DESCRI PTI ON MULTI - STAGE SEAVWATER DESALI NATI ON APPARATUS AND OPERATI ON
CONTROL METHOD OF MULTI - STAGE SEAVWATER DESALI NATI ON 5APPARATUS TECHNI CAL

FI ELD [ 0001] The present invention relates to a nmulti-stage seawater
desal i nati on apparatus that can obtain high- 10 quality product water from
seawat er using a reverse osnosis nmethod, and an operation control method of
the multi-stage seawater desalination apparatus. BACKGROUND ART

15[ 0002] Conventi onal methods for obPREGRhGII®esh water from seawater

i nclude an evaporation nethod in which seawater is evaporated, and a
reverse osnosis nethod in which fresh water is obtained by filtering

seawat er throughrastittratiwarnenbranercatt@d e reverse ashashiSgARg ane

(RO 20 nenbrane) b gfpl ing pressure to the seawater, goncentrating t he
salt in the seawsfer? a%éTﬁg%d%?dﬁ%bTifﬁﬁ%ﬁﬁ.SEAWATERTQ#$%ﬁI¥ﬁTI%Merse

osnosi s et hod is energy efficient cp g;4 0 the evaporation method.
However, in the 25 reverse osnosis nethod, a careful pretreatnent .
(treatment with an "ultrafilter nmenbrane (UP nenbrane)” or a "mcrofilter

menbr ane ( ngggpe -4 0r renpving suspended natters in seawater, or raw
water) is Pgag§$ ogﬁﬁ%@ent the RO menmbrane from being clogged by
mi crobes andogieppsi t 130 4 fe S@anet efen@ch the Mel tenancg, and tihe dike is
expensi ve.
P seawater desalination apparatus that can obtain high-
10 quality product water from seawater using a reverse 0osmosis

method, and an operation control method of the multi-stage

seawater desalination apparatus.

BACKGROUND ART

15 [0002] Conventional methods for obtaining fresh water
from seawater include an evaporation method in which
seawater 1s evaporated, and a reverse osmosis method in
which fresh water is obtained by filtering seawater through
a filtration membrane called a reverse osmosis membrane (RO

20  membrane) by applying pressure to the seawater,
concentrating the salt in the seawater, and discarding
thereof,

The latter reverse osmosis method is energy efficient

compared to the evaporation method. However, in the

25 reverse osmosis method, a careful pretreatment (treatment
with an "ultrafilter membrane (UF membrane)" or a
"microfilter membrane (MF membrane)" for remeving suspendead
matters in seawater, or raw water) is required to prevent
the RO membrane from being clogged by microbes and deposits

30 in seawater, and the maintenance and the like is expensive.
[CC03) Tt is also difficult to obtain water guality as
good as that produced by the evaporation method. To obtain

highly purified water guality, a plurality of stages of



[0003] It is also difficult to obtain water quality as good as that produced
by the evaporation nethod. To obtain highly purified water quality, a
plurality of stages of reverse osnosis devices needs to be conbined.

Fig. 10 is a schematic of a multi-stage seawater desalination apparatus of
a conventional reverse osnosis nethod. 5As shown in Fig. 10, a conventi onal
mul ti-stage seawat er desalination apparatus 100 includes a hi gh-pressure
punp Pl thatevacseasescthe peesSses enodds ave Wt eforfiseawat er) 101 from which

suspended matters, are. renoved b retreatnent to, a predeterm ned high
pressure, a hi ghglio }:)35e%%u?es?%%lg?géco%%ro%ilguh%T%%agi%3S§%t?%cl udes a

hi gh- pr essusi@s £ BY€E 6 €00S8DSh 82 PRIDE ANE d03de £ 01 o concentd atd ngs.f, Sal t
content in high-pressure feed water 102 whose pressure is increased by the

hi gh- pressuretpp Pi, an internediate tank 110 that tenporarily stores

t her ei n cper neat e r. 15 104 th has sed. t hrough .t he hi gh-pressure
5 S
reverse osnosis ‘%Se\\?%(gwrloﬁn gl?'owf%’r e%s%(grg&%ﬁ%o trﬁglttjr et %‘é t he

pressure ofsé¢dies per neas et wat eon 1904p supphd et d rom @4 i efgpei ate tank 110
to a predeterm ned | ow pressure, and a | ow pressure reverse osnosi s device

106 that hd" @ PohE 2HPresdiice reverse SSsiost $rrEmiranef1o6y reter
concentrati pgea.sakt) Comt eptoh Nk PV pg@@&@e%q%&/@ggra S hase; p[#;\fssur e

is reduced by the | owpressure punp P2, and obtains product water (fresh
wat er) 107.PBelessienehie pr essuredé e tthindatlerqledh ot estmnk A 10idls- r et ur ned

to norngl, sure 25 is rel eased.. Wi the systemis stapped, pH of
t he pe@eat%’h &{’Aglgg% %ﬁejfsée a%‘?rﬁ%?le%,g%v%edd]ll[ﬁ% Q]ale Ja{die]djs(i(?%ga T 111,
t hereby prevesnddunge nevolial o Qe B mats i d Sees Nots Pataide Rocumang 2L

"Fukuoka District Waterworks Agency: Mechani sm of Seawater Desalination").
30Fi g. 10 i¥d SeHehRith ctbf kohcemm Tated vegeraosp ¥tomhare migepressur e

b iy s WL P
"Fukuoka Ditstrri cti0 that temporarily stores therein permeated water

15 104 that has passed through the high-pressure reverse
osmosis device 103, a low-pressure pump P, that reduces the
pressure of the permeated water 104 supplied from the
intermediate tank 110 to a predetermined low pressure, and
a low-pressure reverse osmosis device 106 that has a low-

20 pressure reverse osmosis membrane 106a for concentrating a
salt content in low-pressure feed water 105 whose pressure
is reduced by the low-pressure pump P;, and obtains product
water (fresh water) 107. Because the pressure in the
intermediate tank 110 is returned to normal, the pressure

25 is released. While the system is stopped, pH of the
permeated water 104 is adjusted, by adding a pH adjusting
agent 111, thereby preventing microbial contamination (see
Non~Patent Document 1 "Fukuoka Districlt Waterworks Agency:
Mechanism of Seawater BDesalination™).

30 fig. 10 is a schematic of concentrated water 103b from
the high-pressure reverse osmosis device 103, and
concentrated water 106k from the low-pressure reverse

osmosis device 106.



Wat er wor ks Agency: Mechani sm of Seawater Desalination” URL:http://ww.f-

sui ki.or.jp/seawater/facilities/mechanismphp 5 DI SCLOSURE OF | NVENTI ON
PROBLEM TO BE SOLVED BY THE | NVENTI ON [ 0005] Conventional ly, to combine the
plurality of stages of reverse osnpbsis devices, as shown in Fig. 10, the
operation is normally performed by placing the internediate 10 tank 110

bet ween the devi ces. However, because the internediate tank 110 is likely a
cause of m cPobial coffam hatéon, Dédengtt adj ust iwniguaigenti 41141 eeds to be

added constantly. At the start-up, the perneated water 104 to which the 15
pH adj ust i n@aﬁﬁg%?éiﬁlﬁg%nﬁﬂﬂéﬂeﬁ%%s@ o® be” T WA S SN § % probl em

because t heygonversi pn.tate- of the product water 107 is reduced as nuch as
the amount bei ng di scarded. __Another problemis that the product
water 107 cawhbt - 20- be/ sepptlied 51t hiet i gfmeciaign afhr he system start - up,

corresp ndi@g%ég(%é%déﬁc%\%ﬁp&gﬂ Accordingly, elimnation of the
an ma

i nternedi ate y be considered. When the plurality of stages is
conbi ned, thROBELN ToOnEenteRREDBYITHDE concErdN at ed wat er 25 106b at the
subsequent ﬁ@@%ﬁ(l owgr essure reverse osnosis device 106) is |ower than

the salt co at i orPRBt St P GhY pried stieP Feed Matt 202 tat 4he preceding
stage. Consgauent |¥; WeR. & ol 4l Al @0, 0Rer ati onjid),yhi ¢heie conceni rat ed
e of the

wat er 106b at the subsequent stage is returned 30 to the si eed
wat er at thebpr¥aicedt ngs stayeaisy peefiorres henbating driventrtaginondatt 4 he

e S DD S e VALPL D2 hecores. | v Ly ey, edueing he
intermediate tank 110 is likely a cause of microbial
contamination, the pH adjusting agent 111 needs to be added
constantly.

At the start-up, the permeated water 104 to which the
15  pH adijusting agent 111 is added needs to be discarded.
This is a problem, because the conversion rate of the
product water 107 is reduced as much as the amount being
discarded.
Another problem is that the product water 107 cannot
20 be supplied at the right timing of the system start-up,
corresponding to the discard.
[0006] Accordingly, elimination of the intermediate tank
110 may be considered. When the plurality of stages is
combined, the salt concentration of the concentrated water
25 106k at the subsequent stage (low-pressure reverse 0OsSmosis
device 106) is lower than the salt concentraticn of the
high-pressure feed water 102 at the preceding stage.
Conseqguently, when a circulation operation in which the
concentrated water 106b at the subsequent stage is returned
30 to the side of the feed water at the preceding stage is
performed, the salt concentration at the side of the high-
pressure feed water 102 becomes low, thereby reducing the

osmotic pressure, and reducing the operating pressure. As



a result, when the reverse osnosis devices are directly connected w t hout
interposing the internedi ate tank 110 therebetween, the pressure
fluctuations at the start-up is large, thereby preventing a stable start-up
operation. 5[0007]In a conbined systemin which the high-pressure RO
menbrane 103a with chlorine-resistance is provided at the precedi ng stage
and an RO nenbrane wi thout chlorine- resistance is provided at the
subsequent stageulit wseditmécnétet@ecaﬁmysoytd@hi@%inatéﬁmlﬁé%thp

recedi ng sta 10 when the concentrated water 106b at the su sequent
gtage isgreFﬁgﬂ%ﬂt?g WﬁEthHelEﬁetﬁﬁsh?%ht%?e%%h?%m?%%ﬁF%w&%ﬁ 19%%at the

precedi ng stageent0008L| nihsobated,i-sl ands. and; gesest @@'@@érﬁbf$natlon

seawat er desal i nati on apparatuses are to be installed, a 15 de
t echnol ogy tﬁé@ecahh@rabe93@@©myl@9Iar@@abh©umtarﬂ mpcmpﬁanwmmw (2000

t/day t a |red used .in chem cal plants
and ¥he ikggg ? y? t?h es%%?e?e% %%%mn% ?%qhh?e%lQ%f%ﬁﬁ% hf gher 20
quality andR(DetSémJSﬁehtﬁe COnB&Nli {15 UCh] aBi i €= Yot eAnw0Se Sabdigoncent ration
is equal to or less than 5 parts per mllion) than that of drinking water
(salt conceE@?a?F%ﬁe@%n%q%%?Q?cﬁ%ﬁ ?%s%ot%%%bQ%@eﬁ%%t%o$%rcﬁﬁ¢11Qﬁﬁ

[ 0009] Accor gpglyant {heoroyetse gomsis, grthod. 25 Lncluding aplural ity

of stages of RO nenbranes, a nultistage seawa ation apparat us
t hat can ob@afﬁlMBibrtQU@$rty @Stg@@hoasnahamnpademedqby:é&mn@vam@g@t|on

nethod, that can,_ revent crobial cont natlo i mnating the
i nt er medi at 8°% ﬁ R C%n?%gﬁr%%%%l%%t%%rfgﬁbs?%r é%ﬁfquent age 1is

returned to the side of the hlgh~pressure feed water 102 at
the preceding stage.
[00C8] In isolated islands and desert regions where
seawater desalination apparatuses are to be installed, a

15 desalination technology that can stably supply a large
amount of product water (2000 t/day to 5000 t/day) is
required.

The water used in chemical plants and the like built

in the desert regions may be required to have higher

20 guality and less salt content {such as pure water whose
salt concentration is egual to or less than 5 parts per
million) than that of drinking water (salt concentration is
equal to or less than 250 parts per million).
[0009] Accordingly, in the reverse osmosis method

25 including a plurality of stages of RC membranes, a multi-
stage seawater desalination apparatus that can obtain water
quality as good as that produced by the evaporation method,
that can prevent microbial contamination by eliminating the
intermediate tank, and that enables serial start-up and

30  cperation has been much demanded.
[0010] The present invention is made in view of the
above circumstances and intended to provide a multi-stage

seawater desalination apparatus in series that can obtain



30 operation has been much demanded. [0010] The present invention is nmade in
vi ew of the above circunstances and intended to provide a nmulti-stage
seawat er desal i nation apparatus in series that can obtain high-quality
product water from seawater using a reverse osnosis nmethod and an operation
control nethod of the nmulti-stage seawater desalination apparatus. 5 MEANS
FOR SCOLVI NG PROBLEM [ 0011] According to an aspect of the present invention,
a nmul ti-stabegbedguat &t ydesatiinat wenecapparat ssawactndesina hi ghvpressure
punp that is_mounted raw water lipe through which raw water is

suppl i ed, aﬁﬁm?ﬁ%Feﬂgggogrﬁggu?% TBCHETLRR CrRW watBFtEod a0 br et er ni ned

hi gh pressufelta-BbtghePEesSUterr QYEESEN Q8BS SpPevieesthat includes a

hi gh- pressure reverse osnosis nmenbrane for concentrating a salt content in

hi gh-pressure feed water whose pressure is increased by the high-pressure

punp; aEJir@EAﬁgag@Rvgéﬂ§I%§rggﬁé%ﬁﬁannunted on a perneated water |ine

t hrough whi ch perneated wa a s passed through the high-pressure

reverse osnb&dsldevi cecisrsippl tedzdosmstceant ang eoporarihvyestabhs the
perneated water.of an initial startup; a |ow pressure punp that is nounted
on the pern%aT%ﬁt?DSE%?%rS??%%t%¥o@?§%ﬁlﬂ%ﬁh%@r%%ﬁ@%ﬁtW%el$¢¥%@e%?a@n

val ve, and xegducese psessusenofchhie perapatedivat el 19, a,predeterm ned |ow

pressure; a | ow pressure teverse osnpsis device that iIncludes a
| ow pr essur & Feveh sehbelosis wendr ahe foppkbndemnatimg: easat tpcontent in

| \ ' duced by the |
U, SR A SeeBna O ArAVAl U8 { HArSIAL REDHIE bih P SCher et 11 on &

concentr at eglr vt ere si-clee ofe t hiend OV pEeSSLE e LY el 15eL SIDSI Sh dgvi ce, and
tenporarily discharges the | ow pressure feed water of the initial start-up
30 suppl i edPto°THe® DN PF &S st BT €Y SRR HRMfdsTQr devieentrating a salt

content in high-pressure feed water whose pressure is
increased by the high-pressure pump; a first drain valve

15 that is mounted on a permeated water line through which
permeated water that has passed through the high-pressure
reverse osmosis device is supplied downstream, and
temporarily drains the permeated water of an initial start-
up; a low-pressure pump that is mounted on the permeated

20 water line provided downstream of the first drain valve,
and reduces pressure of the permeated water to a
predetermined low pressure; a low-pressure reverse 0osSmosis
device that includes a low-pressure reverse 0smosis
membrane for concentrating a salt content in low-pressure

25 feed water whose pressure is reduced by the low-pressure
pump; and a second drain valve that is mcunted on a
discharge line on a concentrated water side of the low-
pressure reverse osmosis device, and temporarily discharges
the low-pressure feed water of the initial start-up

30 supplied to the low-pressure reverse osmosis device.
[001Z] Advantageously, the multi-stage seawater
desalination apparatus further includes a plurality of the

low-pressure reverse osmosis devices. The second drain



[0012] Advant ageously, the nmulti-stage seawater desalination apparatus
further includes a plurality of the | ow pressure reverse osnosis devices.
The second drain valve is mounted on the discharge line at the
concentrated water side of each of the | ow pressure reverse osnpsis
devices, and tenporarily discharges the |ow pressure feed water of the
initial start-up supplied to the | ow pressure 5 reverse osnosis devices.
[ 0013] Advantageeuskymnotheedubti t st agesskeanat et i desat | nat | orn appearat &8

further incluggs a,returned con_entraLed water line that returns the
concent r at ell®wWat ef * 7 ot t AaCT ofiF phBS suPB PEGEF $ES oSHBRT 8¢ devie®! fipst r eam

10[ 0014] Advaat agesyshya tBmpbea Ul i gsLagerseavet er ggsall nation-apparat us,
the high-pressure reverse osnosis device is a nmenbrane W th
chl ori ne-r e$#s¢aneé. L0018} Atedr di Ayt tep aherhki cdshecthof 1 thep pe esent

i nventi an, af | n thod of a nulti-stage 15 seawater
desalingiiO%Qg%ggéa%%§8§%gt&%§%% he multi-stage seawater desalination

apparatus dégtiBbed abhoventateansipjtilad shari-spagf the.audbti - stage

seawat er desal ipation apparatus, includes: a step of supplying raw water to
t he hi gh-pr %%%rén?E%%?sgpﬁiﬁ%E?% Hetteer aPGtepedia tehpdfa®dly 20 drai ning

permeat ed watgrehhalcbas,passed; LOrough the, Ph9hene concentrated water
from the low-pressure reverse osmosis device upstream.

10 [CC14] - Advantageously, in the multi-stage seawater
desalination apparatus, the highmpressﬁre reverse osmosis
device is a membrane with chlorine-resistance.

[0015] According to another aspect of the present
invention, an operation control method of a multi-stage

15 seawater desalination apparatus that uses the multi-stage
seawater desalination apparatus described above, at an
initial start-up of the multi-stage seawater desalination
apparatus, includes: a step of supplying raw water to the
high-pressure reverse osmosis device; a step of temporarily

20 draining permeated water that has passed through the high-
pressure reverse osmosis membrane of the high-pressure
reverse osmosis device through the first drain valve; a
step of supplying a whole amount of the permeated water to
a side of the low-pressure reverse osmosis device, while

25 c¢losing the first drain valve, when a pressure of the
permeated water has reached a pressure around an inlet
pressure of the low-pressure pump; a step of temporarily
draining low-pressure feed water of the initial start-up
supplied to the low-pressure reverse osmosis device through

30 the second drain valve; and a step of producing product
water by making the low-pressure feed water pass through
the low-pressure reverse osmosis membrane while closing the

second drain valve, and switching operation to a rated



pressure reverse osnosis nenbrane of the high-pressure reverse osnosis
device through the first drain valve; a step of supplying a whole anount of
the perneated water to a side of the | ow pressure reverse osnosis devi ce,
while 25 closing the first drain valve, when a pressure of the perneated
wat er has reached a pressure around an inlet pressure of the | ow pressure
punp; a step of tenporarily draining | owpressure feed water of the initial
start-up suppiiedet od¢dhel 1 ov: prresspEeattievier se osnosi s device through 30 the
roduct water by making the

second draigo¥£éve; q&d a step of fpdﬁcing

| ow pressur ¢ d nat’er PESE ¢ Hrough' thet PO pr eSS reverse Rstst's

menbr ane whihee gt 0sh NGt Nepseconsh diah - yal Yo L and, sW tghing. operation to a
rated seawater desalination operation. [0016] According to still” another

aspect of theapresenicinvemtiom wpoperat idmtomeoltimethod ofstage
mul i - stage, seval erdesal | nati on. apparatus,dhat; ses. dhe, mil -5t age

seawat er desal I nhatT oh apparatus Cri above, during a’s

oper ati on ofté&hel hight @f essare: @Y e S e: 10s MoSils- shevd cerof rdherqaul ti - st age
seawat er desal i nati on apparatus, includes: a step of supplying raw water to
whi ch chl orPHRCHES )95 6l Gidel TR Jhppti e 39 t AW PHe FRessirme WePT ever se

osnosi s devigce. Wit hout; fepding. &, reduci ng agent. f1om g, fllst, reduging, agent
supplying unit; a step of tenporarily draining om#pressure‘%eed wat er

i ncl udi ng acheducidg(@pents tdndrhl ¢ ugecord oy ditre Valgte;prafdarrd he
reduciQ% aggn@eigqugggsig ermeat ed wat er W%%h chlork?e 15 that has passed
t hr ough "t he" hi Ght pregagiie® raverse Bsrbel's Herbrahe of T e H g Btessur e
reverse osnbsis #leyicer fromaisecontht edush Ngi agentisupplyidiy dmit; a step
of switching operation to a nornmal operation, by adding a reducing agent
fromthe firSFPeEMuc NG EReRt S U IR e 974 Hea taw 200 Wetiery and

st oppi ng adpé&&@gﬁfeargm rggfe{gje agent. fromihe second r eadéJ&éMyfelgem

supplying unit, a pr m ned sterilization operationis ni shed,;
and a step vitdyproducgmniprioducidedt ey , pduymes ¢« hiaige opertat ion.dmwoiree rat ed
seawat qt; degal.] natd on, oper anl ol & ¢l g8 ng. Lhe second 25 drain valve.
membrane of the high-pressure reverse osmosis device from a
second reducing agent supplying unit; a step of switching
operation to a normal operation, by adding a reducing agent
from the first reducing agent supplying unit to the raw
20 water, and stopping addition of the reducing agent from the
second reducing agent supplying unit, after a predetermined
sterilization operation is finished; and a step of
producing product water, by switching operation to a rated
seawater desalination operation, while closing the second
25  drain valve,
[0017] Advantageously, in the operation control method
of a multi-stage seawater desalination apparatus,
concentrated water at a low pressure side is returned
upstream through a returned concentrated water line, after
30 the sterilization operation is finished.
[0018] According to still another aspect of the present
invention, an operatiocn control methed of a multi-stage

seawater desalination apparatus that uses the multi-stage



[ 0017] Advant ageously, in the operation control nethod of a multi-stage
seawat er desalination apparatus, concentrated water at a | ow pressure side
is returned upstreamthrough a returned concentrated water line, after 30
the sterilization operation is finished. [0018] According to still another
aspect of the present invention, an operation control nethod of a

mul ti-stage seawat er desalination apparatus that uses the nmulti-stage
seawat er desahwanti odcappanat Usn desg# I deds abover 1ok | #igoee St@itlhgadi on
operation of the higﬂigressure reverse osnpsis device of the nmulti-stage

seawat er deShffhatf Ppar &t as: OF net ues: Nadltipe 9t Suppt VEhEE raw wat er to

which 5 chl 9&hB&: & Chdvi se agdeledh s ont e hi ghybressi€: F eYeL $L;,08Psh s devi ce
wi t hout feeding a reducing agent froma first reduci ng agent supplying

unit; a stepPRiraeutralielngeperaeated watewrw ynehioriwet¢hato hesl passed
o gt o el GPLRECSLY by L YERE OSTORL SnITHEL A0S, oL LN AN RIfSL e 10

reverse osnbsi s devi hg a reducin ess an’ a
neutral i zatdeniequivvahent feow ag second ¢ Loy cidpgriagentn suppl yéing unit, and
t hen supplying rest of the reducing agent for neutralizing to |ow pressure
feed wat er, “HAFF L FedSer F ngtainl vk datibhi radtict? ot potehtd &l zideér eof 15

Wi th an oxigdathofr Lgdistdon, Pot edtiali MBters: a, 58 ep, ofc rtgﬂlte@g&g product

wat er by making the |ow pressure feed water pass throug OW- pressure
reverse osnsER-penbsane; randr ae stepoats preducimyg pf odueth it epréysure
esalination. 20 o erati after

Dhe cramd) L Ol P 8 L A el 2 RS A R S Re e S Lo 2o

the sterilization operatron’is

operation comrod metbhodl Ofaei ol ddustapeseavet e sesahd nadd o appar at us,
concentrated water at_a | ow pressure side is returned upstreamthrough a
returned coFEERt r R Wateruline i i s Wbl ¥ied i T¢atebntloperati on and

the rated opefidtiQf agent for neutralizing to low-pressure feed water,

while measuring an oxidation-reduction potential thereof

15  with an oxidation-reduction potential meter; a step of
producing product water by making the low-pressure feed
water pass through the low-pressure reverse o0smosis
membrane; and a step of producing product water by
switching coperation to a rated seawater desalination

20 operation, after the sterilization operation is finished.
[00192] Advantageously, in the operation control method
of a multi-stage seawater desalination apparatus,
concentrated water at a low pressure side is returned
upstream through a returned concentrated water line during

25 the sterilization operation and the rated operation.

EFFECT OF THE INVENTION

[GOZ0] With the present invention, 1in a reverse osmosis

method having a plurality of stages of RO membranes, it is
30 possible to obtain water guality as good as that is

produced by the evapcration method, prevent microbial

contamination occurred when the system is stopped by

eliminating the intermediate tank, and perform serial



EFFECT OF THE | NVENTI ON [ 0020] Wth the present invention, in a reverse
osnosi s nethod having a plurality of stages of RO nenbranes, it is 30
possible to obtain water quality as good as that is produced by the
evapor ati on net hod, prevent mcrobial contam nation occurred when the
systemis stopped by elimnating the internedi ate tank, and perform seri al
start-up and operation. BRI EF DESCRI PTI ON OF DRAW NGS [0021][Fig. 1] Fig. 1
i s a schematiterafua pobt bpstageob.seawat er desal i nati on apparat us accordi ng
to a first enbodinent. [Fig. 2] Fig. 2 is a process chart of the

mul ti-stage seawat er desalination apparatus according to the first

enbodi ment . pROEF grs8Akrpliton 8A baaganeperational schematic of the
mul ti - stage seawat er desallnatlon apparatus according to the first

enbodi ment 4P08tép 2. [FigpFily. BBp.Figis3s Sshamabperafl@nmtlschgh@gec of
th | t 15 the fi t
Che ity staug,sesvatet eseh pa g, soper alus avearging o, Ip the T1rst

of the nultembbageeseamater desal i nati on apparatus according to the first
enbodi nent ?h Ste P E % Fig. 4 is a schematic of a nulti-stage
seawat er éSal Fhat Fof - aﬁpé a?ugraﬁﬁ%?dFﬁ@r¥005 sbeond: BabdlRrgeNnt. [Fig.

5] Fig. 5 '§e§w§@@§”§éb§l@£a€JHHl5%E§£§9§55§§$@£§£n89§§|fﬂ@tEQPsépparatus

according to a third enbodi nent Fig. 6A"is an operati onal
schemati ¢ ofPhéimanti - stage seawater desalination apparatus according to

10 [Fig. 3A] Fig. 3A is an operational schematic of the
multi-stage seawater desalination apparatus according to
the first embodiment at Step 2.
[Fig. 3B] Ffig. 3B is an operational schematic of the
multi-stage seawater desalination apparatus according to
15  the first embodiment at Steps 3 and 4.
[Fig. 3C] Fig. 3C is an operational schematic of the
multi-stage seawater desalination apparatus according to
the first embodiment at Step 5.
[fig. 4] Fig. 4 is a schematic of a multi-stage seawater
20 desalination apparatus according to a second embodiment.
[Fig. 5] Fig. 5 is a schematic of a multi-stage seawater
desalination apparatus according teo a third embodiment.
[Fig. 6A] IFig. 6A is an ocoperational schematic of the
muiti-stage seawater desalination apparatus acceording to
25 the third embodiment at Steps 1 and 2.
[Fig. 6B] Fig. 6B is an operational schematic of the
multi-stage seawater desalination apparatus according to
the third embodiment at Step 3.
{Fig. 7] Fig. 7 is a schematic of a multi-stage scawater
30 desalination apparatus according to a fourth embodiment.
[Fig. B8] Fig. 8§ is an illustration of variation of
oxidation-reduction potential (ORP} when a reducing agent

(SBS) 1is added.



25 the third enbodiment at Steps 1 and 2. [Fig. 6B] Fig. 6Bis an
operational schematic of the multi-stage seawater desalination apparatus
according to the third embodinent at Step 3. [Fig. 7] Fig. 7 is a schematic
of a nmulti-stage seawater 30 desalination apparatus according to a fourth
enbodinment. [Fig. 8 Fig. 8 is an illustration of variation of
oxidation-reduction potential (ORP) when a reducing agent (SBS) is added.
[Fig. 9] Figrig. i Ja gchemitiie af sahAmbticsbage ﬁeamatstagesabhmatb@n

appar at us accor to a fifth enbodi nent. [Fig. 0% ..10 is a schematic
of a milti-&f géﬁﬁPePPBQ§EFPﬁa?FSHrgbﬁﬁrEPué aé de?Hﬁogémﬁnt

convent i onal ngarrmb@ BEST MODE(LS) ECR-GARRYI NG Q‘Jf{uIHE—E g&”‘s%a

[0022]Exenp|ary enbodi ments of the present invention wl descri ed in
det ai | mnthdﬁéﬁéﬁéﬁééOﬂoapﬁéraééénpaﬁyrdgndrémnagsonkmeWQnaltheappésent
invention is 10 not limted by the enmbodi ments. Constituting el ements in
the enbodi nents include elenents that can be easily conceived by those
skilled in BE@TaMDDEms)ekeneunaRbeNn?osmbFHantNHENylbhe fanedas thSS

el enent s. I.r Enbodi ment] 15[ 0023] A nulti-stage seawat er desalination
appar at us acd 98§éﬂng t OX§TPLASY eMbediReRtSoPLt RBEpPPESERET | HYBART BANI s

descri bed wigt hirghenenee;itoqt g B%QQHEaQXLﬁgrQEé¥@H8§ to the HO. 11isa
schematic of the nmulti-stage seawater desalination apparatus according to

the first eabedirpenying0Asashown.i nHbFivgvel, thésprubéntsiagenseanater

10 not limited by the embodiments. Constituting elements in
the embodiments include elements that can be easily
conceived by those skilled in the art, or elements being
substantially the same as those elements.

[First Embodiment]

15 [0023] A muiti-stage seawater desalination apparatus
according to a first embodiment of the present invention is
described with reference to the accompanying drawings.

Fig. 1 is a schematic of the multi-stage seawater
desalination apparatus according to the first embodiment.

20 As shown in Fig. 1, this multi—stage seawater
desalination apparatus 10A according to the present
embodiment includes a high-pressure pump P, that increases
the pressure of raw water 11 to a predetermined high
pressure and is mounted on a raw water line L; through

25 which raw water (such as seawater) 11 is supplied, a high-
pressure reverse osmosis device 13 that includes a high-
pressure reverse osmosis membrane (high-pressure RO
membrane) 13a for concentrating a salt content in high-
pressure feed water 12 whose pressure is increased by the

30 high-pressure pump P;, a first drain valve 21 that
Lemporarily drains permeated water 14 of the initial start-
up through a discharge line Lg and is mounted on a

permeated walter line L, through which the permeated water
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desal i nati on apparatus 10A according to the present enbodi nent includes a
hi gh- pressure punp Pl that increases the pressure of raw water 11 to a
predet erm ned high pressure and is nounted on a raw water line LI through
25 which raw water (such as seawater) 11 is supplied, a high-pressure
reverse osnosis device 13 that includes a high-pressure reverse osnosis
menbr ane (hi gh-pressure RO nenbrane) 13a for concentrating a salt content
i n high-predgucbatebdswatesct2tihosehpressutehi-prineneasedvysthe 30

hi gh- pressure ung 51,,a first drain valve 21 that tenporarily drains

per meat ed MBP@BS FYEHE itni tPaFUBPArEHP PHIBLEGR2E  df sEAUTGESFPRESL6 and

is nmounted gamg Perimat etbates |ide, s dihrough whi ch. the,pes I}Fﬁé&d wat er
ev

14 that has passed through the high-pressure reverse osnosis ice 13 is
suppl i ed dowhstrBaffleaerpwnpressur prpaaprP2anfiat sredusesdt he pressure of

t he per neat 1 a det erm.ne o] ressure is mounted on a
5 pefmgedg%ﬁ%g%ﬁnéaE%rpﬁ‘g@?dgﬂ fowns erclleaelnv%)"g SE%%aI?iC?g?t}b%a&r‘;r | ve 21,

a | ow pressdreineveise 0s$posi $odeyireeslbet hatchas ashow: pressure [gverse
osnosi s nmenbr ane é|0m# ressure RO nmenbrane) 16a for concentrating a salt
content in FO&FphesSsir eCFeBYCRALER 15VGhSSeCpresstr BePRTfRAUELEYDY 10 t he

Iow+pressurﬁregganZRoaﬂgmgr§se9n969r9bg5¥g¢¥§ﬁgza£bﬁ§a%egg9£a&bﬁyent

di scharges the | ow pressure feed water e init start-up Supplied
to the | ow pressurereegerselosrosesedeVl cehdfe apdessumeuns ededncaddbgchar ge

e L dbe songenliatedinter, oL de, of Uhelowaressue reverse 15

osnosi S devicé

carried'outtbmpushﬁglgndub&haibégethéEDb%aﬁﬁeé£Er@éﬁbé§nﬁéte§ nscgefilter
menbrane ([']F nmepbrane), or the like, that renoves suspended matters in
seawat er, sFiflafifdatnat20tcBRvERPPonal hanhef. low-PrepsEry. ravethe

reference nugmoal s 130y degotes,coneentyatedaval ex f1omLpe: i ghsprgssire

reverse osnosis device 13, the reference nunera es concen

wat er fromthe toncpresauee weverseidsnosi shdevowepibssand 2&véheer ef erence
nuner al, .18 denot es switch_valve that switches the flow path of product
vat er 17a havifg a @%Yﬁ%eegﬁal to or less than a defined value and is

mounted on a prodyctiveterchéNeakVwater 11, the pretreatment may be
carried out by using an ultrafilter membrane (UF membrane),
a microfilter membrane (MF membrane), or the like, that
removes suspended matters in seawater, similar to the
20 conventional manner.

In Fig. 1, the reference numeral 13b denotes
concentrated water from the high-pressure reverse osmosis
device 13, the reference numeral 16b denotes concentrated
water from the low-pressure reverse osmosis device 16, and

25 the reference numeral 18 denotes a switch valve that
switches the flow path of product water 17a having a value
equal to or less than a defined value and is mounted on a
product water line L.

In the present embodiment, a three-way valve is used

30 for the first and the second drain valves 21 and 22.
However, the present invention is not limited thereto.
(0024} To start the system by using the multi-stage

seawalter desalination apparatus 10A, the system is started
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In the present enbodinent, a three-way valve is used 30 for the first and
the second drain valves 21 and 22. However, the present invention is not
limted thereto. [0024] To start the system by using the nmulti-stage
seawat er desal i nati on apparatus 10A, the systemis started by the
followi ng procedure. Fig. 2 is the process chart. <Step 1> At Step
1, at the initial start-up of the system the raw water 11 is supplied to
t he hi gh-pregsthe botétweise pstnostsrdevice 13 through the hi gh-pressure
pump P1 (S-1). Aﬁ,thi time, the concentrated water 13b is discharged
out si de t hrough l@onéeﬁ?rﬁ?%dpﬁﬁ?%?slFH%IE: <Step 2> At Step 2, the

pernmeat ed water 14:tpat-hagepassgd;thypughet hgi pigh- pressure feverse
osnosi s nenbrane 10 13a of the high-pressure reverse osnosi's device 13 is

tenporaril ySiParhed-heomrvheatiescharge sipeliedt heough hhenfpretsdrain
valve 2L (S 2ioP98 Eupod8) P AP Er PR DEBLRO S oL e

per meat ed wat er passéed roug r
reached the(pressurptatniundtihe, i bhetcpressurerof ket ovspressure punp P2,
t he whol e ampunt of the gerneated wat er 14 having a predeterm ned pressure

i s suppliedt8CEABIEHdeUBFL Rt M EWLBP ed stPRCPRYEE 504 0%HBRT sl Hewike 16

t hrough the | ow ure p ile closing 20the fir draj n_val ve 21
(S-3: see Fig. 3§§§§§ 25 ggf%§§:3¥§%?$e%@ﬁTe$E% |%%E%¥e§iu$%a¢e Y wat er
15 of the iphtsal shastghptseppldiedotOsthec | oy Pr €8 SHERo § BY GR&EL OSADSI S

device 16 is_tenporarily drained through the second drain valve 22 (3-4:
see Fi ¢U 35}3228&stRp BROArPReepuEe HRenRT $heCpResshr @2 6Fce hed | b

temporarily drained from the discharge line Lg through the
first drain valve 21 (S-2: see Fig. 3A).

<Step 3> At Step 3, when the pressure of the
permeated water 14 that passed through the first drain

15  wvalve 21 has reached the pressure around the inlet pressure
of the low-pressure pump P», the whole amount of the
permeated water 14 having a predetermined pressure is
supplied to the side of the low-pressure reverse osmosis
device 16 through the low-pressure pump P, while closing

20 the first drain valve 21 (3-3: see Fig. 3B).

<Step 4> At Step 4, the low-pressure feed water 15 of
the initial start-up supplied to the low-pressure reverse
osmesis device 16 is temporarily drained through the second
drain valve 22 (S-4: see Fig. 3B).

25 <Step 5> At Step 5, when the pressure of the low-
pressure feed water 15 has reached a predetermined permeate
pressure of the low-pressure RO membrane 16a of the low-
pressure reverse osmosis device 16, the low-pressure feed
water 15 is passed through the low-pressure reverse osmosis

30 membrane l6a, while closing the second drain valve 22. By
switching operation Lo the rated seawater desalination
operation, product water 17 is produced (S-5: see Fig. 3C).

[0025] In this manner, when the plurality of stages

12



pressure feed water 15 has reached a predeterm ned perneate pressure of the
| ow- pressure RO nenbrane 16a of the | ow pressure reverse osnosis device 16,
the | ow pressure feed water 15 is passed through the | ow pressure reverse
osnosi s 30 nenbrane 16a, while closing the second drain valve 22. By

swi tching operation to the rated seawater desalination operation, product
water 17 is produced (S-5: see Fig. 3C). [0025]1In this manner, when the
plurality of(tsbagesge (hwohet agesentt habprésent)enbodoneat) cef 1RO device is
connected directl ,d;ge pe{neateg water 14 is drained thrgu%h the first
drain val ve “2T7CGhE WA T ECUNYr | “t'RePFrBESHRE BRLERe! peredfed Rat er 14

reaches a pekedet.ghm-ned 5 -pregsunig ahitBesinl gtappessurenot 1t hge
| ow- pressure punp P2. Wien it is confirmed fhat the pressure of the

per meat ed watéesidehad teachedmehéepressareldr vandheheai phedepeensued of

the | owpre I P2, th ol.e unt of . the,lowpressure feed _water
15 is sdﬁpl?ggsggggﬂgtsﬁgg 5 1%Eepfg§g8f8 Bgegéﬁréowé gﬁgéugg 28 Fevi ce
16, while clashngtt he tbnst rdedi nhyal vAe2pressure dhechew-prassuee feed
water 15 of the initial start-up supplied to the |OMF£F6$SUFE reverse

osmosi s devieéé®16 s "PReR EENFOr APFI §TBPEPRE2EREBEgR" EhenSBEORA=APAFA
val ve 22, 1§fa@QeW@bh3pH@EbhrEh?u§EZ§?Pr@h@fwﬁ$¥%|éH$&H@S§Pr@héeﬁgﬁMater 15

reaches the perneate pressure o ow pressure RO nmenbrane 16a of the
| ow pressur preeversefosnosiscdevbceslbupplied Whehhit sigeconf Ehaedlowhat t he

f_the_l feed.water .15 hed t [ te 20
br cosur & of PRGN, preeeliPooRE RO BT S6ACor “LhGSI OV Br BISULE. FEbBF se

osnosi s deviieeidbyathe bow pressure feed water 15 is passed through the
| ow- pressure reverse_osnosi s nenbrane 16a, while closing the second drain
val ve 22. By swi tERi n§ opsrafirsR £6otheatared sehwaber tdesapilnatrsh-28

operation, the,ptaduet, waLer 17,i-§.p;0duced smbSEOr dLOgLY, 1gven 1 f the

i ; i 3, ° B,
conventional Thternediate tank s not |nstaFFea, I't IS possible to prevent
t he pressurénthuttmabirenslat drhénedi thabughatheupgcand cdoasthantllyep2ff orm

SLart up, operatanin g 2taple mpner SOfSepond Enpod rent) L002C1FL- 4
15 reaches the permeate pressure of the low-pressure RO
memprane 16a cf the low-pressure reverse osmosis device 16.

When it is confirmed that the pressure of the low-
pressure feed water 15 has reached near the permeate

20  pressure of the low-pressure RO membrane 16a of the low-
pressure reverse osmosis device 16, the low-pressure feed
water 15 1s passed through the low-pressure reverse osmosis
membrane léa, while closing the second drain valve 22. By
switching operation to the rated secawater desalination

25 operation, the product water 17 is produced.

Accordingly, even if the conventicnal intermediate
tank is not installed, it is possible to prevent the
pressure fluctuations at the initial start-up, and
constantly perform start-up operation in a stable manner.

30 [Second Embodiment]

[0C26] Fig. 4 is a schematic of a multi-stage seawater
desalination apparatus according to a second embodiment.

The same reference numerals are given to the same elements
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desal i nati on apparatus according to a second enbodi nrent. The sane reference
nunerals are given to the sane elenents as those in the nulti-stage
seawat er desalination apparatus in Fig. 1, and their repeated descriptions
will be omtted. As shown in Fig. 4, this multi-stage seawater
desal i nati on apparatus 10B according to the present 5 enbodi nent returns
the concentrated water 16b concentrated by the | ow pressure reverse 0osnosi s
devi ce 16 i mst heossl instagenseawatergdesakivhaki-odeappanatusnl@ppacgondi ng

to the first, enbodiqent to hhe raw water line Li through_ a returned
concent r at ed™wat-8r Frné e ¢0AcEBPARRGYICpFEHREE ChAt Bl EaRe bembbEafined

again by reconcentr ahing those,di gcarded asithescopcentrated water, thereby
reduci ng the amount of discardéd concentrated waterf and I ncreasing the

anount of predactnwaten. appe2ZLTe $0ar ncthedsygt em byeusiagethe nul ti-stage
15 poavaier esgl Lok 00,00 ghuscldeol Do, piclem L S kAt By e,

fol |l ow ng procedure. tep 1

t he system biyheheawWowapeesthreSrsuppkbedshost BedbigbeplesSsHr ehEexer se-
osnosi s device 13 through the high-pressure punp Pl. 20 At this tine, the
concent r at ed “#8€efe23BTFE dPgehargedobueBPaeathFolgh tReckohRtentrated wat er

line L4. Because the-REgssure ofthe con r at t éﬁg i.s high, the
energy is collected gy drivina a turB?neggeE<§%§% ggtiF?tex)%, t he
per neat ed waeérri4ct hatichasrabepassedrt hinaghs £ he hi gh-pressure reverse

osnDSi nbrane_13a qof the high-pressure reverse osnosi s device 13 is
tenpor:%@?y drai%gaofgéﬂg ke nggﬁgfgaa Fhe“t8 @ﬁngbﬁlFﬁg FERSE Q¥ ain
val ve 21. <BtepndanAtaBiep Bhowbend:therpeassyr enef cbhees0rpeLARAL £4, Wat er
14 has reached the pressure around the inlet pressure of the | ow pressure

punp P2, th&h@RBPE aRBUALNST “PReaPeribapédihacerdad fensepprakddteathe side
of the | ow phaSSUEECLEYRLSEnQSIMSLAL UEY! 58401 N, QUaD the Tow

[0027] To start the system by using the multi-stage
15  seawater desalination apparatus 10B, the system is started
by the following procedure.
<Step 1> At Step 1, at the initial start-up of the
system, the raw water 11 is supplied to the high-pressure
reverse osmosis device 13 through the high-pressure pump P;.
20 At this time, the concentrated water 13b is discharged
outside through the concentrated water line L,;. Because
the pressure of the concentrated water 13b is high, the
energy is collected by driving a turbine T.
<Step Z> At Step 2, the permeated water 14 that has
25 passed through the high-pressure reverse osmosis membrane
13a of the high-pressure reverse osmosis device 13 is
temporarily drained from the discharge line Lg through the
first drain valve 21.
<Step 3> At Step 3, when the pressure of the
30  permeated water 14 has reached the pressure around the
inlet pressure of the low-pressure pump P, the whole
amount of the permeated water 14 is supplied to the side of

the low-pressure reverse osmosis device 16 through the low-

14



pressure punp P8, while closing the first drain valve 21. <Step 4> At
Step 4, the lowpressure feed water 15 of the initial start-up supplied to
the | ow pressure reverse osnosis device 16 is tenporarily drained through

t he second 5 drain valve 22. <Step 5> At Step 5, when the pressure of
the | ow pressure feed water 15 has reached the perneate pressure of the

| ow- pressure RO nenbrane 16a of the | ow pressure reverse osnosis device 16,
t he | ow pressarseuf-eegumat 85, 1k 10 i sl gaissed Hehriought tdes drowqiraes sur.e

reverse 0osnosi s nbrane 16a, while closi t he second_drain valve 22. By
swi t chi ng operat?gﬁePo4fhe Fa?EﬁpsgaméPErE%@§8F?ﬁ%??%nf%%§r%fF%ﬁ,1?h%f

product Wﬁt@helznﬂﬁiﬁﬂogﬁﬁgﬁmﬁ§tQﬁpﬁfiéﬁ_§&99h@11§&Lﬁ£e§s@£§d§é€é9§@ed
rated 15 concentrlatlon.operat |‘on | S carrl‘ ed out in the | ow pressure reverse
osnosi s deviPEBCE6S flRELEBNEENt Fatedraatetl16Brasnedt hnedohothheseamaat er

line L1 & hr 1t tyrned concentrated water |line L8, as returned
concentr%tegyggpepgigg a%fle adjusting a flowmeter FC and a swi tching val ve

25. 20[ 0028] Accordiagl §> brtapsept he enacenheabedsvarercf stnoet 16iaply
returned as the returned concentrated water 26, the concentrated water 16b
can be retuPh8dto®t hE®Si datof thelraw WAFRPA 11N roATRAREE oW PFeYsEr el

reverse osnpgksidgubeesifrat rbhfenybsgguenl Skagg. opsgpuently, it is 25

possible to prevent” the reduction of the operating pressure, due to the
reduced osnBeverpeessureis[0029tW ih, t heef iestpaadsthe Seedndaeabolld ment s,
ood as that is produced by the

cvapor B on FeTRGEE ahil CREGuEHS  HE" 367 AL P ot ST T ank R Bl 1A Aar el 11
i s possibleltes, skgniéi canslycr educeembenoblalncontagi pati 0By §J0ieding
EnbOdlnent]operation to the rated seawater desalination operation, the
product water 17 is produced
<Step 6> At Step 6, after a predetermined rated
15 concentration operaticn is carried out in the low-pressure
reverse osmesis device 16, the concentrated water 16b is
returned to the raw water line I, through the returned
concentrated water line Ly, as returned concentrated water
26, while adjusting a flowmeter FC and a switching valve 25.
20 [0028] Accordingly, because the concentrated water is
not simply returned as the returned concentrated water 26,
the concentrated water 16b can be returned to the side of
the raw water 11 from the low-pressure reverse osmosis
device 16 at the subsequent stage. Consequently, it is
2b possible to prevent the reduction of the operating pressure,
due to the reduced ocsmoitic pressure.
[0029] With the first and the second embodiments, it is
possible to provide water quality as good as that is
produced by the evapcration methed, and because the
30  intermediate tank is eliminated, it is possible to
significantly reduce microbial contamination.

[Third Embodiment]

[0030] Fig. 5 is a schematic of a multi-stage seawater

15



[0030]Fig. 5 is a schematic of a nulti-stage seawater desalination
apparatus according to a third enbodi nent. The sane reference nunerals are
given to the sanme el enents as those in the nulti-stage seawat er
desal i nati on apparatuses in Figs. 1 and 4, and their repeated 5
descriptions wll be omtted. As shown in Fig. 5, this multi-stage
seawat er desalination apparatus 100 according to the present enbodi nent

di sposes theebaghnpressupppROameRbranerd3agwtbhachhordnembesistance in the
high-pressu&ﬁgreverse snosi s 10 devhce 13, and dij sposes the | ow pressure

RO menbr ane * 18a #"thobit *CRFGFi ABTFES] §t§ﬁ€e9FﬁEPhEOIBﬂﬁp?%@%u?%e?%%%?se

osnosi s devihgetrhBsel Ant hﬁemhuus&@gg eSeawak et -dgsaki paki opnapparatus 10B
according to the second enbodi nent fter a predeterm ned period of

operation, ag@RrROASEF anrEdaeing isda@en@HQZthﬁar nepeebdizes the chlorine
in the raw gggl%%éb Fs%gggeg% gﬁgt§égrlllzat|on is carried out for a
y

predeternln per usrng the chlorine in the raw water.
Accordi ngly, highsqueabivhyipredyct syaterscanlbe-obtgenedakatarstabl e nanner.
20l n the preseg&ﬁenbodlnent a cellul ose acetate nenbrane is used as the

hi gh- pr essuP&SRO hekbPanaPR3A2WE hl BRI BFFRAESHBE| EPaRle. PREPBIyani de

nmenbr ane lsemgsglﬁénkhglgg$@gge§ﬁgrﬁlgﬁlgEgggéﬁé e LML 135 with

chl ori ne-resi stance shown in , during a norna operati on,
25 the redu@hhgrag@ntesisLénsappn|EHEtblghepramsua@ereVeneeFasmmsn$a first

d t _31- t h In t
he T odue ngL3eRt Tab FR0not PeRpat ) sat b ERE bR Ror Rea B G of U no L2

froma secondtheductnloagestr30isupptyi ng thet1Sdt-Bressure SBRABY be used
as the reduci ng agent 32. However, the gresent invention is not limted
thereto. AtCPRESini EPAECBpePatiBntREnBuober aEFGR Feouphpt edeasl vkl e r st

enbodi nent, ,apd. L Pgsr abgd0pstat LN ks DET DY-CORt LAUE i ment .  After a

predetermined period of operation, addition of a reducing

15 agent 32 that neutralizes the chlorine in the raw water 11
is stopped, and sterilization is carried out for a
predetermined period of time, by using the chlorine in the
raw water. Accordingly, high-quality product water can be
ocbtained in a stable manner.

20 In the present embodiment, a cellulose acetate
membrane is used as the high-pressure RO membrane 13a with
chlorine-resistance. A polyamide membrane is used as the
low-pressure RO membrane 16a without chlorine-resistance.
[0031)] As shown in Fig. 5, during a normal operation,

25 the reducing agent 32 is supplied to the raw water line I
from a first reducing agent supplying unit 31-1, to
neutralize chlorine.

In this case, the reducing agent 32 is not supplied to
the permeated water line L, from a second reducing agent

30 supplying unit 31-2.

SBS may be used as the reducing agent 32. However,
the present invention is not limited thereto.

At the initial operation, the operation is started as
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[0032] A first sterilization operation node to carry out sterilization
treatnment will now be explained. 5Figs. 6A and 6B are the sterilization
operation node (first node). As shown in Fig. 6A at Step 1, raw
water Ilci to which chlorine (C) is added, is supplied to the

hi gh- pressure reverse osnosis device 13, without feeding the 10 reducing
agent 32 fromthe first reducing agent supplying unit 31-1 (Step 1).

At Step 2, peentaretl wabediddel, wendh Théoranedt tla¢ rdasopassede iy ough t he
hi gh- pressure_reverse osnosis nmenbrane 13a of the high-pressure reverse
osmosi s devi ¢l i§UF§'15 neutral i zed by adding the reduci ng agent (SBS) 32

fromthe secopdoreducing: agent-syppl yh NoNbbe Bdt 2on TheaPerdedd €6, Water 14
is then passed through the | ow pressure RD nmenbrane 16a of the | ow pressure

reverse osnbsF5ldegreecn6t rapEnew P bbsupe PectmbrBredbsEs with the
Louct 0 2genl JPASED) q8%ahg EETROLALKLYSCLAL 0eg L IEuah e Seapnd TraL”

val ve 22 (Step 2 tep OW pressure feed wa s I'nct udes
t he reduci ngfagentmedetordi ngly, the | ow pressure feed water 15slls is

st opped fronlbein% returned to thﬁ%side of the raw water 11 through the
returned 25 concent PatBd watetoti W 128, ShSP shi t R ntft e Shitt ERi ng val ve

25. Thi's isyhOcRreNeptifbe ceducs ngiagent i1 ombel 89 sypphd g yiothe raw
water, and interfering wth the sterilization operation. As shown in Fig.
613, at Stepr8sSaffefcacpredesodpd nedeBocst &fi | vizkhdon Tscbeing loper at ed,

the re in 32 1S, adde aw water 1101 fromthe fijrst
reduciﬂgpagg%?ggg%%légggtuggtgg%?i%ﬁgn%l¥%% %%%?%%% %ﬁe?$m§¥2§&%ﬁ%% agent
32 from t heusecoht-t edsicepmgl pgent supplying unit 31-2 is stopped, thereby

sw tching operation to a_nornmal operation (Step 3). At Step 4, while
closing the secofd ﬁ?%?nzva?%%m%ﬁﬁe@h%aﬁﬁﬁdh%®~Wﬁ%@rci?OFénﬁrBHageH?Sby
Z\)M_tchl NG OPLEaLHoMmEQuan thee Nl od seavat el desalidatiffs 0P&rah) oL St ep
13a of the high-pressure reverse osmcosis device 13 is
15 neutralized by adding the reducing agent (SBS) 32 from the
second reducing agent supplying unit 31~2. The permeated
water 14 is then passed through the low-pressure RO
membrane l6a of the low-pressure reverse osmosis device 16,
and low-pressure feed water 15g3s with the reducing agent
20 (SBS) 32 is temporarily drained through the second drain
valve 22 (Step 2}. At Step 2, the low-pressure feed water
15gps includes the reducing agent. Accordingly, the low-
pressure feed water 15gs 1s stopped from being returned to
the side of the raw water 11 through the returned
25 concentrated water line Lg, by switching the switching
valve 25. This is to prevent the reducing agent from being
supplied to the raw water, and interfering with the
sterilization operation.
As shown in Fig. 6B, at Step 3, after a predetermined
30  sterilization is being operated, the reducing agent 32 is
added to the raw water 1lg from the first reducing agent
supplying unit 31-1, and the addition of the reducing agent

32 from the second reducing agent supplying unit 31-2 is

17



The | ow pressure reverse osnosis device 16 is interposed between

oxi dati on-reduction potential (ORP) neters 41-1 and 41-2, and the

oxi dation-reduction potential of the |low pressure feed water 15 i s neasured
t hereby. 10The period of tinme for the sterilization treatnent may be

nodi fied suitably according to the equi pnent and the operation | oad. As an
exanpl e, after six hours to ten hours of operation, chlorination
sterilizati etoppedar khedebyt skotchboyt cparhoisn 15Akt esrhhe speriatization
is conplete% %he gﬁncentrated water at the | ow pressure side is returned
upstrean1thr8 gh é returned concentrated water line LB as the returned

concentrated watge 26epl B, t Dh1HBANEE nhYLEBI OLLHALI @Rasteriiizing every
time 20 the apparatus 1s operated for a predeterm ned period of tinme, it is

possi bl e t ot8EePrPHzEtt Hataenbi ahesprafddced, conssaht ¢lyipy odpeeati@anto
D1t B eRUEL A 0 Bla DLONEL L a2 S8T LBLP.L ug! (Of gupl L1y, [Fourth

Enbodi nent ] Frg. I's a schenmatic of~a nult Seawat er
desal i nati on appahat Uswapeerding tovarfteusthoenmbodeéwens . 1dhessanme reference

nuneral s are Eiven tﬁ the sane elenents as those in the multi-stage

seawat er desBFPHEPPBA BPPAF&F us* 1A F g7 ~5STanE PheP?t ¢Rbeat etCR5Cri pti ons
will be om htedrs30F 0034} dhe1 psesgnt @H@ngﬂ§§E16§—Peé§8@PQn?%ﬁ%%ﬂ#f@i'On

operation node to carry out sterilization treatnent. F s the
sterilizati®h bperaevonrapder¢séeondvabde) 15 Ass sheawuied Filgerdoythi s
nulti-%kﬁge Seam@ﬁgrperiod of time for the sterilization treatment may
be modified suitably according to the egquipment and the
operation load. As an example, after six hours to ten
hours of operation, chlorination sterilirzation is carried
out for about an hour.

15 After the sterilization is complete, the concentrated
water at the low-pressure side is returned upstream through
the returned ccncentrated water line Lg as the returned
concentrated water 26.

In this manner, by chleorination sterilizing every time

20 the apparatus is operated for a predetermined period of
time, it is possible to sterilize the membranes, and to
constantly produce clean product water equal to or higher
than a certain level of quality.

[Fourth &Imbodiment]

25 [COR3] Fig. 7 is a schematic cf a multi-stage seawater
desalination apparatus according to a fourth embodiment.
The same reference numerals are given to the same elements
as those in the multi-stage seawater desalination apparatus
in Fig. 5, and their repeated descriptions will be omitted.

30 (G024 The present embodiment is a second sterilization
operation mode to carry out sterilization treatment.

Fig. 7 is the sterilization cperation mode (second

mode) . As shown in Fig. 7, this multi-stage seawater
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desal i nati on apparatus 10D according to the present enbodi nent operates the
oxi dati on-reduction potential (ORP) neter in the multi-stage seawater
desal i nati on apparatus 100 according to the third enbodi nent, and produces
product 5 water also during the sterilization treatnent. As shown in Fig.

7, the follow ng steps are executed during the sterilization operation of
the high-pressure reverse osnosis device of the nmulti-stage seawater

desal i nat i odeappanatusn 2pAarStep 10Dt hecoawimateo the pe=wbiheh chlorine
(d) is added is,sugglied to the hi%g-pressure reverse osnosi s device 13,

wi t hout feeGPRGIERE FedREFAGCagERE 3P1FRbAPERESRRFEL OP cHUEPRE agehPRE)

suppl yi ng um&&e§11$_@@geﬁuixi-ékagéegegwa£@§ heduei NGy 3YENL L SBH ;32 | ess
than the 15 neutralization equivalent is added to the permeated water 14n
wi th chl ori AECt harohgdsénpassetibehebugh ehecHighnpr essdrereodvessepostnst s

menbr ane: 13 f _the_hi gh-pressure verse psnosis device 13, fromthe
second ?%dugﬁgaraagﬁP saﬁgpgiﬁgeuﬁﬁgré%éﬁég*ﬂ% #Eg?g%?nfeducing agent 32
for 20 neutralizhegshswhhen sugpl 7Tedche thelbowagr esspteafeedyuatesdl5 from
a third reduci ng agent supplying unit 31-3, while neasuring the

oxi dat i on- r B¢t Pon"BoPERE I Al Z4F L ANt ABC bR T 48k 6A- FRBUBtFBNPpBEBREFal ( ORP)
meter 41-1 (SLeps@) osfBeikeasons.f of &ﬂglﬂglégsgtgsgﬁgéﬁﬁaﬁg§ as follows:

25To remove chlorine in the perneated water 14n o pressure
reverse osngspsldeuicenidpprehatneduci ng agent 32 is supplied in excess by

View e ORP metor CATPL' nalEAFRE B FBF gblvalte  Niien S50 SETe (e o
present. Howeve&dedt ikSsdppiicyl tot ondek egnipeetBersupple e anBURt i of
reduci ng agent, after the chlorine is renoved. Fig. 8 illustrates the
vari ati on ofCtRPEWREn Yithout feeding the reducing agent 32 from the
first reducing agent supplying unit 31-1 (Step 1).
At Step 2, the reducing agent ($SBS) 32 less than the
15  neutralization equivalent is added to the permeated water
l4ey with chlerine that has passed through the high-
pressure reverse osmosis membrane 13a of the high-pressure
reverse osmosis device 13, from the second reducing agent
supplying unit 31-2. The rest of reducing agent 32 for
20  neutralizing is then supplied to the low-pressure feed
water 15 frem a third reducing agent supplying unit 31-3,
while measuring the oxidation-reduction potential with the
oxidaticon-reduction potential (ORP) meter 41-1 (Step 2}.
The reasons for taking such measures are as follows:
25 To remove chlorine in the permeated water 14g of the
high-pressure reverse osmosis device 13, the reducing agent
32 is supplied in excess by the first reducing agent
supplying unit 31-1, from the safely point of view.
The CRP meter 41-1 indicates a large value, when
30 chlorine is present. However, it is difficult to determine
the supplied amount of reducing agent, after the chlorine
is removed.

Fig. 8 illustrates the variation of CORP when a
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reduci ng agent (SES) is added to the water with a chlorine concentration of
0.3 parts per mllion at the exit. As shown in Fig. 8, the ORP value is
hi gh when a | arge anmount of chlorine is present. The ORP value is low, if 5
chlorine is not present (m nus). Accordingly, when the chlorine has
been consuned, the nmeasurenment of the concentration of reducing agent is
difficult, even if the reducing agent is supplied in excess. The is
because, wheadt:hénpredect WaBeF 17 basdpdoducelds whiter 10iah | argel anbwat of

reduci ng agent 32 is _supplied, the produced, product water 17 includes a
| arge amountC8ferEdaET i Qﬁeﬁt? 2o ﬁrﬁﬁrt%lfL%o%r%Hn@?em%f%?'produced

during the normahsopgsahi 0A. p19. PEEVERE HRESyE10M hapPem Nehed N the dhird
enbodi ment, the |owpressure féed 15 water 15s8s with reducing agent is
drai ned thraughnthefsekcbndideain vagven22 (BreptRPoraibe ithi el enbbdi nent:

see FigfsGA%hlgggﬁg]fétggga%%%gé%}tkﬁ%ﬁggkpresent enbodi nent, the supply of

the reduci ng agent i s nonit 0 oxidation-reduction potentia
meter 41-1, and hheovalinglis chatrohtedhWwbthid® Radighbesenshshvidy @iea (at
this time, 200 mllivolts to 400 mllivolts). A certain amount (at this
time, approXFARFEFYSAL paft LRerCAiFERoRF TPt P Fodueing agemt B2 is then

supplied bygthe;third gedyci pgeRS %&H&iﬁ@'pz%%ﬁflgiém%ﬁpﬁlﬂig’di:[‘19'&5%@95?

metering punp. Accordingly, the chlorine can be conpletely renmoved, and the
reduci ng agéne tanbbeapsevenhed thonpbedingt oversupplied.produced withis

reoner ey AP Bl LE BECUELRS: POeRLoSErahe, St bl Y g, and the
produced dupiagutbe stefittzatton opeiatiofes [&Fi f4hg&Enbeshmens

reducing agent, compared to the product water produced
during the normal operation. To prevent this from
happening, in the third embodiment, the low-pressure feed

15 water 1bgss with reducing agent is drained through the
seccend drain valve 22 (Step 2 of the third embodiment: see
Fig. B6A}.
[0035) Alternatively, in the present embodiment, the
supply of the reducing agent is monitored with the

20  oxidation-reducticn potential meter 41-1, and the value is
controlled within a high sensitivity area (at this time,
200 millivolts to 400 millivelts). A certain amount (at
this time, approximately 1 part per million) of the
reducing agent 32 is then supplied by the third reducing

25 agent supplying unit 31-2 including a metering pump.
Accordingly, the chlorine can be completely removed, and
the reducing agent can be prevented from being oversupplied.

In this manner, the supply of the reducing agent can

be suitably managed, and the product water with an

30 extremely low amount of reducing agent can alsoc be produced
during the sterilization operation.
[Fifth Embodiment]

[G036] Fig. 9 is a schematic of a multi-stage seawater
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[0036]Fig. 9 is a schematic of a nulti-stage seawater desalination
apparatus according to a fifth enbodi nent. The sane reference nunerals are
given to the sanme el enents as those in the nulti-stage seawat er
desal i nation apparatus in Fig. 1, and their repeated descriptions will be
omtted. 5 As shown in Fig. 9, this nulti-stage seawater desalination

appar atus 10E according to the present enbodi nent includes two stages of
the | ow pressuréineverseapsapsiasdevtcediby(towapfessur embeyenser OSNDSI S
devi ce 16 1 nd |OMFE%§SSUFE reverse. osnosi s, devicel6-2) in the nulti-stage

seavat er 10 08s8Ffaf FORTSPpar AFUE 36A AERoPUY Y FB Fﬁ% FRPSt LD Frent .
The cpncent Eat edowat en egamuugtgeaﬁez thgwhiEst ok oW PRESSUN € y@é@@s
osnosi s device 16-1 is returned to the raw water line L1 through the
returned |img E89aslreflfntdeis concehtdatiedonarerons-1ilandet preitted.
concentrate conpcent r ated t C OW- DI r se, Osnosi s
devi ce f% gfggbg ﬂr%gd%?%'t%é Eg¥ﬁeg 1§$mg€g?él¥%gw%§g?h§%% %lnagl “Ur ned
concentratedppatatublmeFléacasdiﬁgut@edh@opﬁeﬂéﬁat@ﬂbm@i@@n%G:ﬁclﬁﬁéﬁ Fig.
9, 15-1 and, 15-2 denote | ow pressure feed water, 21-1 and 21-2 denote first
drain va|veEWOzétigaﬁd0§zt58déﬁ8f@rgﬁesﬁ% BPEPRSaPvReS - 2599VEA £5- 2

denote swi t¢ghipgpvakygse E8v9§98t8§m§sﬁ9“@QG§§§UiG yak && Ié@ﬂﬁféééﬁﬂg li ne,

LA denotes a discharge line, and 25 denotes a discharge line. [0037] At
t he |n|t|aIrgvarﬁeupa@©8ﬁﬁed§VS€@hﬁ theifikke m@hkpr@s@@¢e5$QW@t@e osnosi s
devi ce al [ redet erm ne ess S reached, the
Iomfpressuree$eggg\/\/§§§9 Tgp% P supp i 36T HE g %% 6mf ressure 30

reverse osnesbsdieyhee 16-2, while draining the Iom#pressure feed water
15-1 through the first drain valve 21-1. Wen a gredeternlned pressure is
reached at the fFP8tCEREPRTVArGE 2ALor ¢pecprbavetdwaYy eFRa7ii55brbeltced by

the second pressure reverse osmosis device 16-1 is returned to the raw
water line L; through the returned line Iy as returned

15  concentrated water 26-1, and the concentrated water
concentrated by the second low-pressure reverse osmosis
device 16-2 is returned to the permeated water line Lj
through a returned concentrated water line Li; as returned
concentrated water 26-2.

20 In Fig. %, 15-1 and 15-2 denote low-pressure feed
water, 2i~1 and 21-2 dencte first drain valves, 22-1 and
22-2 dencte second drain valves, 25-1 and 25-2 denote
switching valves, Lgs denotes a low-pressure water
transmission line, L,y denotes a discharge line, and Ly

25 denctes a discharge line.

[0037] At the initial start-up of the system, the first
low-pressure reverse osmosis device 16-1 is operated, and
when a predetermined pressure is reached, the low-pressure
feed water 15-2 is supplied to the second low-pressure

30  reverse osmosis device 16-2, while draining the low-
pressure feed water 15-1 through the first drain valve 21-1.
Wwhen a predetermined pressure is reached at the first drain

valve 21-2, the product water 17 is produced by the second
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| ow pressure reverse osnosis device 16-2. [0038]In the present enbodi nent,
if the flowrate of the raw water 11 is "100", the raw water 11 with the
flowrate of "104" is supplied to the high-pressure reverse 5 osnosis
device 13, because the returned concentrated water 26-1 is returned. The
pernmeated water 14 with the flow rate of "44" passes through the
hi gh- pressure RO nenbrane 13a of the high-pressure reverse osnosis device
13, and t held9-coasente¢atede nat ersil3dHi s Cﬁdﬂvidﬂ@ ‘teBe:W rate of "60" is

f the turbine T as h| charge water,

liedt d
\SAﬂgPe' tehe g%@Bg@ﬂ sec ' edf gt eent Sy 11% 9&/\% Fate 47 ow rate

of "40" passgs I:B\KJO\UQ’@eth'PM\F‘F’I@@Sur@q@QMWé@@ﬁ 1ba, ofn thes Tirst | ow
15 pressure reverse osnosis device 16-1, and the concentrated water with

the flow r afetefofa"1P4" resupnerl todthe Thagy M@quqswet hesveatag ned

Concentr ?%M?% ﬁév}c§519'58@@%%§aassesr%bu N § réﬁﬁéﬁkﬁQ@EhFﬂ§@UCt

wat er ow rate of Fou oW press‘?ﬁ*e RO
merrbrane 1636(—)1 t herseconeld| ow pressure reverse osnosi s device 16-2, and

the concentrated water with the flowrate of "4" is returned to the
perneat ed wat er 12¢aRe¥Re3 8t uf Mt cbhcehth ated Weterr®s: 2f%s 4 'schar ge

water, and ﬁ§s£@§5€ﬁro@c§kﬁ0@3@1%?1%%@@5@%@@5'ﬁéﬁb%é rept r@@ttbﬂé carried

out, the hi gh-qual ity product er is constantly manufactured by executing
ei ther the phikupoesties forvthsenbotimentdevice 13, and the

10  concentrated water 13b with the flow rate of "60" is
supplied to the side of the turbine T as high-pressure
discharge water, where the energy is collected.

Permeated water 19 with the flow rate of "40" passes
through the low-pressure RO membrane 16a of the first low-

15 pressure reverse osmosis device 16-1, and the concentrated
water with the flow rate of "4" is returned to the raw
water 11 as the returned concentrated water 26-1 as
discharge water, and is reused.

The product water 17 with the flow rate of "36" passes

20  through the low-pressure RO membrane 16a of the second low-
pressure reverse osmosis device 16-2, and the concentrated
water with the flow rate of "4" is returned to the
permeated water 14 as the returned concentrated water 26-2
as discharge water, and is reused.

25 [0039)] While the sterilization treatment is carried out,
the high~-guality product water is constantly manufactured
by executing either the third or the fourth embodiment.
[0040] In this manner, with the fifth embodiment, the
low-pressure reverse osmosis device has a plurality of

30 stages. Accordingly, when the concentration of salt in the
raw water 11 is 220,000 parts per million, the high-
pressure reverse osmosis device 13 can reduce the

concentration of salt to 500 parts per million, the first
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[0040] In this manner, with the fifth enbodi ment, the | ow pressure reverse
osnosi s device has a plurality of 30 stages. Accordingly, when the
concentration of salt in the raw water 11 is 220,000 parts per mllion, the
hi gh- pressure reverse osnosis device 13 can reduce the concentration of
salt to 500 parts per mllion, the first |ow pressure reverse 0osSnosis
device 16-1 can reduce the concentration of salt to approximtely 100 parts
per mllionloandreheusecoadelonr preSsSus edeeves SE605nosh Srad@vieer1d- 2 can

d th I {1 |t 5 th 5 t
m I Lion, ActaPOFHGES - lr G- vaker EAUBTDFOX P RO S LRLPTr T kTG vt el

(approxi mat gk y128f, panhliStREr s8Lbhi0Ndw CaPe be, PRNEERCE Mk 8shdls Bs SEAR] &
manner . Because a part of the concentrated water is reused, it is
al so possi blé-tocredueduthet dpschargetoft tonceht satledcatewmat brtaner i ncrease

t he anmount r t bej ed. TRIAL Al [LITY
[0041]I#pth?ésgagﬁgﬁ,5&?%g£?h§égg%$%??§ﬁ'co%%$%¥§%£%ﬁ%ﬁ éﬁ%%ﬁﬁg%%?ti-stage
seawat er desal:ahatboor appatatbsn 18rackondi wgtéo (heppsebentcinvention, it
is possible to provide water quality as good as that is produced by the
evaporationpﬁﬁFan?rB@%é L6871 HeAF npE e AT L RARR 18 2| Frdihak JEEDREL | s

possible to signkbigaptly peducesn geobialecopiaknation.  Accordingly, it
can be suitably 20 used for seawater desalination equi pment. EXPLANATI ONS
OF LETTERS OR AUNERALSS {00421 20reduos, t1e04i 100z r andol 0Emut ¢ & 53 g

seawat er, degal | pat |, on; appar ak usy, e5LELaw. water, (FUch as, seavaler)
produced.
INDUSTRIAL APPLICABILITY
[0041] In this manner, with the operation control methed
of the multi-stage seawater desalination apparatus

15 according to the present invention, it is possible to

provide water quality as good as that is produced by the
evaporation method. Because the intermediate tank is
eliminated, it is possible to significantly reduce
microbial contamination. Accordingly, it can be suitably

20  used for seawater desalination eguipment.

EXPLANATIONS OF LETTERS OR NUMERALS
{oo42] 10A, 10RB, 10C, 10D, and 10E multi-stage
seawater desalination apparatus

25 11 raw walter (such as seawater)
12 high-pressure feed water
13a high-pressure reverse osmosis membrane
13 high-pressure reverse osmosis device
14 permeated water

30 15 low-pressure feed water
l6a low-pressure reverse 0SmosSis membrane
16 low-pressure reverse osmosis device

17 product water
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12hi gh- pressure feed water 13a hi gh-pressure reverse osnosi s nenbrane

13hi gh- pressure reverse osnosi s device l4perneated water 30 15| ow pressure
feed water 16a | ow pressure reverse osnosi s nmenbrane 16l ow pressure reverse
osnosi s device 17product water 21first drain valve 22second drain val ve
CLAIMS 1. A multi-stage seawater desalination apparatus conprising: a

hi gh- pressure punp that is nounted on a raw water 5 |line through which raw
wat er i s suppliediranddiradneasésepressure of the raw water to a

redeternn hi gh pressure;
P %% %ecgnd dragn valve
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a high-pressure reverse osnosis device that includes a high-pressure
reverse osnosi s nenbrane for concentrating a salt content in high-pressure
feed water whose pressure is 10 increased by the high-pressure punp;

a first drain valve that is nmounted on a perneated water |ine through which
per neat ed water that has passed through the high-pressure reverse osnosis
device is supplied dowmstream and tenporarily drains the perneated 15
water of an initial start-up; LU0 Ppressure punp that is nounted on

t he perneatgd wat.er hine rovi ded agmnstrea of the first drain valve, and
reduces pressure“of” ﬁé'ﬁg?ﬁﬁafgaw BEr AE82 A1 PREYRT P HPABAT YOW pressure:

20a | ow pressupeikevgrse osnosis device that includes a | ow pressure
reverse osnosis nmenbrane for concentrating a salt content in | owpressure
feed water whose@pPé§8uP&epsuEadneed byathes| swrpkedsonez puap; wakera second

drain valvethat (b3 mmuntedoan,a,djschar ge 25,Lineqon.aoconcentated water
side of the [ow pressdre reverse osnosi s evi ¢ , and ?enporarl y di schar ges
t he | ow prepsaseufeedfwater raf vheekntti al pstacteupi supphied poetbere;

| ow pressure reverse osnosis device. 30 2. The nulti-stage seawat er

desal i nati on appﬁrEFEE"BEEBFHFﬁngBeEFQiﬁ?@?s¥ﬁr?ﬁﬁ%c%0gﬁ@Fs%%ﬁludes a g

plurality ofjhhepkowsRressulerteveESEs 08 Mehs - 48YI £65. camgéﬁwat{ﬁg gecond
drain valve is nmounted on the discharge Iine at the concentrated ter side

of each of FRéT| earpressinehiehepsesesnesiscdevites, vangetenposars | ys
di SCharJ]%es EHSrEQ%‘%BrS@SHBS ﬁ?ﬁ%—g‘@@é%éu-?g hg.initial 5 start-up supplied
{gi-pres

to the Tow pressure réeversé os evi ceS""F3. The mul ti-stage seawat er
desal i nati on appar atustagcetdi nglve thatmd msuiefiushherpepmpsising a
returned water line through which permeated water that has passed
throucgh the high-pressure reverse osmosis device is
supplied downstream, and temporarily drains the permeated

15 water of an initial start-up;

a low-pressure pump that is mounted on the permeated
water line provided downstream of the first drain valve,
and reduces pressure of the permeated water to a
predetermined low pressure;

20 a low-pressure reverse osmosis device that includes a
low-pressure reverse osmosis membrane for concentrating a
salt content in low-pressure feed water whose pressure is
reduced by the low-pressure pump; and

a second drain valve that is mounted on a discharge

25 line on a concentrated water side of the low-pressure

reverse osmosis device, and temporarily discharges the low-

pressure feed water c¢f the initial start-up supplied to the

low-pressure reverse osmosis device.

30 2. The multi-stage seawater desalination apparatus
according to claim 1, further comprising
a plurality of the low-pressure reverse osmosis

devices, wherein
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10 concentrated water line that returns the concentrated water fromthe

| ow- pressure reverse osnosis device upstream 4. The nulti-stage seawater
desal i nati on apparatus according to any one of clains 1 to 3, wherein the
hi gh- 15 pressure reverse osnosis device is a nenbrane with
chlorine-resistance. 5. An operation control nmethod of a nulti-stage
seawat er desalination apparatus that uses the nulti-stage seawater 20
desal i nati on appahat escbndcHabimlvelva, iatmanntedt oal tisé atiseipaofe t he

mul ti - stage seamater desal i nati on gpga[atus, conPrising:_ a step of
suppl yi ng raW fafbr ‘06 CRBRNGR2pPESERFer r ebef set oeipli ¢f devf ckeW25a step
of tenporarplby¥sdhakni-8gepeEnBat 84 Wakerithat shas-passed-tyough the _
hi gh- pressure reverse osnosi s nenbrane of t he hi gh-pressure reverse osnosis
devi ce t hr odghchhggesr shediavnpvabvere afeeepratesuphl yhagiaiwhel e amount of

Lhe perneated 30.ugt €1, L0 8ssLde ol Lhe Lo prossul e Lever g, oorosi s

devi ce, I'rs rain- val Ve, en a pressu
per neat ed watetchas reached a pressure around an inlet pressure of the
| ow pressure punp; a step of tenporarily draining | owpressure feed

water of the initial start-up supplied to the | ow pressure reverse osnosis
device throygh the.second-drala ¥§£\V§Eef‘n§e§af$§§t95nEélglgg)ﬁé?%sé product

wat er by making the low 5 préssure feed water pass t
| oW pr essur@cEeversg ovsnosisnnenbr ane Whitlker| oshpgl ¢ heg secoedudrad n val ve,

d i4tCchi j t ted { d | nat i tion. 10 6. A
oper at10n oMY ol - HEr PO BF (& HUNTI LT AgE: CLRIG BV dEQar THatT orFt dyerat us

that uses thecmuthé-Sbagerseanss eredesad i hahd ONs apPar @t Usps Ar&dal m 4,
during a sterilization operation of the high-pressure reverse osnosis

device of the nulti-stage seawater desalination apparatus,
4. The multi-stage seawater desalination apparatus

according to any one of claims 1 to 3, wherein the high-
15 pressure reverse ¢osmosis device is a membrane with

chlorine~resistance.

5. An operation control method of a multi-stage seawater
desalination apparatus that uses the multi-stage seawater

20 desalination apparatus in claim 1 or 2, at an initial
start-up of the multi-stage secawater desalination apparatus,
comprising:

a step of supplying raw water to the high-pressure
reverse osmosis device;

25 a step of temporarily drairning permeated water that
has passed through the high-pressure reverse osmosis
membrane of the high-pressure reverse osmosis device
through the first drain valve;

a step of supplying a wheole amount of the permeated

30 water to a side of the low-pressure reverse osmosis device,
while closing the first drain valve, when a pressure of the
permeated water has reached a pressure around an inlet

pressure of the low-pressure pump;
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15 conpri sing: a step of supplying raw water to which chlorine (d)
is added is supplied to the high-pressure reverse osnosis device w thout
feeding a reducing agent froma first reducing agent supplying unit; 20a
step of tenporarily draining | owpressure feed water including a reducing
agent through the second drain valve, after the reducing agent is added to
pernmeated water with chlorine that has passed through the high-pressure
reverse osnosi s aeabeanef of emberdr ghy pdessui ey r bvefse: OsMmosi S5 wewice

froma secon educi ng. agent suppl yin nit; a step of sw tching
oper ati on t%gahﬁ%r ﬁﬁ?gbﬁgr%ﬁ%ﬁg%ys‘é%fh%é a9 e?u%i%cﬁ“'g@‘g@rﬁs‘frreom the first
reduci ng agestesupPbyhOgi SNy Qe ther&ay Wak €1 sedhich Stoppi ngs Bddi tign of

the reducing agent fromthe second reduci ng agent supplying 30 unit, after
a predeterm ned &t&k¢Pi htPorc opEratR orAv et fyaiehdey emeing the alatep of

broduci g PLogUCL YaLeLy DYc oW SLI oy operalign 19,8, fatad seavpler,

desal i nati SI%] oper ati on, 0Si ng second” ‘drai w Val ve.

oper ati on costeslsnethodand ehmd tdlsd age Seawsd @ndlesad imatd ore appaf at us
according to ¢claim6, wherein 5 concentrated water at a | ow pressure side
is retur neds‘ﬁbggli’%%?n PR bEighe ?%t%r%‘becgo?l%%‘?ﬁ?%? TR B 1iHe, after the
sterilizatigp.pperagtion is finished. 8. An operation control nethod of a
mul ti-stage seawater 10 desalination apparatus that uses the multi-stage
seawat er desalination apparatus in claim4, during a sterilization

operation of theshighs pressure, rever se. 9sipsis deyige of the milti-stage
seawat er desal i nati appar at us, ‘conpri si ng: 15a 'St ep of "% ppsl‘?ﬁ"h Faw
wat er to whiehathhorime {iGhgrasuadded: tosdde- i gheprossid@: rovese:10Smsi s
device without feeding a reducing agent froma first reduci ng agent
suppl yi ng ?§§llnatlon apparatug in claim 4, during a sterilization

cperation of the high-pressure reverse csmosis device of

the multi-stage seawater desalination apparatus,

15 comprising:
a step of supplying raw water to which chlorine (Cl1)

is added i1s supplied to the high-pressure reverse csmosis

device without feeding a reducing agent from a first

reducing agent supplying unit;

20 a step of temporarily draining low-pressure feed water
including a reducing agent through the second drain valve,
after the reducing agent is added to permeated water with
chlorine that has passed through the high-pressure reverse
osmosls membrane of the high-pressure reverse osmosis

25 device from a second reducing agent supplying unit;

a step of switching operation to a normal cperation,
by adding a reducing agent from the first reducing agent
supplying unit to the raw water, and stopping additicn of
the reducing agent from the second reducing agent supplying

30  unit, after a predetermined sterilization operation is
finished; and

a step of producing product water, by switching

operation to a rated seawater desalination operation, while
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a step of neutralizing perneated water with chlorine 20 that has passed

t hrough the high-pressure reverse osnosis nenbrane of the high-pressure
reverse osnosi s device, by adding a reducing agent |ess than a
neutralization equivalent froma second reduci ng agent supplying unit, and
t hen supplying rest of the reducing agent for neutralizing 25 to

| ow- pressure feed water, while neasuring an oxidation- reduction potenti al

t hereof withlanioxi tati smevedudctieon paleati al neter; a step of
producing product water by neking the |ow pressure feed water pass through
t he | ow pressure reverse 30 osnosi s nenbrane; and a step of producing

product water byrswi behiag: oRershi 0n)tQeansat & §§M§Is%%@|w§&é@@r ,
operation, after the sterilization operation is finished. . The operation
control metAp@abinathont rsehgeuscanarerideshabi ahtiond appaeatiss accor di ng

to claims8, i c t r at Low pressure_sjide is returned 5
upstreaggth?gﬁgéggpﬁgggrﬁ%%égo%ge%?%g e@r%a?%gel?ﬁepdh?i?%F?ﬁ%ﬁg
sterilizati opsopesat tbnoagd &hectateddopenathdiated water line, after

the steriliization operation is finished.

8. An operation contrel method of a multi-stage seawater

10 desalination apparatus that uses the multi-stage seawater
desalination apparatus in c¢laim 4, during a sterilization
operation of the high-pressure reverse osmosis device of
the multi-stage seawater desalination apparatus,
comprising:

15 a step of supplying raw water to which chlorine (Cl)
is added tec the high-pressure reverse osmosis device
without feeding a reducing agent from a first reducing
agent supplying unit:

a step of neutralizing permeated water with chlorine

20  that has passed through the high-pressure reverse osmosis
membrane of the high-pressure reverse osmosis device, by
adding a reducing agent less than a neutralization
eqguivalent from a second reducing agent supplying unit, and
then supplying rest of the reducing agent for neutralizing

25 to low-pressure feed water, while measuring an oxidation-
reduction potential thereof with an oxidation-reduction
potential meter;

a step of producing product water by making the low-
pressure feed water pass through the low-pressure reverse

30 osmosis membrane; and

a step of producing product water by switching
operation to a rated seawater desalination operaticn, after

the sterilization operation is finished.
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9. The operation control method cof a multi-stage seawater
desalination apparatus according to claim 8, wherein
concentrated water at a low pressure side is returned
upstream through a returned concentrated water line during

the sterilization operation and the rated operation.
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