DESCRIPTION
TITLE OF THE INVENTION: WATER PRODUCING SYSTEM AND OPERATION
METHOD THEREFOR
TECHNICAL FIELD
[0G01]

The presant invention relates Lo a water producing system
utilizing composite water ﬁreatm@nt technologies, and an
operation method therefor, and to & water producing systemn in
which fresh water 1s produced from plural kinds of raw water,
and an operation method therefor., In more detail, the present
invention relates to a fresh water preducing system that can
be applied to the field of water clarification treatment in
waterworks, and the field of industrial-use water production
such as industrial water, food and medical process watex;
agricultural water, and semiconductor-related component
¢cleaning water.

BACKGROUND ART

In recent years, technologles relating to a separation

membrane are peing developed, and with characteristics such as

m

pace~saving, energy-saving, and filtrate water guality
improvement, the technclogles zre widely used for various
purposes such as water treaﬁment. For example, 3
microfiltration membrane (MF membrane) and an ultrafilcratvion

renmbrane (UF membrane) are applled to a water cleaning process
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for producing industrial water or tap water from river water, groundwater, or
treated sewage, and applied to pre-freatment and a membrane bioreactor in a
seawater desalination reverse osmosis membrane treatment step. A
nancfiltration membrane (NF membrane) and a reverse osmosis membrane (RO
membrane) are applied to removal of ions, seawater, desalination, and a
wasiewater reclamation process.

[0003]

Currently, as a method for reclaiming sewage/drainage, for example, there
is a method of performing treatment called a “membrane bioreactor (Membrane
Bioreactor; . MBR)” in which sewage or indusirial drainage which has
conventionally been treated by an activated sludge process is treated by the
MF/UF membrane directly immersed in an activated siudge tank, and performing
filtration with the NF/RO membrane installed at the later stage to obtain pure
water as product water.

[0004]

As s system for producing fresh water from seawater or brackish water,
there is a technology in which pre-treatment by sand filtration which is a
conventional water clarification technology is carried out, and thereafter filtration
is carried out with the NF/RO membrane. In addition, there is a method in which
seawater or brackish water is pre-treated using the MF/UF membrane as
described above, and filtration is carried out with the NF/RO membrane. With

this system, since seawater
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cannot be desalted by the pre-treatment, desalinatioﬁ entirely
depends on the treatment with tThe NF/RO membrane at the later
stage.

00051

With the NF/RC membrane separaticn method, supply

presgsure being higher than csmotic pressure isg regquired. Thus,
pressure must be applied when supplying raw water to the NF/RO
membrane with & pump called a "boester pump”. That is, as &

galt concentration of

raw water supplied to the NF/RO membrane
is5 nilgher, the osmotic pressure becomes higher. Thus, it
becomes necesgsary Lo apply hicgher prassure with the booster punp,
andmore energy for allowing the bocster pump to operate becomes
necessary.

[0G06]

Therefqre, in a water producing plant, only one of a
sewage/wastewater reclamation process and a seawater
desalination process ls performed in general. However, in
recent years, & membrane treatment system integrating a sewags
nigh~level treatment process and the seawater desalination

process has been developed {Patent Document 1, Non-Patent

Document 1, Non-FPatent Document 2. coording to this
technology, after sewage 1s treated by the MBR, fresh water is

produced using an RO membrane, and ceoncentrate produced as a

by-product at the time of separation ol the RO membrane is mixed

feet

with seawater. Thus, a salt concentration in the supplied
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seawater is lowered, and hence the specification of the boocster
pump in an operation of RO membrane separation used in seawater
dezalination can more be simpiified than in the conventional
manner. Therefore, tThe system becomes further energy-saving.

(0007}
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arn inftegrated memirane treatment system using
raw water, for example, sewage/drainage and
seawater from different supply socurces are used as raw water.

Thus, feed water guantities thereoi are sometimes largely

-changed from time to time. In particular, sewages/drainage is

s

easily changed due to a human activity time, a plant operatic
time, or the like. When the respective feed water guantities
of raw water are changed, 2 mixing ratioc betwean the RO membrane
concentrate produced as a by-product from a sewage Lresatment
line and seaweater is changad. Thus, the salt concentration
{oamotic pressure) in seawalter Lo be supplied to the RO membrane
on the side of a seawater treatment line ls changed.

[6oog)

In a case where although a necessary product water

guantity ls determined, a sewage/dralinage quantity is 1

833

rgely
changed, and the product water guantity 1s ensured by @ seawater
intake guantity, the salt concentration after mixing is

sometimes largely changed. Thus, there ls ansed for installing

a pooster pump capable of responding to high pressure to low

pregsure on the side of the seawataer treatment line. When a
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booster pump having large capacity 1s controlled and cperate

o3

by an inverter or the like, efficiency is interior at the time
of low pressure, 30 That an energy-saving effect is decreased.
When the mixing ratic of seawater is too high, an effect of

diluting the sewage RO membrane concentrate relative to

seawater 15 decreased, and the salt concentration is not really

=

lowered. Thus, there is a2 problem that an advantage of the
integrated membrane treatment system is almost lost. Further,
in é case of a2 fixed mixing ratic, when the feed water guantity
of sewage/dralnage 1s decreased, The sewage RC membrane
concentrate is unavoeldably reduced. Thus, mixing seawater is
aisc reduced, and the feed water to the RO membrane on the side
of the seawater Treatment line is reduced. Therefore, there
is alsce a problem that the necessary product water guantity
cannot e obtained.

[0009]
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o]

enerally determined. In a case where such sewage and drainage

]

re taken as raw water and & collection rate and a mixing ratio

of an RO membrane process are uniformly determined, the product

water guantity of

he system is naturally decided, and the

3

ot

gquantity does not always match with user neads. In a case where
the sewage/drainage guantity is small but the necessary product

water guantity is large, in the system ¢f Patent Documant I,
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Non-Patent Document 1, Non-Patent Document 2, & concentrate
guantity of the sewage/drainage RO membrane process is

dacreased, and when the seawater intake quantity is increased
at a designing stage, there 1s a problem that an energy-saving

£

g small in the system.
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[0G10]
Meanwhile, as an example that the sewage high-level
treatment and the ssawater desalination are performed in cone
water producing plant, there 1s a known method of supplying
sewage/drainage in a case where sewage/drainage having a lower
salt concentration than seawater or brackish water exists as
feed water, or supplyving seawater or brackish water in a case
where sewage/drainage cannot be supplied due to the dry season,
stoppage of the plant, or the like (Patent Document 2 and
Non-Patent Document 3). According to This technol@gy,:
sewage/drainage is used as feed water. Thus, the technology

is more energy~saving than the seawater desalination using only

)

3

seawater or only brackishwater, anda fixed flow rate of preduct

v
T

water can be surely obtalned.

]
ey
[
—
[i]

in & system in which sewage/drainage 1s switched with raw
water having a different salt concentration {(osmotlic pressure)
such as zewage/drainage and seawater or prackish water to
perform filtration with the same RO membrané 2s in Patent

A]

Nocument 2 and Non-Patent Document 3, the gsvstem ie often chosean
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in accordance with the sewage/drainage guantity which 1s an

already determined water guantity.

<>
[

1127

In recent years, seawater desalination with & reverse
osmesis membrane ls adopted in a drought-prone region such as
the Middle East, and there are a number of large-~sized reverss
osmosis membrans plants whose walter production quantity excesds
100 thousand m3/d. It is predicted that a necessary waler
production guantity will be increased and large-sized reverse
csmesis membrane plants will be increased in the future.
{00133

An enough sewage/drainage guantlity can be ensured when

a plant 1s constructed near a large-sized sewage plant and a

arge plant. However, 1t is difficult to ensure a large

bt

T

ewage/drainage gquantity in a small sewage plant, diversified

63

type sewage plants, and small and middle plants. Therefore,
there is a problem that the system of Patent Document Z and
Non-Patent Document 3 cannot cope with a size increase of the

svstem in a case where the necaessary water production guantity

is large or the sewage/drainage guanti

ot

y o is smal
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Patent Document 2: - Japanese Patent No. 3557081
NON-PATENT DOCUMENTS
[0015]

Non-Patent Documeﬁt 1: "Kobelco Eco-8olutions Co., Ltd.
and Four Others Conduct Demconsgtration Experiment of Mcdel
Project Launched by Ministry of Economy, Trade and Industry in
Shunan-ghi", [online]l, March 5, 2009, Nihon Suido Shinbun,
[searched for on July 2, 20091, via the Internet <URL:
http://www.suido-gesuido.co.jp/blog/suido/2009/03/post_ 2780
.htmls>
Non-Patent Document 2: "Adoption of "Discover Technology
SeedsAimingaﬁ:Low—CarbonSociety//SocialSyétanVerification
Model Project™", [online], March 2, 2009, press release from
Toray Industries, Inc. [searched for on July 2, 2009}, via the
Internet'<http://wWw.toray.co.jp/news/wat@r/nro90302.html>
Non-Patent Document 3: IDA World Congress-Atlantis, The
Palmeubai; UAE November 7-12, 2009, PEF: IDAWC/DB09-033

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED--BY—THE- LINVENTTON
"[0016]

An object of the pres trvertionenbodinents digolosed

composite water treatment technologies in which a plurality of
membrane units using a semi-permeable membrane is arranged to
produce fresh water from plural kinds cf raw water, the water

producing system being
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capable of ensuring a necessary water production quantity and
coping with a size increase of the system while responding to
change in a water intake guantity of raw water, and an operation
method therefoxr.
SOLUTIONS TO THE PROBLEMS
[0017]

In ordér to achieve the above object, the water producing
system and the operationlmethod therefor in the present

In a first aspect, there ig provided a water producing

system, at least compriging: a semi-permeable wmembrane

treatment apparatus A; a semi-permeable membrane treatment

apparatus B; and a gsemi-permeable membrane treatment apparatus

¢, wheresein

(a) the semi-permnsable membrane tresatment apparatue & includes

- & gemi-permezable membrane tresatment device & for subiecting

treatmant target water A having a low malt concentration to

semi-permeable membrane treatment to produce menbrane permeate

A and concentrate A, and

- & treatment target water A delivery means for delivering the

treatmeant target water A fto the semi-permeables membrane

treatment device A4,

(b} the gemi-permeable membrane Creatment apparatus B includes

- a treatment target water B branching means for branching
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treatment target water B having a higher salt concentration

which has a higher ocsmotic presgsure than an osmotic pressure

of the concentrate A into two Oor more,

- 2 semi-permeable membrane Lreatment device B for subijecting

the treatment target water B Lo the semi-permeable membrane

treatment to produce membrans permeate B and concentrate B, and

- a first treatment target water B delivery means for delivering

ons of the treatment target water B branched by the treatment

target water B branching means to the gemi-permeable membrane

treatment device B ag Lreatment target water, and

{z) the semi-permeable membrane treatment apparatus C includes

- a gemnl-permeable membrane breatment device C for subijeclting

creastment target water Lo the semi-permeable membrane Creatment

to produce membrane permeate C and concentrate C,

- 2 fivst water mixing means for mixing the other treatment

target water B branched by the treatment target water B

pranching means with at least part of the concentrate A produced

in the seml-permeable membrane Lrealtment devigce A,

- a mixed water delivery means for delivering the mixed water

by the first water wixing means to the gsemi-permeable membrane

treatment device ( asz treatment targset water, and

- @ second treatment target walter B delivery means for

delivering the other treatwment Larget water B branched by the

treatment target water P branching means to the First water

miXing means.

e
i
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In a second agpect, there ig provided an operation method

for a water producing system, wherein

in the water producing gsystem as defined above including a first

flow rate measuring means for measuring a flow rate of the

treatment target water A or the concentrate A,

the treatment targel water of one or more gemi-permeabls

membrane treatment device X ig switched by the treatment target

water swltching means based on a meagured value of the first

flow rate meaguring means.

In a third agpect, there is provided an operation method

for a watey producing syvstem, wherein in the water producing

system as defined above, based on a predetermined value of an

acoumulated membrane permeate guantity or a predeterminadvalus

of a treatment time of one or wore seml-permeable membrane

treatment device X, tfhe treatment target water of the

semi-permeable membrane treatment device ¥ is switched.

In e fourth aspect, there is provided an operation method

for a water producing systen,

wherein in the water producing sveten as defined above including

- a second flow rate meaguring means for measuring a flow rate

of the freatment target water A delivered by the treatment

target water & bypass delivery means, the treatment target water

of one or more semi-permeable membrane tregtment device ¥ is

switched by the trestment target water switching means based

on a measured vaiue of the second flow rale meaguring mesns,




In a fifth aspect, therve is provided a water producing

gvstem, comprising: a seml-permeable membrane treatment devide

for subdecting a plurality of diffevent kinds of treatment

target water to gemi-permeable membrane treatment; and a

rreatment tarcel water switching means for delivering the
el .

Ccreatment targset water to the geml-permeable menbrane treatmant

device, whersin

the semi-permeable membrane treatment device is formed

by a plurality of semi-permeable membrane treatment devices

arranged side by side, and

the water producing syvstem comprises a treatment Carget

wateyr switching meang for switching the Lreatment target walter

to be delivered to a gemi-permeable membrane Creatment device

¥ in such a manner that one or more semi-permeable membrane

treatment device selected from the plurality of semi-permeable

membrane treatment devices gerves as the gemi-permeable

membrane treatment device X for subjecting fwo or more kinds

of treatment target watey selected from the plurality of

different kindg of treatment target water to the semi-permeable

membrane treatment.

In a gsixth aspect, there ig provided an operation method

for a water producing system, wherein in the water preducin

syvatem ag defined above including & flow rate measuring means

for measuring a flow rate of one kind of treatment target water

gpelected from the plurality of different kinds of treatment

Larget water,
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rthe kind of the treatment target water to be delivered

to one or more system of the gsemi-permeable membrane treatment

device ¥ ilg switohed based on a measured value of the flow rate

MERSUring mMeans.

In a seventh aspect, there is provided an operation method

for a water producing system, wherein in the water producing

gvetem as defined above, baged on a predetermined value of an

accumulated membrane permeate guantity or a predetermined value

of a treatment time of one oy more gvstem of the semi-permeable

membrane treatment device X, the kind of the treatment target

water to be delivered o the semi-permeable membrans treatment

device ¥ ig switched bv the treatmeni target water delivery

means .
[ooisg]

(1} A water producing system, at least including a
semi-permeable membrane treétment.process A, a semi-permeable
membrane treatment process B, and a semi-permeable membrane
treatment process C, wherein the semi-permeable membrane
treatment process A includes a semi-permeablie membrane
treatment step A for subjecting treatment target watexr A to
gemi-permeable membrane treatment to produce membrane permeate
A and concentrate A, and a treatment target water A delivery
means for delivefing the treatment target water A to the

semi-permeable membrane treatment step A, the semi-permeable

membrane treatment process B includes a treatment target water

g
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B branching means for branching treatment target water B2 into
two or more, a semi-permeable membrane treatment step B for
subjecting the treatment target water B to the sgemi-permeable

membrane treatment to produce membrane permeate B and



concentrate B, and a first treatment target water B delivsr
means for delivering one of the treatment target water B
branched by the treatment target water B branchin
semi-permeable membrane treatment step B as treatment targetb
water, and the seml-permeable membrane treatment process C
includes a semi-permeablie membrane treatment step C for
subjecting treatment targel water Lo the semi-permeable

membrane treatment to produce membrane permeate C and

'

concentrate {, a first water mixzing means for mizing the other
treatment target water B branched by the treatment target water

IS
—

[

B branching means with

o

ezst part of the concentrate A

produced in the semi-permesble membrane Lreatment step A, a

;.,- -

ixed water delivery means for delivering the mixed water by

the firsi water mixing means Lo the semi-permeable membrane

treatment step C as treatment target water, and a second

treatment targelt water Bdeliverymeans fordelivering the othar

rreatment target water B branched by the treatment target water
B pranching means To the first water mixing means as treatment
target waiter.
[OD18]

{2} The water producing system according to {1}, wherein
the semi-permeabls membrane treatment step B and ths
semi-permezbls membrans treatment step C are respectively

provided with one or more semi-psrmeable membrane fresatment

devics, at lesast one semi-permeable membrane treatment devi
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selected from a group of the semi-permeable membrane treatment
devices of the semi-permeable membrane treatment step B and the
semi-permeable membrane treatment step ¢ is a semi-permeable
mempbrane treatment device ¥ for subiecting both the treatment
target water B and the mixed water tc the semi-permeable

membrane treatment, and the water producing system includes a

Losy

ful
=
M
o

tmant target water switching means for switching the
treatment target water to be deliversd to the semi-permeable
membrane treatment device X in such 2 nanner thait both the
treatment target water B and the mixed water are deliverable
teo the semi-permeable membrane treatment device X,

046

1

)
[

{3} The water producing system according to (2}, wherein
the semi-permeable membrane treatment device ¥ subiscts only
cne of the treatment target water B and the mixed water to the
semi~permeable membrane treatment at one time.
(00211

{4y The water producling system according to (2) or (3)

wherein the semi-permeable membrane tTreatnment devics ¥

communicates with both the delivery mea
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target water B delivery means and the mixed water delivery

(5} The water produsing svystem according to any of (2}

l

5

to {(4), whereln at least one delliverymeans selected froma group
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consisting of the

o

irst treatment target water B delivery means

and the mixed water delive

=

v means 1g a delivery means Y capable

of delivering both the tr

{0

atment target water B and the mixed
water.
00231

(6Y The water producing systenr according to (%), wherein
the delivery means ¥ delivers one of the treatment target water
2 and the mixed water at one £ime.
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{7y The water producing syste
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to {6}, including & second water mizxing means for mixing the
treatment target water Awith the concentrate b or the treatment
target water B or the mixed water, and a treatment target water

A bvpass deliveryv means for delivering the freaitment target
Yp Y J

(8) The water producing systam
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the first water mixing means and the second waler mixing MEans
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are the same water Mixling mean

(%) The water producing svstem accoxding to any of 1)
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reatment with amicrofiltrationmembrane cr anultrafiltration

1
.
j o
[
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[

o

10) The water producing system according to any of (1)

ot

;
{

to (9), including a water intake means for taking in salt

contained water, and a membrane treatment device B for

alt contalned water taken in by the water intake

44

subliecting the
means to the treatment with the microfiltration membrane or The

ultrafiltration membrane to obtalin membrane treatment water B,

wherein the membrane treatment water B sarves as the treatment

target water B.

{11) The water producing system according to (101,

including & membrane treatment water B storage reservolr that
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B, a first membrans

13

tresztment water B delivery means for delivering the membran
sreatment water B to the membrane tLreatment water B siorags
raservelr, amizxedwater storage reserveir that stores

water, a second membrane treatment water B delivery means

for

EREN

delivering the membrane treatment water B of the membrane



very means is a delivery

-

the first treatment target water B del
means for delivering the membrans treatment wabter B stored in

™

the membrane Lreatment water B storag

ki

reservolr to the

)

3

semi-permeable membrane Treatment step B, and the mixed water

Y

delive

&
o
=

v means is a2 delivery means for delivering th

jaB
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(T

water stored in the mixed water storage reservolr to the
semi-permeable membrane treatment step C.
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method for & water producing system,
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wherelin in the waiter producing sysiem according to any of

o

Lrst flow rate measuring means for
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measuring a £low rate of the treatment target water A or the
concentrate &, the treatment target water of one or more
semi-permeabple membrans treatment device ¥ is switched by the

ii

treatment target water switching means based on a measured value

[l

of the first flow rate measuring means.
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wherein in the water producing system according to any of (2)

to (11, based on & pradeterminsd value of an accumulated

L

membrane permeate guantity or & predetermined value of a
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one or more semi-permeable memibrane treatment

device ¥, the treatment target water of the sami-permea
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(14) Bn operation method for z water producing system,
wherein in the water producing system according to any of (7]
to [11) including a seccend flow rate measuring means for
measuring a flow rate of the treatment target water A delivered

by the treatment target water A bhypass delivery means, the

treatment target water of one or more semi-permeable membrane
treatment device ¥ 1 switched by the treatment target water

switching means based on a measured value of the sscond flow
rate measuring msans.
10032]

{15}Eéwaterprodﬁcingsystem,includi ng a sew1 —permeable
membrane treatment device for subjecting a plurality of
different kinds of treatment target water to semi-permsable
membrane treatment, and a Treatment target water switching
means for delivering the ftreatment target walfer to the

semi-permeable membrane treatment device, wherein the

saemi-permeable membrane treaitment device ls formed by a
plurality of semi-permeable membrane treatment devices
arranged side by side, and the water producing svstemn include

[43)
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watrey switching means for switching the
treatment targer water to be delivered to z semi-permeab
membrane treatment devigcs ¥ in such & mannser that one or more

semi-permeable membrane trealtment device seliascted from t

oy
m

plurality of semi-permeable membrane trezatment devices servas

w

as the semi-permeable membrane treatment device ¥ for
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subjecting two or more kinds of treatment target water selected
fromthe plurality of different kinds of treatment target water

to the semi-permeable membrane treatment.

(16} The water producing system according To (15}

wherei
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{17) The water producing system according to (15) or {16

W

——
-

wherein the semi-psrmeablie membrane treatment device ¥
communicates with a plurality of treatment target water

delivery maans,

{00

[

ol
{18} The water producing system according te any of [(15)
to (177, wherein one or more treatment targst water deliver

means serves as e treatment target water delivery means for

(o8
o
b

livering plurel kinds of treatment target water to the
sami~parmeable membrane treatment desvice X by switching the
kind of the treatment target water to be delivered by the

treatment target water switching means.

{18) An operation method for a water producing system,

ot
L
-

wherein in The water producing system according to any of |



o {18) including s flow rate measuring mzans for measuring &
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flow rate of ons kind ¢f treatment target water sel
the pluraiity of different kinds of treatment target water, the
kind of the treatment target water tc be delivered to one or
more gystem of the semi-permesable membrane treatment device ¥

15 switched based on & measured value of the £low rate measuring

[20) An operation method for a water producing svystem
wherein in the water producing sysiem according to any of (15)

to {19}, based on a predetermined value of an accumulated

membrane permeate guantity or a predetermined value of a
treatment time of one or more system of the semi-permeable

membrane treztment device X, the kind of the tLreatment target

water to be delivered 1o the semi-permeable membrane treatment

device X is switched by the freatment targel water delivery
means
EFFECTS OF THE INVENTION
(0038

Effects obtained by the present invention are as follows
[0039]

The invention of ciaim I includes the semi-permeable

membrane treatment process A for subljecting the treatment

target water A to the semi-permeable membrane treatmeni, the



treatment target water B to the semi-permeabls membrane

4B

creatment, and the semi-permeable membrane treatment process

C for subijecting the mixedwater inwhich part of the concentrate

fx

2 and part of the treatment target water are mixed to tﬁe
seml-permeable membrane treatment. Thus, for sexample, in a
case where the treatment target water A is sewage/drainage and
the treatment target water B isxsalt contalined water such as
brackish water and seawater, the semi-permeable membrane
treatment step B for performing seawater desalination ié
designed to treat an insufficient amount of a necessary product
water guantity for the entire system, the amount not covered
by a total treatment water guantity produced from the
semi-permeable membrane Treatment step A and the semi-permeable
membraﬁe treatment step £, or an amount assumed to he
insufficient. By increasing and decreasing a treatment water
guantity of the semi-permeable membrane treatment step B in
response to change in a sewage/drainage intake guantity, the

necessary product water guantity can be ensured. At least, at

Fh

the time of stopping supply of the treatment target water A and
stopping the semli-permeable membrane treatment step A, a
minimum guantity of product water can be obtained by the
seml~permeable membrane treatment step B. In a case where the
sewage/dralnage intake guantity is small, the semi-permeable

membrane treatment step B for performing the seawater

desalination is designec to be large, so that the system becomes

18/68-



a large-sized water producling system.
[004c;

Since szewage/drainage has lower osmoblic pres

i

ure than
seawater, a sewage/drainage semi-permeable membrane treatment
process can be operated with lower energy than a seawater
semi-permesble membrane treatment process. Thersziore, the
sewage/drainage semi-permeable membrane Lreatment process is
desirably operated at as & high cecllection rate as possible.
e collection rate i1s, the less the
generated concentrate is. In a conventional water producing
system as in Patent Document 1, Non-Fatent Document 1,
Non~FPatent Document 2, little concentrate is generatéd. Ina
case where the necessary product water quantity is large, a
necessary.quantity of mixed water ils produced by mixing a lot

of seawater with the concentrate, and the mixed water is

155]

ubiected to semi-permeable membrane treatment, so that the
product water guantity is obtained. Dirty components such as
organic matters are condensed in concentrate derived from

sewage/drainage. Thus, membrane clogglng and biofouling are

generated more cften in the mixed water tha

s

o Tha

I
N
it
Y
ES
ool
ot
®

by

93]

here is a possibility thet agent cleaning has to be freguently

¥

.

3
=

erformed. In the water producing system of the pressant
invention, the concentrate and seawater aremixed within a range

that an energy-saving effect due to g dilution affect is

generated, the mized water is subjected to the semi-permeable

19486~



membrane treatment in the

wn
D

mi-permealble membrane treatment

5
-
163]

eawal

]

step C, and the remaining r subjected to the

semi~permeable membrane treatment in the semi-permeable

membrane treatment step B. Thus, feed water containing the

concentrate derived from sewage/drainage ls reduced more Than
rhe conventiocnal water producing system, and the number of

performing the agent cleaning against the membrane clogging and
the biofduliﬁg iz reduced for an amount of seawater supplied
to the semi-permeable membrane treatment step B, Further, in
a case where the necessary product water gquantity is decreased,

by decreasing the treatment water guantity of the

semi-permeable membrane treatment step B for performi:

]

g the
seawater desalination, the step requiring large power for a
booster pump, the product water guantity can be adjusted.

10041

Ln?

y

in the inventions of claims Z to 6, the plural systems
of semi-permeable membrane treatment devices arranged side by
side are provided, and the treatment target water B and the mixed

ter can be appropriately selected cor mixed by the treatment

W

oy

+
f

et W

fel)

ar

{3

ter switching means and subjected to the

semi-permeable membrane treatment. Therefore, for exampl

o)
IW.J_
-

a case where the treatment targel water A ils sewage/drainage

and the treatment target water B is salt conteined water such

s

as pbrackish water or seawater, and In a case where a water

3
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i
]
a3
ot

S
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D
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n
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=
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3
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18]
i
o1
X
)
1
D

rer A 1s large and & water
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guantity of the concentrate A is large, the mixed water is
increased. Thus, by the treatment target water switching means,
a treatment water guantlitity in an energy-saving mixed water
semi-permeable membrane treatment process 1s more incresasead,
so that the seawater semi-permeable membrane trsatment process
reguiring a lot of energy can be reduced., In a case where the
water guantity of the tresatment target water A is small, the
mixed water is reduced. Thus, by increasing a water intake
guantity of the treatment Largel water B, and increasing ths
treatment water guantity of the treatment fTarget water B by the
treatment target water switching means, that is, increasing the
seawaler semi-permeable membrane treatment process, the

necessary product water gquantity can be ensured. Even in a case
where the necessary product water quantity is unchanged or the
water quantity of the treatment target water A 1s hardly changed
Iy regularly switching a treatment ratio of the treatment target

water B and the mixed water by Lthe treatment target water

924

witching means, a load applied to a semi-permesable membrane
due to differences between the treatment target water B and the
mixed water in terms of water qualities such as a =salt
concentﬁation and & membrane contaminant concentration is

uniformized, contributing to extension of the life o

Fh

the

]

membrane and simpiification of maintenance such as membrans

eaning. Thus, treatment cost and



q
o
&
B

In the inventions of claims 7 and B, the treatment target
water A bypass delivery means for mixing the treatment target

=

water A with the concentrate A or the treatment target water

iy
O

r the mixed water is provided. Thus, for example, even in

v

a case where a problem is generated in the semi-permeable
memprane treatment device A and hehce the semi-permeable
membrane treatment cannot be perfcormed, or in a case where a
flowrate of the treatment target water & 1s increased, by mixing
the treatment targei water A wlth raw water of the
seml-permeable membrane treatment step B or the semi-permeable
menbrane treatment step C Lo lower the salt concentration and
supplying the treatment target water A, pressure of the booster
pump ié reduced, so that energy is saved.
[GGAT]

In the invention of claim 9, in a case where the Treatment

target water A 1s water generated from organic component

contained water, and when the treatment target water 1s

subjected to treatment with a ME/UF membranz after the
bicleogical treatment, an influence of crganic components over

the semi-permeablie membrane is reduced, so that a stable

operation can be performed.

o

i)

inthe invention of claim iQ, in s case where the treatment

target water B 1s water generated from salt contained water,

22165



and whan

the treatment target wa
Wit

ter 1s subjected to the
atexr

stage.
(0045

b the MF/UF membrane affer water intake, suspendead
matters and organic components are removed, so that
operation can be performed for a semi-permeable membrane at the
1

=)

=1

stable

In the invention of ¢laim 11, the membrane treatment water
provided.

=
&

he obtalned temporarily, for exam
[

n

™

B storage reservoir and the mixed water storage ressrvolr arse

ot

Thus, even when the membrane treatment water B cannot
ep of the MP/UF membrane, the membrane treatment water B
tored 1in the membrane treatmen

-
L=

le, at the time of a cleaning
w

wheras steps on the upstream

ater B storage reservolr can
the semi-permeable membrane Lreatment device

pat

-
-

always pe delivered to the mixed water storage reservolr and
B. Even in a case

ide of the mixed water storage

reservolyr such as the semi-permeable membrane treatment device

be obtained temporarily,

e

[

ey

semi-permeable membrane tre

&
ecisel

A is stopped, or the like, and hence The concentrate A cannct
Ttment step C.

the treatment target water B and the concentrate A

v adjusted.

e mixed water can be supplied To the

A mixing

ratio of
In the 1

can be
low

nventions of claims
A,

ate of the Treatment target

2 to 14, by measuring the
¢ o

water A or the concentrate

2369

or the accumulated membrane permesate guantity or the



treatment time of the seml-parmeable membrane treatment device
¥, and automatically switching the fTreatment target water to
be delivered to the semi-permeable membrane treatment device
¥ by the measured velue, the 1ife of the semi-permeable membrane
rreatment device can be reasonably extended, and operation
management can be easily performed.

[0047]

In the invention of claim 15, the plural systems of
semi-permeable menbrane treatment devices arranged side by side
are provided, and the treatment target water & and the treatment
target water B can be appropriately selected or mizxed by the

tching means and subjected fto the

[

Lreatment farget water swi
semi-permeable membrane treatment. Since sewage/drainage has
lowar osmotlic pressure than seawater, the sewage/drainage
gemi-permeable membrane treatment process can be gperated with
lower energy than ths seawater semi-permeable membrane
treatment process. Thus, for example, in a case where the
rreatment target water A 1s sewage/drainage and the treatment
rarget water B i1s salt contained water such as brackish water
or seawater, and in a case where the water quantlty of the
ent tar

treat
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n the energy-saving sewage/dralinage semi-permeable membrane

[N

rt
o

reatment process 1s more increased by the treatment target
water switching means, so that the seawater semi-permeable

membrans treatment process regquiring a lot of ensrgy can be

24188



reduced. In & case where the water guantity of the treatment

t
o
=
[E
[0}
(s

water Als small, by increasing the water intake guantity

of the treatment target water B, and ingreasing the treatment
ne h=]

water quantlty of the treatment target water B by the treatment
target water switching means, that is, increasing the gseawater

semi-permeable membrane treatment process, the necessary

product water guantity can be ensured. Even in a case where

[
ey
O
o]
]
i
[§]
a5
i
65}
&)
|

v product water guantity is unchanged or the water
" “ L

guantity of the treatment target water A is hardly changed, by

v

gularly switching & treatment ratic of The treatment taraget

Py

(L

water A and the treatment target water B by th

U]

-
n

regtmant tar

¥

e,
I
rt

water switching means, a load applied to the semi-permeables
membrane due to differences between the treatment target water

A and the treatment target water B in terms of water gualit

e

&

1

such as a salt concentration and a membrane contaminant
concentration is uniformized, contributing to extension of the
iife of the membrane and simplification of maintenance such as
membrane replacement and agent cleaning. Thus, treatment cost
and treatment energy are reduced.

[0048]

in the invention of claim 16, the semi-permeable membrane

treatment device ¥ can subdect only one kind of treatment tar

water selected from the pviurallty of different kinds of

treatment target water to the semli-permeable membrane treatment

at one time. Thus, for example, in & case where one £

s

eatment
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target water is not supplied due to failure or maintenance of
& pre-treatment device, exhaustion of a raw water sourcs, or
the like, by subidecting only other treatment target water to

the semi~permeable membrane treatment, the necessary product

P S

N

watér quantity can be surely obtained.
(0049

In the invention of claeim 17, by providing communication
between the semi-permeable membrane treatment device X and the
plurality of treatment target water delliverv means, without
considering a switching route of the tLreatment targst water,
the trealment target water can be easily switched to the
respective semi-permeable membrane fTreatment devices

[0050]

=

n the invention of claim 18, the treatment target water
delivery means for supplying the treatment target water o the
spective semi-permeable membrane or the semi-permeable
membrane unit is provided, and the kind of the treatment target
water Lo be supplied ¢ the treatment targelt water delivery
means 1s switched by the treatment target water switching means.

Since the treatment target water dellivery means does not

communicate with other semi-permeable membranes or

o

semi-permeable membrane units, flow rate, a collection rate,

i

h

and pressure suitable for the respective semi-permeabl
membrane c¢r the semi-permeable membrane unlt can be easily

controlied by the treatment target water delivery msans. In

26788~



I

& case where tThe system is stopped due to maintenance or th

system :s stopped at the abnormal time, th

= sYst

0

]

m can be easily
stopped by stopping the treatment target watsr delivery means.

N

!

[0Ch

13

In the inventicon of claim 19, for @%ample, the flow rate
of the treatment target water having low csmotlic pressure from
the plurelity cf . different kinds cof treatment target water 1is
measured, and in a case where the measured value of the flow
rate becomes large, by increasing a delivery guantity of the
treatment target water having low osmotlic pressure to the
semi-permeable membrane treatmenﬁ device ¥ by the treatment
target water switching means, and reducing delivery of other
treatment targel water having high osmotic pressure, treatment

energy is more reduced.

[0G52]

n

e

n the ilnvention of claim 20, when the kind of the
treatment target water to be delivered to the semi-permeable
membrane treatment device ¥ ig switched by the treatment target

means based on the predetermined value of the

]
2

L.

witching

water

15
¢

1

accumulated membrane permeate guantity or the predetermined
value of the treatment time of the semi-permeablie membrane

s 4

treatment device X, the treatment ratic of the treatment target

permeable membrane dus to

target water A and the



i}
}....A

treatment target water B in terms of water qua

ities s

uch

a8

g salt concentration and a membrane contaminant concentration

is uniformized, contributing to extensicn of the life of

the

membrane and simplification of maintenance such as membrane

replacement and agent cleaning. Therefore, treatment cost and

treatment energy are reduced.
BRIEYF DESCRIPTION OF THE DRAWINGS

[0053]

"1y

ig.

preducing system of the present inventlion.

is & flow diagram of one embodiment of a water

Fig. 2 iz a flowdlagram of another embodiment of the water

producing system of the present invention.
2
the water producing system of the present invention.

Fig. 4 is & flow diagram of vet another embodiment
water producling system of the present invention.

Fig. 5 is a flow diagram of vet another embodiment
water producing system of the present invention.

Fig. © is a flow diagraem cf yet another embodiment
watey producing system ¢f the present invention.

Fig. 7 is a fiow diagram of vet another embodiment
water producing system of the present invention.

Fig. 8 is a flow diagram of yet another embodiment
water producing system of the present invention.

Fig. % is a flowdiagram of yet another embodimant

2B/BY-

of

h

Q

ig. 2 1s a flow diagram of still another embodiment of

the

- the

The
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invention.
O

bofy

ntion.

water producing system of the pressnt
s a flow diagram of yet another embodiment
inventli

Fig., 10 1
the water producing system of the present
a flow diagram cf yet ancther embodiment cof
t of

- s

Fig. 1% is
the water producing system of the present invention.
is a flow diagram cof yet another embodiment

l‘....!
A

INVENTTON

Fig.
the water producing system of the present invention.
THE

FOR CARRYING CUT
&

MODES
with reference to the drawings,

R
:

e

the

L]

[005
In the following,
description will be given of desirable embodiments of the
the scope of

It is to be noted that,

present invention.
limited thereto.

invention 1s not

present
ow diagram of one embodiment of

[0055]

Fig. 1
with a

ovided

ls a
g systemtowhich the present invention is applied
m is p semi-permeable
B10C for subjecting treatment target

[
]

produc
water producing s

&

TOCe

o~

membrane treatment p
Al to semli-permeable membrane treatment in
eatment device AID1, a

Lo

water A
seml-~permneakble membrans T
emi-permeable membrane treatment process B200 for subjecting

lu3

B20%,

treatment target water BZ to the semi-permezble membrane

g
treatment device
C300 for

process

ane

e

Bq

o

treatment in a semi~-permeable membrane
treatment

' ble men
subjectingmixed water to the semi-permeable membrane treatment

f—s

and a semi-permeab

25/69



in & semi-permeable membrane Lreatment device C301.

The semi-permeable membrane treatment process AL100
includes a treatment target water B reservoir 21 accommodating
the treatment target water Al, a treatment target water A
delivery pipe la for supplying the treatment target water Al
to the seni-permeable membrane treatment device 2101, a booster
pump 11 instalied in the Ttreatment target,water'cheliverygpipe
la, the booster pump for supplying the treatment target water
Al from the treatment target water A reservoir Z1 to the
semi-permeable membrane treatment device Al(01, and the
semi-permeable membrane treatment device A10l for subjecting
the treatment target water Al to the semi-permeable membrane
treatment.

(00571

The semi-permeable membrane treatment process B20G0
includes a treatment target water B reservoir 22 accommodating
the treatment target water BZ, a treatment target water B

delivery pilpe Za for supplying the tre

o

tment target water B2
to the semi~permeable membrane treatment device BZ01, & booster
2z, the booster pump for supplying the tresatment target water
BZ to tne semi~permeable membrane freatment device RB201, the
semi-permeable membrane treatment device B201 for subijecting

the treatment target water BZ fo the ssemi-permeable membrane

30/65



treatment, & treatment target water B delivery pipe Zb for
supplying the treatment target water B2 from the treatment

target water B reservolyr 22 Lo & mix

[§H

¢ water reservolry 23, and
a pump 1% installed in the treatment targst water B delivery
pipe 2b, the pump being for supplying the treatment targat water
BZ to thes mixed water resservelr 23.

[0058]

The semi-permeable membrane treatment process C300
includes a concentrate A delivery pipe 4da communic ng with
the primary side {(side of the treatment target water) of the
semi-permeable membrane treatment device ALDI for supplying
concentrate A of the semi-permeables membrane fCreatment device
2301 to the mixed water reservolr 23, the mixed water resservoir
23 communicating with the treatment target water Bdelivery pipe

2> and the c¢oncentrate A delivery pipe 4a for making the mlxed

water in which the treatment target water B2 and the concentrate
A are mixed, a mixed water delivery pipe 9 for supplying the

mixed water to the semi-permeable membrane treaiment device
C301, & booster pump 13 installed in the mixed water delivery
pipe 9, the booster pump being for supplying the mixed water
to the semi-permeable membrane treatment device C301, and the
semi-permeable membrane trestment device {301 for sublecting
the mixed water to the semi-permeazble membrane treatment

(00505
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mempbrane permeate C7 can be accommodated in a membrans permeate
reservoir, and then discharged out of the system or recliaimed

for industrial water, landscapilng water, agricultural water,

or the like.
10060

target watey Al indicates feed water to bhe

o f

The treatmen

supplied to the semi-permeable membrane treatment device ALIDL.

0,

Properties and components of the treatment target water Rl are
not particularly limited. For example, sewage, plant drainage
seawater, brackishwater, lake water, river water, groundwater,
and the like are used. Alternatively, the raw water described

above may be subljected to blological and/or physical and/or

chemical pre-treatment sucn as activated sludge treatmsnt,

prefiltering, micrcfiltration membrane treatment,
ultrafiltration membrane treatment, activated carbon

treatment, ozonation, and ultraviclet irradiation treatment,
to serve as the treatment target water Al, so that fouling

generated in the semi-permeable membrane treatment device Al

£

1
is reducsd.
[0061]

The same is appliied to propertlies and components of The
treatment target water BZ as the trsatment target water Al.

However, when the raw water is combined in such a manner that

[

csmotic pressure of the concentrate A and osmotic pressure of



*{osmotic nressure of concentrate A) < (csmotic pressure of
! e J4

"

treatment target water B)", osmotlc pressure of the mixed water
serving as feed water to be supplisd tc the semi-permesable
membrane treatment device C301 is lowered more than the
treatment target water BIZ in a semi-permeable memprane

evel of the water to be

foed
o

treatment step C, so that a booster
supplied to the semi-permeable membrane treatment device C301
can be suppressed more than the treatment target water BZ.

Thereby, 1n compariscn to water production respectively with

ot
.

the treatment target water Al and the treatment target water
B2, water production respecltively with the treatment target
water Al, the treatment target water BZ, and the mixed water
savesmore energy and ¢ost due to a decrease ina water production
guantity with the treatment target water BIZ.
0062

The csmotic pressure indicates pressure to be applied to
the solution side To stop incoming of a solvent from the solvent
side to the solution side when the solvent and a solution ars
yrought into contact with each cother with a seml-permeable

mambrane interposed th

[¢4]

rebetween. In the present invention,
a different between the csmeiic pressure of The concentrate &
and the csmotic pressure of the treatment target water B is
important. Thus, by bringing the concentrate R and the

treatment targel water B into contact with sach other with the

semi-permeable membrane Iinterposed therebetween, 1t can be

3385



determined that the osmotic pressure on the side wher

@

the
pressure is applied to stop the incoming of the sclvent is
higher.
(00631

In corder to obtain such a relationship of the ocsmotic
pressure, raw water having lower osmotlic pressure is used as
the treatment target water Al, and raw water having higher
osmotlc pressure 1s used as the treatment target water BZ.
Preferably, water having & lower salt concentration i1s used as
the raw water having lower osmotic pressure, and water having
a higher salt concentration is used as the raw water having
higher osmdtic pressure., The water having a lower salit
concentration generally includes sewage, industrial drainage,
ziverwater,ortréatmentwaterobtainedby:mﬁﬁectingthewater
described above to the pre-treatment. The water having a higher
salt concentration generally includes seawater, sait lake water,

and brackish water. Specifically, an sxample incliudes a

4]

ompination of secondary treatment water obtained by subjecting
sewage/drainage to treatment with & membrane biloreactor as the

e R L

treatment target water Al, and seawater

o

5 the treatmsnt target
water B.
(0064}

In the middle of the various pipes described above,
biological and/or physical and/or chemical treatment such as

ludge treatment, prefiltering, microfilfration

in

activated

34/69-



membrane treatment, ultrafilftration memorane treatment,
activated carbon treatment, ozonation, ultraviclet
irradiation treatmeni, and chemical liguid injection, an
intermediate tank, or the like wmay be providesd.

[006%]

Az long a

65

the semni-permeable membrane treatment device
101, the semi-permeable membrane treatment device B201, and
the zemi-permesable membrane treatment device C301 have &
function of gseparating into permeate and concentrate by a
seni-permeakble membrane provided in the device, shapes and

materials thereof are not particularly limited, 1Inacasewhers

-

the raw water 1s water containing & lot of fouling substances
such as sewage and industrial drainage, a low-fouling
seni-permeabls membrane is preferably used.

fooee)

The semi~permeable membrane 15 & semi-permeable membrane
that doeg not allow part of components in the treatment target
water to permeate through. ¥or example, the semi-permeable
membrane includes a semi~permeable membrane that allows the

sclvent to permeate Lhrough and that does not ailliow a so

}.w:
o
¥
th

to permeate through., Ons example of the semi-permeable
membrane used in water treatment technologies includes an NE
memnbrane and an RO membrane. The NP membrane or the RO membrane

riformance of being capable of

T

ig reguired to possess the p

{

reducing the concentration of the sclute contained in the

3569~



treatment target water to the level at which the sclute can be
used as reclaimed water. Speclifically, it ls required to
possess the performance of blocking variocus iong such as salt,
mineral components and the like, e.g., divalent ions such as
calcium ions, magnesium lons, and sulfate ions, the monovalent
ions such as sodlium ions, potassium lons, and chlorine ions,
and disscluble crganic substances such as humic acid (molecular
weight Mw 2 100,000}, fulvic acid (molecular welght Mw = 100
to 1,000, alcohol, ether, and sugars. The NF membrans is
defined as an RO membrane whose coperation pressure is egual to
or smallér than 1.5 MPa, and whose molecular weight cutoff

-

ranges Irom 200 to 1,000, and sodium chloride blocking rate 1s

o

B

gual to or smaller than 90%. A membrane whosemolecular weight
cutaff is smeller than that and which possesses high blocking
performance 1s referred to as the RO membrane. Further, of the
RC membranes, one close to the NE membrane is referred also to
as the loose RO membrane.

{0067 ]

-
ih

M

NE membrane and the RO membrane can take forms of a

hollow fiber membrane and a £iat sheet memprane, to both of which

\ .

urther, in order to

rry

the present invention can be applied.

achieve easier handling, a fluld separation device {(element)

can be used, in which the hollow fiber membrane or the fiat sheet

ored in a casing. Preferably, the [luid

membhrane is =8

r

separation device has the followlng structure in a case whers



the flat sheet membrane is used as the NE membrane or the RO
membrane: a membrane unit, including the permeate L
member made up of the NF membrane or the RO membrane and tricot

and & feed water flow channel member such as a plastic net, 1

in

wrapped around & cylindrical center pipe to which a mulititude
of pores are bored, which is then entirely stored in &
cylindrical casing. It 1s alsc preferable to connect a
plurality of fluid separation devices in series or in parallel
so as to form & separation membrane module. In this fluid
separation device, the feed water is supplied from one end into
the unit, and before the feed waiter reaches the other end, the
permeate permeating through the NI membrane or the RO membranes
flows intc the center pipe, and taken out of the center pipe
at the other end. uOn the other hand, the feed water that did
not permeate through the NI membrane or the RO membrane is taken
out as the concentrate at the other end.

[0C68]

il

L= the membrane material for the NF membrane cor the RO

3

membrane, polymer materials such as cellulose acetate,
cellulose-base polymer, polvamide, and vinyl polymer can be
used, Representative NE/RO membranss may be & celliulose
acetate—base or polyamide-base asymmetric membrane, and &

vlyamide-base or polyurea-base

y

composite membrang RAvViIng = D

pe

zetive layer.
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As long as the pipss of the treatment targel waler A

b

delivery pipe la, the treatment target water B delivery pipe

Za, the treatmant target water B deliivery pipe 2b, th

D

concentrate B dellvery pipe 42, and the mixed water delivery
pipe % have a function of moving liguids, materials and shapes
therseof are not particularly limited. However, the pipes
preferably have resistance agalnst properties of the liquids
to be moved, properties of agents to be charged, and pressure
te pe applied.

[0C70]

The booster pump 11, the booster pump 12, and the booster
pump 13 are pumps having & booster function for respectively
applying the pressure to the treatment.targét water Al, the
treatment target water BZ, and the mized water to respectively
supply and separate the ligquids tc and in the semi-permeable

membrane treatment device AL01, the szemi-permeable membrane

)]

treatment device B201, and the semi-permeable membrane

Treatment device C301. The booster pump 11, the booster pump
12, and the bocster pump 13 respectively show one specific
embodiment of & treatment target water 4 dellivery means for

delivering the iLreatment Target water Al to a semi-permeabie

rst treatment targset water b

-

[t

membrane treatment step A, a

o8]

delivery means for delivering the treatment target water B2 to

v

semi-permeable membrane treatment step B, and & mixed water

delivery means for delivering the mixed water to the

3869



semi-permeable membrane treatment step C. The means ars not

limited to the mede of the booster pump. Preferably, in & case

+

where the osmolic pressure of the target water is low, a feed

(£
e

oump for applying the pressure by supplyilng the target water

is installed, and in a case where the cosmotic pressure of the
target water is high, a pump for delivering the target water,

and a booster pump for boosting the pressure of the target water

and supplying the target water tTo the semi-permesable membrane

w3

reatment device to carry oul membrane permeation are

(o

le

—

insta
[GO71]

Es long as a first wate; mixing means has a function of
mixing the treatment target water B and the concentrate A, a
method and a form thereci are not particularly limited. An

example includes the method with the mixed water reservolr 23

described above, a method with a ine mixer, and a method of
utilizing a delivery pump. As long as the treatment target

water A reservolr 21, the treatment target water B reservolr

3 can stors the mixed water

[

27, and the mixed water reservolr

and have resistance against deterioratiocn due toc a chemical

Pt

liguid such

o

s a disinfection agent and & neutralization agent,

reseyvoir, a glass fiber reinforced plastic reservolr, a

Jmt

plastic reservoir, or the like 1s used. An agitator for

agitation in the resservoir may be provided.



As long as a second treatment target water B deliverny

means for delivering the treatment target water B from the

treatment target water B reservolr Z7Z the mixed water

fas
I

ot
@]

reservoir 23 has a function of moving the treatment target water

o Ry

reservolr 22 to the mixed

ol

B from the tTreatment targei water

th

N

water reservoir 23, a method and a form thereof are not
particularly limited. An example includes the method with the
pump 15 described above, a method using a head difference, and
a method utilizing overflow.

[0073]

In a case where water containing a lot-of impurities is
used as the raw water, as shown in Fig. 2, pre-~treatment water
oixtzined by removing the impurities in a pre~treatment plant
is preferably used as the treatment target water A and the
treatment target water B. In particular, as the pre~treatment
plant, an activated sludge treatment plant, a two-step
treatment plant of the activated sludge treatment and the
microfiltration/ultrafiltration membrane (ME/UF membrane) or
the sand filtration, a membrane bicreactor (MBR) plant, an ME/UF
mempbrane filtration treatment plant, & sand filtraticen

creatment plant,

O
[
rt
_‘\
0]
L
.
T
3
Qe
pnd
a3
0

used,
100741

In Fig. 2, as the pre-treatment plant, the semi-perneable

membrane Treetment process AL00 includes ablological treatment
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reservolir 102 for subijecting the treatment target water Rl to

.1
ot

biclogical treatment, ablologl reatment water deliver pipe

ik for supplving the bicloglcal treatment water sublected to
the biological treatment in the biocloglcal treatment reservolr
102 to a separation membrane device 103, the separation membrane
device 103 communicating with the kiological treatment water

5 x

deliver pipe 1b, a membrane treatment water A deliversy
F Y

e]

ipe 1o
communicating with the secondary side {side of the membrane
permeate) of the separation membrane device 103, and & pump 16
installed in the membrane treatment water A delivery pipe lc

&

t

[t

rto

i

the pump being for supplying the blological treatment w
the separation membrane device 103, and the semi-permeable

membrane treatment process B200 includes a pump 14 for supplying
the treaztment target wabter BZ To a separation membrane device
202, the separation membrane device 202 for subjecting the

treatment target water BZ to separatlion treatment, and a

t'm

membrane [reatment water B delivery pipe Z¢ communicating with

the secondary side {side of the membrane permeate) of the
separation membrane device 202. It should be noted that a
resarvoir for adjustinga fiow ratemay be provided at the former
stage of the separation membrane device 103 and the separation
membrane device 202.
[O075)

The treatment target water Rl s a liguid containing

substances serving as substrates of microorganisms in a llguid

41185



inside the biclogical treatment reservolr 10Z2. For example,
the treatment target water Al Includes organic drainage such
as household drainage, urban sewage, and plant drainage. A
means for supplying the treatment target water Al to the

biological treatment reservelir 102 may be a suctlion means for
supplying the treatment target water from a treatment target
water reservoir, a lake, or the like by a suction pump, or &

means for supplying the treatment target water by utilizing a

iy

head dif

+

erence between the treatment target water AL and a
liguid surface of the biological treatment reservoir. The
separation membrane device 103 may be immersed in the liguid
of the biological treatment reservolr 10Z or installed out of
the reservolir. A membrane separation methed includes an
immersed membrane method, an external membrane separation
method, aﬁd.a rotation flat sheet membrane method, and not
particularly limited. |

[007¢]

The treatment ta

—

ot

get water BZ ls water containing crganic
matters to an extenti that the kiclogical treatment 1s not
required put contalining substances causing fouling on the
semi-permeable membrane such as suspanded matters and
impurities. For example, Che treatment target water includes
water such as seawater, brackish water, and plant drainags. The

suspended matters and the like are separated by the separation

membrane device 202, so that fouling of the semi~permeablie

42165



mempbrane treatment device 201 can be suppressed. Thus, the
separation membrane device 1s preferably installed at the

former stage of the seni-permeable membrane treatment device.

A membrane structure of The separation membrane device
includes a porous membrane, and a composite membrane obtalned
by combining the porous membrane with a functional lavyer, but
not particularly limited. A specific example of The membrane
includes a porous membrane such as a polyacryvlonitrile porous
membrane, a polyimide porous membrane, a polyethersulfocne

porous membrane, a polyphenyliene sulfilde sulfcone porous

]

membrans, & polytetrafiluocrcethylene porous membrane, a

polyvinylidene flilucride porous membrane, a polypropylene
porous memprane, and a polyethylene porous membrane. However,
the polyvinylidene flucride porous membrane and the

o

polytetrafluorpcethylene porous membrane are particularl

93]

preferable due to high chemical resistance thereof. Further,

the membrane structure includes a composite membrane cbhialined

by combining the porous membrane described above with rubb

;
m
r

P

copolymer such as cross-linked silicone, polybutadiene,

pelyacryionitrile-butadiene, ethylene-propylene rubber, and

%

neoprene rubber as the functional laver.

t

00783
Membrane pore size of the separation membrane device is

preferably pore size with which an activated sludge and
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suspended matter contained water can be separated into a solid

component and a solution component. With large membrane pore
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size, although the possibility that the solid component is
contained in the membrane treatment water is reduced, the

membrane permeability tends to be lowered. Specifically, the

bt

pore gize 1s preferably egual to or greater than 0.01 pm and

egqual to or smaller than 0.5 pm, and further preferably egual
to or greater than 0.05 um and equal To or smalier than 0.5 um.
(0078}

A made of the separaticn membrane device includes a hollow
fiber membrane, a tubular membrane, and & flat sheet membrane.
Howewver, any mode of membrane can be used in the present
invention. The hollow fiber membrane 1s a circular tTube
separation membrane having an outer diameter which is less than

2 mm, and the tubular membrane i1s a clrcular tube

6]

eparation

membrane having an outer diameter which is squ

ol

} to or greater
than z mm. With respect to these separation membranss, in a
case of the hollow fiber membrane, the hollow fiber membrane

is bundled into a U shape or an I shape and accommodated in

[43]

case 30 as to be made into a hollow fiber menbrane element. In
a case of the tubular membrane, the membrane is made into a

tubular element. In a case of the flat sheeset membrane, the



membrane is made into a spiral element or a plate-and-frame
element. Preferably, the single element is used or ths

plurality of elements i1s combined and modularized.

In a case where a problem is generated in the

semi~permeable membrane treatment device Al0l and hence the

ct

seml-permeable membrane frsatment cannot be performed, the

[

preferably mixed with the raw water

treatmenitaxgetwater?ﬂ_i
of the semi~permeéble membrane treatment process B2O0 or the
semi-permeaple membrane treatment process C300 to lower the
salt concentration and supplied to the semi~permeable membrans
treatment device B201 or the semi-permeable membrane freatment
device C301. An@thodandaikwm<ﬁfamean3forﬁwvingamdndxing
the treatment target water Al with the concentrate A or the
Treatment target water BRZ or the mixed water are not

particularly limited. However, the UTreatment target water is
only required to be mixged on the upstream of the semi-permeable

membrane treatment device BZ01 or the semi-permeable membrane

treatment device C301. As in

]
L;:}.

e
v

Treatment target water

)
=
w
<
I
®
1
>
[p]

E bypass delivery pipe 3( ably provided so as to

communicate with the treztment target water b reservoir 21 and

i

the concentrate A delivery pipe, or to communicate with the

treatment targetr water A resservoir Z1 and the mixed water
reserveir 23, or to communicate with the treatment ftarc water

~n

A reservoir 21 and the memprane treatment water B delivery pipe

|
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7z, or to communicate with the Treatment target water A
‘reserveir Z1 and the treatment farget water B reservolr 22, or
to communicate with the treatment target water A reservolr Z1
and the treatment target water B delivery pips Za, or to
communicate with the Treatment target water A reservolr 21 and
Lhe treatment vtarget water B delivery pipe 2b. Preferably, a
valve is provided in the treatment target water A bypass
delivery pipe 30, and the valve is closed at the time of a normal
operation and the valve is opened in a case where a problem is

generated in the semi-permeable membrane treatment device A101.

Preferably, automatic open/clese control of the valve lis

Lot

control based on & concentrate A flow rate of the semi-permeable
membrane tfeatment device A101 or control bhased on a signal at
the time of stopping the seml-permeable membrane treatment

device A101. Anexample of a means for delivering the treatment

target water Al from the treatment target water A reservoir

[

-
L

through the treatment target water A bypass delivery pipe

[¥8)

L~

inciudes a method of installing an underwater pump in the

1

treatment target w

-

ster B oreservolr 21, a method using a head

difference, and a method utllizing overilow.

[0GEL]

.

Here, the first water mixing means and a second water

13}

=

/)

mixing meansg are the same, that 1s, the treatment target wat
A bypass delivery pipe 30 is provided so as to communicate with

the ftreatment targelr water A reserv

8]

3lr 21 and the mixed water
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reservorir 23. This is preferable because the salt
concentration supplied to the seml-permeabls membrane
treatment device BZ201 is not largely changed, so that there is
no need for providing an inverter for changing supply pressure
of the booster pump 12, and there 1s no confluencs pressure loss
in a pipe-joint part generated in & case of communicating with
the pipe.

[0082]

0

igs. 4 to 9 show examples of embodiments in which plural
systems of semi-permeablie membrane treatment devices arrangsad
slde by side are provided, and the treastment target water B and
ﬁhemixedwatercanbeappropriatelyselectedorn&xedkﬂfvalves

40 and sgubijected to the semi-permsable membrane treatment.

o

[oo

Y
b
~

In the embodiments shown in Filgs. 4, 3, a pipe 31 is

't

provided so as to communicate with the treatment target water

B delivery pipe Za and the misxed water delivery pipe %, and the
valves 40 are provided in the pipe 31. By opening/closing the
valves 40, semi-permeable membrane treatment devices X401
commurilicate with the mixed water dellvery pipe 9% or the
treatment target water B delivery pipe Za or both the pipes of
the mixed water delivery plpe 9 and thne treatment target water
B delivery pipe Za through the pipe 31, s¢ that the mixed water
cr the treatment target water B2 can be selectively subjected

to the semi-permeable mempbrane treatment.
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[00B4)

In & case where a mixed water guantity 1s decreased by
a decrease in the tTreatment target water &1, stoppage of the
semi-permeable membrane treatment device AlJ1, a decrease in
the concentrate A due to agent cleaning, or the like, by reducing
vhe number of the semi-permeable membrane treatment devices for
subjecting the mixed water to the semi-permeable membrane
treatment or the number of units and contrelling the valves 40
in such a manner that the treatment targei water BZ 18 delivered
to the above semi-permeable membrane Lreatment devices, a
product water guantity can be ensured without decreasing to a
large extent. RAlternatively, by slightly or entirely cpening
the valves 40 serving as borders between the mixed water and
the treatment target water BZ, the treatment target water BZ
to which higher pressure is applied due to higher osmotic
pressure flows into the mixedwater. Then, the treatment target
water B is supplied to the mixed water while adjusting pressure
and a flow rate by a degree of opening/closing of the valves
40, so that a necessaryy feed water guantity can be supplied to

the semi-permeable membrane Treatment devices communicating

with the mixed water delivery pipe 9.
[0ogE5]

in & case where the mixed water quantity becomes zero,
by stopplng the booster pump 13 and controlling the valves 40

in such a manner that the Creatment target water B2 is delivered

48169~



to all the semi-permeszsble membrane treatment devices X401, the
semi-permeable membrane treatment devices X401 are operated as
the seml-permeable membrane treatment devices B, Thus, the
product water guantlity can be ensured without decreasing to a
large extent.
[0086]
in a case where the mixed water guantity i1s increasead,
by stopping the booster pump 12 and controlling the valves 40
in such a manner that all the semi-permealklse membrane treatment
devices ¥401 communicate with the mixed water delivery pipe G,
or by adjusting the booster pump 12 and controlling the valves
40 in =uch a manner that the semiQpermeable membrang Treatment

devices X401 communicating with the mixed water delivery pipe

vl
)
4
0]
o
o
e}
-
0]
o
i1
[¢3}
o]
o

treatment water quantity of the mixed water
with which the semi-pesrmeable membrane treatment can be
parformed at lower pressure than the treatment target water B2

iz increased. Thus, energy and cost are saved.

—
<
fa—
o
~I
—

Hers, the semli-permeable membrane treatment davices X401
subiect only cne of the freatment target water B amclthe mixed
water to the treatment at one time, that is, the valves 40 are
controlled and operated in such a manner that the treatment
target water B and the mixed water { are not mixed. This is
preferable because liguld movement from the booster pump side

where the supply pressure is higher to the side where the

40/55-



pressure is lower 1s reduced, s0 that an operation with stabkle
osmotic pressure can be performed.

[0088B]

[

The pipe 31 is provided so as to provide communicatilon
between the treatment target water B delivery plpe Za and the
mixed water delivery pipe &, and delivery pipes zre installed
so as to communicate with the respective semi-psrmeable

membrane treatment devices fromthe plpe 31. This iz preferable
because the number of pipes and valves can be reduced more “han
2 case where delivery pipes are installed so as to communicate
with the respective semi-~permeable membrane treatment devices
from thé treavment target water Bdelivery pipe 22 or the mixed

water delivery pipe 9.

ot

[6089]
As in embodiments shown in Figs. &, 7, the semi-permeable
menbrane treatment devices‘ B and the semi—perme.able membrane
treatment devices C axe installad so as to subiect minimum water
intake quantities of the treatment targel water B and the mixed
water to the semli-permeable membrang treatment. This is
preferable because the number of valves is reduced.

[6090]

Ir

o

a case where there are a large number of semi-permeable

1

membrane treatment devices in 5

o

2 piant, as in embodiments

e

el

shown Iin Figs. 8, 9, the boostey pump is Installed for sach of

the semi-permeable membrane treztment device units or the
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semi-permeable membrane Lreatment devices. This ispreferable
because the pressure of sach of the semi-permeable membrane
treatmaent devices can be surely boosted, and the fiow rate is

easlly adjusted.

The mixed water has a lowery salt concentration than the
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Phus, thedelivery pipes of the mixed

water and the treatment target water E are not the same 23 in

i

ig. B. This is preferable because there 1z no need for
providing highly corresion-resistant plpes and valves on the

side of the mixed water delivery pipe.
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This is preferable because a region for high-pressure pipes on

the downstream of the booster pumps can be reduced.

—
e

[0093]

p

Types of the membfanes of the semi-permeable membrane
rreatment devices X are the same . This is preferable becauss
more flow rate changes can pe responded, and alternatively, by
switching the freatment target water, chemical fouling

ki

e

culing, and the like due to differences of the salt

concentration, pH, and the like can bs suppressed.

Q
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1

Fig. 10 i1s & diagram showing a flow of yet another

s

empodiment of the water producing system to which the present
invention is applisad. The water producing system includes the
treatment targst water A reservoir 21 accommodating the
treatment target water A1, the freatment target water Adelivery
pipe la for supplying the treatment target water &1 to the

emi-permeable merbrane treatment devices, the booster pump 11

for supplying the treatment target water Al from the treatment

3]

target water B reservoir 21 to the semi-permeable membrane

treatmant devices, the treatment target water B reservoir 20
accommoedating the treatment target water B2, the tresatment
»ipe Z2a for supplying the treatment
target water BZ to the semi-permeable membrane trsatment

devices, the booster pumnp 12 for supplying the ftreatment farget

water BZ from the treatment target water B reservolr 22 to the

providing communication between the Treatment target water A
delivery pipe la and the treatment target water B delivery pipe
Za on the downstyream side of the booster pump 11 and the booster

pump 12, the valves 40 provided in the pipe 31 for changing the

1.

kind and the mixing retico of the feed water to be supplled to
the semi-permeable membrane treatment devices, the
semi-permeable membrane treatment devices ALIC0L for subjecting

the treatment target water Al to the semi-permeable membrane

rreatment, the semi-permeable membrane treatment device BZ0L

52168



for subjecting the ftreatment target water B2 to the
semi-permeable membrane trestment, and the semi-permeable
membrane treaiment devices X401 for subijecting the treatment
target water Al or the {reatment target water BZ or the mixed

water of the treatment target water AL and the trsatment target

water BZ to the semi-permeable membrane tTreatment.

By opening/closing the valves 40, the semi-vermeable
menbrane treatment devices X401 communicate with the treatment
target water & delivery plpe la or the treatment target water
B delivery pipe Za or both the pipes of the freatment target
water A delivery pipe la and the treaﬁment target water B
delivery pipe Za through the pipe 31, so that the treatment
Target water Al or the treatment target water B2 or the mixed
water of the treatment'target.water*%l and the treatment target
water B2 can be selectively subijected to the semi-permeable
membrane tregtment.

[00%6!}

ina case where the treatment target water Al 1s decreased,
byxedu:ingthenumberoftjmasemi~pexmeablen&mbranétreatment
devices for subjecting the trestment target water Al to The

semi-permeable membrane treatment or the number of the units

g

and controliing the vaives 40 in such a manner that the treatment

-

1y

target water BZ 1s delivered to the above semi-permeable

membrane treatment devices, the product water guantity can be



ensured without decresasing to a large extent. Alternatively,
by slightly or entirely opening the valves 40 serving as borders
between the treatment target water Al and the treatment Target
water B2, the treatmenl target water B2 to which higher pressure
is applied due to higher osmotic pressure flows into the

treatment target water Al. Then, the treatment target water
Bz is supplied to the treatment target water 41 while adiusting
the pressure and the flow rate by the degree of opening/closing
of the valves 40, sc that the necessary feed water quantity can
be supplied to the semi-permeable membrane treatment devices

communicating with the trsatment target water A delivery pipe

Tn a case where a treatment target water Al guantit
G Y

becomes zero, by stopping the booster pump 11 and controlling
the valves 40 in such & manner that the treatment targel water
B2z is delivered to all the semi-permsable membrane treatment
devices, all the semli-permeable membrane treatment devicas are
operated as the semi-permeable membrane Lreatment devices B.
Thus, the product water guantity can be ensured without
decfeasing Lo a largs extent.
(0048 ]

In a case whaere the treatment target water Al i increased,
Iry stopping the booester pump 12 and controlling the valves 40

in such 2 manneyr that all the seni-permeable membrane treatment
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devices communicate with the treatment target water A delivery
pipe la, or by adjusting the booster pump 12 and controlling
the valves 40 in such & manner that the semi-permaable membrane
Treatment devices communicating with the treatment target water
B delivery pipe la are ilncreased, the treatment water guantity
of the treatment target water Rl witn which the semi-permeable

membrane treatment can be performed at lLower pressure than the

treatment target water BZ is increased. Thus, the energy and

[0099]

Here, the semi-permzable membrane treatment devices
subject only one of the treatment target water Al and the
treatment target water BZ to the treatment at one fime, that
is, the valves 40 are controlled and operated in such a manner
That the treatment target water Al and the treatment target
water BZ are not mixed. This is preferable because the liguid

movement from the booster pump side whers ths

o
o
R

¥
<
ko

=

@

0
0
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=
W

is higher to the-side where the pressure ils lower is reduced,

so that the operation with stable osmotic pressure can be

The pipe 31 is provided s¢ zs Lo communicate with the
treatment target water A dellvery pipe la and the treatment

target water B delivery pipe Za, and delivery pipes are

installed so as to communlcate with the respective
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seni-permeable membrane treatment devices from the pipe 31.

[

This is preferable because the numper of pipes and valves can
be reduced more than a case where delivery pipes are installed

80 as to communicate with the respective semi-permeable

membrane treatment devices from the treatment target water A

delivery pipe la or the treatment target water B deiivery pipe
Za.
[0101]

The semi-permeable membrane treatment devices A101 and
thesemi—permeableﬂembranetreatmentdeviceEEOléreinstalled
so as to subject minimum water lntake guantities of the
treatment target water Al and the treatment target water BZ to
the semi-permeable membrane treatment. This is preferable
hecause the number of valves Is reduced.

[0102]

Tn a case where there are a large number of semi-permeable
membrane treatment devices in a large plant, as in embodiments
shown in Figs. 11, 12, the bocster pump is instalied for each
of the semi-permeable membrane treatment device units or the
semi-permeable membrane treatmaent devices. This ispreferable
hecause the pressure of each of the seml-permeable membrane
treatment devices can be surely boosted, and the flow rate is
seasily adjusted.

[0103]

3
W3
T
et
-4
M

tment target water Al has a lower salt

8
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concentration than the treatment target water BZ. Thus, the

delivery pipes ¢f the trezatment target water A1l and the

et

rreatment target water BZ are not the same as in Fig. 11, This

is preferable kecause there ig no need for providing highly

corrosion-resistant pipes and valves on the side of the
treatment target watesr A delivery plipe.
(01043

Az in Fig. 12, the treatment target water is switched on
the upstream side of the booster pumps, so that the number of
pipes on the downstream side of the booster pumps is reduced.

This is preferable because a reglon for nigh-pressure pipes on
the downstream of the booster pumps can be reduced.
[(0L05]

Types of the membranes of the semli-permeable membrane

treatment devices X are the same. This is p

[
S5
I

able hecause

more Tlow rate changes can be responded, and alternatively, by
switching the treatmant target water, chemical fouling,
biofeouling, and the like due to differences of the salt

2

concentration, pH, and the like can be suppressed.
INDUSTRIAL APFLICABILITY

0

[
fa]
o

oy

The present invention is the water producing system usin

ke

compoesite water treatment technologiles in which a plurality of
membrane units using & semi-permeable membrane 1s arrangsd, and

an operztion maethod The:

b

efor. Apluralitcy of treatment ftarget
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water A, B having different osmotic pressure such as sewage and

]

seawater serves as raw water. The present invention can be
favorably applied to a case where fresh water is produced by
fresh water conversicn technologies. In more detail, the
present invention can be applilied as a water producing device
in the field of water clarification treatment in waterworks,
the field of industrial-use water production such as industrial
water, food and medical process water, and
semiconductor-related component cleaning water, and fresh

water can be produced in an energy saving and efficient manner.

DESCRIPTION OF REFERENCE CHARACTERS

(0107}
1: treatment target water A
ia: treatment target water A delivery pipe
ik biological treatment water deliver pipe
lc: membrane treatment walter A deliverv pipe
2z treatment target watar B
la treatment target water B delivery pipe
2b: treatment target water P delivery pipe
2c membrane treatment water B delivery pipe
3 menbrane permeatse A
4: concentrate A
da: concentrate A delivery pipe
5: membrane permeates B
G: concentrate B
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