtration operation)
[0029] First, the filtration operation executed by the control unit 40 will
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[ 0027] The control unit 40 activates and stops each of the punmps 3, 5, 7, 9
and the conpressor 10 by transmtting a control signal thereto. The 5
control unit 40 also controls the opening and closing of each of valves 14,
15, 16, 17, 18, 19, 20, 21, 22, 24, 25, 26 and 27, by transmtting a
control signal to each thereof. In addition, the control unit 40 nonitors a
nmeasurenment value relating to the water quality of the raw water 1 neasured
by the water quality analyzer 11, a nmeasurenent value_ 1Q relating the

t r ansmenbr arbe Fﬂ%ﬁﬂéﬂé- di Thererare tewesumeades ihdheafilization opeeatiqn essure
anal yzer 12a, the perneate side pressure analyzer 12b and the raw water

out | et pressxesutadabytbe congrolamit 40meadsiderianmods withy presswiegappliethe
menbrane filtration flux measured by the nmenbrane filtratio .Eéux anal yzer
13, as wel | tadhadepd sidegovtsidesin mede yath negative @ewﬁ@ﬁim i the
filtration punp 5. [0028] The control unit 40 of the menbrane filtration
appar at us S@Qﬁﬂ%ﬁ%ﬁﬁbsﬂ@dﬁﬁéﬂﬁbgﬁgﬁné§ﬁﬁﬁﬁnent executes the filtration
operation by_using pressure as driving force for the menbrane nodul e 4.
Furtﬁ%rnnreKR@Wé“€6ﬁi$§PIﬁﬁ$$HQ8ﬂB@PPBSHB backwash operation in which 20 a

he. membr andORSRLIAS FH0STH B Flisa 21 WB%R HraBictirgg tEHON OREIERRs & ubbi ng.
2l ter nat ol y PUTHSTR AOR thio Autlp bk i5h dReas: TS RRwRolt: GO o on. 25
the cont ol ERAFIGShOR tHe 24 wakt: injebipeline 53 o PBRERTuhE e IR " >
Lt o0 SRS AR BT bR T RN psBof i 35 BB i L
apDl{(pd 0. REh TEalofo *dSes A S RIPL Sy BEOFor YeFH NG, B 1 O
valve 25 for supplying the oxidizing agent and the valve 17 provided on
the second pipeline 58 of the permeate water pipeline 55. As a result
thereof, a fluid conduit for the raw water side pressure filiration is
formed.
15 [0031] Next, the control unit 40 activates the pressure regulating
filtration pump 3. As shown in FIG 2, the raw water 1 is pressure fed
so as to pass through the raw water tank 2 to the membrane module 4,
via the activation of the pressure regulating filtration pump 3. The
permeate water that has passed through the membrane module 4 is
20 delivered to the permeate tank 6 by passing through the first pipeline 57
of the permeate pipeline 55.
Moreover, this becomes dead-end filtration when valve 15 provided on
the raw water circulating pipe 53 is closed, and cycle filtration when this
valve is opened.
25 (Permeate side negative pressure filtration)

[0032] As shown in FIG. 3, when conducting the permeate side negative
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[0030] As shown in FIG 2, when conducting filtration operation in
outside-in node, the control unit 40 opens the valves 14 and 24 provi ded on
the raw water inlet pipeline 51, and opens the valve 16 provided on the
first pipeline 57 of the perneate pipeline 55, and in 10 addition thereto,
cl oses the valve 22 for supplying air for scrubbing, the valve 25 for
suppl yi ng the oxidizing agent and the valve 17 provided on the second
pi peline 58 of the perneate water pipeline 55. As a result thereof, a fluid
condui t for pressurenviilization, sthee controd it f 40 topensoshe svalyeseldt arst Gs1]
Next, the control unit_ 40 activates the pressure regulating filtration punp
3. As shownpravided on theeravaWwakst vide mb@l@@ﬁaﬁéheap@as dke tv@lyrdy t hough
the raw water tga 2 to the mr ane dul.e 4, via the actiyatjon_of the
pressure regudvidedqoon ithe sgepaa pin %g%mﬁt@%pm@étwaéﬁr pPHalINea35 passed
nbrane nodyle 4_is delivered to ate

LQLS?’%S :E‘raagarpn% the valves b%mmkf@pr%‘fldﬁaénrb@}%ﬁitggecggﬁgmeligg% o by
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shoun 1 P o iy ESi ool TS e b e
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is formed. F{Bﬁﬁ@ﬁq&, e EBH# s%tgcﬂ%"ﬂiiotn et.I%rthE@Mr neat e side negative

pressure fi atron and a u
[0033] Next, the control unit 40 controls the activation of the pressure

regulating filtration pump 3 and the depressurizing filtration pump 5.
As a result of the activation control of the control unit 40, the raw water
15 1 passes through the raw water tank 2 and is delivered to the membrane
module 4 via the pressure regulating filtration pump 3, and the pressure
is reduced via the depressurizing filtration pump 5 connected to the
permeate side of the membrane module 4, so as to obtain permeate
water. In the permeate side negative pressure filtration according to
20 the present embodiment, the control unit 40 controls the activation of
the pressure regulating filtration pump 3 so as to have the minimum
pressure to allow for the raw water 1 to be supplied to the membrane
module 4. Accordingly, the driving force for obtaining permeate is
essentially applied by the depressurizing filtration pump 5 alone.
25 Alternately, a pipe that bypasses pressure regulating filtration pump 3

may be provided, where the operation of the pump is under suspension
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conduit for the conposite filtration are the sane. [0033] Next, the control
unit 40 controls the activation of the pressure regulating filtration punp
3 and the depressurizing filtration punp 5. As a result of the activation
control of the control unit 40, the raw water 15 1 passes through the raw
water tank 2 and is delivered to the nenbrane nodule 4 via the pressure
regulating filtration punp 3, and the pressure is reduced via the
depressurizing filtration _ punp 5 cqnnected to the perneate side of the
menbr ane no@ude ¥alveds ased do shtitghliguidpagsesmat er. In the perneate side
negative pressure filtration according to 20 the present enbodi nent, the
control uni {Compesite BItsatien) activation of the pressure regul ating

water 1 £o GUOBAPAS sBow imbledpmiben FEBCMETAE The SSPOPAEHS SIREOBI 1 vi no
(11 at on’ SoimgoBua St S0:garmeaboel gonul §BElarde P ALGEoHIEETH o~ "

regulsating filtration pu rovi ded, . wherg, t he ;oper
i S

punp3i's unddhe NEPERL & 5‘%8%%959%9&‘1@ ﬁ@@ﬂiqrb SWPERA &B%%Vioggwﬁ S'F e
(Corposi e, iy tralypn) o 0034L S, SAMN AL FuniS SRIME' pRSRE
regulating filtration pump 3, which also acts in the supply of raw water.
As a result thereof, the raw water 1 passes through the raw water tank
2b and is delivered to the membrane module 4 via the pressure
10 regulating filtration pump 3, and pressurization and depressurization are
both simultaneously conducted by depressurization of the permeate side
via the depressurizing filtration pump 5, so as to obtain permeate. The
obtained permeate is stored in the permeate water tank 6, which also
acts as a backwash tank.
15 (Backwash operation)
[0035] Moreover, it is preferable that physical cleaning such as
backwashing or air scrubbing is performed in cases where the
transmembrane pressure difference is increased by continuing the
filtration operation. Backwashing is a method for removing membrane
20 fouling substances adhering to the membrane surface on the raw water
side or clogging membrane pores, by flushing permeate from the
permeate side of the membrane module 4 to the raw water side thereof.
Air scrubbing is a method for removing membrane fouling substances
adhering to the membrane surface on the raw water side by shaking and
25 scrubbing the membrane surface on the raw water side such as with air

bubbles. In cases where the pressure actually applied on the raw water
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the control unit 40 fornms a fluid conduit simlar to the fluid conduit for
5 the perneate side negative pressure filtration. Then, the control unit 40
activates the depressurizing filtration punp 5 and the pressure regul ating
filtration punp 3, which also acts in the supply of raw water. As a result
thereof, the raw water 1 passes through the raw water tank 2b and is
delivered to the nenbrane nodule 4 via the pressure 10 regulating
filtration punp 3, and pressurization and depyressurization are b tgrh

si nul t aneouside isdnuuend dhepressyre saumenthrans ferlingSUpstaness & apﬁgl ,a the
depressurizing filtration punp 5 so as to obtain perpeate. The aobtai ned
permeat e i sltsi%otﬂfl@ughﬁthafes%‘élrwﬁl%t@l b%ﬁﬁm@,"eﬂh‘i"gg‘a%ﬁaj}éﬁ ¥siggl 5
backwash tank. 15(Backwash operation) [0035] Mreover, it is preferable

t hat physi c gleagtingni ng such as backwashing or air scrubbing is perfornmed in

cases where the transnenbrane essure difference is j.ncreased b
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operation aceordng &fe HesfirS64¢kwashing and the permeate side pressure
backwashing.
(Permeate side pressure backwashing)
15 [0037] As shown in FIG. 4, a backwash step and a waste liquid step are
performed in the permeate side pressure backwashing. First, the
control unit 40 opens the valve 17 provided on the second pipeline 58 of
the permeate water pipeline 55, opens the valves 20 and 21 provided on
the backwash side pipeline 61, and then opens the valve 23‘ provided on
20 the drainage discharge pipeline 52. On the other hand, the valve 18
provided on the filtered side pipeline 59 and the valve 24 provided on
the raw water inlet pipeline 51 are closed. As a result thereof, a fluid
conduit for backwashing is formed. Moreover, in accordance with
formation of a fluid conduit for backwashing, the valve 25 provided on
25 the chemical solution supply pipeline 63 is opened to supply the

oxidizing agent to the membrane module 4, and the valve 22 provided
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10 invention: perneate side pressure backwashi ng, raw water side negative
pressure backwashi ng, and conposite backwashi ng conbi ning the perneate side
pressure backwashi ng and the perneate side pressure backwashi ng. (Perneate
si de pressure backwashi ng) 15[ 0037] As shown in FIG 4, a backwash step and
a waste liquid step are perfornmed in the perneate side pressure
backwashing. First, the control unit 40 opens the valve 17 provided on the
second pi peline 58 of the perneate water pipeline 55, opens thggyal es 20
and 21 pr ovmet@e(ﬁirml@tmmdgnsgmeéﬂﬁewpéyem fanthe AESCHPRPNE Ok val ve
23 provided on 20, the drai nage di scharge pipeline 52. On the other hand,

t he val ve 1@%%@@1%@0% ai |tered side pipeline 59 and the val ve 24

provi ded on _the raw water inlet, pipeline 51 are,cl osed. a resuylt
t hereof, a {Om&f é‘ﬁéﬂuitﬁef@m&km&sﬂpngcwéatﬁarf#@dpr%}lﬁiwk“{aﬁ or dance
with formati on of_a f%uid condyi t, for backwashi ng t.he val ve 25 rgvi ded on
25t he chemi ®XMR I @0 PrespBeyiesdsdhenpegneate Hored 4o, perneaiey ’

giXiLE: e Sgﬁ?%bﬁglstpgge egéﬁﬁgb@%@@gﬁaﬁ% (RO R B che
4. 100 , i 0] i he.

lrarzck\r/v:gﬁi @ﬁ’;ﬁﬁﬁrﬁ&ﬁn i rcg’g’)%?leimge‘gg rﬁ{eﬁ%f&ﬁ' RackWedbine By Rt it a”

6, 5 i . . .

P er or o e R EEHG géeéﬁﬁe%lﬁéﬂﬁgé‘# i é’ta%ﬁﬁﬂiﬁ? 0L ARGt the

L. A AR AR O SR D
, .del- : - romt he

per meat e s %ﬁ%}l%ﬁi@ﬂ@?& S hiElibg 4, el R dpC LR tpindlee 0T

e G0t A i O e ROR0G 4D ORePe

side 1 of thy TRARIGNCHP Untrot Uhft 40° pBlfortdd Fhe PAiPescHiBbing of the

membrane by activating compressor 10, and supplying compressed air

to the raw water side 1 of the membrane module 4 via the air inlet pipe
51a.

15 [0039] After the abovementioned backwashing step, the control unit 40
performs wastewater drainage step. As shown in FIG. 6, the
wastewater drainage step is a step for discharging the substances
removed from the membrane during the backwashing step. In the
discharge step, the control unit 40 opens the valves 14 and 24 of the raw

20 water inlet pipeline 51 and the valve 23 of the drainage discharge
pipeline 52, and forms a liquid conduit for discharging liquid by closing
the other valves such as valves 16, 17, 22 and 25.

[0040] Next, the control unit 40 activates the pressure regulating
filtration pump 3, and supplies the raw water 1 to the membrane module

25 4, where the removed substances on the raw water 1 side of the

membrane module 4 is discharged to the drainage discharging pipeline
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15[ 0039] After the abovenenti oned backwashing step, the control unit 40
perfornms wastewater drainage step. As shown in FIG 6, the wastewater

drai nage step is a step for discharging the substances renoved fromthe
menbrane during the backwashing step. In the discharge step, the contro
unit 40 opens the valves 14 and 24 of the raw 20 water inlet pipeline 51
and the valve 23 of the drainage discharge pipeline 52, and forns a liquid
conduit for discharging liquid by closing the other valves such as val ves
16, 17, 22 aadheeugh dbaoptamste, outlet dormirthe membraneamadyde dstagedher essur e
regulating filtration punp 3, and supplies the raw water 1 to the
mermbr ane moduthettiesraw wradee 1t he renmpved substances on the raw water 1 side

of the menbrane nodule 4 is discharged to the drainage discharging pipeline
52 through {Raw wetersade nggetive Pressere PREKRRBWENe nodul e 4 toget her with

Shown | n 71 04[] MactIsiR an T ¢ aWABEWATALIS, ArBEd S A eosBAB R st op
backaash ot BRCkYAEh cush i hiGi DeBABpectNEe Al RPISH B SOF dBY Bieithe
and 21 br vl o i boakRaEn epadt ultelcual 40 o e baRE 1 =
provi ded Onp%'c?\?id%aaci)ﬂ] S sgizgrclcrf ef)riﬂélr'ﬁqe %iSpS{' iﬂ%e p‘ré%heate water pipeline 55,
opens the valves 20 and 21 provided on the backwash side pipeline 61,
opens the valve 23 provided on the drainage discharging pipeline 52,
10 and opens the valves 26 and 27 provided on the second backwash
pipeline 72 and the first backwash pipeline 71 communicatihg with the
pressure regulating filtration pump 3. On the other hand, the valve 18
provided on the filtration side pipeline 59, and the valves 14 and 24
provided on the raw water inlet pipeline 51 are closed. As a result
15 thereof, a fluid conduit for backwashing is formed. Moreover, the
valve 22 for supplying the air for air scrubbing and the valve 25 for
supplying the oxidizing agent are opened.
[0042] Next, control unit 40 controls Pressure adjusting filtration pump
3 so as to form negative pressure on the raw water side of the membrane
20 module 4, and further controls pressure backwash pump 7. Thus the
permeate stored permeate tank 6, which also serves as a backwash tank,
is fed to Membrane module 4 for backwashing, induced by the negative
pressure that is formed on the raw water side of the module by Pressure
adjusting filtration pump 3 connected to the side. In the raw water side
25 pressure backwashing according to the present embodiment, the control

unit 40 controls pressure backwash pump 7 so as to have the minimum
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10 and opens the valves 26 and 27 provided on the second backwash pipeline
72 and the first backwash pipeline 71 conmunicating with the pressure
regulating filtration punp 3. On the other hand, the valve 18 provided on
the filtration side pipeline 59, and the valves 14 and 24 provi ded on the
raw water inlet pipeline 51 are closed. As a result 15 thereof, a fluid
conduit for bacicwashing is fornmed. Mreover, the valve 22 for supplying
the air for air scrubbing and the valve 25 for supplying.the oxjdizing
agent are optessure [tooallpwnear the prrmgate Hiot QOS'éﬂiﬁi‘?‘gth e BaGIBIaNg ust i ng
filtration pu 3 so as,to fgrm negative, pressure on the raw ywater.side of
t he menbran&lod@enddul eA@?OHﬁﬂglmr dEB’h@go&@rC& upt@ pPunp 7.

{ank, 1§ | casKtinlnABRedoial Be PGPS SEMAH I PHATEOTEY 3 100Regat | ve
D6 ust i mg. § ASTREISl, B GASSES TERTHECSHRRkWASH PREP ATUaY e i e
n1 320" conPrOTIAeR; SYattFPEaRRHALI o Ehe R SS (G RERasiA R |
Accor di ngl yYaLYRRISaH R RGBT DR PBSRnashi ng | s essentially applied via
bypasses pr LaEF LAt e bayeTne ntil BecleRe Rt fibrtSiel Bp A on o
[0043] Ar t ofRefescd Bame: MORE e it B SEaRecabRY pd g 55"
permeat e o barprat e i iie Betkb b frefe BTIG @)% @ step of the
10 Composite backwashing
[0044] As shown in FIG 5, a backwashing step and a waste liquid step
are performed in the composite backwashing. In the backwashing step,
the control unit 40 forms a fluid conduit for backwashing similar to that
of the raw water side negative pressure backwashing, and also opens the
15 valve 22 for supplying air for air scrubbing and the valve 23 for
supplying the oxidizing agent.
[0045] Next, control unit 40 controls Pressure adjusting filtration pump
3 so as to provide negative pressure on the raw water side of the
membrane module 4 and further controls Pressure backwash pump 7.
20 Thus backwash is performed by allowing pressure backwash pump 7 to
feed the permeate stored in the permeate water tank 6, which also serves
as a backwash tank, to Membrane module 4 and by simultaneously
forming negative pressure for suction on the raw water side of the
module, using Pressure adjusting filtration pump 3.

25 [0046] After the abovementioned backwashing step, the control unit 40

executes a wastewater drainage step similar to the wastewater drainage
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10Conposi te backwashi ng [0044] As shown in FIG 5, a backwashing step and a
waste liquid step are perforned in the conposite backwashing. In the
backwashi ng step, the control unit 40 fornms a fluid conduit for backwashi ng
simlar to that of the raw water side negative pressure backwashi ng, and

al so opens the 15 valve 22 for supplying air for air scrubbing and the

val ve 25 for supplying the oxidizing agent. [0045] Next,

control unit 40

cont ol s Pr esiyibeRtpahédd sidd PASATbARashing (FSfr By igge negative

pressure on the r ter side of the nmenbrane

e 4 and

urther

controls Prwﬂéﬁl%a@dﬁmh punp 7. 20 Thus backwash is perfornmed by
all ow ng pressure backwash punp 7 to feed the perneate stored in the

per neat e wageow]a_rme&awwwg& 8ldeovatiV@Talay Mchagiedely theatet quiviapr ane
an

nodul e 4 by sinul taneously form ng negative pressure

for suctiodn on the

raw wat er siggalydert h¢lmodhbe, trafismentiragsur praxdinst imgadiredr abi[yont]@élrrp 3.

25[ 0046] After the abovenenti oned backwashing step, the contro

execft es a tasisavahbrard presdgee aegesit] laad tie hembasie
step of the perneate side pressure backwashing (refer to

unit 40

cats ghpage
FIG 6). Switching

control [ 004i¢asTired rtavpenmentes fldevineteer 1 3juati 4y meaioret byytieheonabbr

quality

10

15

20

25

unit 40.  Accordingly, the control unit 40 controls the switching of any
one filtration mode from among the abovementioned three filtration
modes to another filtration mode, in response to at least one of each
measured value. The switching control performed by the control unit
40 will be described hereinafter.

[0048] The switching control may be one in which, for example, the raw
water side water quality is obtained as the measured value by the control
unit 40, and the characteristic value X indicating a concentration of a
membrane fouling-causing substance is calculated from the obtained
measured value, so that the raw water side pressure filtration is
conducted when the characteristic value X thereof falls below a
predetermined threshold value, and the raw water side pressure filtration
switches to the composite filtration when the characteristic value X
thereof rises above a predetermined threshold value.

[0049] The characteristic value X is calculated from the raw water side
water quality. The categories of the raw water side water quality
include: turbidity (NTU), TOC (mg/L), CODMn (mg/L), CODCr
(mg/L), BOD (mg/L), and the concentrations of metals such as Fe
(mg/L), Mn (mg/L), Al (mg/L), Si (mg/L), Ca (mng/L), and Mg (mg/L).

The corresponding water quality analyzer therefor may be installed and
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anal yzer 11, the transmenbrane pressure neasured by the 5 transnmenbrane
pressure gauge 12, and the nenbrane perneate flux neasured by perneate
flowmeter 13 are all nonitored by the control unit 40. Accordingly, the
control unit 40 controls the switching of any one filtration node from
anong the abovenentioned three filtration nodes to another filtration node,
I n response to at | east one of each l1lOneasured value. The sw tching control
performed by the control unit 40 will be described hereinafter. [0048] The
swi t chi ng cgy r gleagayedeveaer i qualitchyaluer thexefrom  employadweaserths de
water quality is obtained as the neasured value by the control unit 40, and
t he char act ehamsicteristid walde i Xdimdicating athsormenmbrane ofoudinga substanessane

foul i ng-causi ng substance is cal cul ated fromthe obtai ned neasured val ue,
so that theThewwastrequalitie amadgzar &1 fadcordinigitoi hecpresest cambpadimente

characteristic value X thereof falls below a predetern ned (ih e(s)&gl d val ue,
and the rawnvetsaressatidegst emeusalected: from she duwrhiditys(WE Whan 6{'{9 Ce

filtration when the characteristic value X 20thereof rises _above a

pr edét er mi némg/h),esohas th oalculate oo sbprarterigiayalilecXi kpmeeach measured

calculated fromthe raw water side water ,qualit The, cat ri es.of the raw
water side walue. qber exgmpielthaeharagterisiie yatwers) maydee e@ﬁ‘ﬁﬁ tedepith

/L), CODCr (ng/L), BOD (ng/L), and th trati f netal h
e 25 o/ ) havtugbighty (MTUpngiame, o8 T O @REnyalgie.cfd A RS L) The

correspond gglcﬁ;t%a fqrgraﬂ ’itﬁeytu?‘giﬁi& ?&ﬁ?)eéﬁéofocrﬂa e/mgfL)l NS RLASS Fldre
the characteristic value X is calculated from the turbidity (NTU) and
10 TOC (mg/L), it may be calculated as the value of X = A+B, with the
turbidity being A (NTU), and the TOC being B (mg/L). In addition,
the TOC (mg/L) is the total organic carbon content.
[0050] Furthermore, in cases where the turbidity is employed as the
characteristic value X, it is preferably that the threshold value is set as a
15 threshold value in which the turbidity is 0.01 NTU to 100 NTU, and
more preferably set at 1 NTU to 100 NTU. In cases where the TOC is
employed as the characteristic value X, it is preferably that the threshold
value is set as a threshold value in which Toc is 0.01 mg/L to 1000 mg/L,
and more preferably set at 1 mg/L to 100 mg/L. In cases where the
20 turbidity and the TOC (A+B) are employed as the characteristic value X,
it is preferably that the threshold value is set as a threshold value in
which the value of A+B is 0.01 mg/L to 1000 mg/L, and more
preferably set as a threshold value in which the value of A+B is 1 mg/L
to 100 mg/L.
25 [0051] Moreover, as a mode other than the switching control, for

example, the membrane filtration flux is obtained by the control unit 40
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t he neasured water quality value therefromenployed as the characteristic
val ue X indicating the nenbrane fouling substances. The water quality
anal yzer 11 according to the present enbodi nent neasures at | east one
selected fromthe turbidity (NTU and the TOC 5 (ng/L), so as to calculate
the characteristic value X from each neasured val ue. For exanple, the
characteristic value X may be calculated fromthe turbidity (NTU) al one or

the TOC (nylds) tied aneasiedmexles @lthet ahithd rRtAR tﬂavlbifqtéyﬁ[ {fn and TCC
u

(my/L). In cases where the characteristic value X is calculate romthe

turbidity (Npdratiod atth Aesigm/flow rate akehrr the PefiRaisidd Repaive of X =
A+B, with the turbidity being A (NTU), and the T being B (ng/L). In

addi tion, tipees¥Ee (fifgrdtjon, sthehpetmeate sidganégatias pessstret Bitatidd .
Furthernore, in cases where the turbidity is enplOyed as the characteristic

val ue X, it sidtqireelf éo ahiey rawatvatire side grbsiuge valtegtions @eth@scomnpssitdr eshol d
value in which the turbidity is 0.01 Uto 100 NTU, and nore preferably
set & 1 NT(iltratiofo witeh ihe c ebtrinedevelueefallsC belosnphoyredesriheed
characteristic value X, it is preferably that the threshold value is set as
a t hr eshol d membeanafilthation faxx.is 0. 01 ng/L to 1000 ng/L, and nore
preferably set at 1 /L to 100 ng/L. In cases where the 20 turbidity and
the TOC (A+BJO3ZE mrrggﬁymm,a@ ehmadeaotlvere than ithe vewvitehig icontrel pifef er abl y
that the threshold value is set as a threshold value in which the val ue of
A+B is 0.01exgmpleo thecmotign lifawd ther pepmente sidy erespeondingrtesttd d val ue
in which the value of A+Bis 1 ng/L to 100 ng/L. 25[0051] Moreover, as a
mode ot her tiRBSmenabrame: pressiy arence fsopbiatnen by, theteonteothurdbd0fad t rat i on
fl ux i s obtained by the control unit 40 as the neasured value, so that
dur ilflg consBdReasyisd value, sothatdugngsgansiantoflow ratadilietiomopemtiamt e
based on the perpeate side negative pressure filtration, the perneate side
negative pr@&kSudesgn { i%egﬁﬁegx/@ﬂcﬁ%‘dpﬁﬂmﬁtﬁ Sti¢ Wegetivei prespursssur e

filtration ?.rt e conposite . . . )
ltration, the permeate side negative pressure filtration may be switched

to the raw water side pressure filtration or the composite filtration when
the available NPSH is reached by the suction lift of the permeate side.

15 [0053] The timing or control of switching may take in manners different
from those mentioned above. Hereinafter, the actions/effects of the
switching control by the control unit 40 will be described.

[0054] The raw waters preferably treated in the present embodiment is
clean water, an industrial water supply, river water, lake water, ground

20 water, reservoir water, secondary treated sewage effluent, drainage,
sewage, or the like. Because cake layers are formed or membrane
pores are clogged by membrane fouling substances contained in Raw
water 1, membrane filtration resistance increases over time in fixed flow
rate operation, which further increases transmembrane pressure.

25 [0055] With regard to filtration operation performed at a fixed permeate
flux to treat raw water having either high turbidity or a high level of

25



5 filtration when the obtained value falls bel ow a predeterm ned nmenbrane
filtration flux. [0052] In addition, as a node other than the sw tching
control, for exanple, the suction |ift of the perneate side correspondi ng
to the transnmenbrane pressure difference is obtained by the control unit 40
as 10 a neasured value, so that during constant flowrate filtration
operation at a design flow rate based on the perneate side negative
pressure filtration, the perneate side negative pressure filtration may be
swi t ched t otétaé orgahitatarbayi (¥QC psduer o fai largatamount dfhthec ongrobrane
filtration when the available NPSH is reached by the suction lift of the
permeat e si deulidg FoPSahcEh edntained thereimt the tivessousc wifn gherapresant in
manners different fromthose nmenti oned above. Hereinafter, the

acti ons/ ef f émvention thavesvounkdi thatc dransoternprariee pressure| Mercaserd mpre be
described. [0054] The raw waters preferably treated in the present

enbodi ment  iguicklyawheat positiae pressster islappiedrtosthmpirgw wWaker siger gian | ake
wat er, ground 20 water, reservoir water, secondary treated sewage effluent,
dr ai Bage, seovienegativeprassuee ismppligdetacthedpermeante sidee for ned or menbrane
pores are clogged by nmenbrane fouling substances,contained in Raw water 1,
merbr ane fi |[Ogg6] Burthesmeorenthe DoRSHERTES OF FRICHAURNS Fn Hh SEATPT GHANE e
operation, which further |ncreases transnenbr_arf pr.essure. t£l5[0055 Wth
regard to fiofttharabsvesiantioneshrak waterddisatynical, 288 #eswehiBeramQuL, ¢ r eat
raw water having either high tyrbidity or hi gh | evel ,of total .qrganic
carbon ( TOCP{dtRe t membrange g 8tca&ﬁlﬁ&<§Lﬁ%§ﬁ9&C&néﬁ$‘buﬂPﬁ6‘5§%stMs
contained therein, the inventors of .th refent '@}n?\{eg]tglon have found that
t r ansnenbr aBVeRteEs of dhe present daveptien avex oadhovgh membiane, |

D {0 SRSl pROsS i e TRSRSe RESHRY ubtadBR 1Y 1O

Raw water 1 increase rapidly, the increase in transmembrane can be
better prevented during filtration performed by applying negative
pressure to the permeate side than by applying positive pressure to the
raw water side.

15 [0057] The difference between the permeate side negative pressure
filtration and the raw water side pressure filtration mentioned above is
thought to occur as a result of the difference in the pressure actually
applied to the raw water side of the membrane in which membrane
fouling substances are present. Specifically, the pressure actually

20 applied to the raw water side in the raw water side pressure filtration is
the sum of the atmospheric pressure and the transmembrane pressure
difference, while the pressure actually applied to the raw water side in
the permeate side negative pressure filtration becomes the atmospheric
pressure, and the pressure actually applied to the raw water side

25 becomes higher by the difference caused by the transmembrane pressure

than in filtration with negative pressure applied to the permeate side.
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[ 0056] Furthernore, the occurrence of fluctuations in the water quality of
t he abovenentioned raw water 1 is typical, and as such, the anount of the
menbr ane fouling-causi ng substance al so fluctuates. The inventors of the
present invention have found that, although nenbrane 10 fouling rapidly
progresses when the nenbrane fouling substances in Raw water 1 increase
rapidly, the increase in transnenbrane can be better prevented during
filtration perforned by applying negative pressure to the perneate side
than by appf@%@] bosi easge both tﬁ@ rame Waior sistecpressuee filspoonandrhe

di fference between the perneate side negatjve, pressyre filtration_and the
raw wat er stl peraeste side neg&&l%rprmweoéka&t%b%e %ﬁm&m@t@ow& ur as a
result of the difference in {he pressure, actual ygggﬁlied to the raw water

si de of theﬂmmnmmbmpcﬁﬂ%mm » g il Fie dEANSORCTRPE- |
Specifically, the pressure actual 20 applied the,raw water side in
the raw vat %re%slua%q@rtﬁew,f and rtfa%/ RSRSTE0LaRP e o ards i RRIBREANG
pressure and the transnenbrane essure difference, while the.pressure
hotual |y appoulig subraBcenithindhe sRwevater hit §AliFRcion RTpendisges
pressure filtration becones.the atnospheric pressur nd the pressure
actual |y aph§ e@leﬂ'@rtaﬁl@ IS whEartamss d ‘%‘XS@‘E‘E I‘ﬁ%H@f BySTHE & %r ence

caused by the t ansmanbfane ressure thgn inJgdiltration wt egat i ve
oressur o apBIBETATE (HEUASE, MISTE &) QemOERssAouing Tansthe \HESEBE: IF t he raw

B e Al
appl i o0 ¢ ﬁfﬁp{%@%ﬁ@&%ﬁ g@wﬁf)ﬁ P! g%%%ﬁ@%%ﬁ%ﬁ%s{#géw laror
23:)5;9;n2reels?g$sé%§%@%% ané gﬁ#‘?ﬁgg’?mfr R %Qn?r%ggggosgﬁaﬁng- cfaalél 2]9 e
raw wat er st 3%5 %I;éggéﬁt@gf#lﬁﬁﬂggﬁ gnfo lieﬂrg é@h%%?gﬁévﬂ}? h eéégemg)lte e i de

Chapes of it RENRER EVafbutesel AR kv FEREF B, egrdlys BrostBORldigh, f0oa by

being furt hﬂg%tcﬁ%{:gﬁquwﬁs@g% B Y ?%e%%@ﬁéé%ﬁéf%?%é&%@é‘ denser.

filtration, e Tcake orne rane surface becones

denser. It gﬁié @Hﬁgﬁlgtbwdh%ﬂ Bé&&»@frﬂggg?x?c"ﬂ%iﬁisﬁnﬂ%iﬂgbérégsiﬁhﬂtﬁld@&sba”eous| y

15 perforned int ove state, cl ency of Packwashing in t'he raw

wat gr5 si de Rrffste fil e abboa spitkhilfe demsiehcy Bfebddkneastifig iAdHeadw
Ther ef or e, en continuing the filtration operation over a |ong period of

tine, the i REHBASAJE NprdISURY FHHAtRdNOfvitla e Waérer St4lee Nages Ukerddudediat i on
operating at the sane nenbrane filtration flux is faster when conpared

Therefore, when continuing the filtration operation over a long period of

time, the increase in the pressure of raw water side pressure filtration
operating at the same membrane filtration flux is faster when compared
20 with the permeate side negative pressure filtration. The difference is
that although the amount of the membrane fouling substances included
in the raw water is small enough to be negligible, the amount of the
membrane fouling substances exceeding a fixed value is remarkable.
Accordingly, when considered solely on the basis of the efficiency of
25 backwashing and the like, it is thought that the permeate side negative

pressure filtration is even more advantageous than the raw water side
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20 with the perneate side negative pressure filtration. The difference is

t hat al though the anmount of the nenbrane fouling substances included in the
raw water is small enough to be negligible, the anount of the nenbrane
foul i ng substances exceeding a fixed value is remarkable. Accordingly, when
considered solely on the basis of the efficiency of 25backwashi ng and the
like, it is thought that the perneate side negative pressure filtration is
even nore agragdiagdlustiohds, the raw water side pressure filtration is.

[ 0059] However, since the nmaxi mumtransnenbrane pressure is the atnospheric

pressure in[00659] Hbwevey, singattheeniixgffiithetrafsthbmiIaneBstie8sitledss thei s
filtration cannot be perforned al one and the nenbrane 5 filtration flux of

the design camosphbsicasessad innfikenibr by&&%mwee?ﬁdsguﬁer 8NSAB PUrAAtPr essur e
is at | east the atnospheric pressure. Specitic i n cases ‘where the raw

Y,
water is |owide) this fidtrbtienechmbdt e Pebfiiratwebalohecandethel membaateypi cal |y
operated at a high nenbrane filtration flux and because of high
t ransrenbr afdtratiensflur dDthiudesigncemataiibe hsowretli int canditionsswhete the
performng filtration by the application of negative pressure is not
possi bl e. Adramsdigrgbyanet hpresswravatiser ati dieapt eslseir atfiosphetit onpressuree
conposite filtration is necessary. [0060] In such a case, since the
pressure actSpEcificalpyl iredases twireneatherater veatde isflovhdnnthrbmaembirang educed
when the anount of the 15 nenbrane foul ing substance is high, it is nore
pref erabl e tfhalingheubstapeess,t be¢auser afi being typliedlye hparated tdteachigh i but i on
of the perneate side reduction filtration as the driving force for
extracting peemmbaane Wdtrationsflux anidyhecaussoef higle transtmembranehpréssuns fi ci ent
portion of the nmenbrane filtration flux is conpensated for by the raw water
si dd 20 pr eskuing feanstant Slow filtraikomy 1setelyaperfonmingt Fdtraionnbyothe he
menbrane fouling substances,is |ow, operating via raw water side pressure
filtrati on SPBHEAHAN QfenegAliNe RIRSSUEE hBat PoRsibiRr | Agcendingly,dheitavency,
and the lifespan of the pu may be | engt hened cgnsi derably by m nim zing
the ti me andV4lge sxdeelaﬁséﬁwr%ﬁrang)&g@r&xe ¢orappaitadiirationds necessary.

[0060] In such a case, since the pressure actually applied to the raw
water side of the membrane is reduced when the amount of the
15 membrane fouling substance is high, it is more preferable that the
composite filtration is selected, that the contribution of the permeate
side reduction filtration as the driving force for extracting permeate
water is as high as possible, and that the insufficient portion of the
membrane filtration flux is compensated for by the raw water side
20 pressure filtration. On the other hand, when the amount of the
membrane fouling substances is Iow, operating via raw water side
pressure filtration alone may be advantageous when considering energy
efficiency, and the lifespan of the pump may be lengthened considerably
by minimizing the time and the frequency of usage of the permeate side
25 depressurizing pump.

[0061] Specifically, according to the membrane filtration apparatus 50
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25depressuri zi ng punp. [0061] Specifically, according to the nenbrane
filtration apparatus 50 and the filtration nethod executed via the
menbrane filtration apparatus 50, because the node of filtration is
switched so as to optimze the filtration operation in accordance with
changes in the nenbrane filtration flux or the transnenbrane pressure and
fluctuations in the 5 water quality of the raw water 1, having a high
menbrane filtration flux even when the water quality of the raw water

fl uct uat es ahtdhs filtmatiohemettegbiexequted vid e oembraseniiitation apparstlicced by
preventing an increase in the transnenbrane pressure, and for the |ifespan
of the punp50p Heeatismdhbemedecofidilttationl is byitehednsa iasgte eptignizeothgunpt i on.
As a 10 result thereof, a designed nenbrane filtration flux may be assured
as is, an ifidiretien ioperdtion ramsaesotdanes pribhsghanges fier dhee membdrane
prevented, and a filtration operation may be stably_ continued over, a |ong
period of tifilratipaofiex anthevzansmembhaneIvEssne amqltfﬁ)@@tuaﬂoawar thais 50
and the 15 filtratjon nethod executeg&vja t he nbrane filtrati

appabat us 5vateefnuslityhgf theiraw swater dghavinga high seemasrne hiraio from

t he perneate side pressure backwashi ng, the raw vwater side negative
pressure ba€kgaswher the watend] i t08 138 RViSh W@Pﬁcﬁi’s""?’%?@émf‘ective

backwashi ng. 20[ 0063] . For ex | e, when the raw,water side negative
pressure badregeRcyH Pl cherp rré@‘@mmg ﬁothweg*@@ﬁalé%ye%@&@t%e@éﬁwease

Foul i ng- caudn e SHPRSTEDTRES RIS A (9% Do LR ERAOB G TR LRSS
compr 6551 on IMEPRBCACHIAGRALI Y GrUHER RN R EP AT BBPHAR: heMTahor ane
S f1 ce s ?é:élﬁ}tl itl?etrggf, a Egsitg{{%é membrane filtration flux may be assured as is,
an increase in the transmembrane pressure difference may be prevented,
and a filtration operation may be stably continued over a long period of
time.
[0062] Moreover, in the membrane filtration apparatus 50 and the
15 filtration method executed via the membrane filtration apparatus 30,
selecting and executing at least one backwashing mode from the
permeate side pressure backwashing, the raw water side negative
pressure backwashing, and the composite backwashing, allows for
effective backwashing.
20 [0063] For example, when the raw water side negative pressure
backwashing is compared with the permeate side pressure backwashing,
the actual pressure on a membrane surface in which a membrane
fouling-causing substance is accumulated is decreased only for the
atmospheric pressure portion.

25 Accordingly, it is thought that the compression of the membrane fouling

substance accumulated on the membrane surface is alleviated, and thus
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t he backwashing effect is high. On the other hand, simlarly to the
filtration nethod, it is thought using conposite backwashing even in cases
where the backwashing flux of the design cannot be assured in the raw water
si de negative pressure backwashi ng al one, allows for 5appropriate

backwashi ng by increasing the contribution of the raw water side negative
pressure backwashing as the driving force for extracting backwash as much
as possible, and by conpensating for the insufficient portjion via_the
permeat e si the bagkiiashing efteot ds highwadbin rihe pthesamd,t sisudgrly He the

enbodi nents of the present invention have been 10 described above, the
present i nvéiltraton i methnd,sisesi thotight yisingi cosapesite mackmasbingrsygnndnt s. For

example, with regard to the first and second pressure regul at i(gg q}efgi ce for
conduct i ng tasesrahetathsr backwaghing fliveof the desigprrannes becdssaeack st

negative pressure filtration, the conmposite filtration, the perneate side
pressure batdkWasvaley, sidee negativg: @ressuge i) W@Qﬁlﬂ&@qﬁpﬁssﬁl&éwﬁa fnvashi ng

and the conposite_ backwashing, pressure punp, a,pressu regul ati ng punp,
2 hi §h pr es SDpEoRyials hackatashinie Bif 1BFHPEME: o R heapvpater
exenplified as the pressure devige, and a suction. pupp, vacyum punp and
the |ike ma§ldseneg@iiys? W@W%j’ap aﬁgb}?ﬂl@ sri@gmgeg%@??@é.e%{@ | es

[ 0065] (Exapple 1) urface.,,streamwater wth.an.average r.bi dity of
LONT was - oRBryash as mHe s iparsitae, A by SapPatRtise FOh (6 TS gk washi ng
operation were,condugted using an aﬁgar.at us corr Sgl%ﬁ'di n%ito t he
25abovement PEFdSN SRETMeAEside JREANYE PEEHLIE 52 SR [ at i on operation

vas started [%&ﬁ Adthotigh the ie(tjneb(?cii?nsesn 5% Jthe:t f)xaetsieﬁ infetidHave been

10 described above, the present invention is not specifically limited to the
above embodiments. For example, with regard to the first and second
pressure regulating device for conducting the raw water side pressure
filtration, the permeate side negative pressure filtration, the composite
filtration, the permeate side pressure backwashing, the raw water side

15 negative pressure backwashing and the composite backwashing, a
pressure pump, a pressure regulating pump, a high pressure gas, a water
head difference and the like may be exemplified as the pressure device,
and a suction pump, a vacuum pump and the like may be exemplified as
the negative pressure device. |

20 Examples
[0065] (Example 1)

Surface stream water with an average turbidity of 1 NTU was
employed as the raw water. A filtration operation and backwashing
operation were conducted using an apparatus corresponding to the

25 abovementioned membrane filtration apparatus 50. The filtration

operation was started with raw water side pressure filtration. A signal
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froma water quality analyzer 11 was sent to a control unit 40, and it was
automatically switched to conposite filtration via the control unit 40 once
a nmeasured val ue reached 5 NTU. [0066] The raw water side pressure
filtration was perforned in dead-end 5 filtration node, in which a
constant flowrate filtration was set to supply raw water 1 at a constant
flowrate (nenbrane filtration flow of 2.5 n8/nR/day, the obtained flow
rate of the perneate water for one day was 2.5 n8 per one neter squared of
nenbr ane ar Em aswatgr pruadiby aaaltyagul ldtwag seuinte 3 conwrohvniirdhandoid was 4.

10[ 0067] The conposite filtration was perforned in dead-end node, in which
a constant autwnatcally iswitchadto wempesits ditratippl vianthe senivel amit 4 a
constant flow rate (menbrane filtration flow of 2.5 nB/nR/day, the obtained
flow rate obPnepe mpeastyadeakae seachsd DMEHay was 2.5 nB per one neter

squared of nenbrane area) using pressure regulating punp 3. 15 provj ding
negative prEdQeflIhy I%WCW&WFS\!&%PB‘JSSW%EMW@NW&&M 93(51{1 %@&8 punp 5

for the cor%(fsit,e filtration,was 50 Hertz, which was the maxi mumrpotation
speed of théligatipn medegn Whicha constanh flovy zats Raltratipn waw sFh iR SUBPYe

N Th & ol caRWGWalT bt RGN AR BOh Ext6pERSHITNENE AN AISY & 26 i nut e
5.t he. back REOR 5587 e ORtARGH HovesRisauiohe IRTUEL: QTG 5 % BUATEY. The
B L A BB A S el
concentr at | S URER A BHR QLR E RS RGROB gL The gas Tor o e
10 [0067] The composite filtration was performed in dead-end mode, in
which a constant flow rate filtration was set for supplying raw water 1 at
a constant flow rate (membrane filtration flow of 2.5 m’/m%day, the
obtained flow rate of the permeate water for one day was 2.5 m’ per one
meter squared of membrane area) using pressure regulating pump 3
15 providing negative pressure by vacuum pump 5. The current
frequency of vacuum pump 5 for the composite filtration was 50 Hertz,
which was the maximum rotation speed of the pump.
[0068] In the present Example, the raw water side pressure filtration or
the composite filtration was repeatedly alternated with a cleaning
20 operation, and the operating conditions of a 29 minute filtration
operation, a one minute simultaneous backwashing and scrubbing as the
backwash operation, and a 30 second discharging were repeated. The
backwash operation was performed at 3.0 m’/m*/day, and the sodium
hypochlorite within oxidizing agent tank 8 was simultaneously supplied
25 using oxidizing agent solution feed pump 9, so that the residual chlorine

concentration of the backwash water was 3 mg/L. The gas for
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scrubbing was air conpressed with conpressor 10, and the air scrubbing was
performed at an airflowrate of 1.5 NnB/hr. [0069] Since the turbidity
exceeded 5 NTU and reached 17 NTU after approxi mately 1000 hours (refer to
FIG 8) after continuous operation 5 was started under the abovenenti oned
conditions, the raw water side pressure filtration nmethod automatically
swtched to the conposite filtration. The transnenbrane pressure increased

to a mexi mugAMbYiAS iR AR obRfprdied<Rait @mBRANONS i oo tarFI G 7).

Conti nuous operation was possible with the predeterm ned rane

10f i Itratiomfdbbin%fw@s PerfBf il dunbii-New e bail B Nm¥hrs for up to 3000
hours (refer to FIG 9)." [0070] (Conparative Exanple 1) Surface stream

water with §0069FSatee thy dirbidity @xcéeddd) SWBEIEMIdDY&REhed I TNTEMaRRE er . The
filtration operation and backwash 15 operation were conducted using an

appar at us pappiéieithatetyh 1806t howtsu(refa 16 IFIG. ©) dfter ébatinedudopepdtiorl Wi th
the exception of the control unit 40, and the filtration operation was

concdr r ent | wasesfantededndet thésboweechtiored svnditions, theleapr esstar &ide
filtration. The raw water side pressure filtration was perforned in

dead- end fi pressuirenfiltratéon i method hawtotativalist amtitdHedwtoatle fidrhpasiton was
set to supply raw water 1 at a constant flow rate (nmenbrane filtration flow
of 2.5 n8/ nfilttationt hd e tenseerfibraner pressufe tinergasedett @ hmaxinnandaf was
2.5 nB per one neter squared of nmenbrane area) using pressure regulating
punp 3 for Médbidtee andubveass. 1456k 13fter 23000 nluversf i(tefient tonEWBerBt i on, a
one minute sinmultaneous i ) i
Continuous operation was possible with the predetermined membrane
10 filtration flux of 2.5 m’/m*/day being maintained as is for up to 3000
hours (refer to FIG. 9).
[0070] (Comparative Example 1)
Surface stream water with an average turbidity of 1 NTU was
employed as the raw water. The filtration operation and backwash
15 operation were conducted using an apparatus provided with a structure
similar to the that of Example 1 with the exception of the control unit 40,
and the filtration operation was concurrently performed with Example 1
via raw water side pressure filtration. The raw water side pressure
filtration was performed in dead-end filtration mode, in which a
20 constant flow rate filtration was set to supply raw water 1 at a constant
flow rate (membrane filtration flow of 2.5 m*/m?*day, the obtained flow
rate of the permeate for one day was 2.5 m® per one meter squared of
membrane area) using pressure regulating pump 3 for membrane
module 4.
25 [0071] A 29 minute filtration operation, a one minute simultaneous

backwashing and scrubbing as the backwash operation, and a 30 second

32



backwashi ng and scrubbi ng as the backwash operation, and
di scharging were repeated as the operating paraneters of

a 30 second
Conparative

Exanpl e 1. The backwash operation was perforned at 3.0 nB/nR/day, and the
sodi um hypochlorite wi thin oxidizing agent tank 8 was sinultaneously

suppl i ed using oxidizing agent solution feed punp 9, so
resi dual chlorine concentration of the backwash wat er was

5 that the
3 ng/L. The gas

for scrubbing was air conpressed with conpressor 10, and the air scrubbing
was per f or mdischiargimgaivef¢ wepeated asf the. Spetaging pasimeters bé Compansneg ane

pressure becanme the 200 kPa required for chem cal cleanin
1050 hours &ixaenplet brt The bankvwashooperbtiopewas ipsnfarmist at B
conditions, the apparatus was stopped (refer to FIG7). |
Exanpl e 2) and thsusédiven shypeehlpatter within fxidizénggageni

I mat el
D sDludiant i oned

0072] (Conparative
Brakt ¢ ovag NTU

was enpl oyed as the raw water. The filtration operatjon and backwash 15
oper at i on” weimulteneouslysupplied using mradizing ageoy sokion faedapwmipu@s 30 e

simlar to that of Conparatjve Exanple 1, and the fil]trat
concdr r ent | yhatethioresdush ehlapnmepacantyation ofhha bagﬂ(ﬁ'é‘gh

filtration. The perneate side negative pressure filtratio

dead- end no#g/Li.n WHE @RSaL0E SEEERRINET WAt aHaeMPressest COIBPIRSS

i on operatjon was
eyater\wapressure

n was 8erforrred in

540t o

supply raw water 1 at a constant flqw rate (merrbr@ane f*ﬁl}agaltéfﬁ f3l,ow of 2.5
rl.

n8/ n2/ day, ©RE st airreaubbing Waspgtormed st an girdlays e

nB8 per one neter squared of nmenbrane area) usin Lessyre
for menbr an@lﬁ%ﬁﬁé uansmerr{hm@,wr&swengﬁﬁwef ﬁ?eflzg)@l grﬁa

THAY was 2.5

o%@a&)iﬁgpapgg °
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10 operation under the abovementioned conditions, the apparatus was

stopped (refer to FIG 7).
[0072] (Comparative Example 2)

Surface stream water with an average turbidity of 1 NTU was

employed as the raw water. The filtration operation and backwash

15 operation were conducted using an apparatus provided with a structure

similar to that of Comparative Example 1, and the filtration operation

was concurrently performed with Example 1 via permeate
pressure filtration. The permeate side negative pressure

performed in dead-end mode, in which a constant flow

side negative
filtration was

rate filtration

20 was set to supply raw water 1 at a constant flow rate (membrane

filtration flow of 2.5 m*/m?/day, the obtained flow rate of the permeate

water for one day was 2.5 m’ per one meter squared of membrane area)

using pressure regulating pump 3 for membrane module 4.

[0073] A 29 minute filtration operation, a one minute

simultaneous

25 backwashing and scrubbing as the backwash operation, and a 30 second

discharging were repeated as the operating parameters of Comparative
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di scharging were repeated as the operating paraneters of Conparative
Exanpl e 2. The backwash operation was perforned at 3.0 nB/nR/day, and the
sodi um hypochl orite wi thin oxidizing agent tank 8 was si nul taneously
suppl i ed using oxidizing agent solution feed punp 9, so that the residual
chl orine concentration of the backwash water was 3 5 ng/L. The gas for
scrubbing was air conpressed with conpressor 10, and the air scrubbing was

performed a |e_rilo Lale f 1. /Hr g’ & fd By, E/id 9 flux

fell bel ow esi‘gn Rorane 4 PSR YAPeh : ? day 't0"becone a
i ni f | G ' f

Star {'}’{Tg"co%il.én{ijﬁééggé,%@%‘%ﬁ hinSahybfise irdh, AT K BHS o074y
Ex 2) o : : Wk Ldi 0.1 NTU

s onpl oye R aulipReHsl A RRPEA AR KRy aRenf OGN fedt bitiblo X,

operat | on Wi HRNAUSAEH URIRABoRRRREAIO o (Y BEANLLR Watt wal W e 15

simlar to that of anple 1, the filtration operation was started via

per mat e si fifp/MeGaThY 9aB17BP ik 1A hicorfBfesall Wtk ikRhbiessyl 1ohed to a

filtration od co ning t aw wat er side pressure filtration and t he
permeat e si ggdnpgadit \Rribingvas fpdridrdtdP At YRCHIrfloG FRRSHF 9% Wanimrof a

transmenbrane pressure gaug€ 12 reached 80 kPa. The rotation 20 speed of

vacuum fi |t el @RnibiaRe XikRSion RAk feflr bélasv the designomeiitirage fRMANCH NY

filtration by positive pressure on the raw water side and filtration by

negative pressusL2I nt e’ RinRebecdthe @ Mismtiie of a5 sy dne (Rfests!r e
reached 80 kPa. The conposite filtration was perforned In dead-end

filtration Fdde9)2ppprowimatels tOOG tanirsfdftey s@irEingi corithiuql vperdisin f or
supplying raw water "1 at a constant flow rate (nmenbrane filtration flow of
5. 0108/ n2/ daydet ttee abovementioned conditions.

[0074] (Example 2)

Surface stream water with an average turbidity of 0.1 NTU was
employed as the raw water. The filtration operation and backwash
operation were conducted using an apparatus provided with a structure

15 similar to that of Example 1, the filtration operation was started via

permeate side negative pressure filtration, and automatically switched to

a filtration method combining the raw water side pressure filtration and

the permeate side negative pressure filtration once the measured value

of a transmembrane pressure gauge 12 reached 80 kPa. The rotation

20 speed of vacuum filtration pump 5 was fixed for the filtration method

combining filtration by positive pressure on the raw water side and

filtration by negative pressure on the permeate side when the
transmembrane pressure reached 80 kPa.

The composite filtration was performed in dead-end filtration mode,

25 in which a constant flow rate filtration was set for supplying raw water

1 at a constant flow rate (membrane filtration flow of 5.0 m*/m?day, the
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obtained flow rate of the perneate for one day was 5.0 n8 per one neter
squared of nenbrane area) using pressure regulating punp 3 for nenbrane
nodul e 4, while sinultaneously providing negative pressure using vacuum
filtration punp 5. 5[0075] A 29 mnute filtration operation, a one mnute
si mul t aneous backwashi ng and scrubbi ng as the backwash operation, and a 30
second di scharging were repeated as the operating paraneters of Exanple 2.

The backwashione ' S f y, Lum
hypochl ori tlea O %‘?:‘uﬂ(&girgﬁz?ﬁg{eaé%ﬁ%tgggggﬁ%@ﬁﬁgﬁf%ﬁ@ﬂ%ﬁé}sfe %geqéﬂppl i ed
usi ng oxi di zj g | : .dua orine
concentrati éﬁﬂ%%eﬁt Eg{ Bgé(::}@\%/gésl%nvaf\argﬁ L&aﬁggﬁrﬁgﬁ%et ?ﬁéuga?@é gﬁ’h—glgr ébg(lgllng was
air conpres | 30 . ' r I t an
a1 ow ot Srapoiak RREALESE WiE sififtafbbudy plovidthe B BNC BRIBES (™60
kPa after a ' : 0;%’151?1 5 after starting continuous operation
under the a@g{/@%@%@%ggﬁ%@% |0R35:L' the perneate side negative pressure
filtmation AVER) S e : I e ghil 013

ot on TouPsE A g fé%%@é‘i‘??&f%?@@%o%o°ﬁ%uf#§ﬁ%‘n"? SjmijtaRecus
transmenbr a KhadHI : ' ni ng
after appro??ﬁg?@%ﬂfg%rg?ﬁgﬂ%éﬁggégggﬁ?o F %dﬁ??{l%b%g}%%%ﬁrgtﬁi ve
Exanmpl e 3) (i It ' hifersUHP IFG f20.1 NTU
was enpl oyeccll1 1s§sh a{ egr ﬁ@aﬁ%ﬁg?@ﬂéﬁ#ﬁé ?I:i ? gﬁg??%ﬂg?gr ati %Ifr? gf;éitk l%%]ﬁl\%a%h
operation vl ¢ackwakkdopstatibrivad pRifirsed sy Bde dnWiniiday,shndctiy e
2bsimlar to that of Conparative Exanple 1, and the filtration operation

was conduct gddiina Hypwchédste siitinniddiing ddent rahk @rwabhdnndwneaiusty

-

10 supplied using oxidizing agent solution feed pump 9, so that the residual
chlorine concentration of the backwash water was 3 mg/L.. The gas for
scrubbing was air compressed with compressor 10, and air scrubbing
was performed at an airflow rate of 1.5 Nm/hr. , Since the
transmembrane pressure reached 80 kPa after approximately 400 hours

15 after starting continuous operation under the abovementioned conditions,
the permeate side negative pressure filtration method was switched to
the composite filtration. Stable filtration was continued for
approximately 2000 hours until the transmembrane pressure became the
200 kPa required for chemical cleaning after approximately 2500 hours

20 (refer to FIG. 10).

[0076] (Comparative Example 3)

Surface stream water with an average turbidity of 0.1 NTU was
employed as the raw water. The filtration operation and backwash
operation were conducted using an apparatus provided with a structure

25 similar to that of Comparative Example 1, and the filtration operation

was conducted via raw water side pressure filtration. The raw water
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side pressure filtration was perfornmed in dead-end operation node, in which
a constant flowrate filtration was set to supply raw water 1 at a constant
flowrate (nmenbrane filtration flow of 5.0 nB/nR/day, the obtained flow
rate of the perneate water for one day was 5.0 nB per one 5neter squared of
menbrane area) using pressure regulating punp 3 for menbrane nodul e 4.
[0077] A 29-minute filtration operation, a one-m nute simnultaneous

backwashi ng and scrubbi ng as the backwash operation, and a 30-second

di schar gi ngsiser presspeafitrationt Wes qeefamied) ipalcadeersd ©petatGympaede, e 10
Exanpl e 3. The backwash operation was perforned at 3.8 nB/nR/day, and the
sodi um hyposthichia eomstant ﬂowH‘alﬁezﬁhmtmmastSﬁﬁl&osiumgygamwaémglﬁl%/

suppl i ed usi ng oxidi zing agent solution feed punp 9, _so that, the residual
chl ori ne coropstanatflow oater Kmepabrangs filiration ﬁ@kV @frrélim%aﬁéz/é%& thsy
scrubbing was air conpressed with conpressor 10, 15 and_air j;scrubbing was
performed aobtained ftowwateaobther parmseatporater fonene day was s} 81 PRT MSe was
reduced, and the transnepbrane pressure becane the 20Q kPa requiyed for
chenidcal c| seteh§quatesk ohpBRIFHS %116915 DSULE RERRSHIY Fegulating 1%$°%fter
conti nuous operation undgr t he abovenenti oned conditions. 20[0078] (Exanple
3) Ri VeI efilter backwash and drai nage with an average
ration

turbidity of NTU were enpl.oyed as the.raw water. .The filt

operati on aﬂi@&%g]: @\ﬂ%&%ﬁ&tﬁt h&Fﬁt\Tf@?‘ PREAHORE dy WSTIGNYLE éBBH-‘tQPE%u%r ovi ded

WA AR R AR T e

aut omat i cal Idy witched to cor‘r‘]i)oai te. filtration at atooi ntf(\jhere t.he
ischarging were repeated as the operating parameters of Comparative

10 Example 3. The backwash operation was performed at 3.8 m’/m?/day,

and the sodium hypochlorite within oxidizing agent tank & was
simultaneously supplied using oxidizing agent solution feed pump 9, so
that the residual chlorine concentration of the backwash water was 3
mg/L. The gas for scrubbing was air compressed with compressor 10,

15 and air scrubbing was performed at an airflow rate of 1.5 Nm’/hr. - The
stable operating time was reduced, and the transmembrane pressure
became the 200 kPa required for chemical cleaning after approximately
1900 hours (refer to FIG. 10) after continuous operation under the
abovementioned conditions.

20 [0078] (Example 3)

River water sand filter backwash and drainage with an average
turbidity of 100 NTU were employed as the raw water. The filtration
operation and backwash operation were conducted using an apparatus
provided with a structure similar to that of Example 1, the filtration

25 operation was started via permeate side negative pressure filtration,

and automatically switched to composite filtration at a point where the
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measured val ue of a nenbrane filtration flux analyzer 13 fell below the
design nenbrane filtration flux of 1.0 nB/nR/day. The current frequency at
whi ch the depressurizing punp 5 of the conposite filtrati on was operated
was 50 Hertz, which was the maxi mum output 5 speed. The conposite
filtration was perfornmed in dead-end filtration node, in which a constant
flowrate filtration was set for supplying raw water 1 at a constant flow

{he per neat BasEed valucopla aagmiEas HHTRGOR IOy Ao reet > dellabedaveiie mnbr ane
31l t ancoudPSER: GUPBINRRR oAk RUGn s e LI KB VLM 1 14§ AE¥ERbum 5.
i WO Sk,
vacionasi opSi o HaC operacrni o gy HERGHS 1 gy it

el g oxi di SPH-aqthE unBpdn HERHoB Kb p ik T ih, SUPLET AR o7 e
i’?:?;ﬁ% iVl LBRSAT v A, PR st B0 S B o
filtration W%M e%t' %@@éﬁeﬁgg&??ﬁ{e@gggi&gﬁﬁn@mﬂ@% ?{f}%{*}é@‘ﬁiﬁ“ﬁx of
1.0 6/ 121 A AR K BBl NPT OMeS P Herb I Lo R b5 \pRerat [ or

under the abovenentt oned- condi tions. S ve’ pressure
filtration d |.C | t i 14 ration.
The t_ransrre@ gﬁe ﬁ’?ﬁ;@ﬁ%e eéganéhﬁeﬁsggloﬁ%grér%qu#?% ¥or§c%§er?lgié%

clegpi ng af {0, BHREOBUIRY €3 Yfor membrane module 4, while simultaneously

providing negative pressure using vacuum filtration pump 5.

[0079] A 29-minute filtration operation, a one-minute simultaneous
backwashing and scrubbing as the backwash operation, and a 30-second
discharging were repeated as the operating parameters of Example 3.
15 The backwash operation was performed at 1.0 m’/m?/day, and the
sodium hypochlorite within oxidizing agent tank 8 was simultaneously
supplied using oxidizing agent solution feed pump 9, so that the residual
chlorine concentration of the backwash water was 3 mg/L.. The gas for
scrubbing was air compressed with compressor 10, and air scrubbing
20 was performed at an airflow rate of 1.5 Nm’/hr. Since the measured
value of a membrane filtration flowmeter 13 fell below the design
membrane filtration flux of 1.0 m*/m*day approximately 2250 hours
after starting continuous operation under the abovementioned conditions,
the permeate side negative pressure filtration method was automatically
25 switched to the composite filtration. The transmembrane pressure

became the 200 kPa required for chemical cleaning after approximately
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3000 hours (refer to FIG 11), and operation at the design filtration flux
of 1.0 nB/nR/day was possible for approximately 3000 (refer to FIG 12).

[ 0080] (Conparative Exanple 4) River water sand filter backwash water wth
an average turbidity 5 of 100 NTU was enpl oyed as the raw water. The
filtration operation and backwash operati on were conducted using an
apparatus provided with a structure simlar to that of Conparative Exanple
1, and the filtration operati on was conducted vi a perneate_side negative
pressure fi BOOOthaurs (Terergorkikatld )sand opsyatipnat ithe desigmhiltraidopdhfor ned in
10 dead-end filtrafiqn node, in which a constant flowrate filtration was
set for suppifyli.Bgnr/mwv/dest vraspassible foneparaximaioly 30Q0 (vafentalEGr 12).r at i on
flow of 1.0 nB/n2/day, the obtained flow rate of the perneate water for one
day was 1.0[088pk(Companatiee Exampled)of nenbrane area) using pressure

regul ating punp 3_for nmenbrane nodul e 4, ile 15 simultaneous|y,.providin
negative pressur e Rivenwyalercsand filter b&@k‘ﬂﬁ\slgwelswlﬂ‘o@%ﬂmﬁ% Hh%é °

filtration operation, a one-njnute sinultaneous back hi ng and scrubbi ng
as t i backRASHIbPUF Ui WeR craploysdas S bHl WrSEhatHend QN OBBERQY as the
operating par ters qf Conparative 20 ,Exanple 4. The backwash operation
was per for néﬁﬁggaqli‘@ag\lﬁ/qp@l'@a@@ vigig ePRAUCIEHURFIRELY: APRATS RION] d

S0l ut o't oStth nPUBICTURS BRI - (L] O LTORREA e LAGHRIR fataon 14 ¢ he
compr essor ToiraHRRPHRHoO VAR RRGIAEES S04 POFmEAIS Fiie NSO RFREES of 1. 5
N/ hr . The AEAIBGAT® The paihoMte” 4idt he5htile" AffrhdiSn IREL IPeIBHREA"
10 dead-end filtration mode, in which a constant flow rate filtration was set
for supplying raw water 1 at a constant flow rate (membrane filtration
flow of 1.0 m*/m?/day, the obtained flow rate of the permeate water for
one day was 1.0 m® per one meter squared of membrane area) using
pressure regulating pump 3 for membrane module 4, while
15 simultaneously providing negative pressure using vacuum filtration
pump 3.
[0081] A 29-minute filtration operation, a one-minute simultaneous
backwashing and scrubbing as the backwash operation, and a 30-second
discharging were repeated as the operating parameters of Comparative
20 Example 4. The backwash operation was performed at 1.0 m’/m?/day,
and the sodium hypochlorite within oxidizing agent tank 8 was
simultaneously supplied using oxidizing agent solution feed pump 9, so
that the residual chlorine concentration of the backwash water was 3
mg/L. The gas for scrubbing was air compressed with compressor 10,
25 and air scrubbing was performed at an airflow rate of 1.5 Nm’/hr.  The

membrane filtration flux fell below the design membrane filtration flux
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of 1.0 nB/nk/day after approximtely 2300 hours to beconme 0.45 n8/nR/day
approxi mately 3000 hours (refer to FIG 12) after continuous operation under
t he abovenenti oned conditions. (Conparative Exanple 5) 5[0082] River water
sand filter backwash water with an average turbidity of 100 NTU was

enpl oyed as the raw water. The filtration operation and backwash operation
wer e conducted using an apparatus provided with a structure simlar to that
of Conparative Exanple 1, and the filtration operation was conducted via
raw wat er siofiel§r eadm éday | aften iapproxinatehe 2300 weowss &0 decgnmeslidd
filtration erfornmed iin dead-end filtration e, .l n_which,a constant
flow rate f\é\n%?mgfdao'nam@wwlmrﬂlﬂpbwmﬂe %\’v@%ﬁf‘gri@ FeCQREINR 1 ow
rate (nmenbrane filtration flow of 1,0 nB/nR2/day, the obtained flow rate of
the per neat @paeatin padenthe ahaverpentionedgoRditionSe neter squared of nenbrane
area) using gessure 15regul ating punp 3 for nenbrane nodule 4. [0083] A
29-mnute fK pﬂmaraHV@%P ) a one-minute sinultaneous backwashi ng and

bi kwash ation, and a 30- d di schargi ng.
e o0 2o Tob S L B ar water sand aier badiWedh aar b a8 averea il e vash
ti d at 1.0 n8/n2.day, 20 and.th li um hypachl ori t
wEhin oxi dosig NEETTVeS pelovEd & e Tk atiery TS teai oL PREFTY 21 ng
e backuns AP S B BrRtpich Wl SaTaddiRl Wiing Al SpnBfatfis HiEMdEL .20 ©

t he backwasfl
15 N/ hr - Ve datibiten e 48RP E RS b et s oG cal”
cl eani ng apphoxiABt Sl¥ a9 Wik 8o8ditdiel Via tow vitet 9id 8 HrEdsut Hit-AHBHS

operation
10 The raw water side pressure filtration was performed in dead-end

filtration mode, in which a constant flow rate filtration was set for
supplying raw water 1 at a constant flow rate (membrane filtration flow
of 1.0 m*/m?*/day, the obtained flow rate of the permeate water for one
day was 1.0 m® per one meter squared of membrane area) using pressure
15 regulating pump 3 for membrane module 4.
[0083] A 29-minute filtration operation, a one-minute simultaneous
backwashing and scrubbing as the backwash operation, and a 30-second
discharging were repeated as the operating parameters of Comparative
Example 5. The backwash operation was performed at 1.0 m’/m?/day,
20 and the sodium hypochlorite within oxidizing agent tank 8 was
simultaneously supplied using oxidizing agent solution feed pump 9, so
that the residual chlorine concentration of the backwash water was 3
mg/L. The gas for scrubbing was air compressed with compressor 10,
and air scrubbing was performed at an airflow rate of 1.5 Nm’/hr.  The
25 membrane pressure became 200 kPa required for chemical cleaning

approximately 1950 hours (refer to FIG. 11) after continuous operation
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under the abovenentioned conditions. [0084] (Exanple 4) Surface
streamwater with an average turbidity of 2 NTU was enpl oyed as the raw
water. The filtration operation and backwash 5 operation were conducted
usi ng an apparatus provided with a structure simlar to that of Exanple 1,
the filtration operation was started via perneate side negative pressure
filtration, and autonmatically swtched to the conposite filtration at a

poi nt where the neasured value of a transmenbrane pressure gauge 12 reached
80 kPa. Theundentheoabaymmentiogedtonditions filtration punp 5 was fixed for
the filtration nethod conmbining filtration by positive pressure on the raw
wat er si de HMB4]i (Examepledby negative pressure on the perneate side when

t he transnmenbrane pressure reached 80 kPa. The conposite filt i on was
performed in deadSuraceistieamaiwaterouith am aygrage B%éi@yaﬁ{ﬁflﬁﬁ Ma% 15

filtration was set for supplying raw ywat 1l.at a constant .flow rate
(menbr ane f Emplayedras they oW vaters/ dﬁit,raftl% Qﬂﬁfatlﬁadalflﬂob@%i@tfbf t he

perneate water for one day was 1.7 nB8 per one neter, ar.ed of nbr ane
Bread usi ngORPEHNUY Ware sanaicesl BSHE 21 POPARAHE DIRNIJRLWIE 2, STHATHE

si mul t aneous] y

5. "T00a5] ASEBIRT dor GaF faft EXEmAEoberi (UHAIANCHRSTARR V4 REFCanstus.
backuasi 10 o S UBR 0 S o e SEC e P er AL B Shisgsen
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hours after JLAGHINY AuSedh' BYCHSsitRE ftdsdlire on the raw water side and
filtration by negative pressure on the permeate side when the
transmembrane pressure reached 80 kPa. The composite filtration was
performed in dead-end filtration mode, in which a constant flow rate
15 filtration was set for supplying raw water 1 at a constant flow rate
(membrane filtration flow of 1.7 m’/m*/day, the obtained flow rate of
the permeate water for one day was 1.7 m’ per one meter squared of
membrane area) using pressure regulating pump 3 for membrane
module 4, while simultaneously providing negative pressure using
20 vacuum filtration pump 5.
[0085] A 29-minute filtration operation, a one-minute simultaneous
backwashing and scrubbing as the backwash operation, and a 30-second
discharging were repeated as the operating parameters of Example 4.
The backwash operation was performed at 1.7 m’/m*day, and the
25 sodium hypochlorite within oxidizing agent tank 8 was simultaneously

supplied using oxidizing agent solution feed pump 9, so that the residual
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5 fromthe perneate side negative pressure filtration under the

abovenenti oned conditions. Suspended matter was added after 100 hours, and
once the turbidity was approxi mtely 100 NTU, the transmenbrane pressure
increased to a maxi num of 73 kPa and then decreased thereafter. Wen
suspended matter was re-added 250 hours 10 later to bring the turbidity to
100 NTU, because the transnenbrane pressure reached 80 kPa after

approxi mately 260 hours (approxi mately 10 hours after the suspended matter
was added), chlurineecomeentraticoeofhtheabackeovastewaterewns Bymglhon Thesgas for
automatically switched to the conposite filtration, The transnmenbyane
pressure i nscredbini twas amgompressed w5th gompressar 18 andedir cgBBbNer eaf t er
to becone 63 kPa, after 500 hours (FIG 13), Opgratiaon at the design

menbr ane fi Wasapérformedsatagn airflove/aty ehyl.SNMHdysi bllae ﬂ@nsmnﬁm (FIG
14). [0086] (Conparative Exanple 613 Surfﬁce strream water with an average
turbidity opressnmbeeametd kgl Ik hours aler FIaRINE BeFONtIpOYs PPELION,
operation and backwash operati on were conducted usi n apparatu rovi ded
wi t h5a st ruftame thenipesmeate t PSH-{]G oRCEXEWP| PresSSULRd fﬂﬂr@%ﬂm tﬁ‘é@?lbna’lﬁiger ation

e Sl
nater 1 af Bosbnseadr tRcwther BICHEG, S ARFPRETERLY | SAPoRELH” HE oy day.
one. et or S GERPEIPTIPAREDReH A FUFEAES 1) i Rd oSy (kP AL AN For
Vacuum 111 AaETesne e iesy oOKATS AubBeaRHL Tugt WAS TR SiBEs ST RS o=
opethi on. Tt dosBaSEmeatiRankty, F6, K7 BeEsy@ dd SretidEbine

B 7 e npresye araehar ST afte] ppbrP LGRS GRpriE AR °1 Thk 6

nas 10 hours after the suspended matter was added), the permeate side

negative pressure filtration was automatically switched to the composite
filtration. The transmembrane pressure increased to a maximum of
15 140 kPa and then decreased thereafter to become 63 kPa, after 500
hours (FIG. 13). Operation at the design membrane filtration flux of
1.7 m*/m*/day was possible for 500 hours (FIG. 14).
[0086] (Comparative Example 6)
Surface stream water with an average turbidity of 2 NTU was
20 employed as the raw water. The filtration operation and backwash
operation were conducted using an apparatus provided with a structure
similar to that of Example 1, and the filtration operation was conducted
via permeate side negative pressure filtration. The permeate side
negative pressure filtration was performed in dead-end filtration mode,
25 in which a constant flow rate filtration was set for supplying raw water

1 at a constant flow rate (membrane filtration flow of 1.7 m’/m?/day, the
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10 sinmul taneously supplied using oxidizing agent solution feed punp 9, so
that the residual chlorine concentration of the backwash water was 3 ng/L.
The gas for scrubbing was air conpressed with conpressor 10, and air
scrubbing was performed at an airflowrate of 1.5 NnB/hr. The transnenbrane
pressure becanme 45 kPa 100 hours after starting 15 continuous operation
under the abovenentioned conditions. Suspended matter was added after 100

hours, and avbteirtekieflowriaiteof yh enae@treowhfatf@kbné%}‘w 1Lhent mbrane
pressure increased to a maxi rru@rr\?of 69 kPa and then ecrgas'egntﬁglfagﬁ er

(refer to Fineted)squafecof suapbraes are)tiginsaFeitraddeds lgper to
bring the 20 turbidity to 100 NTU, the meg\n%?ane fi Iglrgla??%nﬁ%ﬁ@:”f%fl bel ow

t he desi gn meembaare iddulet4,owhilewimufltahedu dihgaReg HHi fter
260 hours (approximately 10 hours after theggjg?endec?rra%t e‘i{é"%@sﬁl&%ed) to

reach a m niuslrg Ne tfatid ptmpnSf | ux of 0.82 nB8/nR/day (FIG 14). [0088]
(Conmparative Exanple 7) 25Surface streamwater with an average turbidity of
2 NTO was elPP8YEdAa29tmmnutewfilteation dpperafivhi reatdmerninetatsimnlandoRackwash
operation re conducted us]i_urigj.an apﬁar atus provided with a structure
simlar to kweshingpad serubbifig asy e backsadhtdperhiibh) and arB(ees@id on was
conducted via raw water side pressure filtration. The raw water side
pressure fi Kt SR weTe depentad s thedeperating patametersof Idc@parativé whi ch
a const ant gﬁow rate filtration was set for supplying raw water 1 at a
constant f| &wamaple ‘%rre%ﬁdw&lﬂwaﬂth'@mr@tiomwqﬂerﬁ)rma&aﬂlﬂﬁf/m%ﬁypbt ai ned
flowrate of the perneate water for one day was 1.7 n8 per one neter

squared of ABAbiAResedim hxpechlorise swithinegwidizing agent afilor Smawdy ane
rmgzbe 4, 10&%06&&%@"59-m n tg filtration operation, a one-mnute
si milt aneouSRY Y §uRnded disim® oxidizing hgentsdingion teedrmimprg, smd a
30-second dis h%gige%ﬁlgr&lr@epeat ed as tthe ?ﬂ%e{hgtsi)n par aneters of
Conpar at i ve "Exanpl luathenor e EQRCHEHE LN ashovater wag 3
n8/ n2/ day, an thegﬁodi ugn h\égo l.orite wjthin oxidizing agent tank 8 was
15 si nul tan&ﬁ&jlﬂ'y o gas dar 188 VRS A crgprassed with somprssseui®, 9, so
that the regjdual ch Bri ne concentration of the backwash water was 3 ng/L.
The gas forgg@%brb%(frﬂ%b %Wﬁsrp%ﬁﬁmeti%anmfﬁpwm 8 de? N, /haind Thier

bbi t iffl 1 [hr. The t nmb
or cssur o i HRORERUITAEE Aotk pheadhen e 4k 1 90 Bousk sfieinglatmg nuols
artof 100 noGminidfy” oRNEMRRY ¢ IR T Fhiins hoNPBGIHANGEY | KOMIORSt he.
t ransmenbr a ’ Lncr Op 8 Lmum of 113 kPa and, _hen’decreased
t hereaf t er ?ﬁsﬁrﬁ&ﬁo&h&ﬁ&p %%ﬁﬁqaie?ﬂ?%gag@%‘éﬁ aaee the W 1‘51§)fmed 250
hours | aterab g RiA%IYNE00 NTU, the transmembrane pressure increased to a

maximum of 69 kPa and then decreased thereafter (refer to FIG. 13).

After suspended matter was re-added 250 hours later to bring the
20 turbidity to 100 NTU, the membrane filtration flux fell below the design
membrane filtration flux of 1.7 m3/m2/day approximately after 260
hours (approximately 10 hours after the suspended matter was added) to
reach a minimum membrane filtration flux of 0.82 m3/m2/day (FIG. 14).
[0088] (Comparative Example 7)
25 Surface stream water with an average turbidity of 2 NTU was

employed as the raw water. The filtration operation and backwash
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25turbidity to 100 NTU, the transnmenbrane pressure becanme the 200 kPa
required for chemcal cleaning after 265 hours (approximtely 15 hours
after the suspended matter was added) (refer to FIG 13). Industri al
Applicability [0090] The present invention nay be suitably used in fields
appl ying menbrane filtration of clean water, an industrial water supply,
river 5 water, |ake water, ground water, reservoir water, secondary treated
sewage effluent, sewage, draiggge and the like, as a raw water source, or
appl yi ng tpoperﬁgr(a‘n@;eﬂ’emﬂ&hlic isingsap &pperays grovidedhwith psdoiptees or for
concentration thereof. CLAIMS 1. A filtration nethod for filtering raw
wat er to obshnHapée that ef dyomparasive Fegamplel 1y &ﬁngdged%&aémrbﬁpﬁ@twgl
pressure as a driving force for nmenbrane nodul es, whereipn 5the filtration
oper ati on | ¥asceonausiad viatnave vater side pagssHEe diltration.  The raw water

side pressure filtration was performed in dead-end filtration mode, in

5 which a constant flow rate filtration was set for supplying raw water 1 at
a constant flow rate (membrane filtration flow of 1.7 m*/m’/day, the
obtained flow rate of the permeate water for one day was 1.7 m’ per one
meter squared of membrane area) using pressure regulating pump 3 for
membrane module 4.

10 [0089] A 29-minute filtration operation, a one-minute simultaneous
backwashing and scrubbing as the backwash operation, and a 30-second
discharging were repeated as the operating parameters of Comparative
Example 7. The backwash operation was performed at 1.7 m’/m*/day,
and the sodium hypochlorite within oxidizing agent tank 8 was

15 simultaneously supplied using oxidizing agent solution feed pump 9, so
that the residual chlorine concentration of the backwash water was 3
mg/L. The gas for scrubbing was air compressed with compressor 10,
and air scrubbing was performed at an airflow rate of 1.5 Nm’/hr.  The
transmembrane pressure difference became 45 kPa 100 hours after

20 starting continuous operation under the abovementioned conditions.
Suspended matter was added after 100 hours, and once the turbidity was
approximately 100 NTU, the transmembrane pressure increased to a
maximum of 113 kPa and then decreased thereafter (refer to FIG. 13).
After the suspended matter was re-added 250 hours later to bring the

25 turbidity to 100 NTU, the transmembrane pressure became the 200 kPa

required for chemical cleaning after 265 hours (approximately 15 hours
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side pressure filtration, perneate side negative pressure filtration, and
conposite filtration conbining the raw water side pressure filtration and

t he perneate side negative pressure filtration, any one of
raw water side water quality, nmenbrane filtration 10flux and transmenbrane
pressure is neasured, and any one of the three filtration nodes is

switched to another in response to a neasured val ue thereof 2. The
filtration nmethod according to claim é wher.ei n asured value is a
char act er i safter the susprnad neattervyas addad birefen § 13- 15 menmbrane foul i ng
substance cal cul ated fromthe raw water side water quality, the raw water

si de pressulrduastrialAApphcabilidhduct ed when the characteristic value X falls
bel ow a predetern ned threshold val ue, and t.he.raw water. si,de essure
filtration MA9WNEEe wresnat BORISIM By PE, Sy Wisd Ihdieleis ARBIOBS i o

value X rises ove predet et m ned threshol.d ,20val.ue. . 3. The filtration
net hod accoﬁtﬁlﬁgmﬁ’@ ilgatien o v Eiqﬁlé am Apgusizial syiater, SRy rier

R SO0, RGeS, R R S e T
et eccor 4, 000 enGLAL 1 gt B Bhdd BB TUEIAEL AL bbb kB
IR M A e AR,

for concentration thereof.
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value is the nenbrane filtration flux, and the perneate side negative 5
pressure filtration is swtched to the raw water side pressure filtration
or the conmposite filtration when the neasured val ue drops bel ow a
predeterm ned nenbrane filtration flux during constant flowrate filtration
operation at the design flowrate via the perneate side negative pressure.
106. The filtration nmethod according to claim1, wherein the neasured val ue
is the suction Iift of the perneate E€IIEINIS respondi ng to the transnmenbrane
pressure, and the perneate side negative pressure filtration is

swi tched to kheAr flirataommeilie fore fdtering rawr watanteobtdie seHROsLt
filtration when the 15 suction lift of the perneate side 'has reached the
avai | abl e Npswfenminggya dilteationt operatiorausidy ptessur@nsapelritihgforte tlhe desi gn
flowrate via the perneate side negative pressure filtration. 7. The
filtration waembdane owdilas, whereip of clainms 1 to 6, wherein the
abovenentioned filtration operation is alternated w th backwash

200peX ati on, wher &he filtration| operationuissperformed inhthree mhodee mwdwhsgef r om t he
pernmeate side to the raw water side with nenbrane air scrubbing being
perforned siSH# PipRsyTe (filtration, permeste Fide hiegative ipressmehbliratiomgr ahdg t o
claim?7, wherein pre Isurge is 25applied to the permeate side to perform
backwash op&PHIReste filtratian combining thettayn watethside qaressute il ttation aidn 7,

wherei n ne lve . . .
g%l%e permeate side negative pressure filtration,

any one of raw water side water quality, membrane filtration
10 flux and transmembrane pressure is measured, and
any one of the three filtration modes is switched to another in
response to a measured value thereof,
2. The filtration method according to claim 1, wherein the measured
value is a characteristic value X indicating a concentration of a
15 membrane fouling substance calculated from the raw water side water
quality, the raw water side pressure filtration is conducted when the
characteristic value X falls below a predetermined threshold value, and
the raw water side pressure filtration switches to the composite filtration
when the characteristic value X rises above a predetermined threshold
20 value,
3. The filtration method according to claim 2, wherein the
characteristic value X is calculated from at least one selected from raw
water side turbidity A (NTU) and raw water side total organic carbon
content (mg/L).
25 4. The filtration method according to claim 3, wherein the

characteristic value X is calculated by X=A+B, when raw water side
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pressure is applied to the raw water side to perform backwash operati on.
10. The filtration nmethod according to claim7, wherein both positive
pressure and negative pressure are applied to the perneate side and raw
wat er side respectively to perform backwash operation. 511. The filtration
met hod according to claim7, wherein backwash nmay be perfornmed by
seIFctabIe nmeans: applying positive pressure to the perneates side,

appl yi ng negative pressure to the raw wat , or, e oyi ng

conbi nat i ontusbidigpiyiAnNIdE) end sayr Y—S’%er%g@ Goiali @rgérlws‘% Q%ﬁ%eﬁh%?
appl yi ng negati pressure to the raw water side. 1012. A nenbrane
filtration gb@a 1S provided w th nmenbrane nodul es using pressure as a
driving force, I si,n a first ans for gggl the

wat er side Pr es?@%ﬁ 1'6'?‘“%@?@1%1 aperndiag to clamm 1, whe s for
regulating th per ate s ssure Qf the,l rrenbrane madul es
measuri ng n¥a isoF br%é) tfﬁ@aﬁﬁp ux, g thegpe Ifmr%atpa%gﬁ/a‘ﬂ%gatsvede of

th b
B Bt ?ﬁfg@ngré% §Wﬂf&hﬁé&9r’£§r o Hot s1§ﬁd)r§§%ﬁ§3‘ ol & 2,

Cﬁg%?;' " e angoxﬁggg'% ARG S helt Re " Saltirdd S alfh ddropasSLHelggl eans,
predetermined membrane filtration flux during constant flow rate
filtration operation at the design flow rate via the permeate side negative
pressure.

10 6. The filtration method according to claim 1, wherein the measured
value is the suction lift of the permeate side corresponding to the
transmembrane pressure, and

the permeate side negative pressure filtration is switched to the
raw water side pressure filtration or the composite filtration when the

15 suction lift of the permeate side has reached the available NPSH during
constant flow rate filtration operation at the design flow rate via the
permeate side negative pressure filtration.

7. The filtration method according to any of claims 1 to 6, wherein the
abovementioned filtration operation is alternated with backwash

20 operation, wherein

liquid runs through the membrane module from the permeate
side to the raw water side with membrane air scrubbing being
performed simultaneously.
8. The filtration method according to claim 7, wherein pressure is

25 applied to the permeate side to perform backwash operation.

9. The filtration method according to claim 7, wherein negative
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node switching takes place anpbng three nodes: raw water side pressure
filtration, perneate side negative pressure filtration and conposite
filtration conbining the raw water side pressure filtration and the
perneate side negative pressure filtration. 2513. The nenbrane filtration
apparatus according to claim12, wherein the second pressure regulation
nmeans i s a vacuum punp, and the neasuring neans is at |east a turbidineter

o ei t hor cpmeIRisaprlind fribecmny NACLORE OIS DRRE RGN SRETYary
Phe 5 presedbes Hhe HUTRLORneUA Acar ) ERHERTe WICTER P BPSERS o
per o 1 beckuel Ut 00 15 ROSLLLYS LSS Rt BRLIERR, i e
Pressures. yater side respectively to perform backwash operation.

5 11. The filtration method according to claim 7, wherein backwash
may be performed by selectable means: applying positive pressure to
the permeates side, applying negative pressure to the raw water side, or
employing a combination of applying positive pressure to the permeates
side and applying negative pressure to the raw water side.

10 12. A membrane filtration apparatus provided with membrane
modules using pressure as a driving force, comprising:
a first means for regulating the raw water side pressure of
membrane modules;
a second means for regulating the permeate side pressure of the
15 membrane modules;
a measuring means for measuring the water quality of the raw
water side of the membrane modules;
and a controlling means for controlling at least one of the first
pressure regulation means and the second pressure regulation means
20 based on values measured by the said measuring means, wherein
mode switching takes place among three modes: raw water side
pressure filtration, permeate side negative pressure filtration and
composite filtration combining the raw water side pressure filtration and
the permeate side negative pressure filtration.
25 13. The membrane filtration apparatus according to claim 12, wherein

the second pressure regulation means is a vacuum pump, and the
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measuring means is at least a turbidimeter and a TOC analyzer.

14. The membrane filtration apparatus according to either
claim 12 or 13, wherein the controlling means selectively performs
backwash by controlling at least one of the means that regulate the
pressures on both the raw water and permeate sides, in order to perform
backwash using the positive pressure on the permeate side, the negative

pressure on the raw water side, or a combination of both pressures.
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