DESCRIPTION) COMPLEX. DIFSAL. lldiCrlION SYSTEM. {Technical Field.) 5{00070 The
prosemf inyenTion relates to a complex desalination system. including' a lirst water treatment system,
1)11.3 3. ) iteTé< afirst raw Watt{er-of a nigh”4 conceit wt. ed101 a 3.1 USS 0:5 &. reversé asimdsis
membrane device and a second_ water treacmaerni system fnalt filters a secbnd ram water of a lower
3411,1 nits concentretirm than the flrst raw water )824)))41 use of the revedm3e osmosis membrane
device. In the above system, the ti mnr raw wa te r tore xampl e 3 61 wat- , rear- Kk rill water, o.r branne
water . In ca@@gugﬁga;%::ipﬂgonno,ogy wh)en utilizes 61. 151-0 au. ic energy of the nonpermeate water
611362 ...a1'CTeCl from the reverse osmoeMs membrane device of the sebond water treatment. S yS
r. ern and improves ap-6)0111)6 tQ61 ae,admabignt of the fe3 1) 311 32 3.611) treatment system.
|_Mackprounb. Alegi 2010002) Japanese Patent Publication No 4,481,345 (ftereinaftrar,
retermexitbas "Patent. Document-17) digcioses-a ten;rem;10 'exe.5.etarp (COreSSIDO aing t
"nigh-bre SSUre Eumtp" 1.11 Tell S specertication) alaantlEe C No.PM100055-POT1-SGT.
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in the seawater desalination device desalinating the seawater by f tera nq th us E thp rpverse csSmosi s
membrane device T kb Waptewater contaiming organic mat tbr (humeinuittart re fernitbKi tg) as

.............

usupi 'y !dlscharged into an ocean or a river. The organic wastewater processed in the F)). ological. t
r's a C ma C't.i S mixed with. the sbawabb r taken in by the seawater desalination device I.) C) (taec S
e a be Kciii lute) the sal i C.) ty cnncentrati Cr) comtaHned im a "war ar t-o ho rtbated" of: the
10seawatur, des,a 1| |n aMP devg cup ¢ and., the abovpum;:)na |aa)[ad ware;- 1o be treated "having. d,
uter| sallnlty conbbmbratlon is pumakpcratt C.C. ha revr-se osmbS|s menibrane device o tle
oecreased “duth rurtlmmt lananose Patent Annrtcarton Purlflcatlon Nne. 2010-274243
(hereinaitery refertpd.to as."Patent Docpment 27) discises;H tchnulagy, generating. fine bunnies by
pumping and depr es sur | srng aibor.thelhedissol ved water.. 20Incidentally, in water
treatment,is. g sel known. technology Co,generate..1:-Ina bubples, tor.example, mi crobubbles ad
nanotelibtale[-.3 in the chthater 5.0 Ca- ttrinateci", a. 1, acag ttie tine bunlq to stay re. be. trudted and
decompose the erganbe matter. Inthe‘water TQ, bra reated’ by...emppf.N (11,0 0,0gNN-tamo cmGZ 0
1 -1-0 3 2 63E, a shock wave generated in a process of. crush oh the hi ne hubbies. 5 1: 1151041

an ogean Or a river. The Crganid wWwasitewatey proces e in

seawater de Lination device to decrease (dllute) the salinity

¥

concentratior cntained in a “wabter Lo be Lreated” of the

10 ater desalination device, and the abhove-mentioned “watery
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to be treated” having diluted salinity congs 0351 pumped

Lo the reversze osmosis membrane device of the seawater
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fine bhubbiss by pumping and

depressurizing  air  Or the like  dissolved In water.

20 Incidentally, inwater treatment, it is a well known technology

to generate fine bubbles, for example, microbubbles and
nanobubbles in the “water to be treated”, al
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mnirthermore, mapa.fleSe Patent- kbp.1 cat on loin) H09-290260 (1.:ler-i.reitomg.ed to as "Patent
Document. 3"3 5 discloses a technology sterilizing the "water to be treated" by :1 ti-jechl 4 ozone gas
thereeinto. ‘Citation tisti “tent L4’ t&tathio 5,60 0 51 | Of Patent Do cumen .0 so’ Patent No,"4481345 1
Patent Document 21 Japanese PatentPU1D7)CP NO, 20.t0-244243 ti e:91: khournerit" 1.5 Japanese
Pa.tent App { Pumm a 113 5cf. 1 nve or tjwimrl Technical Problem),

:d in & process of crush of vthe fine bubbles.
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0005) i109-290260 However, in the tochmology desk-phi...bed in the) Pate 1]. 20 Document 1, the
pre.ssure in. case of' using tho reverse osmosis membrane device in the water treatment process of
tho organ 1.0WastéiWwatb)i 1e1ower thah the'or e 55 1)11 e in ¢ a. se of using the revétics e 55
am,rs115m 1.1 Ern, v 1. c-tho watertm e a ff.: rre. procre. s s C) f. the Sr dehgliaNierti 00."Then
,1.t. as been describeb to decrease the salinity. concentration relative to tl). e seawater bp. directly
mixinplC. CC nonpermhatwater di scharged 'Eh CCrt h CTh r eVerSe OSmos is membraned 1 an t

he} water t ea.tmen £ S ys tem of rhe Qrganic wewith. the seawater Staken in, Thus, the energy oil

A Reulle ; s : relan Ve o
the nonpermeate water dlscharged from the reverse osmosis membrane deVICG n the water treatment.

C) rocess of.rne organjc wastewater is comparhtiveli Jow in C) ressure.and wasted wittiont effective
ut}}b7at.}ens addition, thpre ie a probidm C. a. t.I he freghency of fouling of 10 a. reverse osmosis

membranein the, seawater dabinalination device.Is increased, because the.orbhhic. matfer.in tle “water

P

to be treated." 1 s CCCIL. y using tin rs oimpanitt CC CC s t ew at e tgi di ihu 'll. CC the se awa 1
0007} treatment system of the organic wastewater with the seawater
5 taken in. Thus, the energy of the nonpermeate water discharaged
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15Tne present invention is intended to soive tne conventional problems described. above, and a.
purpose thereof. is ro provide a nowplex desaiina:ion system wnich can effectively ihmi 1. IC CC the
energy rhe‘niofiperfréate Waté&r on-Intie rév Arse osmos s membrane deve CP ¥'rithe’complex
desalination 20 system and reduce the fregbency of. the fouling. } Solution to Problem} } 000Ibli To IC
CCthe above problib.mls , a complex de s}}}}.}Thibit V S L. ern ac,cciliciaing 110 .CC feSe Cr. t. 1
nvent.iion .inciucie IC a. 111 iirst: wat.er -4- treatment system that. filters a first raw water of high.
salinity C) 915 pen tdbat ion.widih,use of a. flye r Sc: 0.am, 05:1. s membwaane arid a Set;01)0 Water
treatment. a ystem that ef S sC) C 110. raw wafer ot OWE) rty 00 roe ntrat F’cm n:Sirt. 5 raw water
with use at,a, ee(;qnd reverse osmos la noemra f irnt water treat meai.t

I's ‘charges tine 1213ncies
L-DY: raJd ype qomprerssl rig a nonpermeate water. discharged from
tnp second reverse osm05|s 10 memblrane device in the secohd 0 0 0 91

£l salinity conc Yy Than ©h
3 raw water with use of a second revarse osmosis membrane devige,

the filrst vaw water taken in, by rapidly decompressing a

[ 1 S PR A A Srend reunra [ .
water discharged Irom Uhe seoond reverze OSmosis

10 device in the second water t
{0009
Ancd  the ne bubble genevatlion  ur L3 preferably
O d tooin e a i piping that connects an
the nonper water of the second reverse osmosis membrans
15 syl firsy raw watery toring the i VEW W
Ta L, & Lirst valve on the side of f raT Taw
water tank of the first piping, and a fine bubble ganeratior
part tha the Tirst valvs
of the first pioing, and and discharges dgases
20 dissolved in the | t raw water as the fine bubbles by rapidly

deco mpres sing
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confilgured bto include a second piping that is
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And thebubble generation unt :is preferably configured. to include a first piping that connects an. outlet
devhce a.nd a fir.st raw water tahif sforlng thp fir.st rat,/ wainar tia:ken in, a firbt valve prowded ont he.
C..de of the firbt raltPwatert tahk-at the first pi ping, and a f 2.. ne trabb 1. e gen err” at ofrpart that is
pray:it:fed on. a downstream side Of the first. vcalve of the first piping., and generates and discharges
gases 20 dissolveci 1.. n the first raw water as the tine: bubbles by rapidly decompressing tne
nonpermeate water of the second reverse osnmuis ribiarbrane (4651631..414:4 P441, PPP 1 Ci. C.
1.6 (1(4rhe nonnermw; atm’?) ,J§L3 L1 into the fll’§'[ tank Further, tie fine CUblt] Cl ge eratlon unit is
preferably contlgured to mclude a second pff)lng tHat is 201f 03%35 ﬁlfurcate& from the first piping

the chmptex ‘desailnatdon system prbterably incindbs an ozone generator. thaf. generates ozonb gbs,
wherein ap.0zonh.imjeci ion port bon, thxougn which. the.ozonegbm 10.generarea oy tne ozone
generator. ms |n|ectbd |s providbd on thb first piping between thb first vbivb and the tine bubbib
ondentionbaly; it has been required a power separately 15 €105 C O flip r
eSSed a'r 1 af. T| O ar a Water Ti Or gen e rating Tina tame bubbles, or abberabe disso ved gases as
the .flne bubbles by rapid. aecompressioh. In contncast, am:brisling to the present invention, it is
possibib tb generbbe thb fine bubbles sufficient:ly only by decompre EDT? ion of a reiati e y 0?)
eresStire: 20 of' therPermeate ma Ti. e &.gischarged from the second; keve.r $ e-0 smo-membrane
device 1.0 the second water treatment system thereby saving bower reaWJ redn operatlon of thri

nonbebmeate -‘maber ¢ ot the segond.reveg:se 5. OSTaQ&S membraqb deylce {00,101, .. turtmer

ccmaplex includes an ozone generator thatb generates ozone gas, where
3] DLOone L IR ()] ST Gl hffmtart WL 1 3 Gl JaLs
10 generatad by the nzone generator is injected, i3 ricie
the flrst plping between the first valve and the fine bubble

generation part.

£y
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Conventionally, 10 has been reqguired a pover geparately

I5 to low compressed aly into a raw water Ior generating the Dine
bubbles, or generate dissolved gases as tThe fine bubbles by
rapid decompression. In contrast, according To fhe present
invention, it i1s possible to genevate the fine bubbles
sufficientlyonly by decompression of a relatively low pressure

20 0 the parmeate water dischargeaed from the second reverse oSmosls

membrane device in the second water treatment system, theraby
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generating tne fine ouormes. - 1 0012} Further, it may not be possible tO reCl 4? the .11 1. 0'4Y.: at
CllI of the nonpermebtedd scharged fr OM ft1.(1: 5 (-,,c on d reverse osmosis membrane device IL n
the second‘watér tthiatment system’5 by onlyflowing total amount 01 the nonpermeate Water
discharged from thb scond reverse osmbsis membrane devicb in the second water trebtment sysr.m.
to lll. 51.47? ribe btadtle genetatieb part. in C) ontrast, according. to C. C) 111)8) Dt On, it iS ELD3 o
0035).).)) 31? to regulate the flow rate of thrr nonpermebtb water. 10 disehbrged frc.m thc, cpodnd
1:83787?)) SQ bp ce IS mpmbrbew He 7/2! r6.-, by c f iguring-the fine buldb e ,Tenedvation unit to
if-et-Jude a se- ccgrg piping rhat s tu.rcattud f rom the mi rstOCj:at- an. upstrea.m doe 1 t- HOT: Of f

fr't7.C) Cl. conri 1111 Ct-

qu el-5111 raw0a 12 1C) 1 k, and a shemprwl rEphie t at is th:orddiezi

oping 15end pegO1r; 1-Ta vj.r -11() ‘trlon, permetat ‘e wd-1,...er réverse osmosis membrane device. 1

002

Furthermdre,. ggc\oIq%ng to the puresent quep);mn, iti.S. p,ossjble 1o generbte the IL.111)47

bubliles mbtudmg the ozone gab 20 1T..Ci th.e fine bubble generatlon pbrt by |nclud|ng thb ozone
generator that,genbrates,0zone.gbs in:the fompje x. def.32,11Whiration system, a;..01.b.rovidin tdrib
ozone inie ion p bdbb o 1xm1l CIT,1-:

5

by only fiowing total amount of the nonpermeate water discharged

from the second Ieverss osmesis menbrane device in fhe second
water treatment system to the fine bubble generation part. I
contrast, accovding to fhe present invention, it is also

discharged from the sacond reverse
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and ¥ es a D rate of the water o v second
reverse osmosis membrane device.
0013
urthermore, according Lo the present Lo, Ltois
L Lo generats the fine bubbles inciuding the LONE CAS
n ftine bubbl generaticon part by inciuding the ozone
generator that generates ¢gzone gas in Lhe complex desalinatio
N GT, gl
GroLE
Iy The [lrst piy ween the Tirst vailve and vthe fine bubblie
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generation pamt.And it is possible to obtain not only decomposition of the orgy:hale matter by a shock
wave generated IN :11. process r fe tine oubbice nut. ads sterilizat ion efidot Limy the ozone for thd
"watdr to be-treat ed" includiiig.“the first ramywater. {Advantageous Effects of Iavention} {001/0
Acnording to thd present invention., it. is possible to prom:lc:le a complex desaiination system whicn
can effectively 10 umitize fde nnergy nt. fha nonpermeadd water CI 1) the rbverse osmosis
mcfmbra.ne device in thd complex desalination system. iHrief Descripmdon of Drawinps OOifil

FIG%I Is a,s;mep{gj[r),_gpilgl Ipiogk, al}apram_A qf,a. ,dpmpi,gax I}?:—:lqlajbe%ﬁe;-m-. aQ\%S){QiPQ --],,g)pas(ijcp r\pboddmdnt
of thd preséntin =~ “FIG 2 s a. schdmatic biock diagram of CI cdmpiex desaiination systdm.
according to.a first embodimdnt of. the present. invention. 20FIG, 3 is ab, eniamgedi explanatory
diapram of. an X.'bort.on. 2, and an explanatory dila:ifram of a. complex desalination systdm
11 C.) C) G),7 CIl €1 Io.a secand embodimdnt widch {ise figstr simboilitthdrity, combined 1(1 1.111.
am ozond generator. and an ozone injection pump. -8-

steril wataer o be
5 including the first raw water.
{ Advantageous Liffects of Invention;
[ o014
According to the present invention, it is possible oo
provide a complex desalination system which can effectively
1) utilize the energy of fthe nonpermests water of the reve:
osmosis memorane device in desalinatlion systen
[ Briel ction of Drawings}
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Ce.2755 h eN o ht'6,1 000 PLU.-SG]2 DI FIG. 4 is an enlarged explanatory diagram of.. an.
X. portion in FTC 2, and ar, explanatory diagmam of. a. complex. dosaiination syst(((m aamprdine Cl.))
a th-ird embratilmept whirt. i$'the Gomplex désalination system according to the'first embodiment
conftwimaed 5 with a reaction tank, and a complex desalination system according to a fourth
omPodiment which is the complex &vas a inati on system. accorciirip to the third embodiment inr the r
C ombined with an ozone generator and an ozone iintaction ( Le acri pt i on of ErdpodilmemPasl: 10(
0016j Hereinafter, compleg(,ﬁdesallnatlgnt systems accordlnp (6] en|bn " mer;t S0 f tEI ne 0.0 CL
Sal.). 1. nvent 14 will fie. dé Scribed. O detail with reference to accompapylnp draVorlngs “(0017} 15
e<Complex Desaunatlon System of Basic Embodiment >> _ - . First, a. complex desalination svstem.
100 apcording to a pas ic emiooditnent of; the" b thebet 1. be de ‘scribedwith reference to FIG. 1. FIG.

| is a schematic..block diagram;.of the.complex. desalination systm 100 according.tn. the basic 20

ern: pedlment Xn. complex desalination system 100 is de5|gned to be installed in coastal areas, neer

(second raw Water) A (herelnafter S|mply referred to as Wastewater A" ) such as mdustread

wastewatey; and urban-wastewatder:hay’', red lower sa-ty.concentratipn than seawater; brac.Ri eh

water brie wat.er, or the like, so as to ha reused as recycled was (referred. to as "permeate water B"
r "productwater 81y, such as industii.ali water-ether thandr whnich is the complex

Lination system according to the third embodiment further
combined with an ozone genaerator and an ozone injection pump.
[ Description of Embodiments

0 {6026

Hereinaft

r, complex desalination syastems according to

amhodiments of the present invention will be desoribed indetail
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ooiment of The Dresent LnVention will e descrin ‘\:Eifi Wt

9.



wat.er, a seawater: de:saline-it lon treatment systemWater det sa 121 n a MIL on svst ern ) | '..A7 hide
h pur'l fr 1 ea watE?rt201- r a.w wat er) D such as seawater, brackish, wafer, and hr ....re water
harm10corhes’fat.gh's a'fhtyeohicentrationas rec.yoled. we(refel-ode-1 to as "perméatewat.or B" or
"pr ociu a ti wat er B" so a h as li...Cii..]5t va a | water rather than drinking d.osalon rreat rent system 3.
Berpsideaftter, "watet as sea water, brackish water, 8ind brine water having comparatively nigh.
salinity cpncentration” is referred to as a "seawater 0", and the desalination treatment system for the
"seawdter 0'5i§t§é88fp%‘r‘lr_ﬁeq lo as a/'seawater d@saflﬁin@% or 20 trea.tment, 3" in the same

w W n

J10: DWW Wol Ui I L Ilerresd [l 0 e 1 : J%ﬁg !n 30; 3 =1
meaning as described above. { 00°8) Contd gture}ltH on of WasthwdA al Tr ,g,g'{mréht.%fstem trfeat
111e nt. system. | will C).a7; dgPorbed wifhre ferengte o, FIG. |, The.wastewatgrA, (i().afh.ling
organic rC.at. t er or the like is ' S

Lindty o ration than seawater,
brackish warer, brine water, or the ke, s0 as to be reused

to as “permeate water B or

Ly
)
L
n
fes

P — T D R T S TR SO, A SR
L water BY) such as industrial water othey than drinking

1O

20
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.1.00,1Coa.u0ecti 1 IC OM H. wa.stewat.erake pi.pe 1 t. OH 0 H. r" eTatamw"nt. demi. ce (here natter,
referred. t CLH.s"MBR HH. 0. HICtIC e atinentde ffce "armisimply indi cat esl. as "PIER" in
Fill. 1) u.sdphg.; 1100 ex&nPUa & membrang bioreactor (MAP) , and treated prifarily:.~A™water to be
treated" 0010arily treated at the MAR water treatment OH V | C int) rodtaced to a hreafed wafer tanK
tunc 1" 01'):).. EIS a clatter of C Itew Li=t he "Wel eh -Le be t Teat sci" nrough 52 by a transfer pump
12, H.t.emporariify stored theredim T..) Treat:era, water t an :1. 12
is smoked by Cl supply pump 14 and supplied to a. = 0-pressure pump throusil a.piparo 53. Then
fTs'water 1.0 De'sf bééf/’éjélﬁ“"igecogt e“f:i"ijg%i‘/’fﬁé hP(Trppl.t66.(5)3dre dump TO and'suh MFD)md
OHSsuTpply. port 16a.0f r.he "vHalper to be t fmolf).)2(1° 155. 1.ow -preire rever.qc, osmcHA)rub r
ants de v ce (second. Ikferse 0 SITIO'S & membrane device) (00191~ The Tow-press6,1).e
reverse osmosis membrane device, 16,1s configured to be,abranged. with a. Blurality. of membrane
mmduje 70 umiPs it PH OH lie .1 as Descrined, for example, in h.. .GS. 3 a.nM 4 of Jfapanese Patent.
Application, Publ | ()patioQ) No, 2001:149932. Jhe swater fo pe treated suppilec under pressupe from.

title suppdy porf réa rs sepadaweuirn_Utne permeate water Apurificm thrs1)1(41-) the IT r's e 0 SMO
S IS mem largne (PC.menflarane) anddthe CEQ.CRe S.Ng £.410.00,85- POT;5C126132032635
nbnpermeate water C which. is the "water to be treated" not permeated thxough the revbrse osmbsis
membrane; in. the low.-prbssufb reverse. osmosis-membrane,device 16..The pesmeath. 33:6). 1). B is
supplied trbm the permbatb port 16b throu’Eh a pilailag 5 54 for an external use cbrrbsponding to the
water) quality-Jevel. as the predugtwaten B., = rreated water tank 13 functioning

T A B S T U R A o2 P SRR ERPT
s a pulfer of fiow of the wWaTery U0 De Treatad CHrough plping
-------- - i N G e gy 4
cORY Cransic pumer Ly Al Lenporary Ly storen Gied L
) rthermore, “water to D eateaed” srec in reated wate
i L4 13 SuCked DY SURDpLY  pumo L S0 upmpliaed T 3
Y (e T TR O ST Y R T IITRT 1T oyt o ET Y Mo by e
""" o X L UTHT PANES e 1y C o WA T e

e P by otk - g
i i SUDDLY BOr IR e Ywater ¢ e a’” oof
bS L oW - TE YEVerEEa O8] g mibrane devioe (soocond Jerse
csmes s membrane devios)
0018
The low-pressul ITEVEerse OsSmosis membra device 16 ic
or Jured to bhe arranged with & plurality menbrane modulie
20 anlt y paraliel as described, for example, in TIG and 4
of Japanese Patent Applic o1 blication ¢ P0G -149930
he “water 1o e a 17 supplied under pressure Lrom Lhe
SUDDLY D 1ha i sen 2 lnto the permeate w FRA
through the reversse osmosis membrane (RO membrane) ang the
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{00201 The nonbermeatb water C is suppdied from an outlet port (outie)) tot the =permeate wat
ex of The second. reverse osmosis 1.0 merbratb device) 16c of fhb how -ptbssure reversb osmosis
membrane‘devite 16 throfigh & pipingf4’o té‘t'h.e rl 325 K.e tank ( 5.1 rst raw water ¢ an‘lc) .J2 (des cr
..56)331.13 The C W. rate 01- t n n pe rme.awa-regi.)d by a Oa KS Ure va .1. ve la nrovidbd in the
middle of thend 44. TDS (Total Dissoldred 15 Ekpididis) of the condensed nonpermeare watct (-tr.
the. wastewater. treatment system 15.5 abbut 1,200 mg/1 ano an extremely low C) oncentration
compared vyrth ,a,boi%rtb 30 000.m /| f TDS o( the se_ayv_aher D rnerefore the , QW -pressure reverse
osmosis 0:4101 ), 04106 devrc% 14 descfahed above is operated under pressurb 20 rangang ftom 0.4
tol.01. |Pe\,lnEJIQe*ntbrly, a. range, of this ODES: ration. pressure, is }b ncrease. the opera,tlg)n pressure
in order to obtaj4 the ptedetermrted fl01/2 rate of fhe permbadb bbrvb)f of tffe reveree
0Smosis membrane of the.| pw-pressure reverse.osm

32 f Then, the pressure all nondermeate water C is “about. O 3 to 15 1516 a. Thrs pressure isrel. e
as e d tip the back;pressure vaive 1..8 CD sc.rbned aboveu flea,- 1.mr.a, .. on,device,may.be used bn
place at the MBE; water trwmatment den i ceof the Wastymbatment system 1.71n addltlon th.e piping

56 on & downstream side of the. hack pressure-valve; 18 may be cop.figured to.gbnerale fine

e A e — 5 e s
as he product water B.

S o ~ - S a1 e iyt ] S el D e o gt e e e
L0e ion K;l- rmesate wATeyY O L8 supolled Trom an outiet |2ieRmy

( LDubL

T T [P A My, e S e
LoD L TNe nonpermea te waley ol the segond reverse osmosis

1G membrane device) 16c of the 1ow-Dressure raversas  osmosis

device 16 through a ploing 56 to the in (First

T AW ank) 32 ned later The oW rate of ne

to} W Cois ore 1D valve LE

mroviaed in Dhe dadlie of V6 (Total i

15 50 ] »E the : e wi er

ie oabout 1,200 mg/l and an extremaly low

concentration comparad wit oout 30,000 mg/l o of TDE of the
seawater D Therelfore, the OWSDTESIUTe  Teversa Osnosi

membrane device 14 described a s ocperated under pressure

20 ranging from 0.2 to G MPa Incidentally, a rang £ this
operation pressure is Lo lncrease the Operatlion praessurs 1y

srder Lo irn the e e oVl Al il &

Wi 2, i 10 i I SICHICICRNCIIRY: rorhe
low=-pressure reverss osmosis membrane device 16 lncreases.
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bbles f :J:3. stage where the nonpermeate water C of the .aw-13ressure reverse 0 50 0 sis membrane:
device 16 is intro ducel into the intakb tank 32. The detaildd confidurations will be 10de scri tiTiCi. tram
the timst embecanment to'thé'#00760CC'mi-,“d rn pi- 5G2 <eawater Desa. inatioft. ‘tteatment Svstem 3>
Next,a schema-8-1p cppftgbration oi Lhe seawdMeh desal.ination treatmemt scid-M...eni 3 will be
described with 1 5 pump 31. from an nt.a 'we bd..ee 81 add is supdlied t.hrongh. the ..i...nt a ke pi pc
82 to the intake tank. 32 amd stemed t her eb n. As describehi above, mince the nOnperlfea8Le water
C.inthe Wgﬁla%wd;,t_glghtrgggm(;rllt?ﬂ%yst\gm !%gg,gg ]eﬂ:i to {nghg An%t@ar <a tjagk_ﬁag,_Jth_;_rnglgﬁ. tp{g qipi@g 2056, the
seawater ID and nonce roe at. e water 1-are miixed -i.. t. he int 4.Ke tank..32 to become the "wat.er to
be treated’, having: lower sallnity,at.0.to.be tmeate30 storhd. In. ¢ tie Intake tank b s sypptiea
LALCOUgli 401i-0.32(2.5t the piping 83 tb a pretreatment filtration on device 34 under a C)ICa.' Cl a

o AT b e BATI T g o e e e e g e T T S [ R SOV 8
of the MER water Treatment device 11 of thne wastewalter treatment

system 1. In addition, the piping 56 on & downstream side of

n

the back pressure vaive 18

may be confloured to generate fine

stage where tThe nonpermeate wabter O

BMCS 1S device 16 i3
3 4 . w4 n b 1 O - . PP T T W
Lnto the take tank 37 ne detailed confilou s owill be
3 o O S U AN, SR e de g r; N L S S S
10 desoribea rom the first embodiment to the fourth embodiment

TV o b v pm 2 g e R
PYeatment SysT.em oS-

20




ereierbgeTimen4dev.144 34 may bp, for eYampany ane of a OF device using Uttra filtration.
membrane (Uf membfrbee), an MP (device using Micro t rat ion membrane (MP membrane) , and a.
sand filtration device."In FIGL "UFméanitig the UIf device i.s typicall y sly.:8413 in‘fiie pretreat
mbnt filthibithkh4 devise-, in case ot a use of. the OP dpvi CSEs as tte, brett em;:rtrfi.ent f lltratiwfn
device 34, the UP device ? s genarPily operat.edbat 50 to 150 "K.Pa 100022) The "water to be
treated" filtered by the pretreatment taidind,:daion device 34. is .tIbbnsferted throug]n the piping' 84 to
a. treated wat.er tank, 35 fubctiela?ng as a hufier of flow. of the "water t.o be treated.”, and. temporptily
st.ored therein, Thp 15"wafer LO ha'iteafeb. " in the 4reaabul water TSITIK 53 1S (rliched by the supply
pump 36 and. suppto the, higt-pressnralC 37 through the piping 86, Thp ‘water to be treated” is
fwfosfed up to about 3.5 to 6 MPa for exanT1(.f., and auFfrrt16b1 tic the supply CC) rt 38a of the "af t
o he treated’. of the seawater reverse 200smosis membrane, device (flast reverse party-tars
easrnbranelev? ea) 38.The seawater reverse osmosis membrane device 38 is contiddrea ec, be
arranged, :oF exmp4e;1C. 1) a piniity memritine motri.c. a)fll,) ;pa, 4 of Japanese Patent. Application
Publication No. 2001-149932, -14- Since the. seea.water reverse osmosis membrane device 38s

operated ImPhr:highs 1 prep=mg3,8¢ dthan:fhb low-pressure feverse vz memprane) , and

a sand filtrationdevice. In FIG. L, "UF”" meaning the UF device

s o byplically shown in the pretreatment filtration devioe 34,
necas=a of a use of oh I device ag the pretreatment filtratio:

device 34, the UF davice is generally operated at 50 to 150 kPa.

U IR

filtered by the pretresatment

4oy ey e ” s T YU T RSV N
aon device 34 45 transferred through the piping 84 to

34 Chroush The ploing 3

. e Toe

A L0 B00U IR O R ¢

e o -
+ 3 e o . +

LOr o N SR iy
2{) ORMOS 1S Membrana device

- M e T3 M ey oy - o) ot e v oy e o X T P s o

el e S aWAaT ST DETRGE L nenio 3 (SRR o i

134 VARG Y
11 i RS R
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osmosis membrame device 16, materiai of the reverse csmFris membrane of the seawat.er reveirse
osmosis membrane dev.ice 28 ha s 5 a. performamce which cao withbtand. higher pressure. than the
lw-pressuré reverseosmosismermbrane’device 18. In addition/. it. is desior ed 6 ihcrease “the
operation pressorb im order- TO the fouling or a. value of TES of thb "water to he treated" osmbsis
membrame device 38 increabes. 0023} The "water to he trdato” supplied undbm pressure from
ssphiy port -.Saseparafea into fne permeame water m 5Porifi ed through the 1CC) OCC rse osmo 5 1.
n membrane, and t nbnpermeath water c whirichi -is the ‘Awarer tif be treated". not permeated tbrough
the reverse asmosis mempranb in fhb seawater revdrse 0smosis mémbrand device 38. The permeate
Water E is suppitied from the permeatb port 38h through the piping 8/ for 20 an extermaj use
corresponding tio the water qua Thy eve as the product water E. { 00241 til seawater.- reverse
cpsmosl s thembra.nece ,3.8,des gribea.above js.supplied from am.oytlet port,38Q. through a. piping
89toa

e - o S g Sy Sy T Yy e
membraneg of e crEe 03mos1ls menbrane device 28 has
'y . U YT M 1y - T B T e e g Fi]
3 a performance which can withstand higher pressure The
o a rpgmer e m e ey e 14 T et d S e
MOSLE mMaembrane Qevics Lo, L SaditTion,

TOVETSE DAmMoSl s

osmosis membrane device 38 inoreases.

INESYERS
G 9 j}

the s Ly port 3%a is E.
15 purified ro CEVerse  O8Smesis 2, and Fie
nonpermeate G which is the “water 1o be btreated”
permeated through The reverse csmosis membrane 1o the seawatary
reverse 0sSmosis membrane device 38, The psrmeate water & 1s
supplled {rom the perm port 38k through the piping 87 for

“he watery quality level as the

26 an external use corresponding t
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f1000hfia8ae-moh-1y Port i114d of a pfeetsttrizeci end. p 55 P4- 3 On 3Rd desscribhdh e
noripermeste water G exchanges 'ID re S sure di re 08.1. pwith the "water 5 to be treated" supplied
pressure from the stupply‘purtip 36.°Fher’,: "€c'nonpermeate water G 1n f111scharged from an outlet
port 39e of the pressurized end portion 395) under regulation of the flow rate oy a PacK. pressure
valve 40 provided in the. Iraddae of a piping 90 . The nonpermeite wat er G is the seawateic, bra
ckhf414. TO wsittar, or '11.T",.7 3") (7' 0000en|TralTeo. e efica-i-zt\p recovery device 39 is a device of
direct press 1.1@@ ;%thgnggvmethog in thin basic embadiment, and is a WeIIaIm.O\Q/Q qe(gr cc.

comp.on.d of a rotor part 863 ref at ithmall [y dmi e 6 by a Mmotors .14.68/m YamTapTédmterad
nedrotahaln speed.apressyfat /1 rig.P de end ‘dor on 391a, and a press-ata zed:side e nd
portion 3111c. 00251 'lime piping 91. i.s bifurcated from the p.ipinci 85 at- a brant* point P1 of
tUne ply’, rig.85 between the.suppdy. pump) 86 amd the 20, high-pressure pump, 37. A part of
ffw-pressure "water to be IT reated" s u.pp ed. by the supply purrip 36 i.s supplied to the supply T) ort
399 tp 11" (9,53-StitiZed.si,de end; pQrticn,3..9.cin the. CM.rg.y.to.the.sypply pch.89g.in prehnuflted
by direct. exchange of t. No.0 0 0 5- 50721 -523i 1 -0 32'. 633 pressure with the nr)nperrifate water G

from tlle seawater.reverse o s4k)si s Cim.hue) r Jethe-water to be treated: isfurthbr,supp | led. to a.

Po ofga r pump 41 p r cievi de Cl. in. t.. C) Fri lo f thbno

+ A, e b e rgm A e (0 P I S S s eyt ] e e YO
LHE NONDermeats Warel b 18 disonarged rrom o an oUtlet port Swe

1
o

N

Gnar NoSdD unger re ¥ I ne 1iLo
P AT v eyt e o3 + ML e .

SR 7 Je a4l mYoviaed Ln € LAGLe O
oiming 80 THe nonoermeasto watoey (5 12 the ogosnwater Nracikd ah
prpIng Pu. e nonpormeaite wWwaltel b 15 The seavwatel, LYrackiizh

1} water, or brine water having concentrated salinity. The energy

recovery device 39 15 a device of dirvect pressure-exchange

S T T PR g SV P T e s G
mathod in this basic smbodiment, and 1s a well-known device

moior (not  shownd 31 rotatiorn spead, 3
15 de end Do o 3%n, and a pressurized side end

oo

LR s A St S SO U S S I U SR
he pioing 20 18 bifturcane O rrom thne ol Pang shoAat abranch

R T i et ot e DS o oty g e T VR G SV, U Sy
poLnT I LOn the DApLng ¢ Detwogen T SUDID A YoORumo oo oan Tne

20 high-pressure pump 37. A part of low-pressure “water to be

o e g o e TH n o SNSRI | oA ) R T T L P T3 e el ER T . .
creatved” supplled by the supply pume 36 15 supplied to the supply

pOrt 3¥qg of K el sLae B 1o i
» o N T v 2

e ZONe Y O 5 £ L& S J b= I e e SN0 L Ll
Lo T DLy ol DI RS S S O LI DY L1 exohangs or
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92 tram an outlet. port. 391 at tne pressurized side end portion. 532nThe booster pump 41 boosts up
the "water to be treated" P171155 urized by the energy recovery devicb 39 to the same thb
hig.hepressudé’purfip 37! ThHE *Waterto-héetreabbd" from thb piping 92 and 1::.“heé *watex-to be
trei.ifted” supplied by the h hbprossure pump are joined togbther at 10 a bra.h. codnt 132 of tb piping
86: on a downstream sH le ed. the highepreazare pump 37, ahei supplied to t. he supply. port. 38a of
1' ha seawa.tbr revemse osmosls membrane device 38. 00261 150smosis mernbrane device 38. has
extremely hlgh pressume, it. s} IdOSS|b|lg 10 recover a,nd reuse f fhb \gnergy as energy. suPPgng the.
"water to bé treated" to the seawater rFéporse 0..sdn4:4irig membrane device 38"‘"tﬁb‘re%y saying the
power. cost, by d.e C eny a volfrle of thb.hi -Pre5SUre pumb 37.1i ,also possible to 20 ckezreae the
said TY ty cmve- “entevation of roeseawater 14 by nd.xing with t; he a onpe rme a te watertne
WaSEeVia teg lireatm,ent yatem. n,,tlger Y re,ducing.the boost-up brg5| msre. re,Tured fog the
high-pressure hddrp . trz about 3.5 M.Pa if the n7_dila4Rmate wd 1,41 111.4b s e aw at er Dare di

uted at appreximate 17,C.tEls mgnii@ MOUME; -17- o o acirized side end portion

5 3%c. The booster pump 41 boosts up the “water Lo be ftreated”

prassurized by thne energy recovery device 39 to the same
pressure as the high re pump 37 e ™ er Lo D
Lre ad” from the piping 92 and the “water To be treated”
supplied by the high-pressure pump 37 are joined together at
10 & branch point P2 of the oy oA dow ie ol the
37, and supplied to the supply port 38a of

the se ter reverse embrane device 3¢

2, a8 the nonpermeat 5 of the G E
5 osmosis menbrane d 38 has extremely higl S T
possible to recover and reuse The Snsrgy as energy supplying
the “walter Lo be treated’ {0 Lhe seawaler reverse OBINO:
device 38, thereby saving the power Ccos o
a volume of the high-pre @ pump 37 It is ] o
20 decresse the salinity ¢ Lon of by misxing
w1l rjr\ 11(}7\?),{,\. r'-[r,n:a*f-"‘ N!z'? =5 ( ‘ + .—\,_ 7 cﬁ'—,i_\*v,‘;:*‘ =% T s et g oy

— LT STOSN I
R Y T e U S P §
Soo Mea 1Y UNe Nonpermesale waler
AN T D are diluted at aporoximately the same volums ’
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while the required pressure is about 6 MPa in case of only S eawater. As a rebulty the power (-2st.
cam be also redbeeci correspiffdding to the pregnure decrease Tr other words, the olC eration
pressure of:‘thie"seBwater-reverse-6sffosis membrane 5 device 38 is higher thar‘thie opération
pressure of the low-pressure reverse osmosis membrane device 16, so that tha energy. f the
nonliermeate water. G of the seawater. reversN osmosis membrane device 38 can be recovered. and.
the operation pre s 50 re or t he seawater 11eVerSe0s003 S The mb rane de ViCe 38 can 10 be
decreased H1032711 ~ _In addition, C. ffe transfer bump 12, the supply pumia ;fl(ﬁ: the
highppressmre pu rhe intakp pbmp 21 th ffilttprion ptmp 2<ithe supply pump 36, the high-pressure
pump 37, thp 15, bogster pump Ai, the, rotor. pore-rion 29a of ths energy nicovery deyice. (11JRD) 39,
and the like are. integrated to be connected to a. fotatiom axis of an unillustreted driv motor.. inverter
device (not shown) supplying power:.to |1 hieOrly.00.g motor s installed as a local. p a Q172 or
'inregrefiy e.Lrdch.e.d. tO the 20 driving. motor. Then, the control devHce Is cenfiqured to control the
rotation o11 tftedrivingffm.qpir through.the.inverloer..1 0028} sContmol.Devdce 62 Next, 8 summary of
control of: the controj deviema 6 in the -IS- P454. No.PM1000825-PC41.-SG12011-03263D basic
embodiment.will. be described. The.contreldfty...Mce 6s,for, examcdo, compyfsed of a.1801))...ality
of cont r01 Units 60, 61, 63. Eamh of; the control units 60, 6 C. , 63 is Orov10.ed witll a. Cl);)L1 board )
ric-1 ustrated £RU,-ROM,.RAM, and.the like . 1/Q imterfbch-hoard, and the like. Jt is,sq configured that
the control unit 60 controls a whole operation. of the complex desalinatlon system 1()U tho control unit
6, controls the. wastewaterireatment: syst.em 1;,ane.445455 c1:4-4H6.J.nantois the seawater.
oesalbnbtion treatment avstAmThenPfOre, MSSe

A A UUND U SN S VP PP s S, o S S AN
OEMOSBLS Membiransg devioe 3@ oan De racovered and The operation

preassure ¢ the seawater reverss 0smosis membrane device 38 ¢an
10 e decreased
07
ddition, ¢ transfer purp 12, the PRLY I ooi4,
IN-nressy i y ke pump 31, tr i
cums 33, e supply opump 36, fF e high-pre I r 1y ‘
15 50 YoM , b STOT O s 3%a of The energy recover
device (ERD) 29, and the e be connected
o i tion axis of an f T mobor
inverter device (not shown) supplying power 1o e dr P OGO
is installed a2s a local panel o ntegrally tached » Lhe
20 driving motor. Then, the control device & configured f
control the rotation of the driving motor Through the inverter.
J028
{ I AR O~
lerxt, JmMManry o ntrol of the control device & in the
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OC.ntrol. uni t 60 is connected (5cm54155154:1 sn:gD 1V 61, 63 with one an(mtlmar. The control 001.
t:. 61 includes a flow fefA cont-rmi parr (3.)ot shown) as a. function part.. tnat regulates a. flow. rate of
the nonpormedte water Cregts)-ati ig.an- opbn degrbe of rme oa.cf) pressure ¥alve 18.95C 00:29
The control floif 60 of thb flOntn01 11V1 CE)S innutted mom theC' O' with. required flow rare
commands (01, (2/2. of. tne orodubt waterand. thepoduct water E In thP complex desalination system
100. For example, the anti ro ursi t 60 sets 20a target tiow rate of the permeare-2,1,(CA

maa tee treatment cyat.em, L and cenf gis g we Yeament, system. 1, by the gontrol, unit 61 on the
basis of d flow rate of the rate def /domed by a. flow rare sensor Si desenlffed later) and . -19- flow
rate of the permeate water B (flow.rate detected by the flow rate sensor S6 described laterl in
acbordab.ce witlst require() flow rate command. CI. Further, the contr lunit 60 ~ mutates a targbt
flow rate of.the phrmeate watbr.0 of the seawater desalination treatment system 3 and.¢ontrols the

seawater desalination treatment system. 3 by thb control unit 63 in accordance with the required flow
mate com maﬂmfj :QUL 90.3017 uding un

CPU, ROM, RAM, and the like,

S R e d P Yo o o 3 - S T Toa T [ - R LA g D e by e e
2 /0 dnterface board, and the like. It iz so configured that
e R T R s T B 1 - LI P P e e .
the control unift 0 controls a whole operation of fthe complex

- + 1 - aNa e py A e o -
lmsallhation 3vste L, 1 ORI AL il ¥ 454 ols e

u—
LA

The contye nit 60 of the control device & is inpuitted
om the outside with reguired flow rate commands C1, €2 of the
product water B and he wprocuch watsr B n the complex
nation avastem 10 For example, The contro 50 e
20 & target fiow rate o g% of tr

treatment sysiem | and controls rhe wastewater treatment svasten

3 P e B o oy i
oy The COonorald [ons 3 L ;1 LW Y [ ¢
WA Ted U € wWa reatment 3 (Ilow
P - Be e e gm e [ T D S [R— e R, B,
Il a TLOowW rate Sensory ol desoriped later) and &
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The wastewatbr intake pipe 51 is provided with the flow 10 rate sen (y..) r S I deb.(' ecti ng a Sh(400 r
f.e of tlo4 wao-Mmewa.t.e(Hr A. The piping 54 is provided with the flow. rate sensor S.6 deteehing a
flow Rate 58 HP' petfeate water' P& Ther, - €C)) rate of the wegbrewater A and the flow ‘mato ef the
permbatb water B are imputted thummugh the oc-mtrol unit ((-51 o the coittrol unit. 60. I. 5In additioh,
lehb pipi ?. 87 Is. provided with. a tlow rate s8obErmfr 520 detecting. the flow rate of the permeate
water. E and the flow rate of the permeate water E. is inputted tb the control unit 60 thrbugh the contrbl
unit. 433(20(‘1'3[111” ZQIDQ QLjJR wathr Lrerggrpggt.,_ ;ga.i(%\gjc% 1%’-]? gﬁovidgg V\(/Dilgﬂ,, ﬂf\__(?:rt%)&ample@ﬁwater level
sensor 32.

e cbntbol uniU® 61.. cobtisols El. start and stop of the! impmhsfer pump 12: based on. a.
water_ leefel siphmQ 1C). 111 the water ihefel sensof 32, The fissated water, unk 113 is provided.
with., for- example, a water ‘eyed. sensor- S3. The -20- control unit. 61 controls d start and stop of the
supply pump. ..and.a;ratation..speed. of the supply pump 14;.in oympfdliop on. thd, Masis. of a. water-
level signal of the water- 16spl sensor- S3 and. a pressure signal.. frmm a. pressure sensor 34
provided. in..the .5 pipiT.g;13 onthe suctign sidecmf the hildh mpressurmimiamp.15.:The, control of
the rotation. speed of the supply pump 14 based. on tnm pressure sional from the pressure sensor S4
is perMormeoin.order- to.aprmy, apr %@ﬂet%f{@@%é#@“%‘ﬁ%r@él%u@ tq the high mpressute,pump 1. 101
00321 Tne control unit Of contxols the rotation speed of the Ifighspressure pump 1 JD so 'that tbseOW
‘rate of the 4Betrne dii-Chwaif G- Timmsicidt def.cpwetk.qi-e e €.) I:pdtmue opkmakee 15woffel. 13
from tne frow 11' 31sehsdr So provided in. mhe pmpind n4. '

s AN ao0ordancs Wl U the redagaly e fTlow v ate ocommanc O,
s s
i baV] }

ciping 54 is provided with the flow rate sensor 56 dete 3
w o rate of The pa 2 water | Thern, the oW T ol
ne wastewater A o The P ToThe te water |
muthed through the control unit &1 to the contye: unit 60,
15 I dition, the piping & provided v T low & sensor
SAU detod ng the 1low ratse ol & permeart Eoand the fiow
rarve 01 The permeslae walar I noutted e ool ur
o vough the control uni o
GGEL
20 The MER water treatment device 11 1s provided with, fox

o ~ 7 & o Ty [ | T oy I g B . T T s TSR VR T, S
example, a waler level Senscr 52. Ihe control unit ol controls

T g R S T FN o N RN T T T U SR SRS TR
3BT ari oand 30D O Uhe Lransiaer pumy Lo Lased Oon a walerl Level
v o g T s o e 0T R S = ST IE U R AN Wi N

i ! 1& Ey oo OL O . Lirer Ll WalerlD Ldllx
TR S e et o s g 4 b £ o g SNy Svorp e T T oo | R FE ey

LS in provided Wwitlh, L0 eXample, & Walel Level Sensor oo, e
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Then, the controi unit 61 performs fne feedback cfmitrol of the rmtation speed of the infdhmoressure
pump Irthat the flow rate S jidna | becomes emruff arnc on. 111 ha 133)3,Cs of the fmrfw- rata signal
rfrm the ii, emrFate 31111 Séti 35 proffittedt:‘he friTrfx 131 on. ti-le 20disc:ham-dé’sidé: of: the high
-pressure pump 15. In addition, fhe feedback cant ro] of the rohaf ion speed ot Isfle hegnaprkfssure
pump fe cdrfrof unit 61 is appropriately correcto based. on B Cl the target. flow- rate of the permeate
waferB.M1_ 20-03263510033) Thb piping 56: is Provided with a. flow rate senor SC
dafecting a,,,tlgw_,rg’;p of the Qqnpg_[meate warem,C of the j&)vy% -pressuxe revbrso osmosis membramb

. [@LORE NN WALt 0 CONTIOLS & start and  ston 0L The supol HdImm .
devicb 16. Thb above tow rate control bart of thb control Unit, 61 contrbis the 5pé)n 6eg>}é3 of tie
backlerbssure valve 18 based on the flow rate signal from Eke flow yate sensor 37,s0.C) npermea CC
e WalLer beComes a CO la Stantratere , arve ¢ C'il""r'(l}l") ' vn by th

17" rate shown by the flow ratb sensor SO
of trio. Watqrrtobelotr%ateg«{QOSA)M vel signal £ s S

and a pressure signal from a prassure sensor $4 provided in the

3 piping 53 on the suction side of the high-pressure pump 15, The

control of the rotatlon speed of the supply pump 14 based on

< L P — 3 v g o7 2 e ~ o

15 ater B from the flow ra sensor 56 provided in the piping 54
PV p . + g S T S A, ey, -
Lhen e oontro it ol pertorms the ftecednacy oont (S e

. S P T s e R e . 1 e Yy AT e
0T LG speaed O the n mressure pump LD 30 2 T LOW
Iave 34 YUOn Thne Dasits of 3L Unal
o b D ratm ma D 7 [ N S NV SV S RS e
1 Iy = ! 2 RENs0r o DYov o} ] s
” % e V=N T BT R e YL Y T P L TN ] T o, ey el e o
200 di side of 1t vigh=pressure pump 15,0 In ad , the
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Tne intake pipe 82 is prov.)oeci wifh a flow rate sensor 31.1 and C. I') ell.. nt- ake tank 32p (1) yi (led_
With a Water S712 _liegonti)o 1) ClIl. rnis a start- and. t OD C) Cl the intak 15 puffp 7 i based on flew
water. ieveJ! sigia Trom. thp Water ibvpt sensor Slz, sets a target intake flow raté of the“seawater D
based OCT the II).. OW rate of tnb nonpormeate waTer C. discharged from the wastewater frbar.menr
system i to tne infakb tank. 32, C) nd sordirois IC he rotation speed of the intaka pump 31.. based on.
70 a. flow rafe trbm trle flow rate sensor. Sil. For example, in a case. where the) flow rate of the
nonpermeatb water C. and an intake. flow rate of. the seawater D arb a]Jmost the. same and ar))8:1 the
nonperrneate watertirieCliraKe fra. ILKtine ober a triton 20-0306 35 pressure of the seawater
reverse osmosis membrane CieViCe :38 can be mairnta i no dor example, at. atmaut, 3,5.to 4 MPay
0038} The control unit 64 c ant 1)01a at 5t and stop oft tO e 5 filtration pump 43 based on the water
level signal from a water level.sepsor.;31,4 provided in mq, treatedy,,bater.‘tank 35,.controls r he not 5 t
on speed QM the filtration 10t4mb 33 predeterml ned rstat-i on speed based on the flow
rs.tes.1L.Jos. T from the. 8newwr. o, sans; or, 31.3 provided.in the pdpmng;84, punips the, 10 "water to
be treated." the Ke tank 32 to tne pretreatment filtration devil ce 34 under a predeterMined pressure,
performs Sprimary;trea tripan..d Lare -iprima.r 187 treated ) water to be-treated"in. the trea31384d

wat.er tank 35, !, 00.36k 5Eur tirle raicyre the conitro um | 68 ;3 C)o,rCo S a atart and stop

degree of the back pressure valve 18 based on the flow ¥

rom the flow o SeNsSOr Poso that & flow oy »f the
10 comes a constant rate relative no i
rate shown by The low rate sensor 55 of the “water To be
H treated”
{00345
e intake pipe 8 5 RYro W E W IALE S58nsSor
1E D ith & Le it
12 e it 63 roilsnoa start and 0oy g ntak
~ o 1 3 H = H
15 31 b on the signal from the water leve
senscr 512, sets a targe fake [low rate of the seawater D
Dased on the flow rate of the nonpermeate water U discharged
rom the wastewaler Dreatment zystem 1 to the intake tank 37,
ric pon speed of Lhe intake pump 31 based on
20 a flow rate signal from the flow rate sensor 811 For example,

in oa case whers fheo

- M o . e W 45 e i en e o e ety pd
S intarKe Ii0owW yate oif d WA tal J ar s Cle mame ana

S LOn recreased Dy mixing ol ST
Loand Lhe nonpermeate water O In Une 1ntake tank 32, the operation



of the supply pump 36 and. the rot. at 'ion speed 0.8 .131338 supply pump 4,6 iii, ()per 13.31 011
based On the Y2 Tl (355 u r e from the pr S sure sensor 31.13 provided .in the piping 85 on the
suction side of“théhigh“pressire’ pump-37-The Mae tassel 0 f: the rotation seed of“26the supply
pump .36 based on th.e pressure signal from the. pressure sensor 315 1.5 performeCi in. order to
apply a predet.ermined 1.101 S. "O In pre 5"31ir31 0 212 e- p IC E" S Lire pump .37., The control
unit 63 regulates the taddi LiOn speeds ot the supply pomp 36, hdgb-pressure pomp 37, and the
booster pump 41 so that. ., 1: tie tiow rate of ghe bermeata water E becomes {8a target flow rate
thereof inpltied from t 1P' eortro unit 60 be{s"éd“d% a tiow Tate sibal of the permeate watér E from the
Clow rata p sensor. 520 provided in the.piping. 87. Then, the control; unit 63 performs the feedback.
control of the rotation speed of the high-pressura pump 37 abb. tha booster pump 4.. so that the flow
lvaida SlajriajJ: de comes (.8 onstanton 11.n e bats bsottha Ci OW fato s | gb at from the fdow
rate sensor S16 provided in. tha p ping 86 on the 10 di. sch.arge :side (- high- pr (a. 5 Ur a pump 3 7
ansl the b 0 0 St: orpump-41..In-ad.d.itionh the.feedback ciontted of the, rotatdon speed;of the h.
treasure pump .37 and the boostar pp 41 by the centrel dnit 66 is appropriated y cortecteo fag.E.m0d
on tnesdevhation-betyveen, the flowrate-signad: Ok tha permeata watar 15k and the target:, f ow rate.
of t 0038 The pipdng E 9 is provided witin a flow rate sensor 319 detectirvit a flow rate of the non

controls ab open degree of the back pkessure vadve 40 so that the tiow rate of the nonpermeate water
G ',becomes-a. censtant, rate reaitlve tothe Crew i€ate, :snowirhva flow rate sensor-316 of

predetermined rotation speed hased on the p te oslons
m e o = o — -
filow rate sensor 813 vrovided the piping 54, pumgp s
1 ey R B T I G T I U R T T T T ey T 1 b T B T
4 waltery o bhe treated” in vhe intake tank 372 to

filtration device 34 under a predetermined pressure, performs
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A pYimary nrea tment, an d stores the primaril Vonreate ad WA ST

> be treated” in the treated water tank 3!
P o036
bs Furthermors, ©h onty Unit 63 contoo a at band stor
of the supply pump 36 and the rot on speed of T supply pumg
36 in operation based on the pressure signal from the pressure
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SCeRS0CY oLl ProvViIGed 10 Une DLlpLng 5 on the suction side of the
TLONRressure pump 3. The control of the rotation speed of
g T - o e 1 - B S S o
sensoy 515 1s performed in order o a DLLY a Dredetermlned
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t) mail Cilent. Ref . No . PM130Ci85-POT | -SC1 In this manner, the complex dosadinatt ion
system 100 of t.he ba.sie emh.oddmerill bd xbs the setawat.er D tahn th.e nonpe rmo ate Cad ev C
or the imb, 6-12/75iFmpfuft AU At2(cimFba’Ch s s | s membrane do.vic.e 16 dischargéed>from the
wasteta.ter treatment system 1 to he the "water to be treated" in the seatwater desaiinamdon system
.1. Then the salinamy concentration of the "water- 1:0 be treated,” in else sea Wats IC otos a nateon
system 3 ca.n ne redbced to about hand of tne salinity concentrtion or. the Seawater Oita ken nThe
rest-ore., I gpossible 114D € 144,00 /411718 13, G.AEL LO0 n& 13, ssure for gbirat i nd °C)
CC: seawater re vb I se ose.rhsesil- membrane device 38 ldrely’ comp axed. wit.h atbut 6MPa required
“Tor reagentheropy saying tine esgArer cost.st Embodimentb> 1 SNesx.e,, a.cc;,0 ex IIEL, 31 nat.": On
55)1. tl emaCCO ICC)ingtan e f ~ IC at) embodiment of IC.ho present inventi on w ill Im? (leach-- r
k-mml Ct t hroferbhice to FIG. 2. FIG, 2 Is a schematic hbLock. diagram of the,complex desalination
system according to the fl.rst embodiment of the crememq invent-ion Althou.gh a basic 20
configuration of the complex (Masai’, pation system 1.0072 of.tho-present emlbdiment. ... is
substantial iy tho same as the. complex desal nati on systom 100 of the basic embuddbverm.. shown.
ih FIGs1, there.gs.gliersersessos .1e which the control unit. 6 is.added with-some functdons, ana as
shbwn in X. boitmon in. PIG. 2, at. Clant Ref. No.PM100085-PCT1-30145-11-nammi

&3 performs the feedback contrel of the rotation speed of the

-3

Dlgh-pressure pumnp 37 g0 that the flow

and Unsg oo
wm e e S mpam o e m e g e v pm g b o opm b ey B B e om g 3 e e T de e 5] ey e b e e 4 ey o ]
raive sidgnal pecomes Constant on Lnae Dasls oL the D1low rale signas

o P £ ey S T VNI S S B U SR SR . 17, SR S
rrom The fLiow rate sasnsor Slo LoV LOea 1n the oo DLNG oo on The

10 discnarge side of the nigh and
41 ] sddition, the e oy on spaead
of the high-pressure pumpd and the bo o 41 by ths
el it 63 O TOD 1o cl Lhe
iew n o betwesn the Tlow 7 ignal of the EE
15 sl the W rate & permeare water F
G03d)
The pilping 29 is provided with a flow rate ssansory 510
ng a flow rate of the nonpermeate water G of
TEVE D8mosis membrane device 38 The contrel unit 63
20 controls an open degree of the back pressure valve 40 so tha
the flow rate of the nonpermeate water G baecomas a constant rate
re e Lo Ll x shown by a fliow r 8516 of
It Ay T\/ = = - \_; j{\/r 5 i it
039
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a branch point P5 of the piping. 56 on the side of the intake  RI:?, the p 1. n .1ccis 2.5Urc64): ed. to
a piping 5 7 (first piping) and a. piping 58 (aeconc piping), a pressure reduairld pa ( first ValVe)il,
provided of the'pipifg: 52 apressiire sensoib (tine bubble generation pressuré deteétibatunit) 39 is
provided on the piping 57 on the downstream side, and a fine gabble generation pars 19 la provided
on pne outiet portion of phe piping. 5/ positioned below the water surfeice in the intake tank. 32. n add
1. t on, the piping .D8 is provided witn a back. pressure 10 valve (second Valve)The fine bubble
geheratgon part. decompresses tine nonpermeatc. water, C repidly from a. pregetemadneg. pressure,
so th.at iThe gases dissiogveg in the Aonpermiead. € water C are: generated as film 1 bmbbges 105 of
the sizes Cy: :3: fine mierchailia |R lea.ancl. J2n E.) Glart 0.0U) SD Lancir efi.. eased info I'vmat rat
to be treated" in fMmi) intake tenk 32. 0041) Here, thp52, 58, the pressure reducing valve 1.7, the
back pres Sure.yalye 18, and the fine-bubbia generation part 12 GO r1QS pond 1:, C) a. ;/fine) bubbge
geheration uhit" described in 20ci aims. 0042) Puncr .1 C.) IPS0t 1.1 aCl"Onifa60,6 OfCl.:0ll Cr

Cment

5 system 1 to be the “water to be treated” in the seawater
desalination avaetem 3. Then the salinity concentration of thes
“water Lo be treated” in the seawvater desalination sy mo3 o«
e reduced Lo aboul ball ol the salinitis
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15 he
£ ath
reference Lo FIC. 2. 7/ 1% a schematic block diagram of

1 omplex desalination system according to e first
empoaiment  of  the pr 1t Vention Althouyl ras:

20 guration 0L the desalinatio of the
prasent embodiment iz substantially the same as the complex
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runictions, and as shown o X porTion in Fil. 4, at
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flanctgons of the control units 50, 611 of. the control device 6 26- . Nor. PrY1150085-PCT1-SC.;1 in
the complex desalination system 100 accordmg to the basira embodiment_ Although a fuhcMich el.

the control ‘Pnit'61 of the Orptrol” devicé 6 in'the pr e SEI fl ii, P IF. bMe n,11") SMantfayE same as the
control unit. a th.e control device Gin the complex desal inatich system 100, there are differences in.
which a flow rate control part (not shown) as the function part. thereof re.glilaf es fife f sow rate et the
ag(pnperrneate waxi.er C by regmlafd. his open degmee of t ne h 5. C p..rm5sia re ve re o, atd has a
cordarol. fun(:,nI ljat Qf the fhubbles gj.emerat I on gt the flne hufflOl -8 10 gener,,,,: Qn, pH rt I. dup.

e

Pmated deserapf |on WI|| ‘be omitted by C|eh|gnatang the sane ha ftenumce numer;a IsinthEl5 arc, e
n c. nfi on as the complex de s.alinatich.system.10Q, and a_ p(Pal: epi-de S r pn. beéa L SEIN01111.. td
in the a acnetin- ¢ fah:mat:ion as thie contmol deffice 6 in the basic émbodiment_"1'50 0 4 31

The flow rate control pa;rt as ta,(6 abcyge;Pruattmd:amed fah:lotion part.ofthe Gontrol, unit al n the

present. |nvent|on regulates tin he open Eli agree of the pressure reducimig VS. based on t- pressure
Sfrom thR, pre.cz:.qnre; 51 Ell. 5. 1) 3 9,.20de corniste. ss gsithe inofrpe.eate OS ter C.to.a prp s rt=

curl tab]. t 0 r generating the fine bubbles

5 {fline bubble generartion preassure detectionunit) 89 is provided

N T PR T (VR T T I
cing o/ o on fthne downstUresam side, and @ iLine publsie

Ta o 19 is provided on the ou on of 3
piping 537 positicned below the water suriace bn the intake tank
2. Inaddition, the piping 58 is orovided with a back pressurs
10 valve {(sacond valve) 18 The bubkble genevation
decompresses the nonpermaate  water 0 raplidly from @
predetermined pressure, 5o that the gases dissolved in the
nonpermaate water C are generated as fine bubbles 105 of
sizes of the robubiles and the n: les and released into
15 he ™ o e ty Y. ank 34

the Pressure recucing Vaive

e g b b F 4o bl T oo v
vaLlve Lo, ana tne Dine bubble gg

ravtion oart

)
TR T B N R R T v g g b e e de I 3 o g e g o] e
19 correspond to a “fine bubble generation unit” descoribed in
20 claims.
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05, for example., 0.5 MPE..a, and aLer Lo the f. n. EI ID PPP e (i4erheat.U.., part 19.Fur:idler, the
above.-f | caw rat.e part ot I) EI COrlitrai unit a regmlates the open clet.p.ee. of the back pressure
valve 18 based on the flow rafe sighat “of thé‘ra OW rate son o row retR het Petion. uhitj 57 so that t.
he flow rate ot tr:e rl p e me ate water CC) 11) e 5a C) on. Stant. rate re:Lat.:1'7e to tine fl.ow rate
shown b.y ti-le flow rate sensor S5 o.f the 'water tb be treated". 0044) According .1.0 tpresent.
(gib:xi:Mr:en tm since t.he seawab.er de s alr0 a 10 on t real: me nt sy tiara .3 U 5E15 the

retreatment - . - . 4 . ‘ . ; .
P in the complex desalination system 100 according to the basic

hough a

2 complex

> desalinaticn system 100, t a flow
rate control part part thereof

O by ore

10

e
oy

CONT X

Lo part of The Ccontrol unit bi regulates Une open degree



toll t ion device 34 such as a UP' membrane device, an ME membr; n 10 device, and a sand filtration
as a. p. recedlnra treetment of the seawater reverse osmosis membrane devic. e 38 |t |s p055|ble

particular., since tihe nonisertneate water C cfonftfite; the organ 00 matter more 15 t.laan double of
tbat. in. th.e seawater C, the org.anic matt P r can. DEI El .5: ficiently removed. Tan addition, the
seawater D taken 1.0:. Triay C'Onta. .1 na. arra.To ElIm n Of organ e ma tter a nri mic roof Tanisms
depemlrbrgﬂon....m‘arrge grea.or season, -and normally contains the arganic. matter metabojtzed by the
microorganisms. {0 45 Then, by regulatlng the Open de gree or the pressure Uring Val are 1K by
the.11.flowimmTirQ C.p.04cd L e CC) ounitbland 11,n10,du.;the, 100,n £,00 El a e.if ater10 1" O lll e
lank. 32 La decomptess the pr e s sure 0.8 to 1.5 MPa -28- of the nonpermeate water C to a pressure,
19, it.is possrble to release the nonperlll.efa28 Water C. contarnrng the f|ne bubbles 105 into the
intake tank.5:32 w-ithurreguiring, any pewer -Further; since-the: pressure-of:the-nonpermeate water C
vaxieb depending on the operation pressurn of the low-pressure revebse osmosis membrane device
16, there is-a«case:{dnavhich allot-a predeggermined flow rate ot thc.-2 Or) ripe rmea tr.?, water C
cannot be released to The -intake tank 10 32 through ) 'ping Fel ore: y regulating. the Pen degree of
the prassurp:redurbhiq valve 17. If. the operation pressure of tl) e low-pressure reverse oSmosis
membrang device . is high, the above-mentioned. flow conttpl part of the. control.. unit 61 performs
the feedbaclt contrp]:of the :opeb degree of t1:799:back 15. press.jre:valve 18-so thatthe flow rate
shbwn by the flow rate sensor S7 equals to a target flow rate of the nonpermeatpy080ter C, As a
result, the gemeration..cantrol of the:fine:bubbles 105 by: the:above-mentioned flow:controt part of fhb
control unit dpes not cause any external disturbance to a. processlnq 20 amount of the wastewater
treatment. System1.1(0046:v L ce 24 such as a UF menbrane device, an M

2mlyrane

10 device, and a sand filltration device as a preceding treatment
of e seawaler reversse Co5mosis membrane device 38, 3 i
possible To process Lo removs the organi Cont . I
the nonpermeate water O and the seawater DL In particular,
since the nonpermeats water O organlc matter more

15 than double of tb nothe s , The orga: ma an
pe eflficiently removed. In additlon, the seas Ao

Sty g e oy S e o s e e et e T, U U B
may Contalll a talfde ambint O Organic matiel anG MiCroorganl sms

depending on marine area or season, and normally contains the

organic matier metabolized by the microorganisms.
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Further, by releab-ing the fin," bubbles 105, i.e... , Tine microhubhges and the nanpbubbleb from. thef
bubb generation. part. 19 into the bntake tank 32, it. is possible to decompose the organic mbliter in
the intekb tank“32 by thb'shock Wwa've generated. at the time of crush of the fine ‘bbbties 105, and
generate rabicadb to tab.'. HitatP rno decomposition of the CI rganic metter. Thereforb, clo in CC of
the pretrealAnent 5. filtration devibb 34 is decreased and a tpeatment ambunt of the "water to he
treated" increases before a backwash of the pretpeatment filtration device 34. is necessary. In other

worbp,  is.possible 10 increase. the time until the backwash, of: the pretreatment filtratiop-device 34 is
nbcessary, thereby 10 in-non:8Ji1C9 an ober anlaLi, +1. h E1 corm 1 ex'de s t. ion system 10CA.
Although fhb.organic matter CCLthe, "watPrio be tieatecitincreases by. using thh wastewater. A. as I:
CC? organic wastewater for dilution of the seawater i is possible to dectease the freppency of the
foullng of Jr;revbrse esmasis. 15memppane of Tine seawalor reemirbe;asmosis mximuiran device 38
the seawater desalination treatment systom 2, because the orgapic matter is decomposed by. the fine
bubblem 1G5, /10047)wenSecond Emhodimentee 20Next, a.complex desalinaticm system,100B
according. to a. second embodiment will be described with refbrepoe to FIGS. 2. and?FTG 3 is ar.]
Polargedexelauaberydiagrhm.of ariXAgortion. system according- to thb, second.emilmmiiment which is
thb con4xLax

AT e G o P yog o A N A R 3 o, 15y - g fe Yoy P S
0L Lne nonpermeate watey U varlies depencling on the operation

R Vo e o e
sure o0 The [Ow mressure

16, there is a casgse in which all of a predetermined flow rate

10

the pressure re ng valve 1 i re of
the lOW-DIessurs reverse osn nembrang devica 16 hich,
the above-menticned flow control part of the control unit 61
rma the feedback control of the open degree ol the !
15 1 e valye 18 that the flow rate shown by the Tlow

sensory 57 equals Lo a target Llow of The 1

. Rs a result, the generation control of the {ine bubbles 1005
by the above-menticned Licow control part of CONTrol unit

Caudze any aX ternal disturbance to A proces:zindg
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generation part 19 into the intake tank 32, 1t is possible Lo
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desalination system according to the first embodiment further: cvdmi:uiWth.an.0'S.0ne
gdneratmr and an czfie. i24e0tiob pu.mp. The conTh P X. des al i n. am ion syst em, 100B
arhfcbrdidb4 tg tile s&c.ond. @mbodimeént is €1 PP rent from th.e COMP e X Cie' salination’ syst.em 5
1.0014accordi.nq to the first. embod.imen.t in that, as shown in FIG. 3 as the X portion in PiG. 2, an
ozone generator 45 and an ozone inj e c tion pump 46 are furthdr provided, amd the ozone. gas gene
)C S. bw4 Piz ti-b} cx}}lae (}...}.4b-}}E?Tait.Or4 d nie ct. C? tbton.gh o z C) 0. ir3ec6ipmxrtiun P1.1
disposed ob the piping f.and dissolved 10 inpo th.e nonpermeaate water-C \Arhhekg Is decompressed fo
the above-mentioned ptedetetxdbed pressure by the pressure reducrng V. a) V1. Further the.
complex de; Sa.1 rpatron Syskem 10013 in diffeli.nt fram t. e.c mp.x de; sal.nat,l on. system. 1 OCCA
i}}t- contro . dev} i.n.e[.3n errarpost} .men.t.is auriea 15a function of controllrng } }8}}4} 0zOne genera
or 4.5 and the 0 Qn.e eon.onpump.4 6 to the cobt ral nnt.t 13 .0f the. contral: doszice 6 in;the first
embodiment_ C 0048} Tnenot] on: of the cont=i. unit 63 in the secxad 20 embodiment is different
from. the function of. the.eontrol unit-63 in.the.first embodiment only in:that thd control Lnit, 63 in the
secc)nd embodiment is (rota t gured to newly include an 0zone 000. trC) Ic uni t-i..exsfleetSVSICCCD |
00 -nowdi ng 3%~ to the,basi¢c.embodiment-Fhen,the above-memMianed ozone inQEt.[gn. control
part of the conerlb.1 unit controms th,:- 0zone gemearat- 45 ho as to generate rhb ozone gas
corresponding:to-the targetflow rate efirne nonpermeatewater-€, and-injeets:the generatm,d ozone
gas rMrough the ozone injection portion 011 by ¢ on.t m.d. hin..q tne roratgom speed of the ozone IC))
action pump-46-inarespense 10 the generation-amount otthe ozene gas, 0049): . » Aceording to thb
prbhbnt embodiment, the e 1 rbm nPbbleS 105 10 has an effbct of sterilizimq tTha "water to be
treated:" in the intake:tank.132 because-t:ebrit_ans the:ezone; i1 the backwash of the

E e e b e O - o ey : .

pretreatment [iltration device 24 12 necessary, thereby
1 e Fing a DEeEYTA noAay Al Fot the ! or
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system LUUA. Although the organio matier in the "waler 1o bhe
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(00501 <<Third amd Fouxth Embodimonts>b Next, thb complex dbsaliinatioh systems 100C, 100D 15
accordig to a third and fourth embodiments wi 1 be descrgbed with refbrence to FIGS. 2 and 4 FT. 6
i.s an enlargetéxpfaria tOry’€S). Gbr-Zam-Ofan X. por .1. on n T G,2 a n (.71 rf ex:prarat (Dry
diagrantof a. complex desalination system. according to the third embodiment whix:00 is the complex
desalinbtion system according 20to the first. embodiment combined with a reaction. tank, and a.
complex desalination. system accordjng to a fourth embodibbant wnionehOrrip TeX cieisaiinat on sys
teMaro r'ti Irlh dtme It |f)qegt|‘o¢n pymp._ . -32 <Th|rd Embodlment> b F|rstg the. con}plex
desalination system 100C accordlng fo the third eatx(mlllment will be described. The complex
desalination system. 100C. according to.the third..embodiment is different from the ;;ompjlex
desalination system 100A according: to the first embodlment in thatg as shown in FIG. 4 as the X
portion In. FIG, 2, a reaction tank (first.raw, water. tank). 4714, s, (Thspmeeq ata. precedlngt clage of the
intake tamk 32, and the fine bubble generatlon pamt 19 as the outlet portlon of the 10: piping 57 and
of the reamat i or tank 47 Anal an outlet 965 et the react|on tank 4/ dlrec t|t p in mommunlcatlon with
the intake tank 92, Then; thewcohtto\ devibe 15..6.in.thgpresent endx(khlinent. In. the present
embodimonth, the reaction tOflk. 47 COrreeSPOlntic., to a "first raw watem tam k" deS cribed in

claims. 3 as the x portion in FIG. 2, an ozone generator 45 and an czone
1ve Turther provided, i the ozone

ST or 4 § 10 ed through an oz ons
intection portion P11 disposed on the piping and dissolved
I into the nonpermeate watey ¢ which is decompressed to the
above-mentioned pradetermined pressure by bLhe pressurs
reducing valve 17, Further, the complex desalination system

1008 s different from th RSN Gy GOA

at the contr levice 0 in the seocnd 4 me s oa wWith
15 a funcrtion of o Y the orone genevator 45 and ne
intection pump 46 to the control unit €3 of the control device
5oin the first embodimer
(0048
The function of the control unit 63 in the second
20 embodiment is different from the function of the control unii
63 in the first embodiment only in that the conftrol unit 63 in
the second embodiment 13 configured Lo newly include an czone
. + s - L S S g S S
RS -G B 5 J [ [ J GWwlt) ab tiie L oar oI 3




(00511 The reaction tans 47 is divided into a. pl. rality of. 20compamtbents (pa))titioned
compamthients) 47m., 47¢c2, 47ca anA 4701 by a plurallty of partition plates 47a and 47b The partit
1.a1l- 1p|ate47ahasac i [
r.Pc:tl.011ta.CrCc. 4/, aria the partl 47b is conflgured to have the lower portlon cmmmnected to
the bottom of the reaction tank 47 and the upper ccorti.on wh.i cch alawaws the "water to Ne treated"
to mova beyond. tha upper portion and be 0 OIMPUD at edh. a. ne.ighbor 0. p0.0 m partmen tinc przrt
t plates 47ay 47h are,conf.igimped to he arrangeg so that. the flow 5 drection Qf\t,he cwater to Ye
treated" is changed alternately In the vertical direction as shown by arrows Y in FTG- 4. The outd et
96 froscc the, last. compar, mq :
the reaction tank 47 at. the precedlng stage on theJrNhake tank. 32 |n th|r manner mlxmg of the fine
bubbitas 105.and the,water.to be treated’ is fagilitated, and.d.e coinpositt.can 0 4.fl ES ¢crex ¢ ldat.
ESricy % K :

B L S Py r~ ~ -
Lhe Laydet DLowWw rate Ol ThHE nonpsr wataer O, 4ndg injecuis
5 + . N oA el ey es rr e e R ypmrae e b b S R N A S
3 Lhne generated czone gas Loycugn tne czone innection portion PLA
OO @ T amn
i e OZOnE g8
6049}
o~ e R B FE s b T e ] 5
Acoord no to VLo embodiment, the Fine publbies 1UL
;(} = NN I SHTNOR SR PR el =T I T R e e Ywatoer o bhe ~
ODas an elledct o sterl lzindg Lhe Walsel o De I
D b Foarmle AT e miimes A e om e P
intake vtank 32 because 10 contains the ozone.
Ny
L Oos0
ST anag F g
N ra oana b i
.
NEEH L, £
g e - -
15 2 CCOra g ouooa nxy

Slanato LE ar W et ey 4o B
explanatory diagram of an X portlion in b

enmbodiment which 15 the complex desalination svatem according
20 to the firast embodiment combined with a reacition tank, and a

complex desalinatlon aystem according o a fourth enbodiment

- N N e - S S S S G B e
W L0 . [ s eXx desall LT P ACCOraLng O The thnioad

o Tenn, g o] . PR . - I
emnGorIm i oW ;! LOTie g DALY ANG aln OZone
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15facilitated. {00531 <Fourth, Embodiment> Next, the COITODifeM desalination system 1002
according to the fouxth embodiment wit] be described_The complex 20 dabalinataon system 100D
according to'the fotifth: embuthrient. i§tha éomplex desalination system 100C ‘atcordirg 6 the third.
embodiment which is added with. tha ozona generabbr 45 and 7:Pe ozone bnlectdcr pump 46 shown.
la dashed lines in FIG. 4, and con T1 If cc I. Icc ci by;; e above-men-ft once_ c.) ZoneCUL,L,ic 0 part
of the control. unit 63 of the control device 6 in the second e Mbodie CC n ICthe prr dent erblead I M
Edda t h ereaction tank 41, corresponds to a f IL r r r raw water tank” deorrl Odd in ¢ aims. 0 541
5Acoprding to t’hé‘prééentc(Fpr'ddi..ment, mixing of the ozone gas and the 'Amatrf to be treated" in
the. .reeactirgn tank 4/ s facilitallrd, and the stetiljzation effle.ct..taor the, water 1o e, ueated” i s
higher thpn a case in the second embodimenta the p r s e fl:t embodiment, s I[CIOC .hhere5_
possibitoy- that 1QSfurpluS onﬁﬁfga%ISiEifp4Qara}ped f»{@méi’}@% : Surch’gOf theﬂ'u’kpmer

desalination system 1000 according to the third embodiment is
5 different from the complex desalination system 100A according
Lo the first empodiment in that, as shown in FIS. 4 as the X
portion in FIG, 7, & reaction tank (first raw walber tank) 4

The v tank 47 is divided into a plurality of

A e dm e S ] e v o e T T s e e o T AT AT .

20 ¢ o ments (partitioned compartments) 4%7¢,, 4%c., 47c., and
L7, na 470 The

(ral Inen L
o L relodG 7, atd o EY jol
i e [




to be treateel" and released into the atmosphere., i t(1e-3'1ra:bike th.at tho separ a ed n/nne gar is1 1
er.ted by Cl rover over tind rearm-len |5$ /1'7 treat:pat and released info the atm05|gnere C 00.51}
15As ufiderst'¢6d Hfom thd &hrve’“a ¢ ronm.de’ng thf the fdr.st to four-till embodiments: ‘siner fit IC. IC.
elatbyel.y | ow prdssuhr 0.6 to 1.5 MPa of the nonpexmeate watex C of the was,fewatex treatment
system | is uti j zed as the energy for generating the fine bubble 9105 ,thep 5v.) eriS nO IC.
nEces se ry as in th P Ci onvent-L-)na 20cases in which the "water to be treated"Cl Ornp re s se d by

a filotOr p(;Lrpp.s,end ;ra,fﬂdly ger omp[essgg ;ojgen@r@tecthg flg;—: Tbubbq%s or. thC:: qlrﬂOrlp r(reR:Qed
and relepsed from rre CI Tl pores n t o the “water t.0 be, trea tecrgenerpte the fine Bubbles and it is
Possible to.provide.t.hp. complex.cir:sae. ination systgm $.100A. to, Cllqm St viinn ar
Nu.PM10001.15-PCT1-5G1 1000 whicbh are reduced in 3-the power cost Further, |t is possmle to
provide thg.complex,devalihatiof systems.100A. 1.t Q.0 DCI
impr OV e Ely r educing the fregbencythb fowblng of iha! re- vers osmesis m'embbcane 5 of the

seawater reverse osmosis meghrane.device 38.h the seawater, desalinahmil)n systens.;3..,

5 direction of the “water o be treated” is changed alternately
in the vertical divection as shown by arrows ¥ in TIG. 4. The
" T e 8! ne in t Z igh
cutlet %6 from the last compariment 47¢, as shown by an arrow
7 oin FIG. 4
10 {0052
By providing the reaction tank 47 at the preceding stags

o P - . .

o tne intake Daneg 34 An Lhois mannern, Ml of the fine bubbhles

A= . . . W P Y F T, ¥ 24 5 F R R S e
J3 ana M v, o De Lryeated 15 racriitated, 101

¢ ne the fin € 05 4
15
i \J_}Elig
< th Embodiments:
Next, Lo aystem 1000 according Lo

200 desalination system 100D according to the fourth embodiment is

Lne complex dezalination system 1000 according to the third

]

T T T T U TN - o
EMDCAlmant WhALon L8 added wiith The ozone generaior i (
o sy y
A = e r [ A
e % SRS T H
GEOne L7 (SIS R [




0056) Although the device of tl.mi direet pressuremexchnge method. is describehd as the energy
recovery device !!"!: -in FIG. 10 2 |n th.e first to bpurth embodimbnts and the booster pump 41 IS
combined at-aslibsequenit - stage “if is ot lirtiit:ed thereto. A turbbchamger pump ‘ma”.y~fedriven by
the nonbabirbate water G. In t. 1)1.1).. case, the pipibg 89 and the C).) 1)0 90 5. CC respect:Ix:sly
connected 'Lc an inlet and. an. outileiii.tuildine poruion. (girdng; 15pcaMb'gils. ) o f 0. CC e tea
rba-a.gbapumbg t he daaigm I!!!l re am CC 1. de of the esibai.ng! 86 is 217) 'Cl to an inlet. ab the
pump porthb of the turpochag ger. pump/ agd an outlelpunp portlon off ;he turbg,)char(ger plamp is
canine Ctedthrough piping 1:0 t. ‘hesu,) pply part 384, In such a. method the breau.bairé of the
nobpermeath wateiG. can be,also, rgco\(eredhl,nm\dgnta‘ll% the p..-4yLng. 91,92 .and TOES boostei!
pun-Le 41 are nct regbired in this ease. Irl 005T= the." yin.] cit tnnegener al..1len part 19 is prbvided n.
the intake tank 32. J?aveqbeen described.-36- . in thb.first to_fourth.embodiments,.thb fine bubble
gbnemeatlon part 19 may be prowdbd n 1. middi (2-0 thb odomp 5/ on the doersafream “sifie of fhb
pressure relLgip-21n!.eitebBve b7 and. generate the fine. bubbles 105. Furehbr, by providinp a.
junction of toe 5 piping. 57 and thb piping. 821 the fine bubble genbratlon part 19 may be provided. on
a. portion. where the.seawater, O-andsthB. M v+ enodiment, mixing of the o X

ent, 1O 1 ORI
gas and the “water to be fLreated” in the reaction tank 47 is
s i , and the s ilization affe for the “water Lo e
Treated” is hilgher than 2 case 1n the second embodiment. In
there 13 & possibility bhat
10 S Caurface of the “wa
G be treated” and; dinto Ciedesirable
th he separated oczone gas ool lectad by sver over the
reactlion tank , Lreated, 1wl released into Che tmespher
i3 : tood fvom the above, according to the first o
Fourth smbodimsnts, s re / low pressure 0.8 o
1.5 MPa of the nonpermeate water O of the wastewater nreatmant
system 1 15 utllized as the energy for generating the
bubbles ras in the conventional
20 Cases in i compreased by a motor
pump and rapidly decompressed Lo generate the fine bubbles, or
Fies aly oY nd released from miCroporeas e
ST s e Treated” y Ger the fine Dubbi , and it :

vossible to provide the complex desalination syatems 100A to
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reverse osmo515 f he low-pressure . - C OY wa ime, . nenberrne.ate membrane device 16 are
mixed., and gene rate the | ine bubeeS 105, and them the "r.i.mter to be tre a t efd"” wfsi eh
|fftblubles tEne f Hine 10Blibbies’ 105 a”r."dis’aMixt Lire of 2. 0. Cl sea.wat.er D and the honoe rme ate
water C of. the 1. ow-pressure reverse osmosis membrane devi.ce 1 may Sc':- stored inr] a k' El'if Ii" li.
K 32.Wurfserncre, only tinb seawatbr D may be In r0d110.ed and smored in the | nt aye tank. 32, a
juncticb with the piping 57 may bb provided. on.upst:ream ISside of the filtrateM8n bump 33 of thb
p83, and thbﬁbubblghgevrjjeratbpn part. 19 may, be prov, |ged on thq;unchon or., aeportlob where thb s
ebmab ex D and the nonpbrmeate we tbx C. of. the Iow pressure reverse OSITIOSl a membrane
device 16 are mixhd..and generate the fine 2210211 El. 105, 201 0058) ., In the abgve-mentioned
basi e embodiment abd the firg8t to ourth. embociment.S, alt 1711)11 ph 'E.he br OE10.t. Wat. Elr
13 a lid if or octye, WE are.suppliedis i de.depend/ll.on.each 0 Viate rgua-1ty Ely elle or 0/8U.0 t
Wa.t. e 0 band the prod-List. water 5 111.1.0 be ml. 11(1 d

thn (SR A Fool the ]; C:\»“‘E i ﬁ ng of the reverss CeMCs1s
o oL The seawatnar revyersse COEMOZLAE membDrane gevice 3 LT N
) - — P o —~ —
desazlins Cnosystem o

Although the device of the direct pressure-exchange

method is described as the energy recovery device 3% in F
W 2 iy fivsn to f h embodiments and the Do 1
is combined at a subseguent stage, 1T is not limited thereto
A Turbocharger pump may be driven by the nonpsrmeate
Iin the piping 82 and the piping 90 are 1¢ Lvel
« 2o an bnlet and an ocutlet o irbine portion (driving
15 DOT i) of the has mumn, the downstrsam he

iping o 18 connected Lo oan i The pump portion of the

arbocha ropump, d an outle T opump portion of e

> ig connected through piping to the supply port

38a. In such a method, the = of the nonpermeate waber

200 G can be also recovered. Incidentally, the piping 2%, 92 andg
< 41 are not rvequired in this case

[, U S O T T S o e, .
jRzeLe s exampies in whioch the fine bhublb. Le Geneyat 100

part 19 is provided in the intake tank 32 have been described

S36-



-37- and supplied outside. {Reference Signs list} (00591 wastreatment system (second water
treatment. 53755 em) 3:seawater desalination treatment system (firRt water treatment. systemi 6:
candevice 11:MBRWatef'treatment device 1012 transfer PrimP 13:treated water’tani.“Astipply pump
15: high-pressure pump

in the first to fourth embodiments, the fine bubble generation

@

L
O
e
Lo
-
@]
Ly
)
o]
-l
T
—
4y

19 may be provided on a2 porticn wh

Y
QEMOs

YT O

SR

Ly

nonpermes

in the above-n




16: low -pressure reverse 06MOSIS memurane device (second. 15reverse osmos)s membrane
device) 16c¢: outlet port (outlet. of nonpermeate watpr of )8788d.066)1 reverse osmosis membrane
device) 17: préssuré rediicifiy valve (first'valve, fine bubble generation undt) “3iintake‘pmmp
32:intake bardr, (first raw water tank) filtration pump 34: Il.derki,ce 35: treated Iti-ater tank 36: supply

pump 537:high-pressure pump
smosis membrane devi(.1le)

4

suppiied out

seawater reverse osmosis membrane dekice (first.. reverse El

side.

waat 2y Lreatment aystem (second water treatmer
3 system)
3 seawator “reatment svystem (first water

o ontrol devico
B T T n ~ o
! MBE wa I re

.
T
o
oy

>

14
i

treated water

ply pump

Wl nigh-pressure

il 3
17 rad

20

DacE pres

atment

sure valve (s

tank

mennrane devioce (second
. - - AT o - - any e b e Ny
(outle of nonpermeate warer of
brane devioce)
icang valve (first valve, L ubhle

second valve, fine bubble generation

) LA ( e DU Lle LG VT
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- FULITRTY

3 I ORI

T . Dt mtees b oavs e [ F A werE sy P

S8 Lhwaxe tang {(Lirsh TEW WS Tank)

P25425




30:energy recovery device backpressure valve 1041:booster pump 4 F.)ozone generator 46:0zome
injectiohl pump reaction tank. (first raw water tank.) parrilk-ut Hate 1581:intake pipe OS:oPr_PTc4 (first
piping, fine"Bubble ‘generatidtt unit)piping (fUtst 1:-Ppeng, fine bubhde generatjxm'’ tnity 58:piping
(second piping, fine bubble generation unit) 60:control unit 2061:coiTtrol unit 63:chntrol Perit TOO,
1(..)0A., 100B, 100C, 100Eg c<Nnpr.ex deeekenation system 105: fine bubble wastewater (se.cond

raw wa.ter

)
[

I
La2

o8
X3

OSMOS

on
o

A1

[
[

20 a1

et
RAR WAV

P
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£
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-39- Ref No. pair 03085 -- POT1-Sal23-(732535 D:seawater (f irst. raw water) PS:branch. point
Pil: ~ozone |n| ectlorll__portlon S7 flow rate sensor (flow rate detection unit) 559: pressure sensor (fine
12i,amp _1 ex de sal na t..ian System, 14 014,14 f S 415141 a tlrst Water treatment: syst It a. 1., fiS a.
fin r STT water at nigh sa., rt. _y concentration with use Otafirsf reverso osmosis membrane device;
and.

LA
fa
i
o
L
\
—
4
5

-40-
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a. second water treatment. system that filt(:=rs a second raw with use C...:1 S. second reverse
osmosis membrane device, wherein the first water' iretmeht_ system comprises a fine bubble 10
generariion-unthAtdeneretdsialint diseéhargés-time tnnpn ies tflibt the first raw water takénim, by
rapidly decompressing a. nonpermeate water discatitged from the second. reverse osmosis TI)
embrane device in the second water. txeatment systenp 152. The complex denallnbtloh sirbtem as
set forth in claim I, whbrein the finb bubble deneretion unit. comprises: El tri rbt. piping t ha.t
connects an outiet of. the nonpermeate water o,tIhh §econb reverse osmosis mbmbrene device and.
a first 20raw ikii:atter tank storing the first. raw water. takbn in; a first. vAlve provided. on the side
of the first raw watdar tank of the firs 1..piping;.and pinie fled on.a dC) wnstream, side Or e rarbr
vatve tir tern01pl1lg, and generates and discharges gases dissolved in the first raw wat.er as thp
firne bubble.s by rapidly decompressing..tThe \nohpejmepte ~viat. erty.h, eseCOna' rave rse
osmosis membrane d.e CCCw. C. p mtroducmg thra n.ampermea. te water int.o the first raw water
tank.. 5 3. The complex;desal.nati.on syst.em.as set. forth.in claim 2, whe. 1€ e.in; .o - o0

[

a second water treatment system that filters a second raw
Water ¢ { 5 nity concaentrd i Than Dhe rat raw wate
with use of econd reverses osmosis membrane device, wherel:
+ . F - ooy A v i e R T e N g e S~ S = Ay PR S P
I sl water Lreaiment system Comprlses a rine bu chie
10 seneration uan At ss fine bubbles Into

The first raw water taken in, by ra sidly decompressing a

nonpermeate water discharged from Lhne second reverse osmosis
menbrane device in the second water freatment syate

-y P v g, e g z o) o <
) £ e O ey de s VETE a8 3 ST T [GRER] Ly
WIErein
the fine bubble generation unit

t connects an cutlet of the nonpermeais
water of the second revarse osmosis membrane device and a first

20 raw water tank storing the first raw water tCaken in;
z first valve provided on the side of the first raw water

P | N £ e e T3 . oy o
Langs Of e T1LIrst ix [ Jl‘A ;oooalidd

IS i DT SR, OnN 4
OWNSTIeam L Gl ne LI v oL nhe I proing, and




the fine bubble (Jet.mmat on uni t further compri ses - a second piping that is bifurcated. from the first.
piping 10al- an. upstream )C5 .1..tdee fd reef- valve: and CC)C rected to the first raw water tam k; and
a sec.ond. valvé that. i:s'provided ¢t the second pipig a.nd regn lates a. flow fate bf theiC S aMr?. t
ClI CCS e C CA-Rd reverse osmosic membrano aevice. 15 4. The complex desalination. system. as
set forth in. claim 3, further comprising: a flow rate detection unit that Is provii..ded on an
upstream qi de of a branch point Cl the 5-i rst piping to the aecond 20a.nd detects the fil..ow rate of
t.he nonperm.eate water of the seeond reverse osmoss membrane (%Iewce Y II 1 ne, bulChCie

L

genempa ‘cion. [ pressurp “detect i.on unTi tt hat.i.s prowded on t th A "CH ng pet weer: the firmt
valve and the nenpermeate water.of {i. € second_ reverse osm.osis membrane device which Is
decompressed by the first vaive; and a. control unit. that regulates a deczompressmn degree of
the first. valye.qQn. the:basis of a. pressuxe signaw from. the fine 5 bubble generation pressure
detection unit, and regulates an open degree of the second valve so as to adjust the flow rate of the

honperm. eate -water ollﬂthe secondtrev%erse

3. Tne complex desalination system as set forth in claim 2,
Wherelr
the fine bubble geneyration unit further comprises:
a second plping that is bifurcated from the first ploing
10 at an upstream position of the first valve and connected to the

first raw water tank; and

a second valve that iz provided on the second piping and

reguiates a flow rate of the nonpermeate water of f BeCona
Ve e DI & 2 Cien oy I
15
4. The complex desalination svstem as setr forth in olalm 2,
Turithe COMPrLIsSing
a Ilow rate detection unit that 1s provided on an upstoeam
side of g branch point of the first piping to the second piping,

20 anddetects the flow rate of the nonpermeate water of the second

reverse oamosis membrane devioe;

5 Tine O unit ot
orovided on rET opiping e rstovalve and t
Line bubble generaticon part, and detects DY e of

47



5. The compl ea de 55 .1 .bfmti nayystem as set. f.orth in cdfaim 2, wherein the first raw water tank le
divided into a. plurdlitp of. comqgzartments by a pstral btu/ of part LLion. ',bates, alluwf a raw. water
dischdrged Witk fellé Fine 'bubbles to’ chinge the 15 flow direction. ffbareof up and.’dowiy alternative. Yr
facilitates mixing nf h raw water with the fine, bubbles, and. facilitates sterilization and decomposition
of organic matter by crush of the fine bubbles. 206. ' 'he complex desalination system as set forth ..Cl)
claim 11, wherein the first. raw water *sank. Is divided. into a. pizhrality of. compartments by a piprallty
oft partition, pdatbs a, ;aws fl owdlrectlt?n rEEI |fupiand down, EI)q - tematllf‘fpy fabllltates mixing of
the raw watex with the fine bubTﬂes and. facilitates sterilization a d decomposﬁlon of. orga]llc matter
by. crush of the fine buNixle es,, £ The, CQmTll ex desalinatAx]. §ystem as;set forth in claim: 4, wherein
the first raw water tank. is divided into a pIurallty of compartrﬁénts by a. pluxality of partition. plates,
aj..1x)ws a raw water discharged w.Inh.the. fine, bqbble;s 1o mch@ngei th W, Wrequm thereof on and
down. alterrhltively, 10 faciiirzates mixing of the ram water witn. the ‘tine bubbles, and facilitates
sterilization.and decomposition of organic. matter by.crush.of the fins. pytidiges.,8. The-complex
desaiinai Ion sy9tem as set forth. in claim 2, |Sfurther comprising an ozone generator that generates
ozone gas, whereih ap. ozone injection-partion, thrqugh. which,the ozope gas.,..generatbd by. the.
ozone generator. is injected, ih provided on. the firht piping between the first.. valve and the fine bubb,

20generation, part; 8- The complex desalination. system,as set,forths insclaim 4.3; further.comprising

of thne nonpermeate water of the second reverse ¢ i membhrane
device Lo a predetermined flow rate on the basls of a flow rate

signal from the it detection unit
16
The complex desalinarion sysitem as set forth in ol 2y
wherein the firet raw we nk iz divided into a plurs oy
oFs Dy oa plu v oof parti 0o ;o allow
raw water dis roed with o e bubbles to changs the
15 Flow oo Gy up  and  down  alternabis
facilitates mixing of the raw water with the fine bubbles,
and faciliitates steriiization and decomposition of organic
matter by crush of the fine bubbles
20 6. The complex desalination system as set forth in oclaim 3,
wherein the first raw Cer d ¢ is divided intoa plurality
COmpanl s by plurality of par on 1l lows
w water discharged with the fine bubkbles to change the
Llow direction up and  down st lvely,



an ozone generator thatozone gas, wherein. 25ah ozone injection. portion, thru.gh which the ozone
pas -44- 2 01-0 326 31 generated by the ozone
generator is‘inféctet;‘is provided oh-the-first:p- Ang between the first: valve anél'the fire*stibble geC
eration part. 510.The complex desalination system as set forth in claim 4, further comprising an ozone
generator that generates ozone gas, where:in an ozone itjectiron portion, through whic ) the ozone gas
generated by the ozone generator li.s injected, is providded on 10 the first piping between the ii rat
valve and the ﬂn(; bubbleégen(;ratlo . part. | The comp|§>§ gesallnatlon system as sef Eorth in. claim. 5,
further comprising San ozone generafor r'har gene.raties ozone gas, wherein an ozone |nject|on
portion, through whic.1.the ozone. gas generated by the ozone generetor is injected, is provided on the
fixst piping between the first. valve and the fine bunible generatlon part The cyymplex desalination
system as set forth in.claim 6, further:.comprising ., |

5 i, The complex desalination system as set forth in claim 4,
wherein the filrst raw watery tank L1s divided into a piurality
of cor by a nlur Lty of part o L iows
3 raw water discharged with the fins bubbles o change the
flow direction thereci up and down vely,

10 water with the § b

1 and decomposition of organic
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matter by crush of the fine bubbles
. The T neé OBV S 15 se Lol i CLalm 2y,
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an OzZone generator that generates ¢zone gas, whereln
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is provided on
the first piping between the first valve and the fine bubble

20 generation part.
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an ozone generator that generates ozone gas, wherein an ozone injection pert-ion, through vflJjc-J-i
Lee e7.une geeD 25 generated. by the ozone generator is injected, is provtded on -45- the first piping
between thefirstvalve ahd toh fine"bubble géreration paro 3The complex desalindr.for’ system as set.
torth in ciaim. /, further comprising an ozone generator that genera tea ozone gas, whereib an C) zone
bui,uabibb pobblon, throbgh which the ozone gas generated by the ozone gene:cab:or ib ibjected, is
provided on thepjping. between the First valve and the fine bubb: 10 generatbon part. -46-
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generated by the ozone gene is injec is
i the first piping between the first valve and the
generation part.
The complex desalinalion system as set forih In claim 5,
furthner Compr
i5 an ozZond hal generates czone
an oczone injection portion, fnrough whnioh
generated by the ozone generator is injected, is provided on
the first piping between the Lirst valve and the fine hubble
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