- 10045Speci fication. doc DESCRI PTI ON METHOD FOR PRODUCING PURE WATER AND
PURE WATER PRODUCTI ON APPARATUS TECHNI CAL FI ELD [ 0001] The present

i nvent i oMdéSpdceicationdopur e wat er producti on apparatus and method that are
used for producing pure water froma plurality of kinds of raw water such
as a conbination of seawater and river water and a conbination of
groundwat er and wastewater treated water and use a sem -perneabl e nenbrane
unit. More specifically, in an apparatus whi ch nmanufactures pure water
froma plurality of kinds of rawhpaterprihg present invention relates to
an apparatus and a nethod for effectively utilizing energy of concentrate
di schar gegrfiopnrekRepsepveprtneakkewnerhr ane woRE WBAGKGREINDCARDN 0002]
Acconpanyi ng deterioration of water environnent that becones a serious
probl emaeeeRATySs a water treatnent technol ogy becones nore inportant than
ever, and the water treatnent technology utilizing a separation nmenbrane
has been very wdely applied. As the water treatnent technol ogy for
seawat er desalination, previously, in the Mddle East region with
extrenel@EG%Nlﬁ%@e?IE%@ources and very rich thea

[0001]

The present invention relates'to a pure water production
apparatus and method that are used for producing pure water from
a plurality of kinds of raw water such as a combination of
seawater and river water and a combination of groundwater and
wastewater treated water and use a semi-permeable membrane unit.
More specifically, in ah apparatus which manufactures pure
water from a plurality of kinds of raw water, the present
invention relates to an apparatus and a method;foi'effectively
utilizing energy of concehtrate discharged from the

semi-permeable membrane unit.

BACKGROUND ART
1000217

Accompanying deterioration cof water efiviromment.that
becomes a seriocus problem recently, a water treatment |
technology becomes more important than ever, and the water
treatment technology utiiizing a separation'mémbrane-has been
very widely applied. As thé-water tréatment techholpgyﬁfor
seawater desalihation, previcusiy, in the Middle East region
with extremely few water rescources and very rich thermal

resources from ©il, a thermal process has been mainly put to



resources fromoil, a thermal process has been mainly put t‘o | 0045
Speci fication.doc practical use. Meanwhile, regions other than the Mddl e

East w t hogMBSpsefibmipy.dober mal resources enpl oy a desalination process
usi ng a sem - peLneabl e nenbrane (especially a reverse osnosis nenbrane)
with a small energy consunption. In Caribbean islands and Mediterranean
area, for exanple, many plants are constructed, and practical operation is
performed. In desalination equi pnment using a reverse osnpsi s nmenbrane,

concentr [ having.a pressure ener i s discharged. Thus, there
has beengggggﬁggmgﬁg T uct %%qﬁ%QMﬂQ9Q%PW§ BFgéguFEaPstW%égﬁgﬂéﬁEﬁﬁtan
energy rge ' . reduce ener consunption, By virtue of

t he recentgert{g%%mgggﬁ ngf%%‘%%é%?%reesﬁ api i ?‘QP?‘#& %%%%ﬁ%ﬂ%gfé’gﬁﬁél ogy
accor di ngst fga RVEL$L 8SIPSIsS ARRhrane d_i s further enhanced, costs
are Iomerzd,gand, iﬁighditioﬁfman e%g?g§g§%%§g%%§yt%éﬁﬁ6}%ﬁyoﬁ?OSls

si gni fi caatbyahapreved; a2t be. (o]4 Ny, &, EVLL 8 €..0SNDsI _ net hod
g Yahap atbesef obge rgB ¥oﬁ§%ﬁﬁ3§§oﬂ.%%%ﬁs§?l§

seawat er desalination plants are construct even in the ast
regi on. {8083fs and Meditdieaenes QrdLC AW Lxaup 10 3OWE theRryears ago, a

reverse punp that is hydraulically rotated to recover energy and a Pelton
t ur bi ne ¢eneanytedagend nohydr avhl copenet i genes abéphchave. begn mainly used
ener recovery efficiency is 0 : wadays, an ener recover
gy ery eff ncy 70 to 909 Nowaday gy y
unit refePTRiRd- e, Ay isbent cusipe & srefeves opesinoand heaanseepf the high
energy recovery efficiency (about 95%, the isobaric energy recovery unit
is playity l%e??é%?e@ Sleevigh edh haNé pgya resoirsrme devicr s dischaaged.
dESaIianion %_vice_g n- Pat ent Docunent 1). 10045Speci ficati on. doc
hus, lere has been adopted a structure in which the prassuré

isreCOVeredbyaﬂlenergyrecov@ryunittx:therebyreduceenergy

consumption. By virtue of the recent technical progress,

reliabilityine&desalinatiantechnologyaccordingtosareverse

osmosisnmmbranemethod:hsfUrtherEnhanced,costsarelowered,

and, in addition, an.eneigy'recovery technology is

significantly improved;  therefore, many reverse osSmosis

membrane method seawater desalination plants are constructed

even in the Middle East region.‘

[0003]

In the energy recovery, up to about ten years ago, a

reverse pump that is hydraulically rotated to recover energy

and a Pe;ton turbine in heavy usage in hydraulic power

generation have been mainly used (energy recovery efficiency

is 70 to 90%) . Nowadays, an energy recevery unit referred to

as an isobaric type is developed, and because of the high energy

recovery efficiency (about 95%), the isobaric enerdy recovery

unit is playing a major role in an energy refovery device in

a seawater desalination device (Non—Patent Document 1).



= [ 0004] The conventional energy recovery unit using the reverse punp
and the Felton turbine is optinmally-designed relative to a set flow rate,
and t heri@h@sSpecitiefion@éer anount varies, the energy recovery efficiency is
reduced. However, in an isobaric type energy recovery unit, since pressure
exchange between waters with the same anount is perforned, it has the
advant age that the energy recovery efficiency can be nmaintained even when
a feed water amount varies. FIG 8 shows a flow of the conventi onal

typi cal & wat er production apparatus conprising the isobaric type
energy r covéry unit. [0005] Meanwhil e, in the desalination process

i tself using hhe LexeLse 0NIISLAURIDLANS, Lochnnl qglcal developyents and

many inprovenents ave been na rever se osnosi s rane is used for
prOdUC'@Qmﬁyéﬁdm@hgrPe?@gnpgﬁ§§£%@;%%%ﬁnﬁﬁﬂaﬁl SR AS1G tRRRS gL € due

to concentration difference of a nenbrane surface as the origin of the

name is apphki edolioratbe pekMBad+Ofond, Wal&l WS B SRIMeNtva rtikisQughet he
reverse osnosi s nmenbrane, and, thus, to manufacture pure water. Since

ef f ect i egugssacevaet iRy foremepbsaned sepdr atiaredear ohhamedobyric
subtracting the osnotic pressure based on a feed water concentration from
oper at i My e essuryy triwererdas beeh, proposedras puoeesschanghi bhtepenat i ng
pressure is increased in the nmddle and pure water is effectively taken
agai nst wEHe oyt tit blge wina agongentisapedfhrghdeshbtlias pihessdranteaeent
Docunent 1 and Non-Patent Document 2). Further, there has been proposed a
met hod &faf tbg@gﬁw feeEffesy. dbEiciency can be maintained even when

‘a feed water amount varies. FIG. 8 shows a flow of the
conventional typical pure water production ap?arat’uﬂs
comprising the isobaric type energy recovery unit.
[0005]

Meanwhile, in the desalination process itself ué-ing the
reverse osmosis membrane, technological developments and many
improvements have been made. The reverse osmosis membrane is
used for producing pure water, and pressure that can overcome
osmotic pressure due to concentraticon difference of a membrane
surface as the origin of the name is applied for the permeation
of water, as a solvent, through the reverse osmosis membrane,
and, thus, tomanufacture pure water. Since effec-tive pressure
acting for membrane separation is obtained by subtracting the.
osmotic pressure based on a feed water concentration from
operating pressure, there has been proposed a precess in which
operating pressure 15 increased in the middle and pure water
is effectively taken against the post stage of a concentrated
high osmotic pressure (Patent Docume'nf_ 1 and Non-Patent

Document 2). Further, there has been proposed a method of



treating perneate twice with the use of a nanofiltration menmbrane having a =
separation size larger than thehreverse OSTTI(;SI sI _rren?_rane(ﬁgﬁ ggg:lﬂ!{y
regar ded 5 A S L e for the seawater desalination - _
Dogurrentl%%%.gﬁe urt le)frl'?fg‘lﬁe, there has been proposed a process (FIG 9) in
whi ch concentrated di scharge water recycling wastewater is m xed into
seawater to |ower the osnotic pressure, and, thus, to performreverse
osnosi s nenbrane treatnment (Non-Patent Docunents 4 and 5) . PRI OR ART
DOCUMENTS PATENT DOCUMENT [ 0006] Patent Docunment 1: Japanese Patent

Appl i cat BT EHFY-ZPEIF NS 18719980487 NO PATENTT DOCUNENTS! £ 080790

Non- Pat ent ..Docunment 1: G G Pique, "Low. Power Bill nakes seawater

af f or daBle"> - Yes 11 HHtT oh R PRUBEZS 11561@{-; bi;%frf’*@nee (2808y°¢ o
o ot Sl AR L L YT B, oSt opmen, of B
Desal i nadd o, cRec il A0 e MEMAANE p23(2) poR2421259) (1998) 1 . nore,
there has been proposed a process (FIG. 9) in which concentrated
discharge water recycling'wéstewater is mixed into seawater to
lower the osmotic pressure, and; thus, to pérform reverse
osmosis membrane treatment (Non-Patent Documents 4 and_5).
PRIOR ART DOCUMENTS
PATENT DOCUMENT
[0006]
Patent Document 1: Japanese Patent Application Laid-Open No.
8-108048
NON-PATENT DOCUMENTS
[0007]
Non-Patent Document 1: G. G. Pique, “Low Power Bill makes
- seawater affordable”, desalination & water reuse, 15 (3),
'p47—50 (2005)
Non—-Patent Document 2: Hiroyuki Yamamura et al.,
“Development of Energy Saving and Low Cost Type Reverse Osmosis
Membrane Method Seawater Desalination Technology”, Membrane,
23(5), p245-250 (1998)
Non—-Patent Document 3: R. C. Cheng, “A Novel Approach to
Scawater Desalination Using Dual Dual-Staged Nanofiltration
Procesgs”, RAWWA Annﬁél Conference, (2005, 6{
Non-Patent Document 4: “Four including Kebelco

Eco-Solutions Co., Ltd., Model Project of METI, Demonstration



z Non- Patent Docunent 3: R C. Cheng, "A Novel Approach to Seawater
Desal i nati on Usi ng Dual Dual - Staged Nanofiltration Process", AWA Annual
Conf er engg4 568888 ¢atBh.doc Non- Pat ent Document 4: "Four i ncluding

* Kobel co Eco-Solutions Co., Ltd., Model Project of METI, Denonstration
10045Speci fi cati on. doc Test in Shunan Gty", [online], March 5, 2009,
Ni hon Sui do Sinbun, [searched on July 2, 2009], Internet <URt:
htt p://ww. sui do- gesui do. co. j p/ bl ogi sui do/ 2009/ 03/ post _2780 . html >

Technl 065° ?iﬁ?ﬁﬁaaﬁeéﬁﬁgﬂihggé’e?%" - Qe tod SRR SRR ee
Jul'y 2. SHRFE" ) fesrnarednB o i 6P %y co TEFRER vl i) nf 090302, him o
SUMVARY £F+ J Hi/ WN .EMEQSLEBQS&EBSCE% E’?b%gg\!f'éfal%% /Hidie J NEATL N 420081
| .html>
Non-Patent Documenht 5: “Regarding Adoption of “Model
Program to Discover Technology Seeds and Demonstrate Sbcial
Systems for a Low Carbon Society””, [online], March 2, 2009,
Toray Industries Inc. press release, [searched on July 2, 20097,

Idternet <http: //www . toray.co.jp/news/water/nr099302 . html>

SUMMARY OF THE INVENTION
PROBLEMS TG BE SCLVED BY THE INVENTION
[0008]

An obiject of the pﬁese.nt invention is to, in a pure water
productigrn apparatus that utilizes a mixtufe of a plurality of
kinds of feed water and uses a semi-permeablé membrane,
effectively utilize energy of concentrate discharged ffom a
semil-permeable membrane uni-t and provide, at low cost, a pure
water production apparatus and method that effectively use an
isobaric type energy r‘eéoiv'er‘y-unit that can efficiently recogver
energy against feed water wvariation.

MEANS FOR SOLVING THE PROBLEMS
[0009]

In order to achieve the above object, the present
invention adopts any one of the following constitutions:

(1) a pure water producing methed by supplying and having

a plurality of kinds of feed wa_tér with different water



An obj ect of the present invention is to, in a pure water production
apparatus that utilizes a mxture of a plurality-of kinds of feed .water

and uses -persreabl e menbrane, effectively utilize energy of
concentréﬁ%ﬁ%ﬁ%% %?88 %from a sem - per neabl e nenbrane unit and provi de, at
|l ow cot, a pure water production apparatus and nethod that effectively use
‘an isobaric type energy recovery unit that can efficiently recover energy
agai nst feed water variation. MEANS FOR SOLVI NG THE PROBLEMS [ 0009]

In order to_achieve the above object, the present invention adopts any one
of the forRbiFAYS chpsReetedonkrough a s¢i)-aepueebhat eempradacing net hod
by supplying and having a plurality of kinds of feed water with different
water | PBPARGH &GS PEER MGt SdocieEE L BT esPpeE heat btk fidnmsuhoas first
seni-per_.g%le_genbrqpe to produce the pure water, wherein: a portion
C(referredto HE-FTr S rddd Buater))i ter athé&imicdsr &F fyedf wtadssopriéed wat er
supplie Q em - per bl e nbrane unit conprising the sem -perneabl e
nenbr ancejt(lB 3 %eo%lstpeedlp eﬁ%&? Wﬁgﬁ'anﬁﬁlq%toﬁa?lpﬁlﬁﬁﬁg Eirer gyl reeswerylani t

that recQugts. ) _of, concentrate.di.scharged fromthe
seni-perneaﬁ%gﬂagﬁig%%gggﬁﬁg¥yt$ﬁfééﬁ%n?r%ﬁ'%?%&F?bpafyg%c%%ﬂrgged wat er)

of Lthe Piat@lddy fikinge: ofed st Al Aol o DOgRL £G), by 2. DA, pressure

punp, and the boosted first and se ee re supp ¥ ﬁe;her to
the semdiperimajl® MREDrENe dhi-permeabld Dedibies PUr g, wat n@r]?é’%‘{?“ on

met hod according to (1) , wiherein the total salt concentration of the

first feledfmated ite hisgbetohafebbala@brt hersesangdl iegdi WAt kinds
of feed water is bo:ostéd_ by a high pressure pump, and the b"o'o-sted
first and second feed water are supplied together to the
semi-permeable membrane unit;

(2) the pure watéer production mathod according to (1),
wherein the total salt concentration of the first feed water
is higher than.that of the second féed water;

(3} the pure water production method accordiﬁg to (2},
whereilh pressure of the first feed water beforae boosting is
lower thanm pressure of the second feed water before boosting;

{(4) the pure water production method according to any one
of (1) to (3), wherein the first feed water and the second feed
watér are concentrates from a semi-permeable membrane unit
different from the semi-permeable membrane unit described
above;

(5) a pure water production apparatus comprising a
semi~permeablen@nbranelnﬁj:COllectivelytmeatingwiplurality
of kinds of feed wéter with different water gualities and
discharging permeate and concentrate, a first feed water line

which supplies a portion (referred to as first feed water) of



= (3) the pure water production nethod according to (2) , wherein pressure
of the first feed water before boosting is | ower than pressure of the
second fepdsyel-8ic.06k are boosting; (4) the pure water production

¥ method according to any one of (1) to (3) , wherein the first feed water

and the second feed water are concentrates froma sem - perneabl e nenbrane

unit different fromthe sem - perneabl e nenbrane unit descri bed above;

(5) a pure water production apparatus conprising a ' seni-perneable

menbrane_unit. collectively treating a plurality of kinds of feed_water
W d i e SR Y ofe) TS Ghot ar o RAF GG pbPReATE  aRETEREAR  at e, a

first feed water |i.ne which || tion, (ref 1 first feed
et or) QP00 SPAE PO BBE RRCBPurHIT P 6T IHAL-6F oA Mkt or Lo
th ' it d fe ter ki i ch_suppl i
he Tt CreTerba d o bs Roltnd FEod At er )0 of Ehe AT ATSL S ol RRAdS of
feed watgr 404 RS ep -kﬁ@a@éxﬁif@@ﬁﬁé&ﬁlénh&mb?ﬁﬂea?n&ﬁ?béﬁ&cahype

energy recovery unit which recovers pressure energy of concentrate

di schar gebfd:0m thgs e c Ry NBabl-€- FRNBRaReyHALL, rubelely bhesksebaric
type energy recovery unit 1s arranged so as to boost the first feed water
W t h t heerneeepy eredqi @SS € Nel §ynha dhddt BeoseensdsEépredpwahenbliene
conprises a high pressure punp boosting the second feed water; (6)
t he pur emamdtremeopuoduct vae rappathtussaicent di tgod erd)gy weersicryt haiti r st
feed water |ine conprises another seni-perneable menbrane unit different -
f r om t he. ssenfapeedeabé e toende anéhent i r dedexidvedi abevehsthd hatovheed
concentrate fromthe another sem -perneabl e nenbrane unit is used as the
first fE&BERNE CRBEIYhREEBRE T Wersst WREAE ldaprPBRE16hE |hobher

sem - per neabl e nmenbrane unit so that the caoncentrate fromthe another
seni - peFAFEENYE SefBFRaiT 1118 YR Pascifel s8doN@tf8ed wat er. EFFECTS OF

THE lNVENT'CN(%goggégnnmawater‘productionﬁapparatus according te (5),

wherein the first feed water line comprises another
semi—permeableﬂﬁmbréne{Hﬁj;differentfromw1uasemi~permeable
membraﬁe unit described above so that the concentrate from the
another semi-permeable membrane unit is used as the first feed
water, or the second feed water line comprises the ancther
semi-permeable membrane unit so that the concentrate from the
ancther semi-permeakle membrane unit iS¢uﬁxias the second feed

water.

EFFECTS CF THE INVENTION
[0010]

Acceording to the present invention, in a pure water
production apparatus that utilizes a mixture of a plurality of
kinds of feed water and comprises a semi+permeable‘membranéf
the feed water fed torthe iscbaric type energy recovery unit

is substantially different from the feed watéer not fed fo the



According to the present invention, in a pure water production apparatus
that utilizes am xture of a Plurality of kinds of feed water and conprises

a sem-p bl e nbrane, the feed water fed to the isobaric type energy
recoveryﬁgﬁssp?%ﬁ%%@gﬂgﬁtiaIIy different fromthe feed water not fed to

the 10045Specification.doc isobaric type energy recovery unit, whereby
the demand for punp and piping is |lowered to reduce costs, and, at the
sanme tinme, a high energy recovery efficiency can be stably maintained
against the feed water anount and the water quality variation. Further,

ef f ect i veSWRaATigaticoneot r ghier graessy enéheryye oéby b ecomeend riatrepdingchar ged
fromthe sem -perneabl e nenbrane unit can be facilitated. BRI EF

DESCRI PTHEN FOF HGE IBRAMFRGS ] bo11aduce cosi Garki,) sitathehenati cibkow
diagranlsq?mjng one enbodi nent of _a pure water production apparatus
accor di iy Tt RPPrEsertCIrventbhtciency @igbe shalhlschenats entétiow
diagranugpq&@qﬂf no%hgr enpbodi ment of the pure water production apparatus
accordi ng 10 égﬁr S8RtV T nveRfIcoRt 2nd the pagernapg latycharbet €OF ow

di agram shawl g stidd.anpt ey, embadigent. of the pure water production

appar atus accor'ding to e presen i 8- a“"&hemati c

f1ow di agramyshow 09 :ane, SMhodiRAL gL 3 PYLEPALEL 1R QAUELL QD apparat us

according to the present I nvention;
can be facilitated.

BRIEF DESCRIPTION OF THFE DRAWINGS
[0C11] |

FIG. 1 is a schematic flow diagram showing one embodiment
of a pure water production apparatus according to the present
invention;

FIG. 2 is a schematicrflow diagram showing another
embodiment of the pure water production apparatus according to
the present invention:

FIG. 3 is a schematic flow diagram showing still another
embodiment of the pure water production app ratus.according'to
the present invention;

| FIG. 4 is a schematic-fléw;diagranlshowing'one embodiment
of a pure water production apparatus according to the present
invegtion;

FIG. 5 is a schematic flow diagram showing another
embodiment of the pure water production apparatus according to
the‘present inverntion;

FIG. 6 1s a schematic flow diagram showing still ancther

embodiment of the pure water production apparatus according to



= FIG 5 is a schematic flow di agram show ng anot her enbodi nent of the pure
wat er production apparatus according to the present invention; FI G
6 is a sparvbdctidationddé agram showi ng still another enbodi ment of the pure
wat er production apparatus according to 10045Specification.doc the

present invention; FIG 7 is a schematic flow di agram show ng yet
anot her enbodi nent of the pure water production apparatus according to the
present invention; ‘ FIG 8 is a flow diagram of the typical

conventional pure water oducti on apparatus conprising an isobaric type
ener gy r@% \f%f Seﬁfﬁ?t%m&%ﬁ{lon’ FIG 9 is a flow diagramof the

corvert S, e APl AL, SRR U S B,

m xture of different Kinds em -perneabl e

menbr aneemkﬁﬁﬁ-gné\@%ﬂ:%e%@lmﬁcé%rgﬁﬁc%&%ﬁhg{)@lratus according to

the present invention;

FIG. 8 is a flow diagram of the typical conventional pure
water production apparatus comprising an iscbaric type energy
recovery unit; and

FIG. 9 is a flow diagram of the conventional pure water
production apparatus which supplies and has a mixture of
different kinds of feed water treated with a semi-permeable

membrane.

BEST MODE FOR CARRYING QUT THE INVENTION
[00127

Hereinafter, preferred embodiments of the pteseﬁt
invention will be described using the drawings. However, the
scope of the invention is not limit.ed to the embodiments.
[0013]

FIG. 1 shows an example of a pure watér producticn
apparatus of the present inventien. The pure watér production
apparatus of FIG. 1 comprises a semi-permeable membrane unit
9 which treats a plurality of kinds of feed water with different
water qualities and discharges concentrate and permeate, a
first feed water line which supplies a portion (referred to as
first feed water) of the plurality of kinds of feed water to
the semi-permeable membrane unit 9, a second fee:d water line

which supplies the rest (referred to as second feed water) of



[ 0012] Hereinafter, preferred enbodi nents of the present invention

w Il be described using the drawi ngs. However, the scope of the invention
is not |imed t .he .enbodi nents. [0013] FIG 1 shows an exanpl e of
a pure vv!el é‘fggg‘?ﬁé@ﬁﬁ&?‘gﬂc apparatus of the present invention. The pure water

production apparatus of FIG 1 conprises a sem -perneable nenbrane unit 9
which treats a plurality of kinds of feed water with different water
gqualities and di scharges concentrate and perneate, a first feed water line
whi ch supplies a portion (referred to as first feed water) of, the

pl ural i t yYiofrkirisief $eelindserftbethewsent - per neabteniepbranablait 9, a
second feed water |ine which supplies the rest (referred to as second feed
wat er) JfCMAERAE S 19 cANbRddEoard Spltupgl pRgroy kendseol foed dater to
t he sem;,\%?er_ meabl e menbrane unit 9, and an_isobaric type ener%y recovery
uni t 4 wHFtH recfier's® pessiile §h67gY 6f the ceneentrare diseharged from
the sem .. able menbrane unit_9.. The isobaric type energy recovery unit
4 s ar r%ﬁ%@ﬁ% SO0 tE THEFY %tm?%%]aar\}%t%?lW%h e rERAT Y isssur e
energy, anhd.the.se . 0 r..line conprises._a high pressure punp 8
boosti ng theé%]eg%%gg?gelg Ji\%gté\é?g%[rgﬁfﬁeacgg%ooﬁhggﬁ%r%fs’?g%ﬁdvﬁ?g Tis
suppl i edyfiromd keshyheed watet, tank,d. 4o | 1Sl RLeLLeaLoBN it 3 by
a first intake punp g andw?herléla?t errl%r(%f’egatrfe% t\?\l/éet gre%f)?léja?%%%b‘ﬁa e first

pre-{ r ealientoupir s3ol & eupplg:athdid BenbSOURI S PR HRNEBYoHEEOYET Y uni
- v\!ater. '
[a014]

Therfirst feéd water is supplied from a first feed water
tank 1 to a first pre-treatment unit 3 by a first intake pump
Z, and thereaftern, treated water treated by the first
pre~treatment unit 3 is supplied to the isobaric type-eﬁergy
recovery unit 4.

60157 |

Water-boosted by the iscbaric type énergy recovery unit
4 is further boosted by a booster pump 5 to a pressure equal
to the second feed water boosted by the high pressure pump 8.
[0016]

Meanwhiie, the second feed water is supplied froma s-ecor{d
feed water tank 6 to a second pre-treatment unit 11 by a second
intake pump 7 and treated, and then boosted by the high pressure
pump 8 te a pressure substantially required for membrane
tredtment. Thé water boosted by the high pressure pump 8§ is
miged with the watef boosted by the iscobaric type energy
recovery unit 4 and the booster pump 5 to be supplied to the

semi-permeable membrane unit 9.

10



b

L

Wat er boosted by the isobaric type energy recovery unit 4 is further
boosted by a booster punp 5 to a pressure equal to the second feed water
boost ed ByisdiecHAhoREESSUre punp 8. [0016] Meanwhi | e, the second
feed water 1s supplied froma second feed water tank 6 to a second
pre-treatnent unit 11 by a second intake punp 7 and treated, and

t henboost edbyt he hi gh pressure punp 8 to a pressure substantially required
for nenbrane treatnment. The water boosted by the high pressure punp 8 is

m xed mﬁ%ﬂ%é e water boosted by the isobaric type energy recovery unit 4
and the t'er punp 5 to be supplied to the sem -perneabl e nenbrane unit

0. 10045S ifi i . d 0017 ] he. 1 - bl
I A G Wt R TR S RS RGNt e R L

are trealad, angd PeL ’?e%o%a%%e@eowg%%i rnﬁtxeetcﬁ%%ddi;ééﬁ?;%?%u:ﬁT{E%e-B%%ﬁeat eis

taken as production water _ e, € conc _ _ preséure
energy dieharged s amyt BEnseAt rREEMRADI & JBADLADE  UNie S feSiRPhised to

the isobariC type energy recovery unit 4 to transmt the pressure energy

to the fddiein heegrvatetisndidihen 100 bredhaahacgethasarneaitdat @dth
di scharge water 16 outside a system [0018] In the present

i nvent i giresasithearddrgt doethawded ancntfiee seenndptendamatenembannvat er
with different water qualities such as salt concentration and tenperature
ar e usediniEh¥s ispispippd iznd tequhpnestbeictie divbkeeert-gyharactreriystinés
according to each water quality can be arranged in the first feed water
| i ne and thetsependtf 6bd paeepsukenenergy to the first feed water and
theﬂtoikadischar@@jasconcentrateddischargewater16outside'
a system. |
[0018]
In the present invention, as the first feed water and the
second feed water, raw water with different water gualities such
as salt concentration and temperature arg used. Thus, piping
and equipment with different characteristics according to eacﬁ
water quality can be arranged in the first feed water line and
the second feed water line.
[0019] |
For example when two kinds of feed water have different
salt concentrations,;, highly-concentrated raw water 1s used das
the first feed water, and low-concentrated raw water is used
as thé second feed water, the first intake pump 2, the first
pre~treatment unit 3, the booster pump 5, the isocbaric type
energy recovery unit 4, and a piping of t.hé line (first feed
water liné) in which these components are arranged have a high
level of corrosion resistance against salt. Meanwhile,

equipment and piping arranged in the line of the second feed



[ 0019] For exanpl e when two ki nds of feed water have different salt
concentrations, highly-concentrated raw water is used as the first feed

water, a , ; tyated raw water i's used as the second feed water,
t he fi-rs?g?dr??ﬁ%ﬁ%%‘df? the first pre-treatnent unit 3, the booster punp

5, the isobaric type energy recovery unit 4, and a piping of the |line
(first feed water line) in which these conponents are arranged have a high
| evel of corrosion resistance agai nst salt. Meanwhil e, equi pnent and
pi'ping arranged in the line of the second feed 10045Specification.doc

wat er wi YR8 "G icddcenteatsphr tinven dalveve Loverrost ons i @sirstsdstearnidean t he
first fefg water Line; Ln this case, in the high pressure punp 8 and the
second pre2frEBE nEhfShinfee41vRRSEhéLBREONK: fiduis vertee, | imethé ohiekanpl e,

the mate jfglsséequi rerreg_t _ I§ve§1 can be reduced, and therefore, the costs
requi red Tor i nstArTRt F o 4nb frefiteRaneecs chrepbrrrBuBRdE For iaxihpl e,

al t hough I ne: _ ter wi.th a high salt concentration is forned of
a mater i Sé%é%%ﬁfegésd g’%%%erﬁﬁl gi’\rll\%%gse}ﬁ‘ St BOhRgH e vERUSEEBEREOS] ON
resi st ant®ye1 Wosp StalLnkess.steel per austenitic_stainless steel,
ceranic, and gl asﬁ%%é@%#hf%?%eﬁ%{%g e | eh%%S'gdeﬁ%éEE t haf these

mat er i al Sn &£l EXPeNsi ved HOVRVELanaccording 19 1]tll(l:jegd_pr_etsoerntez‘icr,ir_}[\l/. néti on, the
usage of those materials can be restricted to? € m ni mum necessdary, and

t he costartdducii on ldind ke appar akuscanthear gabhzed: + [ 0020k heratio
Representati ve exanpl es of the highly-concentrated raw water inc ude wat er

with a Higlfosaldd odneenttatiab such a5 SeAwWat ek ;and JdJcated wat ef, and
concentrate derived from seawater. Representative exanples of the
| ow condéifily de@d Lravoraters liomctadeshates, vitdphd owssalih 1eeRcentsal i on
such as river water, groundwater, and wastewater treated water.
super austenitic stainless steel, ceramic, and glass fiber
reinferced plastic, it has a drawback that these materials are
expensive. However, according to the present invention, the
usage of those materials can be restricted fo the minimum
necessary, and the cdst_reduction of the appardtus can be
realized.
06207
| Representative'examples of the highly-concentrated raw
water include water with a high salt concentration such as
seaweler and treated water and concentrate derived from
seawater. Representativeexampies<ﬁfthelow—concentratedraw
water include water with a low salt concentration such as river
water, groundwater, and wastewater treated water.
[00217
FIG. 2 shows. ahother embodiment of the pure water
production apparatus according to the present invention and
shows a case where a mixture adjustment function of feed water

is added. When the flow rate of each raw water is wvaried or

12
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[ 0021] FIG 2 shows. anot her enbodi ment of the pure water

producti on apparatus according to the present invention and shows a case
where a miossepRi@diivspent function of feed water is added. Wen the flow
rate of each raw water is varied or 10045Specification.doc restricted, it

- 1s preferable to add the m xture adjustnent function as shown in FIG 2,

for exanple. Specifically, a piping through which the | ow concentrated
second feed water i-s supplied fromthe second feed water tank 6 to the

f f eed k 1. d fl i 3 whi ch_ adj
The t1 odssrBi e pale g E%rgﬁ%r%%@%%?éédagéuﬁﬁgf R L

the secang, deed, wal el d g, SUPPEYGL 0t he b L ;; veber b pey sgoording to

the flow rate variation of the raw (ater. bughvvhch
the hig e t I f eed
water Came T o CheoroassGd Feed ol RS S%%O%vf%%g%é%%%l:{lﬁent

val ve 125wy chedditish Sctdesdd o raded ivkitdre Rl i 1y e jor gvided reapd the
first feed water may be supplied to the second feed water |ine according

to the fiover atagrikvariedinn lokv-ihe d awjwateentHoweverl 3 ivhitdie abatises

pi pi ng, the highly-concentrated first feed water is flowed to the

| ow concerd rfdiced ra¢eond Hleeghiwatrer arenerosadelat atdel f liowpratferadle

controlled within "a range in which deterioration of equi pment and piping

desi gned-aslibe thwscoreehteaticdaserdrdstippdvvier ehd Fhesisfedd owser The

enbodi mrent shown in FIG 2 is the sane as the enbodi nent shown in FIG 1

except tHEHGAIRT HeEriDehabbvev fabgryariationpp tBeshaws waterl

anot her _enbadi nent of .the pure water production apparatus accordl n% to the
e

present SY4REIRY of BhHlE‘Ho\?\%r%uﬁas‘éh%%r@eahﬂ@ﬁéﬂf“&r‘?nﬁe%aﬁs@c hgTE

t enperature, of the.feed ter ed._When there is a water tenperature
T T or ortBsth Sty Eraceh T b6 bRaR e ri ErecBebhy Faoy | to TRETAY
10045Sp%(\:e!croln(_:dag’fega'tga(lcer line and a flow-rate adjustment valve 12 which

adjusts the flow rate in the piping are provided, and the first
feed water may be supplied to the second feed water line-
according to the flow rate variation of the raw water. However,
in the latter piping, the highly*coﬁcentfated,first feed water
is flowed to the low-concentrated secomd,feed wa£er line, so
that the flow rate lS controlled within 'a range in which
deterioration.of equipment and piping desighed as the
low—concentrated second feed water line is allowed. The
embodiment shown in FIG. 2 is the same as the embodiment shown
in FIG. 1 except the points described above.
[0022] f

FIG. 3 shows still another embodiment of the puie water
production apparatus according to the present invention and
shows a case where a function of adjusting the temperature of
the feed water is added. When.thére is a water temperature

difference between the first feed water and the second feed
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wat er, and when the tenperature of the second feed water is higher than
the tenperature of the first feed water, the tenperature of the first feed
wat er W §n4: -~f.enperature is increased through a heat exchange unit 14
arrangediggwgﬁ%%%&ﬁﬁﬂgpgi 3, and subsequent redUction in pressure drop and
increase of efficiency of pre-treatnment nay be pronoted. In this case, the
total anmount of the second feed water passed through the , heat exchange
unit 14 can be returned to the second feed water tank; or when the
tenmperature is not desired to be |lowered, a portion of or all the second
feed wat ¥Ry PRdVReRaFgRICHIPSrABUEesyEt Bhet AeounH Acddaivrlige pEpi ng
15. The enbodi nent shown in FIG 3 is_the sanme as the enbodi nent shown in
FIG 1 extepr-t hadPot At st dRRFRbaEe aBbvehe| HopS) feed wataryhEhpr esent
inventio@ ki.nd of .wat.er |.y-concentrated water or

\ hi.gh
|OMFCOHC€%W$% e%uﬁ%fﬁffj¥% lﬁignﬁg%?'W%t%ﬁde#b&og?Itﬁ@mP?F§FuF§eésmater
or the s ; LS especially .imted. In FIG 1, for
exanpl e,ﬁgﬁ%@?%ﬁi@gﬁ&ce%{hr 8t %%Q\% a%(%a neqena&élﬁ:e%saejar%g‘?ﬂ@ﬁ is}’sotwnf &8d
wat er, ang;!he Bj 5 EOREENE T 41 t e be e s.the second
feed water. Fbmgegg%méonsiderﬁ%%ﬁgﬁgﬁﬁ%ﬁﬁoé%%%g%%gﬁ?%%%%g%fég tWarsr with
a high saf terroRaenidyabEqhrd Sc R0k MBED, ASnd ey | e%ﬂw wgter c(Lbat is,
the first feed water) boosted by pressure exchange in theisobaric’type
ener gy recoveryalutirtour(f0@d4fhe secontiheebWowktbdspobsbgednhyalgh ahe m xed
and then treated in the sem -perneabl e menbrane unit 9, and pérneate (pure
wat er) G045 8gdeinfgecationl daan dedreoneantir ab e:thavicagnRel €ssdr€a£8£r gy are
di scharged fromthe sem -perneabl e nenbrane unit 9. In the concentrate
dischar%@ﬂ”ﬁréﬁiWh@ﬂséh?-t@mm@%@t@rﬂehbnaﬁedmﬂﬂme@,taIbBOMQhetbé,paessure
energy i s pressure-exchanged in the isobaric type energy recovery unit 4,
sever al FRErCEit 06107 wbl ddFceterd & sesl waket yalvdak dd sicheegeldectit s 5de f eed
water in the pressure exchange. Wen the highly-concentrated raw water is
used asakﬁgsﬁﬁﬁéi CE gFﬁlpﬁgﬁsp&HPPﬁeﬂg-trﬁﬁet¢@bQﬁﬁm@@ﬁr%@¢®@ of the
first f dF teg Is further increased even if the concentrate derived from

the | O\N-q%on'\ggﬁt Fated TawanEt 8F a8 TR ST iPstLPeed S%EFL an

adver se ef.f . glue t : age of the concentrate into the first feed
wat er i§§¥%§%%gﬁf'gﬁﬁg?ﬁggé %&%ﬁg?t is desirable. For exanple, when salt
wat er wirtglpoastotal salt concentration of 3%is used as the first feed
water, brine water with a total salt concentration of 1%is used as the
second feed waherhecapdekbatf i hebnaRdnseqand fka%g&h wat gL wi,th an equal

amount are supplied, mxed water obtained ime iatelyabe ore supply in the
seni - per(heablly-wemkane ateid wAas ra drotl@h-eRldc SOneeRlds aldn ofs 2% In the
m xing, if 33% of the feed water perneates through the sem -perneabl e
menbr anexanglied bbtaainped cab apurles Vibtert, febe otat sakheconceniratdon of
the concentrate is 3% and if the concentrate is mxed in the first feed
wat er (WRtRralfotalr sareciovhoertimgttierh ofin39YGinlt hiot sobanh Te t ype: ener gy
recovery unit, no adverse effect exists. Accordingly, in terns of

suppr essPYNCBP ERELEGFEr 5o effledt Bam ke tiseches |Gk dgesof fehe wonpent r at e
into the feed ter, it is preferable that the total salt concentration of
t he Conégﬂttre!}ff Elalfgm—gﬁélcentrated raw water may be used as the second

feed water. However, considering the f6llowing peint, the feed
water with a high salt concentration is preferably used as the
feed water (that is, the first feed water) boosted by pressure
exchange in the isobaric type enérgy recovery unit.
[0024]

The two kinds of feed water are mixed and then treated

in the semi-permeable membrane unit 9, and permeate (pure water)

14
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10045Speci fi cation. doc sem -perneabl e nenbrane unit is not nore than the
total salt concentration of water boosted by utilizing the isobaric type

ener gy r@oavspetifitaiidn.doc [ 0025] Al though the total salt
concentration in the present invention is represented by TDS (total

di ssolved solid) , the total salt Concentration can be obtained as the sum
of various ions and single conponents of organic matter obtained by
conponent anal ysis. However, the sumof the single conponents often .

Si.0ni 1 6anl Lyoneloydes RERSHESIPIL. &L e kL P BEELSLN 2 R the

sumis repres her rre enbodi ment

of the &%‘Eefrﬁé’ae&té Rﬂ%m‘}% Oﬁﬁngf9 the fegd é@ﬁaté‘énﬂrsat&! é‘i LAUShY g

subjected to' sem - pernea rane treatment 1 n anoth

semi - perfrmﬁbEﬁe@@@iaﬁ@rﬁ@amemlk@n@%ﬁ%br %ft%é?ﬂ%@@r@%@@ktehe

anot her sem -perneabl e nmenbrane treatnent 1s preferably mxed wth the

ot her featMaters akdaxesd-dchiiegedove ABAt i opedrsentyper sakhe menbrane
unit 9. [00271 ' However, in the above case, a pressure standard

bet ween tdwoncentiratie sbtaragédpéroant hef arot hemcsen rgier Meabke idgnbr ane
unit and the other feed water is different fromeach other. Thus, if the
concent rl@zkeghdnt he-Heédreat bredwe trirxed thy podpsnge teheheegpect ihenf eed

pi pi ngs together (not shown) without pressure adjustmnment for macthing the
pr essur é-1st dddrld, - adneren ethed %ﬁ%r@@t%ﬁ11ﬁaﬁ8@ﬁeapréb§ufér$§rfé?don

occurs in
water, it is unllkely that the concentration of the first feed

water is further increased even if the concentrate derived from
the low-concentrated raw water is leaked into the first feed
water, an adverse effect due to the leakage of the concentrate
into the first feed water is reduced, and therefore, it is

desirable. For example, when salt water with é total salt

concentration of 3% is used as the first feed water, brine water
with a total salt concentration of 1% is used as the second
feed water, and the first and second fead water with an e‘-q_ual
amount are supplied, mixed water obtained immediately before
supply in the sémi—permeable membrane unit has a tetal ‘salt
concentration of 2%. In the mixing, if 33% ofrthe feed Qa-te_r
permeates through the semi-permeable membrane and is obtained
as pure water, the total salt concentraticn of the concentrate
is 3%, and if the concentrate is mixed in the first feed water
(with a total sé-lt concentration of 3%) in the iscbaric type
energy recovery unit, no adverse effect exists. Accordingly,
in terms of suppression of the adverse effects due to the .le.a.kage
of the concentrate into the feed water, it is prefera'b'le that

the total salt concentration of the concentraﬁe from the
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10045Speci fi cation.doc each feed water to thereby vary a flow rate
bal ance, and m xture fraction varies. In order to prevent the variation of

the flo : t is general to install a feed water m xi ng tank
31 shomﬁhﬁﬁgg?%?&%ﬂg %1x the concentrate and the first feed Water in the

feed water m xi ng tank 31. However, in this case, the pressure energy of
each feed water is lost in the mxing in the tank 31, and the pressure
energy cannot be put to practical use. [0028] Thus, in the present
invention, it is preferable that the concentrate fromthe another.

sem - per%ﬁ%&ﬁﬁ??ﬁ#ﬁﬁ%ﬁuﬂQWﬁ#aﬂ%‘HE@HJasrKﬁBH@E@OhﬂaﬁeeuemaDEHl aadtt he
second feed_ ter s mxed with the first feed water after the second feed
wat er i sTHOOSt ?ﬁPQ|ﬂ§ HEGRTpPesstird Ukt g iaid:béher éspherdecbnpef eed
wat er ISI%%%f %Q to the sen14perneable menbrane unit 9. Specifically, as
shown in Y 490 % At e, is preferable that a seni-perneable
menbr ane; 4idy 17 is provided upstrean1of the high pressure punp 8 in the
second feed water line of the apparatus shown in FIG 1, and the

_concentrate fram I it 17 | used as .the second
PR e Q% ﬁg%g%dEH% 31 EESETecor di ng

feed water in the sem - pernea rane unit

to the &bﬁ%ﬁﬁﬁgﬁﬁhki%%b%@se%%%@_B&eﬁﬁgr?t§£§@d&{gsgivé§e %ff@%ma% at the

time of m xing can be adjusted by the high pressure punp oost er
punp 5, tanckit balki &encantrdbeoh idst kegdtwahen anddhe geseng f £gds wat er

(the concentrate fromthe another sem -perneabl e nenbrane unit 17)
- lons and single components of organic matter obtained by
component analysis However, the sum of the single components
often significantly includes measurement error, and it is
preferable that the sum is represented by TDS.
[0026]

As another preferred embodiment of the present invention,
any cone of the feed water is previcusly subjected tao-a
semi~permeable membrane treatmenL in another semi-permeable
membrane unit, and the concentrate discharged_fronlthe another
semi-permeable membrane treatment is preferablymixed with the
otherfeedwaterandndxedtx)theabbvenﬁntienedsemi%permeable
mempbrane unit 9.

[OOZ?]

However, in the above case, a pressure standard between
the concentrafe obtained from the another semi-permeable
membrane unit and the other feed water is different from each
other. Thus, if the conecentrate and the feed water are mixed
by joining the respective feed pipings together (not shown)
withoutpressureadestmentforn@cthingthepressurestandard,

there occurs a problem that the pressure variation occurs in

16
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= 10045Speci fieation.doc having pressure of substantially the sane standard
can be joined and m xed. Since the contentrate (second feed water) in the

. anot her mEASSpefifiedibheosenbrane unit 17 is boosted by the high pressure

© punp 8 while mai ntaining the pressure, energy |oss can be suppressed.
Hereinafter, in an enbodi nent using the two sem -perneabl e nenbrane units
t hus, the seni-perneable menbrane unit in which the energy of the
concentrate is recovered is also referred to as a "first sem -perneabl e

menbr ane_ y ?ﬂhtfe,eaa{}gagPecc?‘%ﬁ'e n@%_b & ﬁ"?r@ance %mt nREOV qu(;nlxgzure

obtalnlng € secon eed wat er i s af So erTed o as 4 *seco

sem - per Hﬁﬂﬁ?%ﬂﬁ URit S in
FIG 4, en t e sem - pernea dégqﬁgbgﬁge&ﬁl%ﬂ secoﬁg{senl %gﬁﬁggble
-menbr aner 4k t) iz used ¢l Dstigdine t%”;ﬁB‘éa'lQV\ﬁ %@é%ﬁﬂhﬁék%i vagfier- side
among the two ki nds of feed water (nanely, when the | ow concentrated raw

wat er i szusathas trheigecondnhegdxweher cohBenses08tah@athaaterst STesuppl i ed
to the sem -perneabl e nmenbrane unit 17 through the second feed water tank
6, the setond iimntakef peivated heéxsegondnprEt 1 r eatveenatr unhttHils cang,t he
second hi gh pressure punp), the pressure standard of the feed. water

suppl i edcio nhessent: -perneabd 2 amribrizas] watted 7 sreydys simalther mtihdmdt he
pressure standard of the feed water supplied to the semni -perneabld

menbr anelukne Ik Ré, fandths emegsarfeabeegrerimatebamut) Lo Prast itded
pressure of the concentrate fromthe sem -perneabl e nenbrane unit 17 is
smal | er ¥%an the pressure standard of the feed water supplied to the
Se”i‘perﬂﬁﬁﬂif menbrane unit-9. 10045Speci fication. doc

Thus, in the present invention, it is preferable that the
concentrate from the another semi-permeable membrane unit is
used as the second feed water, and the second feed water is mixed
with the first feed water after the second feed water is boosted
by the high pressure pump £ and before the second feed water
is ‘supplied to the semi-permeable membrane unit ‘9.
Specifically, as shown in FYIG. 4, for example, it id preferable
that a semi-permeable membrane unit 17 is provided upstream of
the high préssure pump 8 in the second feed water line of the
apparatus shown in FIG. I, and the concentrate from the
semi—pérmea-ble membrane unit 17 is used as the second feed water
in the semi-permeable membrane unit 9.

[0029] |
According to the above constitution, each pressure
. standard of the feed water at the time of mixing can be adjusted
by the high pressure pump 8, the boéster pump 5, and the like,
and the fi.r-si;, feed water and the second feed water (the

concentrate from the another semi-permeable membrane unrit 17)
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Accordingly, in this case, the pressure of the concentrate fromthe

sem - perneabl e nenbrane unit 17 is maintained as it is, the pressure is

i ncr easefh49s G Gk 5d%@vel to reach the pressure standard of the feed
water supplied to the first sem -perneabl e menbrane unit 9. Nanely, the
hi gh pressure energy of the concentrate fromthe sem -perneabl e nenbrane
unit 17 (the second sem - perneabl e nenbrane unit) can be effectively
utilized without being lost, and the effect of preventing the pressure
energy |l oss, due to the mixing wwith the first feed water is large. [0031]
On the dUhTTRT PronfgnStHeSUBREapEL AbalI e TrEABE ff@nHind ¢7n bsecohded
seni-pe&gy_bLeﬂ} nb%ane u&é%) is used in the line on the .

hi ghl y- concénttat ed “f-E8&§ efF8FaBTaRBRAg (PRECFHOTRPAJY2BE LT el Water
(nanely, i_ghl y-concentrated raw er i.s used as the second feed
water, and t éyggggn%% é@ﬁgﬁéﬁﬁ?mggagﬁdﬁT¥%§Fﬁ6St@@9§%%?§ﬁ@Fﬁﬁa%%%h

menbr an id, - .t feed water tank 6, the second intake
punp 7,%?ﬁ§§53%%ﬁgﬁgﬁﬂgﬁﬁégﬁﬁéﬁﬁgﬁﬁ?%“%1F“hRESFﬁ%fgéé%ﬁﬁﬁﬁ¥ R=pred8ure

punp), the Qngsswa ol Hhe.cone r at: 0 : .- per.neahl nbr ane
unit 17 may be | arger tﬁa%et%gggggésﬁgegétgﬁ%ggaﬁ%%kt%%lgée%h%hggp
suppl i edsetno -cha nsed rpeid@abire. nRrang Wi texd dothis gase it is
necessary to | ose a portion of the pressure of the concentrate fromthe
seni - permeegblaeenenbirtane: whitchl 7 randmdtgh dhe Hr essiia, o dhe pressure
standard of the feed water fed to the sem -perneabl e nenbrane unit 9.
Thus, t e ceffectd dfs prieventding rchie tor essur € fanertgys driSsd Snani1«s0 | ar ge.
10045Speci fi cation. doc [0032] The sem - perneabl e nenbrane unit (the
seni - pefPERBPEnBRBFAne? Ui tthe SeandpeTieapple vabbeathe thet preseided
inventign is _not especially Iimted; however, in order to facilitate
handl i n%,OfaOPFail&lélépéFlét FBRACBHefRAt GbEarned dysstorfayredsemiaper neabl e
meMor ang _having a hO||OM/2#ﬁ§r menbr ane shape or a ,flat menbrane shape in
a case i§ préferabiyPiddd3fn ta ‘&0Gf Wditng contained in a
pressureynegi,stant container. \Wen the fluid separation elenent is forned
usi ng the se%i-perneable menbrane having a flat nenbrane shape, there is
general ly used, fo0 Ley & flui. naration el ement .obt ai.ned .b

o SoPEERr e Satiid B FRpeEh T S eaRS i nto a

wr appi ng the sem - pernea rane and a 'f

cylindrineabrshape, af aundsac-tubul ar; {Erﬁéﬁj‘ébf’é Re. RGO %ﬁﬁ&"‘idé h.aJarge
a |

nunber of holes. Commercially-avall e products of the " separation

el enent ihnchade: 1@ver $@.03BRSLsnAEARR-aResekemBN - TMOD; series, and, .TMBOO
series from Toray Industries, inc. The sem -perneabl e nenbrane unit may be

constit tvedcofda csi Ngkd fdukd Separati ancel enentoof-d4hase fluigd separation
el ements or may be constituted of the fluid separation el enments connected
in seriggter in pardldwelthe second feed water, the second feed water
is supplied to the semi-permeable mrembrane unit 17 through the
second feed water tank 6, the second intake pump 7, the sscond
pre—treatment unit 11, and the second high préssure pump) , th;e
pressure standard of the feed water supplied to the
semi-permeable membrane unit 17 may be smaller than the pressure
standard of the feed water supplied to the semi-permeable
membrane unit 9 (the first semi~permeable membrane unit) . Thus,
the pressure of the corcentrate from the semi-permeablé

membrane unit 17 is smaller than the pressure standard of the

feed water supplied to the semi-permeable membrane unit 9.
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[ 0033] The sem.-perneabl e nenbrane nmay be formed of a pol ynmer

mat eri al such as cellul ose acetate based pol yner, polyam de, pol yester

pol yi m dej04dppecifidayibn@etymer. I n-the nenbrane structure, there may be used
ei ther an asymetric nenbrane having a dens | ayer provided on at |east one
side of a nenbrane and having mcro-pores with a pore size gradually

i ncreasing 10045Specification.doc fromthe dense |ayer toward inside the
menbrane or the other side of the nmenbrane or a conposite nmenbrane having

a very thkg Luneid gnal, Layercfor med.ch. a.di.LLer gt TmLerLal, op e, dense

| ayer of asymet ri c ‘menbrane’ eed water is

concent r@ﬂ@%,én&%n%ﬁ?l‘é’%%%h% o {'@rlaﬁ?csuxﬁéi%éﬂn%%% i"coij,r %‘h%“

scal e precipitation to concentration or for e purpose of p

adj ust mesites @ BLal £ iidHUd L 1’nd AchHeandoabkall gan-peadded deithe feed
wat er of each sem -perneabl e menbrane unit. It is preferable that the

scal e | AN dOrd ic¥ aHEethapstitean@bplnedpld adkusi MeNlsesa -eaidaia f f ect
of addition can be exhibited. Meanwhile, it is preferable that an inline
m xer i supnevaedunimedi atedyelaf t erhaddi g onreéschentnalsy afdtha addition
port is directly in contact with the flow of the feed water, whereby rapid
changes @incyncents atron bhd peithenernhebaddinembmraper uniis Ar/eViémeed.
[ 0035] The scale inhibitor forns a conplex with netal and netal
i ons i n L&Vt TR apRrseribe | neeBragealndE ) neeal bsaket feghd vad Yor gani ¢ or
i norgani c ionic polynmer or nonomer can be used. As the organic polyner, a
synt het it Pot3Aer 'Sih aLHd1 Y achflri endcrac shfeehated A strerés
pol yacr y};_lraens]sqgfe %rr]lde.rgy loss due to themixing with the first feed water
is large.
[0031]
On the contrary, when the semi-permeable membrane unit
17 (second semi-permeable membrane unit) is used in the line
oh the highly-condentrated feed water side among'thé twb kinds
of feed water (namely, when the highly-concentrated raw water.
is used as the second feed water, and the sécOnd feed water is
supplied to the semi-permesable membfane unit 17 through the
second feed water tank 6, the second intake pump 7, the second
pre-treatment unit 11, and the second high pressure pump), the
pressure of the concentrate from the Semi—petmeable membrane
unit 17 may be larger than the pressure standard of the feed
water supplied to the semi-permeable membrane unit 9. In this
case, it is necessary to lose a portion of the pressure cof the
concentrate from the semi-permeable membrane unit 17 and match
the pressure Lo the pressure standard aof the feed water fed to

the semi-permeable membrane unit 9. Thus, the effect of

preventing the pressure energy loss is not so large.
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pol yal I yl am ne and a natural polyner such as carhoxynet hyl cell ul ose,
chitosan, and alginic acid can be used. As the nononer,

et hyl enedj@yxis &ﬁﬁ&ﬁﬁﬂgﬁ&ic acid can be used. As the inorganic scale

i nhi bitor, polyphosphoric acid can be used. 10045Specification.doc Anpng
‘those scale inhibitors, in tecns of availability, ease of operation such
as solubility, and cost, polyphosphoric acid and

et hyl enedi am netetraacetic acid (EDTA) are particularly preferably used.
The poly?ﬁﬁggyoric acid is a polynerized inorganic phosphoric acid based
mat eri al has two or thore phosphorus atons in a nolecule typified by
sodi um hexanet hoag?ate and is bonded to alkali netal and alkali earth

metal by phosphat e %ﬁ%eﬁﬂﬁﬁ?i% TR 2 e prietent BipvecBkanpragabie

ol ypho Of. 1. id.lnc e, t.ef,rasodi.um pyr oph hat e, di sodi um
Byrggho:% at%%ngg%?h%$té%%gffghoggﬁﬂbgﬁtg%ﬂg%h1’p Paperyhd8BRAEEC s odi um
hept I : - i | 1at e, sodi.um et apho ate, sodium
A S Rt v Wil

aci d anthahkBlig, sulfLiie 36bsraeodhusl bydhoxbdea1ABd £! cLym ydgoxi de

are general ly used. Further, hydrochloric acid, oxall ~pot'assi um
hydr oxi desmbsack thiedb Carbaidithe al@HIM Bydnex ¢epeanfehBehbkengan be

used. However, in order to prevent increase in scale conponents Ih
seawat erqr eaf t&umeane- aveg Bésipeni are cdie Cod haget 4 hekag Wsed: 2 £08037]
In the present invention, as a pre-treatnment unit (the first pre-treatnent
unit 3 ahdPehegsaoURLpeinreatreentirenicesi drathatorcsani er i nstradd edef or
pretreating the feed water before being supplied to the semi -perneable.
menbr anef Uhid | Separadaiarmlemant tiatToeny ess sus pend eses b pesnamnil
perforning di si nfection

m rane naving a flat membrane shape, there.ig generally used,

for examplef a fluid separation element obtained by wrapping

the semi-permeable membrane and a flow path matéerial (zﬁet) into

a cylindrical shape around a tubular central pipe perforated

witheilargenumbercﬁfholes. Commércially—available prodicts

of the fluid separation clement include reverse osmosis

membrane element TM700 series and TMR0OD series frém Toray

Industries, inc. The semi-permeable membrane unit may be

constituted of a single fluid separation element of those fluid

separation elements or may be coﬁstituted of the fluid

separation elements connected in series or in parallel.

[0033]

' The semi-permeable membrane maY'be formed of a polymer
material such as cellulose acetate based polymer, polyamide,
polyester, polyimide, and vinyl polymer. In the membrane
structure, there may be used either an asymmetric membrane
having a dens layer provided on at least one side of a membrane

and having micro-pores with a pore size gradually increasing
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10045Speci ficati on. doc can be used according to the water quality of each
feed water. [0038] For exanple, as the pre-treatnent unit used when
t he suspi@0dsshesifidadsn.dee t he feed water are required to be renpved, the
application of sand filtration, mcrofiltrati on nmenbrane, or
ultrafiltration menbrane is effective. Wen there are nmany nicroorgani sims
such as bacteria and algae, a fungicide is preferably contained. Chlorine
is preferably used as the fungicide, and, for exanple, it is preferable

that chlarine.gas,and sadidmiyng '%rgfltgee 33,d LeaGhlor i)e qe dded to

the feed Water to b eed wat er W't range of 1 to 5
my/ 1. chaedée%%ﬂéqnémr@é%%s d9, R0t halg s g% agGording
to the kind of sem -perneabl e %enbrane thef%?o?e inthis case, it is

pref er abhedto ddl siusha fungicigte aoralﬁéi@tr eamsiide o the teedewat er
as possible, and, at the sane tinme, to render the fungicide harnl ess near

t he feeaawlero@rﬂﬂeamm@herm hdeo s£he - per meabl e menbrane unit. For
exanpl e, when free chlorine is used, it is preferable to nmeasure the
concent rl@td3 to control the addi tive amount of chlorine gas and sodi um
hypochl orite based on the nmeasured val ue or add a reduci ng agent such as
sodi um bi sul f iSte.ce ¢@89]feed watWreni ¢ eodeedt ratedatertitent ai ns bacteri a,

“proteins, and natural organic conponents: and the |ike, other than

suspendé®oHeidedtl nestieans vialtlo atld oBdeBalnl REEVSNEhSEsLpol y
al um num chl oride, alumniumsulfate, and ferric chloride (I11). The
coagula§5§QQﬂ%f%&ﬁQﬂ q%?t?ﬂn?%ﬁﬁﬁ%%%%%ﬂ?% %énHOF|F??aPP6H06ﬁ of pH

10045Spec f| atl n.doc_coagul at.ed matter deposited for

opeShecl LiGaan, doc chaoi Al ed TBLLEY danosiLed ooy or BAThken 2

pluralit tac ho I er_menbranes, or an uItraflltratl

nenbrane mkere% 53ﬁ ﬁgfgrs%%ﬁ gﬁ%ﬁ%bgne ?%%f i's §ﬁ¥%abﬁ%’%or bei ng
passed augh:tihe t |

EspeC|aIIy in %ﬁgfaggﬁiﬁgﬁﬁgﬁzﬁ eEE%ggq#gﬁf% ”%%%§%pg§gQra%%E to aajust pH

to faC'kﬂiéH?ustment_so that the effect of addition can be exhibited.
Meanwhile, it is preferable that an inline mixer ié provided
immediately after addition of chemicals, and an addition port
is directly in contact with the leW'of'the feed,ﬁater, whereby
rapid changes of concentration and pH near the addition port
is prevented.
0035]

The scale inhibitor forms a complex with metal and metal
ions in a solution and selubilizes metal or metal salt, and -an
organic or incrganic ionic polymer or monomer can be used. As
the organic polymer, a synthetic polymer such as polyaérylic
acid, sulfonéted polystyreneg, polyacryiamide, and.
polyallylamine and a natural polymer such.as carboxymethyl
cellulose, chitosan, and algiric acid can be used. As the
monomer, ethylenediaminetetraacetic acid can be used. As the

inorganic scale inhibitor, polyphosphoric acid can be used.
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.coagul ation. [0040] When sand filtration is applied as pretreatnent,
gravity filtration in which treated water spontaneously flows down or

pressure;bb4$%@&hgﬂkkgm@hich sand is filled in a pressure tank can be
applied. Although sand with a single conponent nay be used as the sand to

“be filled in the pressure tank, filtration efficiency can be inproved by
conbining anthracite, silica sand, garnet, pumce, and the |ike. [0041]
Also for the mcrofiltration nenbrane and the ultrafiltrati on nmenbrane,
there is_no |imtation, a flat nmenbrane, a hollow fiber

articular ,
menbr ane?‘mgngu%hf’ﬁ? Tefrb? aliel 1l ppeat et fendtans, aawd lahidrtraneasda h any
shape cancbe.suitably used. The nmenprane material is not limted
especi al E;,g%en%alt]h%r} %ugz‘naﬁeg{}]s%ﬂgg?%'a@m BRFEr iRl YRIET SPhpheky lperiel
sul fone, ~pal Ny ). ene fide sulfone, polyvinylidene fluoride, -
poIyprop?Pgné?ﬁgg¥§§€§§$gﬁé?eggﬁ?gﬁE%Sngelﬁoﬁ?@%é@la5P08ﬁ6F}C€é@Fﬁﬁbse
acet at e, ,a8d:  poy, I'C Lal . ceram. c.. As a nenbrane
acet al e, pRodesgnl oAl C AT SELRlLSUGI SR CLAM O, A8 B IEAEL A0S,
pressuri zedrfhht & GH QPRI WAL & rﬂ)%sfe?ieﬂa‘é@EElél' ShBE %gyrﬂm?oe%rl Rore
filtration and suction filtration in which the transmssion side’is sucked

in filtrabhosphoPastacohariy hnmbhecsust top; Fiblireli QBqildy 1S preferable to
apply so-called coagulation filtration and nenbrane separation activated

sl udge precesst{NBRphatahinchi s bohbed ¢4 br &kl omea i shafdltd Bt Lap-Renbr ane
or an ultrafiltration nenbrane is imersed in a coagul ation settling tank:
or a bi oi¢eat Perphasnikatd 8042k and the like. Repgresentative exanples
| of polyphosphoric acid include tetrasodium pyrophosphate,

disodium pyrophiosphate, sodium tripolyphosphate, sodium

Tetrapolyphosphate, sodium heptapoclyphosphate, sodiﬁm

decapclyphosphate, sodium métaphosphate, sodium

hexametaphosphate, and potassium salt thereof.

[003¢]

Meanwhile, as acid and alkali, sulfuric acid, sodium
hydroxide, and calcium hydroxide are generally used. Furfher,
hydrochloric acid, oxalic acid, potassium hydroxide, sodium
bicarbonate, ammonium hydroxide, and the like can ba usead.
However, in order to prevent increase in scale components in
seawater, calcium and magnesium are discouraged from being
used.

- [0037]

In the present invention, as a pre-treatment unit (the
first pre-treatment unit 3 and the second pre-treatment unit
11) that can be installed for pretreating the feed water before
beingsUppliedtx>thesemi—permeablenmmbraneunit,eatreatment

unit that removes suspended solids and performing disinfection
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=~ Meanwhil e, when a | arge anobunt of soluble organic matter are contained in
. the feed water, the organic matter can be deconposed by addi ng chlorine
gas and HédbSpedifygoiohldoci t e; however, the organic matter can be renoved by
pressure flotation and activated carbon filtration. Wen a | arge anmount of
soluble Inorganic matter are contained in the feed water, it is preferable
to add a chel ating agent such as organic polyner electrolyte and sodi um
hexanet aphosphate or replace the inorganic matter with sol uble ions, using
an ion exchange dLebbcandihiechike. JNN- ifon ;and ranganese. ang fesent in
a soluble state, it is preférable to use aerated filtration, contact
aerationffokgration, and the like. [0043 ] Speci fic ions and

macr onol ecul es can be previously renoved, and a nanofiltration nmenbrane -
may be used foropretamelapnisi thorgdes-tocapaeratenhhe pyea waker tpeoduction
apparatus in the present invention with high efficiency. [0044] 10045
Speci fi catspended solids iRl Ghebfesd avdilawadicageam obdatpure naatcsfed,
production system suitably usable when the two sem - perneabl e nenbrane

uni ts arereisew ldssadesoy phesandoiiel analt poh | atietk ot lerrd sl ers ewndscatilee second
feed water. In the enbodi nent, the second feed water is subjected to

nmenbr ane® B épdratiidt tatdmBatbirang 8 befeedl 161 t MErohhEREt2 1S MFSivhg a
coagul ant, and an activated sludge together, and the obtained nmenbrane
filtratiOrHeReFePESBRpPITedds oPrRkeEiBsefdeAtdgdni 2pdrREdIEendfbr ane

unit 17 (second seni - permeabl e menbrane pnit). _[ 004 FIG 6 shows
o Crbod e T F et TEe S eI RTwadb £ kBT SHE: DRI 1999 T3etbhd

i - . 1) ided on the first f wat er__si de,
cont 7 ar v Tt e Enaaty - i @ LR T S R b SR sr oro B e e St er
manut aculd nG AUSEEILBULRIBLY (USa0 £ 0060, POli Al 83 MBLALJ S0 ISR A d he
first feed water. the enbodi nent, the first feed water 1s treated in

the subnprged dd blr abheniHekt ;A Roddhen ddaatadnisp Ehﬁaﬁ.&@i sPer wgabl e
menbrane unit 17 (second sem -perneabl e nenbrane unit). This enbodinent is

differed rigam t kerenedicrent show d dd Gio hdh hdhad thenisebaric type
energy recovery apparatus is used for pressurization of the concentrate
f rom t hereseis eqrerareatl e dipbrane nANidin’ of semi-permeable membrane,
and therefore in this case, it is preferable-to add such a
fungicide on as upstream side of the feed water-as possible,
and, at the same time, to render the fungicide harmless near
_théfeedwaterentranceside(ﬂ?thesemi—permeablemembraneunit.
For example, when free chlorine is used, it is preferable to
measure the concentration to control the additive amount of
chlorinegaéandsodiumhypochloritebasedonthen@aSuredv&lﬁe
or add a reducing agent such as sodium bisulfite.
[0039]

When the feed raw water contains bacteria, proteins, and
naturaliorganic components, and the like, other than suspended
slolids,' it is effective to add a coagulant such as poly aluminum
chleride, aluminium sulfate, and ferric chleride (III). The

coagulated feed water is then subjected tc sand filtration on
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[ 0046] FIG 7 exenplifies a case where cheni cal injection is added
in the pure water production apparatus shown in FIG 5. For exanple, a

fungi ci depomshagtiefioasiat i c, and a detergent are injected into the first
feed water by a first chemcal tank 27 | 0045Specification.doc and a feed

punp 28. Further, a fungicide, a bacteriostatic, and a detergent are
injected into the second feed water by a second chem cal tank 22 and a
feed punp 23. Those chemicals are not limted especially, and various

chem cal s_Ln i cid | kal.i, sodium hypochlorite, chl oram ne,
organoni??%’é%gg %%ﬁ?tE% fjﬁ¥£8ﬁ0n%bFog%ﬁ§Bi%h&FlObllque plate
or ganoni tro u und, .isothiazol one conpound, hydrazine
CEprunF§£a%§ﬂEg$£§ %%%8g§§u§§%1F¥O%é%§§§ ry" T@%B?TEE CO%PrFﬁﬁégesi t he
chem cal n,£QR n _ . reis. tr in_the sem -perneabl e
nenbranepunitggﬁ'f?fs%£§%ﬁ1§pe?%géﬁlgi%%%bﬁgﬁggﬁﬁ?§)ognanthen di schar ged

as the ceneeatiateaOUbS eSSy st eMm L ThYINeCesSA L gaﬂ%%éc%% AT
y afirs

injected into piping for concentrated di scharge water

neutral izadt drs ehembbak tankadhppdsachoetd:-Guap 32 bOsPEf AN the
neutralization treatnment of concentrated wastewater. Meanwhile, simlarly
in the ciemicadroentbe magseconthfieed Mwaleeiala yneut kaki 28/1k$ochnjpect ed
into piping for concentrate of the sem -perneabl e nmenbrane unit 17 (second
sen - perabteagihbranelunis )prestmpihbd to ddeusendbH pes neabl ei prObr ane
unit 9 (first. sem -perneabl e nenbrane unit) through the high pressure punp
8, by a €XHBhPERttral i zation chemical tank 24 and a feed punp 25 to
perforn1gﬁ#£ alization treatnent of the concentrate. The neutralization of
t he concent e at this stage is omtted, and neutralization nmay be

col lectively QEJ%PV”E%éﬂﬂﬁP_HhB concentrate is discharged fromthe

seni - per neabl & SRR qﬁafﬁon.ls applied as pretreatment, gravity
filtration in which treaﬁed water spontaneocusly flows down or
pressure fi;tration in which sand is filled in a pressure tank
can be applied.. Although sand with a single component may be
used as the sand to be filled in the pfessure tank, fiitration
efficiencycankxeimpr@ﬂxibycambininganthracite,silicasand,
garnet, pumice, and the like.
[0041]

Also for the microfiltration membrane and the

ultrafiltration membrane, there is_no-particular limitation,
a f£lat membrane, a hollow fiber membrane, a tubular membrane,
apleatednembrane,andgamembranewithanyshapecxnlbesuitably
used. The membrane material is not limited especially, and
there can be used polyacrylonitrile, poly phenylene sﬁlfone,
polyphenylens sulfide sulfone, polyvinylidene fluoride,
polypropylene, polyethylene, polysulfone, polyvinyl alecchol,
cellulose acetate, and an inorganic material such as ceramic.

As a membrane filtration method, there can be applied
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10045Speci fi cation. doc | NDUSTRI AL APPLI CABI LI TY [ 0048] The present
I nvention relates to a pure water production apparatus and net hod t hat
use- an i ¥8abpecifigabiendoer gy recovery apparatus for recovering energy of
concentrat ed discharge water of a sem -perneabl e nenbrane. Mre
specifically, feed water boosted by an energy recovery unit and feed water
boosted by a high pressure punp w thout being passed through the energy
recovery unit have different water qualities, whereby | ow cost pure water

product i 9Rec 8- P el | Zeg: 1 LONSEARENt] ¥ne PHES WRLEL £anhe Lhtained at
| ow cost from seawater, river water, groundwater, and wastewater treated

water.  EXRLEANAH N OEnkNDLEE Aoh 0049 rd t Fbi Sitn (r8@dnveh &1t RN 1% JHidrst

intake punp 3 First pre-treatnent unit 4 Isobaric type energy recovery

unit 5 Boo$d etspsupked in filtration. Particularly in the suction
filtration, it is preferable to apply so-called coagulation
filtration and membrane scparation activated sludge process
(MBR) in which in the filtration a microfiltration membrane or
an ultréfiltration membrane is immersed in a coagulation
settling tank or a.biotreatment tank.
00421

Meanwhile, when a large amount of soluble organic matter

are contained in the feed water, the organic matter can bé
decomposed by adding chlorine gas and sodium_hypochloritef
however,théorganicn@ttercanberemovedby;messureflotation
andactivatedcarbanfiltratiamf When a large amount of soluble
inorganic matter are contained in the feed water, it is
preferable to add a chelating agent such as organic polymer
electrolyte and scdium hexametaphosphate or réplace the
inorganic matter with soluble ions, using an ion éxchange resin
and the like. When iron and manganese are présent ineisoluble
state, it is preferable to use aerated filtration, contact
asration filtration, and the like.
[0043]

- Specific ions and macromeclecules can be previously
remoﬁed, and a nanofiltration membrane may be used for
pretreatment in ordér té operate the pure watelr bprodugtion
apparatus in.the present invention with high efficiency.

[0044]
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6 Second feed water tank 7 Second intake punp 8 Hi gh pressure punp 9
“Sem - per neabl enenbraneunit (firstsem -perneabl enenbrane unit) 10

Product i ppn4sBpRifidabs Godvat er)  10045Speci fication.doc 11 Second
pre-treatnment unit 12 Flowrate adjustnent valve

FIG. 5 is a flow diagram of a pﬁre water production system
suitably usable when the two semi-permeable membrane units are
used as described abové and polluted water is used as the second
feed water. In the embodiment, the second feed water is
subjected t-o membradne separation treatment in-a subnerged
filtration unit 19 us'-'ing a coagulant and an activated sludgé
together, and the cbtained membrane filtration water is
supplied to the subsequent semi-permeable membrane unit 17
(second semi-permeable membrrane unit).

[0045]

FIG. 6 shows an embodiment in which the semi-permeable
memorane ‘u'n.it 17 (second semi-permeable membrane unit) is
provided on the first feed water side, corntrary o the case of
FIG. 5, and it is a flow diagram of a pure water manufacuring
system suitably usable when polluted water is used as the first
-feed water. In the embodiment, the first feed water is tr_eated
in the submerged filtration unit 19 and then treated in the

- semi-permeable membrane unit 17 (seconc_:l semi~permeable
memb:a'né unit). This embodiment is different from the
embodiment show‘n_in FIG. 5 in that the isobaric t‘.yp'e energy
recovery apparatus is used for -pressurization of the
concentrate from the semi-permeable membrane unit 17.

[0046]

FIG. 7 exemplifies a case where chemical injection is
added in the };ure water production apparatus shown in FIG. 5.
For example, a fungicide, a bactériostatic, and a detergent are

injected into the first feed water by a first chemical tank 27
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% 13 Flowrate adjustnent valve 14 Heat exchange unit 15 Drai nage piping 16

Piping for concentrated di scharge water 17 Sem - per neabl e nenbrane un
. (second HEHﬁSE%ﬁﬁ%%ﬁpéoﬁenbrane unit) 18 Second hi gh pressure punp 19

Subnerged filtration unit 22 Second chem cal tank 23 Second chemi cal

punp

and a feed pump 28. Further, a fungicide, a bacteriostatic,
and a detergent are injected,iﬁto the second feed water by a
second chemical tank 22 and a feed pump 23. Those chemicals
are not limited especizlly, and various chemicals inciuding
acid, alkali, sodium hypochlorite, chloramine,

organconitrogensulphur compound, organonitrogensulphur

~organonitrogensulphur compound, iscthiazolone compound,

hydrazine compound, and DBNPA can be used if necessary.
[0047] |

However, the chemical-containing first feed water is
treated in the semi-permeable membrane unit 9 (first
semi-permeable membrane unit) and then discharged as the
Concéntrate outside the system. Thus, if necessary, a
neutralizer is injected into piping for concentrated discharge
waterbyaifirstneutralizationchemicaltank29eﬂmiafeedpump'
30 to perform neutfalization treatment of concentrated
wastewater. Meanwhile, similarly in the chemicai—containing
second feed water, a neutralizer is injected inte piping for
concentrate of the semi—permeablé membrane unit 17 (second
semiepermeable.membrane unit), supplied to the semi-permeable
membrane unit 9 (first semi-permeable membrane unit) through
the high preésure pump 8, by a second neutralization chemical
tank 24 and a feed éump 25 to perform neutralization treatment
of the concerntrate. The neutralization of the concentrate at‘
this stage is omiﬁted, énd neutralization may be collectively
performed when the concentrate is discharged from the

semi-permeable membrane unit 9.

27
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24 Secontd neutralization chem cal tank 25 Second neut ralizati on chem cal
feed punp 26 Discharge water, valve 27 First chem cal tank 28 First

chem cal 1968pguifigntidd.dbe r st neutral i zati on chem cal tank 30 First
neutralization chem cal feed punp 31 Feed water m xing tank

INDUSTRIAL APPLICABILITY
[0048]

The present invention relates to a pure water production
apparatus and method that use-an isobaric type energy recovery
apparatusforrecoveringenergyofConcentrateddischarg@watez
of a semi-permeable membrané. More specifically, feed water
boosted by an energy recovery unit and feed water boosted by
a high pressure pump without being passed through the energy
recovery unit have different water qualities, whereby low-cost
pure water production can be realized. Consequently, pure
water can be obtained at low cost from seawater, river water,

groundwater, and wastewater treated water.

EXPLANATION OF INDICIA
[C049]

1 First feed water tank

2 First intake pump

3 Firéﬁ pre—treatmeﬁt unit

4 Isobaric type energy recovery unit
5 Booster pump

6 Second feed water tank

7 Second intake pump

8 High pressure pump
9~Semi—permeablenﬁmbraneunit(firstsemi—permeabieﬁmmbrane
unit) |

10 Production water {pure water)
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10045Speci fi cati on. doc CLAI M5 (1) A pure water producing nethod
by supplé}gg and_having a plurality of kinds of feed water with different
wat er qu 4 Sﬁ%nﬁ%wﬁﬁépéd t hrough a sem - pet neabl e nmenbrane to produce the
pure water, wherein: a portion (referred to as first feed water) of the
plurality of kinds of feed water supplied to a sem -perneabl e nenbrane
unit conprising the sem -perneabl e nmenbrane is boosted by utilizing an

i sobaric type energy recovery unit that recovers pressure energy of
concent ral e Jsatbrged-{reombder semi+ per meabl e nenbrane unit, the rest
(referred to as second feed water) of the plurality of kinds of feed water
i s boostkd By cavtrate praspsurmeepunpzlaad t he boosted first and second feed
wat er are supplied together to the sem -perneabl e nenbrane unit. (2) The

‘pure watet prisducidton arkitmdneiccoralng to claim 1, wherein the total salt

concentration of the first feed water is higher than that of the second
feed wat®t. Hept THERN®E ity production nethod according to claim 2,
mhereinéﬁée sure of the first feed water before boosting is |ower than
pressur e df tHe S o H¢8l wat er bef ore boosti ng. (4) The pure

Frret f oot Varam i o Gabis Teba (AT BTTaF &R bnEent rates froma
sem - per{ipalls IRINLANG W ol 0L Qs { T UL S, SE0h: PSLIRERL B mombr ane

membrane unit)

18 Second high'préssure pump

i9 Submerged filtration unit

22 Second chemical tank

23 BSecond chemical feed pump

24 Second neutralization chemical tank

25 Second neutralization chemical feed pump

26 Discharge water valve -

27 First chemical tank

28 First chemical fesd pump

29 First neutralization chemical tank

30 First neutraliéation chemical feed pump

31 PFeed water mixing tank
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(5) A pure water production apparatus conprising a 10045Specification.doc
sem - perneabl e nenbrane unit collectively treating a plurality of kinds of
f eed wat Hidébpdeifiiatibedent water qualities and di schargi ng perneate and
concentrate, a first feed water |line which supplies a portion (referred to
as first feed water) of the plurality of kinds of feed water to the

sem - perneabl e nenbrane unit, a second feed water |ine which supplies the
rest (referred to as second feed water) of the plurality of kinds of feed
water to the seni-perneabl e nenbrapg ypjdt, and an isobaric type energy
recovery unit which recovers pressure energy of concentrate di scharged
fromthe sem -perneabl e nenbrane unit, wherein the isobaric type energy
recovery unit is arranged so as to boost the first feed water with the

recovered pressure enes gyt cangrbbec 586 and HredyWales1 | a@mmf%ﬁ@ a high
pressure punp boosting the second feed water. % The pure water

pr oduct i orplappal At wisoAckords ngf t feed aram Sy Mﬁﬂi%ﬂfi@@elﬁtrﬁétéﬁed wat er

| i ne conpri ses another sem -pen | eable nenbrane unit different fromthe.
sem - perdrabl el are vy awes tend t titesesli be ds abbvee swedhibe méreb-cmeeﬁbr ate from
t he anot her sem - perneabl e nmenbrane unit is used as the 'first feed water,
or the JUCHHIFT EBE RittRFalRie Werprines powt bomtiverl esenid perreabret

nenbraneéﬁat so that_the concentrate fromthe another seni -perneable
menbr ane" it YA ETUs&F §8% RdUaddnd Péeliindpepf feed water supplied

toeasemi—permeablenmmbraﬁeLnﬁi:comprisingﬁjuasemi—permeable
membrane is boosted by utilizing an isobaric type energy
recovery unit that recovers pressure energy of concentrate
discharged from the semi-permeable membrane unit, the rest
(referred to as second feed water) of the plurality of kinds
of feed water is boosted by a high pressure pump, and the boosted
first and second feed water are supplied together to the
semi-permeable membrane ﬁnit. |

(2) The pure water production method according to claim
1, wherein the total Sait concentration of the first feed water
is higher than that of the second feed water.

(3) ThHe pure water production method according to claim
2, wherein pressufe of the first feed water before boosting is
lower than pressure of the second feed water before boosting.

(4) The pure water production method according to any
claims of 1 to 3, wherein the first feed water and the second
feedWEterarecmncentratesfromiasemi—permeablemembraneunit
different from the semi-permeable membrane unit described
above.

(5) A pure water production apparatus comprising a
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semi-permeable membrane unit collectively treating a plurality
of kinds of feed water with different water qualities and
discharging permeate and concentrate, a first feed water line
‘which supplies a portion (referréd to as first feed water) of
the plurality of kinds of feed water to the semi-permeable
membrane unit, a second feed water line which supplies the rest
(referred to as second feed water} of the plurality of kinds
of feed water to the semi-permeable membrané unit, and an
iscbaric type energy recovery unit which recovers pressure
energy of concentrate discharged from the semi-permeable
membrane unit, wherein the iscbaric type energy recovery unit
isarrangedsoaustoboostthefirstfeedwatgrwiththereCovered
pressureenérgy,andtﬂﬁasecondfeedhmterlinecomprise551high
préséure pump boesting the seccond feed water.

(6) The pure water-producticn_apparatus according to
claim 5, wherein the first feed wateruline comprises another
semi—permeablenmmbraneLnﬂj:differentfromfﬁm&éemi—permeable
membrane unit described above so that the concentrate from the
another semi-permeable membrane unit is used as the first feed
Qater, or the second feed watef line comprisés-the another
semi-permeable membrane unit so that the concentrate from the
anothersemi—permeableﬁ@mbraneunitisnuﬁxiasthesecondfeed

water.
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