Description Title of the invention FRESH WATER PRODUCING APPARATUS AND METHOD FOR
OPERATING SAME Technical field: 5[0001]The invention relates to fresh water producing apparatus
that employ semipermeable membrane units designed to produce fresh water by treating raw water
such as seawater, river water, groundwater or treated wastewater. More specifically, it relates to fresh
water producing apparatus capable of efficiently producing fresh water according to the type of raw
water, as well as operation methods for them. Bsggk%gund art [0002]Since the dawn of the 21st
century, the global water environment has stea ﬁy cﬁgterlorated, and this has made it extremely
important t?.t?ecp{e water resources and develop water treatment technologies as a means of
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conducting it. Against this background, rapid advances are being progressed in water treatment
technologies, based, 4299 PR ?F N&‘ﬁ%@%ﬁ)@ﬁu?@ﬂ!ﬁ%&%ﬁﬁwg‘ﬁéﬂ‘?I SeAiEds:
including the purification of river/lake water, desalination of seawater, and reuse of Sewage and
wastewater, Aﬁ art of&his progress, the development of high-performance separation membranes

ec pP Ffield.

capable of treating water with lower cost and low energy use has been promoted. Efforts are also
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[0003]In the case of island nations, such as Japan and Singapore, aval water Tesources vary from

the rainy t%g&{ %@%@ﬁm&@ﬂ %E?'W&%?,”&Xﬁmﬁtm%a{#@&e@ M§tewater. More specifically, it

relates to fresh water producing apparatus capable of efficiently producing fresh water
according to the type of raw water, as well as operation methods for them.

10 Background art
[0002] Since the dawn of the 21st century, the global water environment has steadily
deteriorated, and this has made it extremely important to secure water resources and
develop water treatment fechnologies as a means of conducting it. Against this

background, rapid advances are being progressed in water treatment technologies based

ot
o

on separation membranes, leading fo their active use in diverse fields, including the
purification of river/lake water, desalination of seawater, and reuse of sewage and
wastewaler. As part of this progress, the development of high-performance separation
membranes capable of treating water with lower cost and low energy use has been
promoted. Efforts are also being made to develop efficient water treatment processes
20 including hybrid seawater desalination systems which combine the distillation process and
reverse osmosis (RO) process. Such systems have already been built and put into service,
mainly in the Middle East (non-patent document 1).

[0003] In the case of island nations, such as Japan and Singapore, available water

resources vary from the rainy to dry season, and desalination systems that adapt to this



situation by using reservoir water as raw water while reservoirs hold water and switching to seawater
at other times are known. [0004]Concrete examples include a known system based on two
semipermeable membrane units with a basic process flow as shown in Fig. 10 in which when raw
water is brackish, it is provided with RO treatment via the first-stage semipermeable membrane unit
P7, with the concentrated water from this stage fed to the second-stage semipermeable membrane
unit PG for Jyiher RO Jieatmeat o rajsk e falpliseryaale. (Cohemeniedvale o iaiepaw water
flow rate); and wher raw Water is seawater, the permeated water of the Tirst-stage semipermeable

ﬁ&%pﬂ@égp@%ﬁ@ge 10 semipermeable membrane unit P8 to provide RO
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treatment twice and thereby improve the water quality of the product water (non-patent document 2). A
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flow as shown in Fig. 11 has also been proposed (patent document 2) in whi en raw water is
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P6b and P6j a sing v P6I so as to Increase the amount of fresh water produced;

and when panciVeter |s SRANBICIIRRBArIeAGd WAIRL AFANeSRNGIDRADIS RLRERRE U] S fed to

the other semipermeable membrane unit by closing P6b and P6j and opening valves P6k and P61 so
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associated with the poor energy efficiency of high-pressure reverse osmosis membranes. When raw
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pressures (e.g. 5 to 7 MPa) applicable to seawater desalination and employ reverse osmosis
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25highly saline raw water, but treating brackish water with such high-pressure reverse osmosis

membrane&rqﬁgcg&gg%@/ %@iﬁiﬁ@ﬁ%éﬁbﬁ’et%ﬁ{b}%\éwm wmgakg@yﬂ hgé%@_%m&ermeable
membrane unit is also required to have high pressure durability and high rejection performance
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necessity to treat the concentrated water from the 5 first semipermeable membrane unit, despite the
fact that it ReedsResAiRAbIoN B RSt asonRfFRWateEAs DY ackishimaiesamtReraspagated

water of the first semipermeable membrane unit is supplied to the second unit.

by patent document 1.
[0005] Another known system with a basic process flow as shown in Fig. 11 has also
been proposed (patent document 2) in which when raw water is brackish, it is fed to two

15 semipermeable membrane units connected in parallel by opening valves P8b and P8j and
closing valves PBk and P6l so as to increase the amount of fresh water produced; and
when raw water is seawater, the permeated water of one semipermeable membrane unitis
fed to the other semipermeable membrane unit by closing P8b and P8j and opening valves
P6k and P86l so as to improve the water quality of the product water.

20 [00086] However, these methods have problems associated with the poor energy
efficiency of high-pressure reverse osmosis membranes. When raw water is seawater, the
first semipermeable membrane unit is required to have durability at high pressures (e.g. 5
to 7 MPa) applicable to seawater desalination and employ reverse osmosis membranes

with low water permeability and high rejection performance suitable for the desalination of

25 highly saline raw water, but treating brackish water with such high-pressure reverse
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Prior art documents Patent documents 10[0007] Patent document 1: JP 3,957,081 Patent document 2:
JP 3,957,080 Non-patent Documents [0008] 15Non-patent document 1: J. K. Park et al., "Application
of Hybrid Technology to the largest desalination plant, Fujairah, UAE," Proc. of IDA World Congress
BAHO03-193 (2003). Non-patent document 2: J.S.S. Chin et. al., "Increasing water resources
through desalination in Singapore: Planning for sustainable future,” Proc. of IDA World Congress
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second semipermeable membrane unit is also required to have high pressure durability
and high rejection performance comparable to the first semipermeable membrane unit
when raw water is seawaler due to the necessity to treat the concentrated water from the

s first semipermeable membrane unit, despite the fact that it needs to operate at low
pressures when raw water is brackish water as the permeated water of the first
semipermeable membrane unit is supplied to the second unit.

Prior art documents
Patent documents
w0 [0007]
Patent document 1: JP 3,957,b81
Patent document 2: JP 3,857,080
Non-patent Documents
[0008]

15 Non-patent document 1. J. K. Park et al., “Application of Hybrid Technology to the
largest desalination plant, Fujairah, UAE,” Proc. of IDA World Congress BAH03-193
(2003).

Non-patent document 2; J.5.S. Chin et. al., “Increasing water resources through
desalination in Singapore: Planning for sustainable future,” Proc. of IDA World Congress

z0  DBO09-033 (2009).

Summary of the invention
Technical problem
[0009] The invention aims to provide fresh water producing apparatuses that employ

semipermeable membranes (reverse osmosis membranes) capable of efficiently



semipermeable membranes (reverse osmosis membranes) capable of efficiently producing fresh
water which satisfies the target water quality even under varying raw water salinity conditions, as well
as operation methods for them. Solution to problem [0010]The invention solves the problems with the
means described below. 5[0011] (1) A fresh water producing apparatus to produce fresh water from
solute-containing raw water which comprises a first semipermeable membrane unit and a second

' ble memb it, wherein a first ter feed line for feeding the . ter i
connected RS LY SETHIGETAAEIL KB e ISE WA S L PR P MBR L 161 Fecaing

the raw Watef. Is conng ted to the second s%omr%prgégﬂggg%r IS membrane unit, and wherein the first

. sgiinity condifions, as wel opera . .
semlpermeaabré embrane’unit anoaﬁwpsecond semlpermeagré membrane unit are connected

together wigw a concentrg]ted water line that feeds concentrated water from the first semipermeable
oIL{t[on F') proglem . . .
membrane unit to the"second semipermeable membrane unit. Examples of the fresh water producing

apparatus %jl on ttfiﬁeeénboplri[]men} aretﬁhown in FI%H% ?ﬁ]?dnl% h % 001%}%%) The fresh water

. ent ocives the, problems SCF SIOW. .
producing apparatus accor(\flng o 1Item (:'1 akg)ove, vr\r/hereln e raw water to be e8 to the first raw water

feed line a tp@sec Er w.water feed line is a. mixture_of at least two, types of raw water. having
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water producmg apparatus according to item ove, erein a booster pump or a
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midway between a mefger point raw water feed line connected to the seco
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membrane unit and the second semipermeable membrane unit. Examples of the fresh water

producing gpparalily faser, oS sahodimentale iéhlé’dtﬁc')ﬁc(i.%gégtc? @RI Mg AR fresh

water producing apparatus according to any of items (1)
1¢ membrane unit, and wherein the first semipermeable membrane unit and the second

semipermeable membrane unit are connected together with a concentrated water line that
feeds concentrated water from the first semipermeable membrane unit to the second
semipermeable membrane unit. Examples of the fresh water producing apparatus based
on this embodiment are shown in Fig. 1 and Fig. 2.

15 [0012] (2) The fresh water producing apparatus according to item (1) above, wherein
the raw water to be fed to the first raw water feed line and the second raw water feed line is
a mixture of at least two types of raw water having different compositions. Examples of the
fresh water producing apparatus based on this embodiment are shown in Fig. 3, Fig. 4, Fig.
5, Fig. 6, Fig. 7, Fig. 12, Fig. 13, and Fig. 14.

20 {0013] {3) The fresh water producing apparatus according o item (1) or (2) above,
wherein a booster pump or a non-powered pressurization unit is provided at a position in
the second raw water feed line located midway between a merger point of the second raw
water feed line connected to the second semipermeable membrane unit and the

concentrated water line attached to the first semipermeable membrane unit and the



above, further comprising a common auxiliary semipermeable membrane unit capable of operating in
parallel with both the first semipermeable membrane unit and the second semipermeable membrane
unit. An example of the fresh water producing apparatus based on this embodiment is shown in Fig. 5.
[0015](5) The fresh water producing apparatus according to any of items (1) to (4) above, further
comprising an auxiliary semipermeable membrane unit capable of operating to in parallel with the first

semipermeable emae A ANYL AN AUIoe semRerRahie GRS KA Rl o

operating in para h the second semiperme rane unit. water

producing gggﬁéﬁ&pﬁgﬁég&mﬁ %pébs%%'\;mep‘tﬁg §Qﬂ¥}”ﬂi@ kig. 6, Fig. 7, Fig. 9, Fig. 12, Fig. 13, and

Fig. 14. [0016 water producing apparatus according to item (5) above, wherein 15 the
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semipermeable membrane unit is fed with different raw water from the raw water ted to the first
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fresh water producing apparatus based on this embodiment are shown in Fig. 7, Fig. 12, Fig. 13, and

Fig. 14. 20[0Q04160) iIFhgHarh WalebArPUHC R CORAIAHA QAT HIBG IPAeMH A LAAA (AL abRyg wherein

at least part of the permeated water of the second semipermeable membrane unit is mixed into the
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apparatus based on this embodiment are shown in Fig. 8 and Fig. 9. [0018]( fresh water
producing gRRREELMBAFALHING LRANYiRTHIgNS (1) to (7) above, wherein the water permeability of the

first semipermeable membrane unit is higher than the water permeability of the second semipermeable
membrane;g[0019KP) fb e &gs v ¥aies- B0 me N SRBAIA LIS BREREID B HY I Me+d)(10 (8)@pove,
above, further comprising an auxiliary semipermeablle membrane unit capable of operating
10 in parallel with the first semipermeable membrane unit and/or an auxiliary semipermeable
membrane unit capable of operating in parallel with the second semipermeable membrane
unit. Examples of the fresh water producing apparatus based on this embodiment are
shown in Fig. 6, Fig. 7, Fig. 9, Fig. 12, Fig. 13, and Fig. 14.
[0018] (6) The fresh water producing apparatus according to item (5) above, wherein
15 the auxiliary semipermeable membrane unit capable of operating in parallel with the
second semipermeable membrane unit is fed with different raw water from the raw water
fed to the first semipermeable membrane unit and the second semipermeable membrane
~unit. Examples of the fresh water producing apparatus based on this embodiment are
shown in Fig. 7, Fig. 12, Fig. 13, and Fig. 14.
20 [0017] (7} The fresh water producing apparatus according to items (1) to (6) above,
wherein at least part of the permeated water of the second semipermeable membrane unit

is mixed into the raw water for the first semipermeable membrane unit. Examples of the

fresh water producing apparatus based on this embodiment are shown in Fig. 8 and Fig. 9.



5wherein the pressure resistance of the first semipermeable membrane unit is lower than the pressure
resistance of the second semipermeable membrane unit. [0020](10) The fresh water producing
apparatus according to any of items (1) to (9) above, wherein the corrosion resistance of the first
semipermeable membrane unit is lower than the corrosion resistance of the second semipermeable
membrane unit. 10 [0021] (11) An operation method for the fresh water producing apparatus described

in any of it j) to gé) bave, wherein the flow rate of the raw water in the first raw ywater feed line
o e Tl 1 B b S R T N P

raw water f%edéine conn %tedt the secog. ser;nt' e m?able.membr ne unit are controlled .so as to
a orl)v . Wherein the watef e{meha 1;%& e firs semgﬁrmea mem rar{e unit is l%her
keep the feed pressure of raw water to the firstissemipermeable membrahe unit and/or
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feed water in the second raw water feed line connected to the second semipermeable membrane unit.

[0023](13) Ap getationmetad iarihe TeshwalenBraducig APRALAILS described in  item (5)

above, wherein using or not using of the auxiliary semipermeable membrane units 25capable of

parallel opgygsign and 1¢ fuualh QLIBPE RN S EOHRURIRPESIY 8F items (1) to (9)

above, wherein the corrosion resistance of the first semipermeable membrane unit is lower
than the corrosion resistance of the second semipermeable membrane unit.

10 [0021] {11) An operation method for the fresh water producing apparatus described in
any of items (1) to (10) above, wherein the flow rate of the raw water in the first raw water
feed line connected to the first semipermeable membrane unit and the flow rate of the raw
water in the second raw water feed line connected to the second semipermeable
membrane unit are confrolled so as to keep the feed pressure of raw water to the first

15 semipermeable membrane unit and/or the concentrations of solutes contained in the
permeated water of the first semipermeable membrane unit within set values.

[0022] (12) An operation method for the fresh water producing apparatus described in
item (4) above, wherein using or not using of the common auxiliary semipermeable
membrane unit and the flow rate of its feed water are controlled according to the flow rate

20 of the feed water in the first raw water feed line connected to the first semipermeable
membrane unit and the flow rate of the feed water in the second raw water feed iine
connected to the second semipermeable membrane unit.

[0023] (13) An operation method for the fresh water producing apparatus described in
item (5) above, wherein using or not using of the auxiliary semipermeable membrane units

25 capable of parallel operation and the flow rate of their feed water are controlled so as to

6



keep the feed pressure of the feed water for the first semipermeable membrane unit and the feed
pressure of the feed water for the second semipermeable membrane unit within set values. [0024](14)
The operation method for a fresh water producing apparatus according to any of items (11) to (13)
above, wherein a line to mix at least part of the permeated water of the second semipermeable
membrane unit into the feed water for the first semipermeable membrane unit is provided and at least

partof the e NAIRLEN e SREq0d SOMBIPSADIG M enbranG U A T e fed water

for the first se e membrane unit so as to keep the water quality of the tre water within

set values,jig ,k%@a%rg@;%l& vﬁé%wcﬁwgtemgyﬁia@@&%%@iggft%%%i&a %Wﬁéét%mmm (7)

above, wherein at least either the concentrated water fro rst semipermeable membrane unit and
the second,gsepipgmeable membrane unit or the concentrated water from the parallel auxiliary
semipermeable membrane unit is mixed into the feed water for any of the other semipermeable

membrane[gg%a- 15Efigstafhe dpypitiord00PRITh e Lakeptiop 5?@&}%?&5 RRpaIEL UG ARy T

semiperme membrane units for various types of raw water, including seawater, river water,

groundwatgs AncdRAeO; RS alRYd AL ANE [ HERL IO o PIHLGRN AR Ratdagsible

with conventional fresh water producing apparatus. 20Brief description of the drawings [0027]Fig. 1 is

a schematig pLacess Lawdiasamm o ambRAMe M 1HRG JEaSh MG RS RiadSNg A H5of the

invention. Fig. 2 is a schematic process flow diagram of another embodiment of the fresh water

producing RRpAAIHS QfNeSYBOIRY and E9ic3ds BathamalichrnrarsdIqwdiagrameotangifer

embodiment of the fresh water producing apparatus of the invention. Fig. 4 is a schematic process

flow diagragaRhanAthigie mBRBIRc L AlReHigsh WaaherRACIRAAPRATRII%Q! DigrperniaBe
membrane unit so as to keep the water quality of the treated water within set values.

10 [0025] (15) The fresh water producing apparatus according fo any of items (5) to {7)
above, wherein at least either the concentrated water from the first semipermeable
membrane unit and the second semipermeable membrane unit or the concentrated water
from the parallel auxiliary semipermeable membrane unit is mixed into the feed water for
any of the other semipermeable membrane units.

15 Effect of the invention
[0026] The invention makeg it possible to use optimum semipermeable membrane
units for various types of raw water, including seawater, river water, groundwater and
treated wastewater, [eading to an efficient production of fresh water, not possible with
conventional fresh water producing apparatus.

20  Brief description of the drawings
[0027] Fig. 1 is a schematic process flow diagram of an embodiment of the fresh water
producing apparatus of the invention.

Fig. 2 is a schematic process flow diagram of another embodiment of the fresh water

producing apparatus of the invention.



Fig. 5 is a schematic process flow diagram of another embodiment of the fresh water producing
apparatus of the invention. Fig. 6 is a schematic process flow diagram of another embodiment of
the fresh water producing apparatus of the invention. Fig. 7 is a schematic process flow
diagram of another embodiment of the fresh water loproducing apparatus of the invention. Fig. 8 is
a schematic process flow diagram of another embodiment of the fresh water producing apparatus of
the invention. F.Fig..g IS ahschematigfgeroc SS Qow diag;am fanot%er embg)d#' henft of the fresh water
producing appara! 18 6F et né%?i%ﬁ.r ?g.ﬁ% 1" 8th e gFoecnésg%rg\?/ndfég: mr%‘cf[‘é“%%ﬁ(/entional
fresh water pr Eé’rﬁ?i“%?aBPa%atH?th imlf(ia%ml)% is a schematic process flow diagram of another
conventional Tesh (vater proauciné3 apparatus. Fig. 12 is a schematic process flow diagram of
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schematic process flow diagram of another embodiment of the fresh water producing apparatus of the

invention. o uig.nldéis arg&ge&g\ téci'ﬁ)roc 255 flow diagram of another embodiment of the fresh water
producing gpparat < bFthe mvention. escription of embodiments [0028]Preferred embodiments of

the invﬁe ntion ar?:%.eé%‘%e&QSJ%%JSPB@e%E%W%?agram of another embodiment of the fresh water

producing apparatus of the invention,
Fig. 6 is a schematic process flow diagram of another embodiment of the fresh water
producing apparatus of the invention.
Fig. 7 is a schematic process flow diagram of another embodiment of the fresh water
10 producing apparatus of the invention.
Fig. 8 is a schematic process flow diagram of another embodiment of the fresh water
producing apparatus of the invention.
Fig. 9 is a schematic process flow diagram of another embodiment of the fresh water
producing apparatus of the invention.
15 FEQ. 10 is a schematic process flow diagram of a conventional fresh water producing
apparatus.
Fig. 11 is a schematic process flow diagram of another conventional fresh water
producing apparatus.
Fig. 12 is a schematic process flow diagram of another embodiment of the fresh
20 water producing apparatus of the invention.
Fig. 13 is a schematic process flow diagram of another embodiment of the fresh
water producing apparatus of the invention.
Fig. 14 is a schematic process flow diagram of another embodiment of the fresh
water producing apparatus of the invention.

25 Description of embodimenis



However, the scope of the invention is not limited thereto. Example 1 [0029]Fig. 1 is a a figure (flow
chart) showing an arrangement of components 5 constituting a fresh water producing apparatus Al.
An arrangement of a plurality of semipermeable membrane units to separate solutes contained in
water, as well as water pipes (lines) directly or indirectly connected to them, water storage tanks, water
feed pumps, and water flow rate control valves, etc provided in the fresh water producing apparatus Al
is shown in Fig..l. 10[Q030]A raw water tank 2 re-treatment unit 4 to provide raw water with filtration
and othor OB amar G B UENVERTS Lo FaLle RO A e ARG v P <B S eable

membrane%rwgéaﬁgecond semiperme le mer&k?irarggd%ﬁlt 8, a permeated water tank 10, and an

vEer.. 3cOpRe of the Invention IS hot Iim arato. .
energy recovery unit 9 are E:z)atrrangecir'i‘rom upstream down N 6?he fresh water producing apparatus Al.

15[0031]“5%%"\1@ fream end of a raw water line RL1, designed to feed a raw water 1 from outside
the fresh water producing apparatus Al to the raw water tank 2, is connected to the raw water tank 2.

The raw w is temporarily stared in the, raw water tank.2. The raw water tank 2 and the
o tronm i 4 2 Boams Seh Solla_ ERr ahe’ SROiRg LIF BMANBRATH SBHRNER | e

eI FR A S AT 8 SRR R i v

a s delivered to the pre-tredtment unit 4, In WHICH the raw

water L is 8&%@%@%% igﬁ%&%&ﬁ%&ﬁﬁ%‘é{ﬁggﬁ%@%ﬁ s _corﬁ?éfﬁéé‘é ‘@ﬁa\tﬁé}{épeag WS %tﬁ%é?d to the

pre-treatment esigned to divide the water flow carrie e line, is
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pressure r he semipermeable mbrane units is provided in thé raw water line

10032]The kiangh BRINLARY Aol rdistseminimeable MEMBIANE Yl Taare panpesied by first raw

water feed line FL1, and a valve 6a is provided in the first raw water feed line FL1. The branch point
BP1 and t%ﬁm@@g@i%m@%gmﬁmbrane unit 8 are connected by a second raw water feed line
FL2, and a valve 6b is provided in the second raw water feed line FL2.

w0 [0030] A raw water tank 2, a pre-treatment unit 4 to provide raw water with filiration
and other pre-treatments prior to delivery to semipermeable membrane units, a first
semipermeable membrane unit 7, a second semipermeable membrane unit 8, a
permeated water tank 10, and an energy recovery unit 9 are arranged from upstream down
in the fresh water producing apparatus A1.

15 [0031] The downstream end of a raw water line RL1, designed to feed a raw water 1
from outside the fresh water producing apparatus A1 to the raw water tank 2, is connected
to the raw water tank 2. The raw water 1 is temporarily stored in the raw water tank 2. The
raw water tank 2 and the pre-freatment unit 4 are connected by a raw water line RL2. A
pump 3 to feed the raw water 1 to the pre-treatment unit 4 is provided in the raw water line

20 RLZ. As the pump 3 operates, the raw water 1, temporarily stored in the raw water tank 2,
is delivered to the pre-treatment unit 4, in which the raw water 1 is provided with filtration
and other pre-treatments.

A raw water line RL3 is attached to the pre-treatment unit 4, and a branch point BP1,

designed to divide the water flow carried by the line, is provided at its downstream end. A



[0033]The raw water 1 drawn from the pre-treatment unit 4 and flowing through the raw water line RL3
is pressurized by the booster pump 5 and is provided to the branch o point BP1. At the branch point
BP1, the flow of the raw water 1 is divided, and one of the outgoing flows travels through the first raw
water feed line FL1 past the valve 6a and enters a feed water-side space of the first semipermeable
“membrane unit 7. The other outgoing flow travels through the second raw water feed line FL2 past the
valve 6b artl)d enters a fe§d %ater-s%fg saﬁace ofthe secon serﬂg\;ag{meable membrane Lﬁ’]it 8. The
valves 6a and Sé%r 1548 JsetFiPe6Ms %V%% 5tE36MAS ralt Srgrgﬁﬁbﬁ?eaeﬁ)“wgf gthe
semipermeable membtg ne unjt 7 and the seconc% emipermeable ernﬁ ne unit 8, respectively.
R f od il clibe B
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membrane, M&\im Fig. 1, semjperm memhbrane units designed, to remove the salu
componen{s 0 aterg?g éorrgsﬁkg R}n‘r%eprege% gél)t ;P)?/ ﬁr?gc Sne eeﬂvT/‘l ab%‘o oFa gﬁpsedﬁjgélozea?rl%es
dravin. Thig draniag leehnjclie g 44 when flusiiating

custon?aril us ip the,present rbechnical fic?
. coblnec r w%er eed’ {in t:-mci ei vaTve his Drovi :
semipermeable'mémbtrane units. In the présent patent application, thé same drawing technique is

(0]

used when,leqafing semiperineable membreReULs e dawings, [093lThe reclangle epresents
a container of a semlpermeab € membrahe unit, 25while the diagonal'line represents the

[ ( I n oused in.jt. Water fed 1o g .
cemiperm e B D VBt S8 (e b B dion o the
water that g%lj:%ﬁ% Pﬁ%"g%% semi meable membranes is commonly called "concentrated water".

The concentrated wate Ischarged from the semipermeable membrane unit. The portion of the

water that assgs throyah S yineregblG ARMAANGR. ABNE NS P U R EORIBRlyaled the

"permeated water". The permeated water is discharged from the semipermeable e unit. The

semipermeghle,mempbrang yinit &%%&I&sgl WRLRE BEEYING, ROI 1 mqg yeaged staﬁ?ée‘%ﬁme feed

water retaining space of the semipermeabnle membrane unit from outside, a concentrat ater

discharge popttadisciarie s GPRERRERPANAIE LR APREISASE BARLISMreRHL O

discharge the permeated water as it reaches the permeated water retaining space after passing
through the SEBHRAHBIRAPY SRERIBIRM he first raw water feed line FL1 past the valve 6a and enters

a feed water-side space of the first semipermeable membrane unit 7. The other outgoing
flow travels through the second raw water feed line FL2 past the valve 6b and enters a feed
water-side space of the second semipermeable membrane unit 8. The valves 6a and 6b
13 are used to control the flow rates of the raw waters supplied to the first semipermeable
membrane unit 7 and the second semipermeable membrane unit 8, respectively.
[0034] As can be seen from the first semipermeable membrane unit 7 and the second
semipermeable membrane unit 8 in Fig. 1, semipermeable membrane units designed to
remove the solute components of water are graphically represented by a rectangle with
zo  one of its diagonal lines drawn. This drawing technique is customarily used in the present
technical field when illustrating semipermeable membrane units. In the present patent
application, the same drawing technique is used when denoting semipermeable
membrane units in the drawings.
10035] The rectangle represents a container of a semipermeable membrane unit,

25 while the diagonai line represents the semipermeable membranes (reverse osmosis
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[0036]In Fig. 1, the downstream end of the first raw water feed line FL1 is connected to the feed water
receiving port of the first semipermeable membrane unit 7, while the downstream end of the second
raw water feed line FL2 is connected to the feed water 15 receiving port of the second semipermeable
membrane unit 8. The concentrated water discharge port of the first semipermeable membrane unit 7
and a merger point MP1 provided on the second raw water feed line FL2 are connected by a

concentratgd y 0 %@%&Eﬁdﬁhﬁ?%&%@%& é%rRfﬁé’r‘%%%t&(btﬁn%&%%ﬁé‘ﬁﬁwﬂesg PRURIIRE k-1 The

booster pump 1 surizes the concentrated water flowing through the concentrated water line

20CLL a5 st dAOREHTG AOUSSINaI UG IRe. ko e sk SETURG MRAblG gbrane

unit (first-stage semipermeable membrane unit) 7 is provided with the booster pump 12, an

booster purmp,d.2 AMBRNAISE DG RIESIHLR AITarence WUt thadaw water fRe L dRGHags line)

FL2 resulting from a pressure drop inside the first semipermeable membrane 25unit (first-stage

semipermeable amBane Pl iHd QUeYSIiidsplR GRARNISReRITSPIG ok Ytk RigRT UFealance

without the use of the booster pump 12 by creating a pressure drop by narrowing the aperture of the

valve 6b. [30381T e GOAICRBIAEFMYAITE HRANGIRDOShahINGHREFARASEIRSHMBAR! ¢ Aisdnipane unit 8

is connected with a concentrated water line CL2, and the energy 5 recovery unit 9'is provided in the

concentratef WaiREiNG,Gle?. ATpRNGRIHRIREVAlSTe} Lidisgaargrgb i Ofoie e armiRaRReable

membrane unit 8 is discharged outside the fresh water producing apparatus Al via the energy recovery
unit 9. TheRNeFYHE A HANKPhIGSAVEEBIN B BRASSHES GNETRY 'S tRIBEdaYihR COURRNYGHER Water

flowing through the concentrated water line CL2.

introduce feed water into the feed water retaining space of the semipermeable membrane
unit from outside, a concenirated water discharge port to discharge the concentrated water,

10 and a permeated water discharge port to discharge the permeated water as it reaches the
permeated water retaining space after passing through the semipermeable membrane.
[0036] In Fig. 1, the downstream end of the first raw water feed line FL1 is connected
to the feed water receiving port of the first semipermeable membrane unit 7, while the
downstream end of the second raw water feed line FL2 is connected to the feed water

15 receiving port of the second semipermeable membrane unit 8. The concentraied water
discharge port of the first semipermeable membrane unit 7 and a merger point MP1
provided on the second raw water feed line FL2 are connected by a concentrated water
line CL1. A booster pump 12 is provided in the concentrated water line CL.1. The booster
pump 12 pressurizes the concentréted water flowing through the concentrated water line

20 CL1, as necessary.
[0037] The concentrated water line CL1 of the first semipermeable membrane unit
(first-stage semipermeable membrane unit) 7 is provided with the booster pump 12, and
the booster pump 12 compensates for the pressure difference with the raw water feed line

{bypass line) FL2 resulting from a pressure drop inside the first semipermeable membrane

25 unit {first-stage semipermeable membrane unit) 7. However, it is, in essence, possible o

11



10[0039]The permeated water discharge port of the first semipermeable membrane unit 7 is
connected with a permeated water line PL1, the downstream end of which is connected to the
permeated water tank 10. The permeated water discharge port of the second semipermeable
membrane unit 8 is connected with a permeated water line PL2, the downstream end of which is
connected to the permeated water line PL1 at a merger Is point MP2. This line configuration allows

the permeatetgl water of the fgs} semi %m ble membrane unit 7 and t ermeated water of the
restore

S Hembrane un gLf% 2 WSS ARSI RYR J ST ARG PTERE Yermeated

second semlpgrmgﬂg € membraneé uni
water storeéj in the germeat?d Wat?{ tankf Ois Ese as fresh water. [0040]The characteristics of the

fresh water |ro°r% Hc?nH%‘%‘Baré‘ﬁé% acilfistrated h Fig. 1 are described below. [0041]The fresh

water prodygjagappasais Alis. A/ Tesh Wale! Pipducng apparalls g Padues Meshyialer from the
solute-containing raw water?t at comprises the?lrs%l emipermeable mem%rane uane?rana e second

sermipermegblMemIANual fpe o) SEmiPeUReRtle menhianGUn s sonmeted i the firs

n
i nef
raw water deS|gne eﬂ’ver e raw water 1 10 I, ne Irs semlperm%\éble

membrane unif 7. rqﬂitt@eﬁ?’,?gmseaem i&@%%%'&%@@@a%@?EH@it(ga%(l?&(;%@ﬁ%%ﬁfé{eetg%épgrply the

concentrated wat ne C esigned to transport the concentrat Irst

semipermegblednemane L LD e sppani-slpeImeahle IRTEPOR HIL R D AdiLgR, e

second semipe rane unit 8 1S connected wit € seconda raw ow

designed tf glgliyes pe AN b Arihd 00 2HT DR ehyy ARLREAFHAING SRRALALIG oLy in Fig. 1

employs a system
unit 9 recovers the pressure energy retained by the concentrated water flowing through the

concentrated water line CL2.

10 [0039] The permeated water discharge port of the first semipermeabie membrane unit
7 is connected with a permeated water line PL1, the downstream end of which is
connected to the permeated water tank 10. The permeated water discharge port of the
second semipermeabie membrane unit 8 is connected with a permeated water line PL2,
the downstream end of which is connected to the permeated water line PL1 at a merger

15 point MP2. This line configuration allows the permeated water of the first semipermeable
membrane unit 7 and the permeated water of the second semipermeable membrane unit 8
to be stored in the permeated water tank 10. The permeated water stored in the permeated
water tank 10 is used as fresh water.

[0040] The characteristics of the fresh water producing apparatus A1 as illustrated in

20 Fig. 1 are described below.

[0041] The fresh water producing apparatus A1 is a fresh water producing apparatus
to produce fresh water from the solute-containing raw water 1 that comprises the first
semipermeable membrane unit 7 and the second semipermeable membrane unit 8. The
first semipermeable membrane unit 7 is connected with the first raw water feed line FL1,

zs  designed {o deliver the raw water 1 to it, while the first semipermeable membrane unit 7

12



configuration capable of either delivering all of the raw water 1 to the first semipermeable membrane
unit (first-stage semipermeable membrane unit) 7 via the valves 6a and 6b or directly delivering all or
part of the raw water 1 to the second semipermeable membrane lo unit (second-stage semipermeable
membrane unit) 8 by bypassing the first semipermeable membrane unit (first-stage semipermeable
membrane unit) 7 to various degrees. [0043]When treating low-concentration raw water, such as river

water, using S aPRaals. ol LG [ANVAIEr B AR RaSSSANQHAIIDG TISlgne,, e

semiperme membrane u or treatment by fully opening the valve 6a and fully’closing the

valve 6b, vl (e Xgaspefl N 119 rRghyaly Ineteaed Wil Be 156,675V D iy gRening the

valve 6b and closing the valve 6a with a viewto eventually treating all of the raw water using

second:stags,sexpiperme A BEMPIANe 1l 8 SUEh SRl s UREsaIS g KeERd B gPRCqRIton o

the permeated water low, given that it rises as the concentration 200t raw water rises. This is achieved

hroudl theGiACIRE TELGRETIRATIEHRELS M aRBH WS ROLNIRIRAT I FORESIRNIRIO 2PPlY

brackish-grade semipermeable membranes (low concentration) to the first-stage semipermeable

membganev\l,gg'grzcé’gyj,iﬁggﬂ@tgg&ﬁ@ﬁgﬁm@ﬁ@g@ymr@%ﬁ(high concentration) to the

second-stage semipermeable membrane unit 8, though there are no specific restrictions. [0045]Since

the seawaligogsade serippagIeahie MPIANSS 318 SRIPL BN AEESPURIRSISEGE gpmpared

to the brackish-grade semipermeable membranes, equipment costs can be reduced by setting the

pressure regisigirsieh s L SadhSCHIRRIMEANI S MGMARRIR Y {JMes i hpdresshe

resistance of the second-stage semipermeable membrane unit 8. This is achieved through the

embodimef{RseHethip HiRM8h 8 ReHSENEERNGR G SRANAET Y@ deSRIVPC BRI MG Mbranes

have high rejection efficiency against solutes and low water permeability, it is preferable that the

first-stage sREYREHBRARIRGTRMPIRREH MHe/rBRSAIIONE WlticRsHNeRRIIY HasLIBaREsaRAsage
semipermeable membrane unit 8. This is achieved through the embodiment described in item (8)
above; unit (second-stage semipermeable membrane unit) 8 by bypassing the first
semipermeable membrane unit (first~-stage semipermeable membrane unit) 7 to various
degrees.
[0043] When freating low-conceniration raw water, such as river water, using this
apparatus, all of the raw water is initially passed through the first-stage semipermeable
15 membrane unit 7 for treatment by fully opening the valve 6a and fully closing the valve 6b,
with the bypassed flow rate gradually increased with the rise in concentration by opening
the valve 6b and closing the vé!ve Ba with a view to eventually treating all of the raw water
using the second-stage semipermeable membrane unit 8. Such control is preferable to
keep the concentration of the permeated water low, given that it rises as the concentration
20 of raw water rises. This is achieved through the embodiment described in item (11) above.
[0044] For this reason, it is preferable to apply brackish-grade semipermeable
membranes (low concentration) o the first-stage semipermeable membrane unit 7 and

seawater-grade semipermeable membranes (high concentration) to the second-stage

semipermeable membrane unit 8, though there are no specific restrictions.

13



[0047]Here, the pressure resistance means the maximum pressure at which a membrane is able to
maintain its rejection preformance against solutes when positive pressure is applied to it from the raw
water side to the permeated water side. Any pressure Ibhigher than that results in a reduction in water
permeability or an extreme reduction in rejection performance against solutes due to membrane
deformation. [0048]In general, the high-pressure semipermeable membranes have a dense structure

or employ hi trength members for the m mbrane upp tto in high pressure resistance
compared to w%%glow (s s%?ﬁYbaé%% gr@eas% %f@ggﬂ}?’@%e@%ﬂ?@g% Be lB%'%lly
verified by observrng Wh her rejectio at ermea falls below the allowable limit when the
operating pDressurg iST ' S : ]EICLV{ e}skgls%% oéfgé%h%%@%@%? 53%9%@2?5ﬁce of
membrane elenrp g;rt me gﬁ e mg duI bangle e br,%%eﬁg%”'t asawgolfgg %%grl%
adhesives, gaspng S, su & VedtelHh pyng merC’nBers [ ngFﬁLﬁs‘f 98 r leak

when subjected (0] é%%igr nglrtr)qué ommon w; ﬁ}y’es i !rgssis yre res ance |s Lsa#)

es
progressweﬁ/ INCreas asing hnggrost pressure a AL el Iea?<
0
m

occurs, Thg Fnlr'ena' i% 8%{8“ 'l?nqﬁfnﬁ%rest rsseé/c %lvte@ Sr tﬁ]w%n th Or(rj}%aesqrgesgngsgure to
allow for a $a e margin.
item (9) above.
[0046] Since the seawater-grade semipermeable membranes have high rejection
efficiency against solutes and low water permeability, it is preferable that the first-stage
semipermeable membrane unit 7 has a higher water permeability than the second-stage
10 semipermeable membrane unit 8. This is achieved through the embodiment described in
item (8) above.
[0047] Here, the pressure resistance means the maximum pressure at which a
membrane is able to maintain its rejection preformance against solutes when positive
pressure is applied to it from the raw water side to the permeated water side. Any pressure
15 higher than that results in a reduction in water permeability or an extreme reduction in
rejection performance against solutes due to membrane deformation.
(G048} in general, the high-pressure semipermeable membranes have a dense
structure or employ high-strength members for the membrane support to obtain high
pressure resistance compared to the low-pressure semipermeable membranes. Pressure
20 resistance can be easily verified by observing whether rejection or water permeability falls
below the allowable limit when the operating pressure is increased.
[0049] There is also a need to enhance the pressure resistance of membrane
elements, membrane modules and the membranes unit as a whole by employing
adhesives, casings, pressure vessels and piping members that do not burst, get damaged

25 or leak when subjected to high pressure. A common way to verify such pressure resistance

14



[0050]In light of the fact that the first-stage semipermeable membrane unit 7 and the second-stage
semipermeable membrane unit 8 are basically for low-concentration water and medium-to-high
concentration water, respectively, the corrosion resistance of the first-stage semipermeable membrane
unit 7 and the booster pump 5a (see Fig. 2 shown hereinafter) is not required to be so high, so that
SUS304, SUS316, SUS316L and other general-purpose stainless steels, commonly considered to be

unamenable {8 gea]water 10desa}Iination, ma¥]¥t§r usg;d as materiaIsOJ rth%!’r component V‘%%OSI]On the
b

other hand‘,sthe S cer(fpﬁraegsée’“s’%WBg?en%'glee &m artécngrﬁﬁ?tu and the bobstar %ﬁ?p 8% Fig, 2

shown hereinafter), which. are subject to high-concentration conditions, are required to haye higher
corrosion 1ERARCY TR b Rl S8 SEP AT LB LR S e 7 1AL LB P b 5o

ma_klng it p%rheé‘en%%lgls% Fg Hse SSS]JLJJrSe gdéﬁ% brSéAEa S%E%qgg_ other super-austenitic or super-duplex
stainless steels as matefials tor their components In cases where concentrations exceed the seawater

RoSbed NSO shove JOOSEIReIG e

level. This rg?(%%tiieveqnﬂﬂé%ltl%p ,Eg%efggpg%@mg%sq \ aGiGSan

corrosion mean general or I0Cal corrosion, particularly sucn corrosion cause

and crifical gopgpian cuies based.an 20.SRRLNIEs B SAOUAS SePRsAaNalARd OISt

paraméters can be obtained on a materi y malerial basis It Is netessary to select materials so as to

avoid extrag s ondBanT (UG SRR WP IR AL Lo e T e

various methods to test corrosion resistance accor to the'type of corrosion, and a typical method is

et S L S e T T e

like after immersion for a speci pe of time un uch being the

case, ihe TRABINGHEN REQRK DA, POPRAIIS TABASEH A6 SENSOR 57 QUSRS costs by

reducing the pressure resistance and/or 5corrosion resistance of the first-stage semipermeable

membranequnlJ ks 8 ARRIE SIRRCREINGTYIHARIRECNBURIALIRE BRI R AbR e o the

feed pressure for t
10 desalination, may be used as materials for their components.

[0051] On the other hand, the second-stage semipermeable membrane unit 8 and the
booster pump 5b (see Fig. 2 shown hereinafter), which are subject to high-concentration
conditions, are required to have higher corrosion resistance than the first-stage
semipermeable membrane unit 7 or the booster pump 5a, making it preferable to use
13 SUS2548SMO, SAF2507 and other super-austenitic or super-duplex stainless steels as
materials for their components in cases where concentrations exceed the seawater level.
This is achieved through the embodiment described in item (10) above.
[0052] Here, the corrosion means general or local corrosion, particularly such
corrosion caused by acids and chlorides, and critical corrosion curves based on
20 temperature, pH, chloride concentration, and other parameters can be obtained on a
material by material basis. It is necessary to select materials so as to avoid extra-critical
conditions (high femperature, strong acid and high concentration). There are various
methods to {est corrosion resistance according to the type of corrosion, and a typical

method is to observe for the occurrence of corrosion, any change in weight, any reduction
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first-stage semipermeable membrane unit 7 Namely, in cases where the single booster pump 5
delivers raw water to both the first-stage semipermeable membrane unit 7 and the o second-stage
semipermeable membrane unit 8 as illustrated in Fig. 1, the booster pumps is often designed to have a
capacity that is greater than the pressure resistance of the first-stage semipermeable membrane unit
7, and this necessitates a safety measure to keep the pressure from exceeding the set value. This is

achieved through the embodiment described in item (11) abqgve, 1s[Q055]From the viewpoint of treating
e .l M R o RN i

the raw Watg’r&"lf i\éiﬁlsa single line under variable concentration conditions or two separate lines
dedicated 5 ferent concentration conditions. While the choice between them and the mixing ratio of

raw waters with differgnt campasjtions depgend.on the (ﬂesi n of the fresh water producj
o o S o SO aRaslien L PRI e S0 Al e TSR Be e

mixing ratiQ of raw waters t8 minimize the varia io%in thg concetﬂtration of the mjxted raw, Wc%er,
. ing ghton carl_reduce egﬂ%pn%ent costs by redudin € biesslre TesiSlance andior .
increasing the warmer raw water if'the témperature-is Iow, artd increéasing the lower-concentration raw

water to reduce the concentration of.the mi r t his.i iev iment
described i item” 5ea!So%%?e[8@@6?]&#33%%%‘%%%%%&% @?ﬁ@%&%gﬁg t{)]égn%% %%%ﬂé?sgraw water
to two of t 858 ipermeable membrane units, it is possible to provide a booster pump on each of

respective branched raw water feed lines to constitute two booster pumps 5a and 5b, as illustrated in

Fig. 2 desqiesater, L0, rovile-baRsiPT U K2 ImITediele e e, e seeong-sage

semiperm membrane unit to raise the raw water feed sure for the second-stage

semipermeag -%tgéeé%%’xﬂ[b%ﬁﬁ%ta@}é Hshated DR %Q%‘féﬂ%"c‘?&@é Hre2ls0-P9rgIbIBdasuse 2

non-powered pressurization unit 13, designed to raise p ure by utilizing the presSure energy of

concentrated waser inAIaas, AfhS BoBsIRT AR as JIustAtRsh I Bisk . desethed faten Thisds

achieved through the embodiment described in 10item (3) above. [0057]With the fresh water
produging apRAAts S LaehipYRRESNeTHIBS MRASH s ilustrated in Fig. 1, the booster pump 5

is often designed 1o have a capacily that is greater than the pressure resistance of the
first-stage semipermeable membrane unit 7, and this necessitates a safety measure to
keep the pressure from exceeding the set value. This is achieved through the embodiment
described in item (11) above.

15 [0055] From the viewpoint of treating raw waters with diverse water quality profiles as
an objective of the invention, it is preferable to supply the raw water 1 via a single line
under variable concentration conditions or two separate lines dedicated to different
concentration conditions. While the choice between them and the mixing ratio of raw
waters with different compositions depend on the design of the fresh waler producing

20 apparatus, it is preferable to limit the variation in operating pressure by, for example,
control.iing the mixing ratio of raw waters to minimize the variation in the concentration of
the mixed raw water, increasing the warmer raw water if the temperature is low, and
increasing the lower-concentration raw water to reduce the concentration of the mixed raw

water. This is achieved through the embodiment described in item (2} above.
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rate is changed, the feed flow rates to the first-stage semipermeable membrane unit 7 and the
second-stage semipermeable membrane unit 8 change, but the semipermeable membrane unit
usually has a maximum value and a minimum value for its flow rate setting. 15 One way of controlling
the flow rate within this range is to construct the semipermeable membrane unit from two or more
subunits and change the number of subunits (auxiliary semipermeable membrane unit) in operation

according {gd5e; flow yixtae MIPERP Ve SINERAFRAMBHBRR thenfesd digaatadathe ibstariagthe

semipermeable membrane unit, i.e. an’increase in the bypass flow rate, leads to an increase in the

feed flow raignigdhteaBisaseniraingasrnipaE ARl BIERMBARSUR b dbifidr Ihtedatagtuce a

common auxiliary semipermeable membrane unit 16, as illustrated in Fig. 5 described later, to

increase thgdgiatiraesansiaan Whibiersas anesSiagsRemiBalReahis SA MRS UNLIBL, as
compensation for the reduction in the total membrane area of the first-stage semipermeable

membrang kRttafedisiFRETeuad B 8aB BRI BID SIRsEF Bach ) 12l e} Dettrd (13)

above. [0058]Furthermore, it is possible to provide flexibility by supplying raw water to a subunit

(auxiligry sp@iRemReapigdanmiiantuBib Sesrircied to pasallglavi theiserandpréagare for
semipermeable membrane unit, as illustrated in Fig. 6 described later. This is achieved through the

embodimefHedassiestd5dtesnsideinaeh @ rabaank 0h0] WéenstuesanmaLe Yygssabsavawater are

available, a preferable embodiment is to feed a high-concentration raw water is directly to a subunit

(auxiliary semigepaRaieaabrape-poiiked plasedrinnesallel 1athidar sesenchsivgrsamingrmeable
membrane unit, depending on its flow rate, as illustrated in Fig. 7 described later. This is achieved

through thgteimhgdiveesredeseribagriy it ditehianed OlRRs0)In higeasetbiveodbar poncenirated
water 11 from the second-stage semipermeable membrane unit 8 in Fig. 7 has a similar level of
concentratinrstaiéee ihighy.co necofimdtd mt@wThRter dchdopandibgghntiapersihiog mendiitnsbédsnpossible
to use it as feed water for an auxiliary semipermeable membrane unit 8c, as illustrated in Fig. 12
described later (250061 ]While an intermediate tank 17 (see Fig. 8 and Fig. 9) or 17a (see Fig. 12) is

[0057] With the fresh water producing apparatus of the invention, if the bypass flow
rate is changed, the feed flow rates to the first-stage semipermeable membrane unit 7 and
the second-stage semipermeable membrane unit 8 change, but the semipermeable
membrane unit usually has a maximum value and a minimum value for its flow rate setting.

15 One way of controlling the flow rate within this range is to construct the semipermeabie
membrane unit from two or more subunits and change the number of subunits (auxiliary
semipermeable membrane unit} in operation according to the flow rate. Moreover, since a
reduction in the feed flow rate to the first-stage semipermeable membrane unit, i.e. an
increase in the bypass flow rate, leads to an increase in the feed flow rate to the

z0  second-stage semipermeable membrane unit, it is preferable to introduce a common
auxiliary semipermeable membrane unit 16, as illustrated in Fig. 5 described later, to
increase the total membrane area of the second-stage semipermeable membrane unit in
compensation for the reduction in the total membrane area of the first-stage

semipermeable membrane unit. This is achieved through the embodiments described in

25 items (4), (12) and (13) above.
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assigned the roles of ensuring thorough mixing and acting as a buffer against flow rate fluctuations, it
is possible to opt for direct mixing without the intermediate tank or build a static mixer into the piping. If
the concentration of the concentrated water from one of the semipermeable membrane units is at the
same level as the feed water for the other 20 semipermeable membrane unit or lower, it is possible to
mix the concentrated water from the parallel auxiliary semipermeable membrane unit into the feed

water for ejthpisseminesmRabls &eMEransiae ishaiRd indvisid3And ity kg dsnciirs ity Since

this can virtually eliminate the discharge of concentrated water from one of the auxiliary

semipermeaiig-eEiRNg Waitiphisavrty Resisrakie ampasimanddisisAgrmee 2aHreuoh the

embodiment described in item (15) above. [0062]While prior art (non-patent document 2) discloses a

method to gadspatdRgdeEmariesbuaterRintbraiesinstags sesiardgalle Bgsikbraes Iun-usig the
second-stage semipermeable membrane unit in cases where the permeated water of the first-stage

semipermeahleh BRI iFan Ry HHOQR6 JHIhBAVE-acABBIAR I Ranries CuRlitE) tiiavention can Salso

provide a flexible system capable of accommodating the raw water profile by employing a

configuratigmasiillustiates inbigr Srerseeabiaak [RRS3INAmahaMIeNJreRtngd Renkaiwaker 1,

which is river water or other low-concentration water, in Fig. 8, all of it is passed through the first-stage
semipermeagalergagaigne sidbrtigidreaimeatdy Billycepgning sheurlvakaandépslipsingdhe valve

6b, 10 with all of its concentrated water treated using the second-stage semipermeable membrane
unit 8. DurifgritlifapeaaasBdheavalviesothalandthehate dohy-clagedanngdhecwalearepaos fielynapen.
depending on its flow rate, as illustrated in Fig. 7 described later. This is achieved through
the embodiment described in item (7) above.

10 J0060] in this case, given that a concentrated water 11 from the second-stage
semipermeable membrane unit 8 in Fig. 7 has a similar level of concentration to the
high-concentration raw water 1s depending on operating conditions, it is possible to use it
as feed water for an auxiliary semipermeable membrane unit B¢, as illustrated in Fig. 12
described later.

15 [0061] While an intermediate tank 17 (see Fig. 8 and Fig. 9) or 17a (see Fig. 12) is
assigned the roles of ensuring thorough mixing and acting as a buffer against flow rate
fluctuations, it is possible to opt for direct mixing without the intermediate tank or build a
static mixer into the piping. If the concentration of the concentrated water from one of the
semipermeable membrane units is at the same level as the feed water for the other

20 semipermeable membrane unit or lower, it is possible to mix the concentrated water from
the parallel auxiliary semipermeable membrane unit into the feed water for either
semipermeable membrane, as illustrated in Fig. 13 and Fig. 14 described later. Since this
can virtually eliminate the discharge of concentrated water from one of the auxiliary
semipermeable membrane units, it is a very preferable embodiment. This is achieved

25 through the embodiment described in item (15) above.
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[0064]As the concentration of the raw water 1 increases, the valve 6b is gradually opened to bypass a
suitable flow rate, and, eventually, all of the raw water is treated using 15 the second-stage
semipermeable membrane unit 8 by fully closing the valve 6a and fully opening the valve 6b. During
this process, the valve 6ca is fully open, and the valve 6ba is fully closed. [0065]If it is desired to
prevent the water quality of the permeated water from dropping even when the concentration of the

v v eipeses KIS SSERN B 9 MEDHATSS SASLEDSE IBIPRIRIFRES e

is a solution. Namely, by opening aan e valve 6ca to or part of the

permeated el oL oSSR SR BRITIERhIS e MBS ) i eI etiaie el 17

according to the extent of deterioration e valve 6ct to deliv to the first-stage

semipermeghle membrane Uik 2 for [eiireAtent. aRermeated walst having. egg@ég@}(%g%qua"w

can be obtained. This is achieved through the embodiment described in items ove.

[0066]In addianin Dot ARt B Ae anecation:dhis RIREFablA D faTHol e oy rate by

using inverters installed in the raw water feed pump 3, the booster pump 5, 5 and the like from the

viewpaint ofignergy,alficiengyiibissplsareiarahle o break o iig fishaiagg, semiperpsable,

membrane unit and second-stage semipermeable membrane unit into two or more subunits, as

illustrated i '%F%Q%sg&q%q‘lgﬁgﬁ 206 chiangs theigumisl-pbsyhypits in operation according to the
n n

flow rate. [0067][n addition to river water, seawater, treated sewage, and the like as mentioned 10

hereinbefofgode tyPagAldRW WiRAr aeRlAgPIRAO Mk TiRsB waterNQAUSING APRARIMSPT Siipinvention

include discharged post-treatment concentrated waters and cooling water effluents from power

stations ang\pifsicsiianthe Beshnaipramrucing sRRaaiHLaEH S wmentoniseanabimofsrking on

raw waters characterized by seasonal and other variations in terms of, for example, the amount

available foraihidranaliendnatakAualing 11f GRS J hruahbeteAterDn Shesiistrrstrrtions on

semipermeable membrane units applicable to the invention, it is preferable to use a type that

comprises fiiil spparatign QRN e8GR RIOMEREIDY:IRFINGea Salav Hbgyordiatisbareable

semipermeable membrane in a chassis, packed in a pressure vessel for ease of handling.
membrane unit 8. During this process, the valves 6ba and 6¢t are fully closed, and the

valve Gca is fully open.
[0064] As the concentration of the raw water 1 increases, the valve 6b is gradually
opened o bypass a suitable flow rate, and, eventually, all of the raw water is treated using
15 the second-stage semipermeabie membrane unit 8 by fully closing the valve 6a and fuily
opening the valve 8b. During this process, the valve 6c¢a is fully open, and the valve 6ba is
fuily closed.
[0065] If it is desired to prevent the water quality of the permeated water from
dropping even when the concentration of the raw water 1 increases or the degradation of
20 membranes ora change in temperature occurs, there is a solution. Namely, by opening the
valve 6ba and closing the valve 6ca to direct all or part of the permeated water of the
second-stage semipermeable membrane unit to the intermediate tank 17 according to the
extent of deterioration and by opening the valve 8ct to deliver it to the first-stage

semipermeable membrane unit 7 for re-freatment, a permeated water having excellent
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[0069]A common way of assembling a fluid separation element from a flat membrane 20 is to wrap
the membrane around a porous central tube together with a flow path-providing material (net). Typical
commercial products include the TM700 and TM800 series of reverse osmosis membrane elements
from bray Industries, Inc. A semipermeable membrane unit may contain just one of these fluid
separation elements or two or more connected in series or parallel. [0070]As materials for

semipermealle, menbranies. halmercnateriole. sudh ss celllose acetale based povner,
polyamide<’ Polyesters poimies S UinyT poiymers, may be used IR 1&ms ot Stractlie’

membrane ;n%?s?lther asymmetric, featuring a dense layer on at Ieast one side and pores with
progressiv y INCreasing siZes that extend 5 from the dense layer towards the membrane interior or

the other sidgesr COMpasligyGPIIRKSISA ISNSHANSI 200 vl iy ynetional iyt Jormed of a
different m ter | over the dense layer f semipermea R embrane IS'Su ject 0

depostion pLsalesflis 9 e ASSHIEToR 1A sPRGIAIaN Aeed ey it Per@egvsm this

and adjust pH, It'Is so a sca e preventive and an acli fee reach

semipermeghje meIbrANE 1A, ILja BIETerAe AL she.Additon ot ssale rsysatiyede perlgrmed on

the upstream si pH adjustme to ensure | ess |th view to preventing a dramatic

change in Wr@t%‘?é‘&?%‘éﬂﬁﬁ’&r%t% (itives QR Uﬁff‘rgﬂgdé%\é%r%‘g{%ﬁ %?n‘?é‘a’é‘? AR iB-iLoduce an

in-line mixer iImmediately after the application ot additives or 15ensure that the out ets are in direct

contact with o nTBRe alRrdOBLARaERIRY By 3AUv e dart gggﬂﬁ%ﬁjﬁg%@@ glgdnetal

ions, and the like present in a solution to keep metals and metal sa orgarnic or inorganic

ionic number of subunits in operation according fo the flow rate.

[0067] Ih addition to river water, seawater, treated sewage, and the like as mentioned

10 hereinbefore, the types of raw water applicable to the fresh water producing ap.paratus of
the invention include discharged post-freatment concentrated waters and cooling water
effluents from power stations and other sites. The fresh water producing apparatus of the
invention is capable of taking on raw waters characterized by seasonal and other variations
in terms of, for exampte, the amount available for withdrawal and water quality.

15 [0068] Though there are no specific restrictions on semipermeable membrane units
applicable to the invention, it is preferable to use a type that comprises fluid separation
elements, each produced by placing a holiow fiber or flat-shape semipermeable membrane
in a chassis, packed in a pressure vessel for ease of handling.

[0069] A common way of assembling a fluid separation element from a flat membrane

20 is to wrap the membrane around a porous central tube together with a flow path-providing
material (net). Typical commercial products include the TM700 and TMBOO series of
reverse osmosis membrane elements from Toray Industries, Inc. A semipermeable
membrane unit may contain just one of these fluid separation elements or two or more

connected in series or parallel.

20



polymers/monomers can be used for this purpose. Such organic polymers include poly(acrylic acid),
sulfonated polystyrene, polyacrylam de, poly(allyl amine) and other 20 synthetic polymers, as well as
carboxymethyl cellulose, chitosan, alginic acid and other natural polymers. Organic monomers include
ethylenediamineetraacetic acid. Inorganic scale preventives include polyphosphate. [0073]Of these
scale preventives, polyphosphate and ethylenedia neetraacetic acid  (EDTA) may be
advaniagepyshyusedn terns;of aailabliiy, ease.of handlind, e 0, Z5solubiliy anderice,, oo
Polyphosphateis an inorganic polymeric phosphoric acid-derived compound, such as sodium

hexamelapl3RNa's AL SNBSS AT RIRSEOIS S AN cR1Sils o hospherc aci

a .
molecules bon via alkali m atoms. Typical hosp%ates In etrasodium

pyrophosphale dsediym Pynpbas s, SO BALORSPhaten oKl ptaRo velosphate

sodium Shepta osphate, sodium decapolyphosphate, sodium metapnospha

hexametaningaale S1LPRERHE SAlis Al S-SR SRR LOOLOIAR sughadds apd i, sufur

acid, sodiu roxide, an cium hydroxide are generally used; but hy c acid,

potassium fyoiilgediehiFaNRRaR oA ERRSINe THiRids ARCIE o lfbesed

comprising a dense layer and a very thin functional layer formed of a different material over
the dense layer.
[0071] A semipermeable membrane unit is subject to the deposition of scales due to
the occurrence of a concentration of feed water inside it. To prevent this and adjust pH, it is

10 possible to add a scale preventive and an acidfalkali {o feed water for each semipermeable
membrane unit. it is preferable that the addition of a scale preventive be performed on the
upstream side of pH adjustment to ensure its effectiveness. With a view to preventing a
dramatic change in the concentration of additives or pH near additive outlets, it is also
preferable {o intr_oduce an in-line mixer immediately after the application of additives or

15 ensure that the outlets are in direct contact with the flow of the feed water.
[0072] Scale preventives form complexes with metals, metal ions, and the like present
in a solution to keep metals and metal salts soluble, and organic or inorganic ionic
polymers/monomers can be used for this purpose. Such organic polymers include
poly(acrylic acid), sulfonated polystyrene, polyacrylamide, poly(allyl amine) and other

20  synthelic polymers, as well as carboxymethyl cellulose, chitosan, alginic acid and other
natural polymers. Organic monomers include ethylenediamineetraacetic acid. Inorganic
scale preventives include polyphosphate.
[0073] Of these scale preventives, polyphosphate and ethylenediamineetraacetic acid
(EDTA) may be advantageously used in terms of availability, ease of handling, e.g.

25 solubility and price. Polyphosphate is an inorganic polymeric phosphoric acid-derived
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-Joviewpoint of preventing the proliferation of scale-forming components in seawater, it is advisable
not to use calcium or magnesium. [0075]The pre-treatment unit 4 in the invention may incorporate the
removal of turbidity causing components, disinfection and other functions according to the quality of
the feed water or other considerations. 15[0076]If turbidity causing substances need to be removed
from feed water, the application of sand filtration, a microfiltration membrane or an ultrafiltration

feed water, the application of sand flrat firatic or an ulrafiraton
preforanle T AT R A R e e e e B SR R ERRATS o
bed b [ lorine. gas. i lori f . te f

chlore 1 o A T P S e R TR i not
chlorine in the Conceriaton range of 1 10> g/l [0 ot
proferable 1 B0 & TR NG B st KA ool e Ay S DR el

neffective gagrhedead waleiole! ot e saminsumeablemEmbrage Nl i s sase didipg chiorine

25for example, It Is'advisable to measure its concentration and, based on the readings, control the

23&’;*.}} of GERLNSARS Yrsed UL B PR CYOLIE ARFRA A A 58RNE ARk EHRbBRARAIUBdRYHrogen
hexametaphosphéte, and potassium salts of the same acids.
10074] As such acids and alkalis, sulfuric acid, sodium hydroxide, and calcium
hydroxide are generally used, but hydrochloric acid, oxalic acid, potassium hydroxide,
sodium bicarbonate, ammonium hydroxide, and the like could also be used. From the

10 viewpoint of preventing the proliferation of scale-forming components in seawater, it is
advisable not to use calcium or"magnesium.

[0075] The pre-treatment unit 4 in the invention may incorporate the removal of
turbidity causing components, disinfection and other functions according to the quality of
the feed water or other considerations.

15 [0076] If turbidity cauéing substances need to be removed from feed water, the
application of sand filtration, a microfiliration membrane or an u|£rafiltratéon membrane is
effective. If the water also contains a lot of bacteria, algae or other microorganisms, it is
preferable to apply a disinfectant as well. As a disinfectant, the use of chiorine is preferable.
This can be done by, for example, adding chlorine gas or sodium hypochiorite to feed

20  water to generate free chiorine in the concentration range of 1 to 5 mgil.

[0077] Some semipermeable membranes do not have chemical durability against
specific disinfectants. In cases where such membranes are used, it is preferable to add a
disinfectant to feed water at as upstream a location as possible and render it ineffective

near the feed water inlet of the semipermeable membrane unit. In the case of free chlorine,

25 for example, it is advisable to measure its concentration and, based on the readings,
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[0078]If bacteria, protein, natural organic components, and the like are present, in addition to turbidity
causing substances, it is effective to add a flocculant, such as polyalum num chloride, aluminum
sulfate or iron(lll) chloride Flocculated feed water can be made suitable for feeding a semipermeable
membrane unit by subjecting it in advance tosedimentationusingabaffleplate,followedby sandfiltrationor
microfiltration/ultrafiltration based on two or more hollow fiber filters bundled together. Prior to the

licati f lant, it i ferable to adjyst pH to facilitat lation. [0079]Wh d
ittation ts CRLEP AP I CERAESraG 1S TR AT ZHEG LR A ot ovement
of water, or pres #$ehfilgation, Wm%h involves a pressure vessel packed with sand, may be applied.

Filter media rﬁgyI COmprse nssl@Hg\e ‘component, but a combination of different components, such as

anthracite, 88 sanq arnet and cRumice can be used to enhance filtéaH]on .ﬁfficiency. 15[0080]There
f Bacteria protein n%tural Qrganic comgonﬁ-nt? and the like are presert, i
are no par{lcula restrictions’ ori microtiltration” membranes or ultratiltration membrangs, so that a flat

membrane hé)llow-fib r membrane, tubulgr membre%ne, gjf?atted mem%r ne or any other srtlaé)e can be
addiiion 1o 6{%@ caLbsrn sSu sttancias‘ i c;vF 1 a cf.la occu%nt. SUC a
used, as appropriate. embrafe materials are also tree from particular restrictions, and a range

of inorgarig alerais naldinn paasenla PO ENAIsRs suenel. paliahenene 2ggulfide

sulfoné), pg?y)(\?l ene fluoride), polypropylene, po ene, polysultone, po Vi y

cellulose 89%%%8%%@?%%@%}8@3%3 $85 -e[r%?eBa?éB%ﬁ%ﬂ%‘ﬁ%‘g#ﬂﬁ%ﬁé%ﬁ%ﬁié'a%rPJSSS“re

filtration, which pressurizes t water to pass it uct tration, which
sucks the fged waiprdhraah Neiter fomdlipditgiesideanRg usep. Wilhpudienfijaip. itis
preferable to 25apply a flocculation=-membrane filtration'system or a meémbrane biological reactor
(MBR), in microfiitration/uitrafiitration based on two or more hollow fiber filters bundled together. Prior

to the application of a coagulant, it is preferable fo adjust pH to facilitate coagulation.

1 J0078] When sand filtration is used for pre-treatment, either gravity filtration, which
relies on natural downward movement of water, or pressure filiration, which involves a
pressure vessel packed with sand, may be applied. Filter media may comprise a single
component, but a combination of different components, such as anthracite, silica sand,
garnet and pumice, can be used to enhance filtration efficiency.

15 [0080] There are no particular restrictions on microfilfration membranes or
ultrafiltration membranes, so that a flat membrane, hollow-fiber membrane, tubular
membrane, pleated membrane or any other shape can be used, as appropriate.

[0081] Membrane materials are also free from particular restrictions, and a range of
inorganic materials, including polyacryionitrile, poly(phenylene sulfone), poly(phenylene

20 sulfide sulfone), poly(vinylidene flucride), polypropylene, polyethylene, polysulfone,
poly(vinyl alcohol), cellulose acetate and ceramics, can be used.

[0082] Regarding the filtration method, either pressure filtration, which pressurizes the
feed water tc pass it through the filter, or suction filtration, which sucks the feed water

through the filter from the filirate side, can be used. With suction filtration, it is preferable to

25 apply a flocculation-membrane filtration system or a membrane biological reactor (MBR), in
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which water is filtered through a microfiltration membrane or ultrafiltration membrane immersed in a
flocculation-precipitation tank or biological treatment tank. [0083]If the feed water contains a large
amount of soluble organic matter, the removal of such matter via dissolved air flotation or activated
carbon filtration is an option, though it 5 can be decomposed by adding chlorine gas or sodium
hypochlorite. If, on the other hand, a large amount of soluble inorganic matter is contained, it is

advisable agkl SUPIATIAALE T AEN 92 ANLIGRDIBRONISL SIRCUPE BB crmorane

hexametaphosphate, or replace it with™soluble 1ons't use of an ion-exchange resin or the

like. If iron %%%megﬁdéca@ggp_g%ﬁ@%wqaﬂ}g@,d}d@g@qj@?gﬁ 1&%”:3%19” aeration, oxidation and

filtration lomethod or a contact oxid tration met 0 remove specific ions and

polymers ngauAnce Wik ey, PoSTAREING Jeah R AEER aRE Bl A Neren ion o

-high efficiency, it is possible to use a nanofiltration membrane for pre-treatment. ome modified

embodimegis of e et BRI oM Ur G ARRRER LS Ak b AR SR Eh sl A dglRuing

examples: Example 2 [0086]Fig. 2 shows a fresh water producing apparatus A2. The fresh water

producing apRAALAS AoissadiSp RS LRRAIdcRg ap&ﬂ@w%gsygﬂ%ﬁw@ PrIRAKE DARFIRIRUIPS.

Elements of the fresh water producing apparatus A2 in Fig. 2 that are idenfical to the 20elements of

the fresh waige REAEURING IBRBIBIHRD AR HHatlee EBAYMYEINRERAFBEble to add a chelating
agent, such as an organic polymer electrolyte or sodium hexametaphosphate, or replace it
with soluble ions through the use of an ion-exchange resin or the like. If iron or manganese
is present in a soluble state, it is preferable to use an aeration, oxidation and filtration
10 method or a contact oxidation and filtration method.
[0084] To remove specific ions and polymers in advance with a view to operating the
fresh water producing apparatus of the invention at high efficiency, it is possible to use a
nanofiltration membrane for pre-treatment.
[0085] Some modified embodiments of the fresh water producing apparatus A1 in Fig.
15 1 are described in the following examples:
Example 2
[0086] Fig. 2 shows a fresh water producing apparatus A2. The fresh water producing
apparatus A2 is a fresh water producing apparatus having two or more booster pumps.
Elements of the fresh water producing apparatus A2 in Fig. 2 that are identical to the
z0  elements of the fresh water producing apparatus At in Fig. 1 are shown with the same
symbols.
[0087] | In the fresh water producing apparatus A2 in Fig. 2, the downstream end of a
raw water line RL1, designed to transport a raw water 1 from outside the fresh water
producing apparatus A2 to a raw water tank 2, is connected to the raw water tank 2. The

:5  raw water tank 2 and a pre-treatment unit 4 are connected by a raw water line RL2. A
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symbols. [0087]In the fresh water producing apparatus A2 in Fig. 2, the downstream end of a raw
water line RL1, designed to transport a raw water 1 from outside the fresh water producing apparatus
A2 to a raw water tank 2, is connected to the raw water tank 2. The 25raw water tank 2 and a
pre-treatment unit 4 are connected by a raw water line RL2. A pump 3 designed to deliver the raw
water 1 to the pre-treatment unit 4 is provided in the raw water line RL2. As the pump 3 operates, the
raw water 1 is supplied from the raw water tank 2 to the pre-treatment unit. 4, in whic| t%e rgw water 1
s pre-trea TR PATAIER IR VS SRR ) thi® SHEBEBIFRENT PR hef SBAHEHBANR BP 1
designed t?a%;vid e\rlvl%tg'i?{fll_%WACsatﬂied tl%}/t e "Qx%‘té% ? ovided a its,idownstrg@rp engd. [0088 Tthe branch
point BP1 Y |rstisemlpe'rmeaglgumgmbr%ne orit 7 are’ 6t ﬁ'éctléc?'fffpat rSCRAWWEE TEED line

ve 6a is provided in the fir t.feeﬁ’.I ater line FL1. A booster p,5a is placed on the
st raw it RS e LAy Bl TR At et Lo AR hBrane uni
7. The bra point BP1 d a second semipermeable membrane upit 8 are connected hy a
cecond T WAL S BT ST Brauad e con B L BaE e L
booster pump 5h.is placed. on the second raw, water. feed ling FL2 midway between the valve 6b and
the second B B e A ey emment it . he ra
water 1 flo oug £ line RL3.and.seaches. h poin . Fl ft%e raw
water 1 is m%%ejd at ?ﬁ%r@r%@%%gg{% Pg:'ﬁan %nae g%%ﬁ%ﬁ%é%?ﬁ%%@%sﬁ%@ééﬁéI’([)jl;rl%%ﬁ-}t)h% Irst raw
water f.eedclﬁh%@r&opéyt?”ﬁ?s%’ Ve R '%ég}%ﬁ]&ﬁtﬁré%ﬂ'h“é%@%%@?@?@%f%%@’ﬂ@{ Ridg space
of the first semipermeable membrane unit 7. The other outgoing flow travels through the second raw

water feedjge Fid s e gl Gh ARcing. bogeler umio B 20 ealers o . feed watgrpide

space of the second semipermeable membrane unit 8. ooster pump 5a provides the raw water 1

flowing thrugh e LSt AW ALalRl ft%%c% IS LM LBR PRSI LA R orRY E@ﬁn&}ﬁbéﬁ%@ﬂrmeat"e

membrane unit 7. The booster pump 5b provides the raw water 1 flowing through the second raw

Waterl‘faeedéi&?d; L dH S LR e RS S Y e S5 RO BSHRE BIRAL) S 30IS RS TP (LG HBYS- The

valves 6a and 6
line FL2, and a valve 6b is provided in the second raw water feed line FL2. A booster pump

FL1, and a VE%](

5b is placed on the second raw water feed line FL2 midway between the valve 6b and the
second semipermeable membrane unit 8.
{0089] After exiting the pre-treatment unit 4, the raw water 1 flows through the raw
15 water line RL3 and reaches the branch point BP1. Flow of the raw water 1 is divided at the
branch point BP1, and one of the outgoiné flows travels through the first raw water feed
fine FL1 past the valve 6a and the booster pump 5a and enters the feed water-side space
of the first semipermeable membrane unit 7. The other outgoing flow travels through the
second raw water feed line FLZ past the vaive 6b and the booster pump 5b and enters the
20 feed water-side space of the second semipermeable membrane unit 8. The booster pump
5a provides the raw water 1 flowing through the first raw water feed line FLL1 with the
pressure required by the first semipermeable membrane unit 7. The booster pump 5b
provides the raw water 1 flowing through the second raw water feed line FL2 with the

pressure required by the second semipermeable membrane unit 8. The valves 6a and 6b
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are used to control the flow rates of the raw waters supplied to the first semipermeable membrane unit
7 and the second semipermeable membrane unit 8, respectively. [0090] In Fig. 2, the downstream end
of the first raw water feed line FL1 is connected to the feed water receiving port of the first
semipermeable membrane unit 7, while the 5 downstream end of the second raw water feed line FL2
is connected to the feed water receiving port of the second semipermeable membrane unit 8. The
concentrated water dischar ott of the first semipermeable membrane unjt 7 and a mer oint
VP provilSs B G S Tl e T A0 LB By Soouito it SRR oy
The booster. ump 5b is pyace on the upstrea si((j3 t int where,the second 10 raw water feed
. 5 ARURAR de al the pRlat Whes

line FL2 anrgét)%qe COncentrated Water fine SETII%GHGT{, name yrﬁwear%erugér pcgelar?tp ﬁ/ﬁﬁi‘a e concentrated

water disc@g’ﬁfort o F—Wﬁ %e%?ngﬁﬁﬁg{Peee{m%ﬂB"Sf%%”eﬂgé SIS Reennested i‘é"ii%H %g{lg_&i”trated

. . 1]
water line nd An erfergy recovery unit 9 Is provi In the concentrated water line

concentatgda LA ARSAISRAIOn e Seecd semipermentle membiaRe Y [ lsgtaroed

outside the fresh water is producin paratus A2 via the energy recovery unit e energy recovery

unit 9 ecoxers e speLa (Bedbyie fpusaoiTaied water Bowing ueuon {1 copceicaled water

line CL2. [0091]The permeated water discharge port of the first semipermeable membrane unit 7 is

connected r\é’HQ\f%g%H‘r?%?eﬂé"@é%BHHes@’:‘ni’péu‘?ﬁe%}@%@ﬁ%ﬁé‘%r‘ﬂ‘{ Whigh1s G ERNaRESLIg 2

permeated water fank 10. The permeated water discharge port of the second semipermeable

membrane ik 813 Goinegtad witly %Q%fﬁ%%%)@%%ﬁaﬁ’é—%nw% dgyinstraanmeenehak ingh is

connected to the permeated water line PL1 at a merger point MP2. This line configuration allows the

permeatediwalar Qe sbesHAIRELD ARLe MEPPRNEUIL/ANGIRG RelEatsdw@ELEr ihg Second

semipermeable membrane unit 8 to be stored in the permeated water tank 10. The permeated water

stored in the REFREHSSLMRAIRINRMGLY HdteatbASHECTHaLR! - JHRAIHRe difeiRa e Relwesythe fresh

water producing apparatus Al in Fig. 1 and the fresh water producing apparatus A2 in Fig. 2 are as

follows, TheRapster IR RIOYiIdRE M B Tawuae AR Rind i&ﬁ'@%@,“ﬁ’&ﬁ%@!%ﬂ@h@%r
apparatus Al is not existed in the fresh water producing apparatus A2. Instead of that, the booster

pump 5a pgRyidegien thadrerawnvates fepstdinaisbdarid hintbepsies PiuBsab fipvidedapithe
second raw water feed line FL2 are provided therein, and the booster pump 12 provided on the

concentratgg weighdlisahaigedieibd wihe doashriaies FaEHHROARDARY U Rhisrgipiesyisied in the
concentrated water discharge line CL1 in the fresh water producing
unit 9 is provided in the concentrated water line CL2. A concentrated water 11 discharged
from the second semipermeable membrane unit 8 is discharged outside the fresh water
15 producing apparatus A2 via the energy recovery unit 9. The energy recovery unit 9
recovers the energy retained by the concentrated water flowing through the concentrated
water line CL2.
[0081] The permesated water discharge port of the first semipermeable membrane unit
7 is connected with a permeated water line PL1, the downstream end of which is
20 connected to a permeated water tank 10. The permeated water discharge port of the
second semipermeable membrane unit 8 is connected with a permeated water line PLZ,
the downstream end of which is connected fo the permeated water line PL1 at a merger

point MP2. This line configuration allows the permeated water of the first semipermeabie

membrane unit 7 and the permeated water of the second semipermeable membrane unit 8
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apparatus A2. Example 3 [0093]Fig. 3 shows a fresh water producing apparatus A3. The fresh water
producing apparatus A3 is a fresh water producing apparatus having two or more raw water lines. 15
Elements of the fresh water producing apparatus A3 in Fig. 3 that are identical to the elements of the
fresh water producing apparatus Al in Fig. 1 are shown with the same symbols. [0094]In the fresh
water producing apparatus A3 in Fig. 3, the downstream end of a first raw water line RL1a, designed
to transportebérstorad invite pkrfrested wside tirk fréshr2(oamte aia datin gtapubirativs geBrteaiadw water
tank 2, and the downstream end of a second raw water line RL1b, designed to transport a second raw
water 1 b, witiehthsls H déflerahbedregiositien. from the first raw water 1 a, from outside the fresh water
producing apparatus A3 to the raw water tank 2, are connected to the raw water tank 2. The raw water
lines RLIa B@RL1b diepgifierdodositeivalondt®diast ¢diaespeticgdyadizeaiadvd 160 iSigistdrid control
the flow rate of the raw water la delivered to the raw water tank 2, while the valve Sc is used to control
the flow ratbeofrgss revatevaerdbciivereiatishd2aw Wated rmkae. [0B9%TRogdwesttemtank 2 and a
pre-treatment unit 4 are connected by a raw water line RL2. A pump 3 designed to deliver a raw water
1 to the prefredededn tindt ey piseidéckirind imihevdteshiveRr Dldthieg eppaBbiserstes, ek raw
water 1 is supplied from the raw water tank 2 to the pre-treatment unit 4, in which the raw water 1 is
pre-treatecxBieivinviiefase REB{sRERE 20rREbie Ak dnsleat iitptae: DopaiecrpointBP 1,
designed to divide the water flow carried by the line is provided at its downstream end. The raw water
line RL3 ishsewidae Pivithealibd oawryinifesdiireghbll angrb@doasterdawmimtel wigyides opréesure
required by the semipermeable membrane unit. [0096]The branch point BP1 and a first
semiperm&SBRIEhEWIYAIRE fgar Ingreleorirarmddsy Bharstvandiarbesigineg ™ 12 arvidadie 6a is

provided in the first raw
the concenirated water discharge line CL1 in the fresh water producing apparatus A1 is not

1 existed in the concenirated water discharge line CL1 in the fresh water producing
apparatus A2.
Example 3
[0083] Fig. 3 shows a fresh water producing apparatus A3. The fresh water producing
apparatus A3 is a fresh water producing apparatus having two or more raw water lines.
15 Elements of the fresh water producing apparatus A3 in Fig. 3 that are identical to the
elements of the fresh water producing apparatus A1 in Fig. 1 are shown with the same
symbois.
[0094] In the fresh water producing apparatus A3 in Fig. 3, the downstream end of a
first raw water line RL1a, designed to transport a first raw water 1a from outside the fresh
20 Water producing apparatus A3 to a raw water tank 2, and the downstream end of a second
raw water line RL1b, designed io transport a second raw water 1b, which has a different
composition from the first raw water 1a, from outside the fresh water producing apparatus
A3 to the raw water tank 2, are connected to the raw water tank 2. The raw water lines

RL1a and RL1b are provided with valves 6c and &d, respectively. The valve 6d is used to
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water feed line FL1. The branch point BP1 and a second semipermeable membrane unit 8 are
connected by a second raw water feed line FL2, and the second raw water feed line 15FL2 is provided
with a valve 6b. [0097]After exiting the pre-treatment unit 4, the raw water 1 flows through the raw
water line RL3 and is pressurized by the booster pump 5 before reaching the branch point BP1. At the
branch point BP1, the flow of the raw water 1 is divided, and one of the outgoing flows travels through

the first rawapeaiRetbinatle pasihevslve Saand-eatersn2 e faedurler-sikf 3RwRI0 the first

semipermeable membrane unit 7. The other outgoing flow travels through the second raw water feed

line FL2 pasy iasealve &napcienteis ihe medavalewaide fpasn efdhespeqad spiripgrmeable
membrane unit 8. The valves 6a and 6b are used to control the flow rates of the raw waters supplied to

the first seqigesmeabieeemivare hit 7 and Ae SecandsfmiRermeakiaBEB NS MR lihter
respectively. [0098]In Fig. 3, the downstream end of the first raw water feed line FL1 is connected to

the feed waierreceNipgnioR @diaadi sé semveimaabigdnembrang-snit finvhtlerihe doyypstieam end
of the second raw water feed line FL2 is connected to the feed water receiving port of the second

semipermeabie mamkaRenaTHLS. AbeneaneapBaiperiatcinb discharge RosLppiBe fitsh sesnipermeable
membrane unit 7 and a merger point MP1, provided on the second raw water feed line FL2, are

connected xtér aanrentatad wateehnedat Init ke peaonth iy walerdeadlinegrd.Zésteenvidegwith a
booster pump 12a midway between the point where the second raw water feed line FL2 and the

concentrateaterliee IRIe3GLdtaneel taime hréhesatargerupeiat bidla Brththeseeard sesipesmeable
membrane unit 8. The booster pump 12a provides the raw water flowing through the second raw water
feed line FHR idatihthevgreeSRawe sedpdred thy tine Seqoodddsinipesrdeahitrsaembrathent 8. WeeR99] The
concentrated water discharge port of the second semipermeable membrane unit 8 is connected with a .
concentratéckewaitéribne dvidddandhAn lenertgy peeqyérydasit;fds iy @riolddeithth esconcentratiedineater line
CL2. A concentrated water 11 discharged from the second semipermeable membrane unit 8 is
dischargedhcedside tbauiredibyatespriockraieg @dp pasatosASurid an energy recovery unit 9. The energy
recovery unit 9 recovers the energy retained by the concentrated water flowing through the
concentratf9@Eter lieh€LiZanch point BP1 and a first semipermeable membrane unit 7 are

connected by a first raw water feed line FL1, and a valve 8a is provided in the first raw

water feed line FL1. The branch point BP1 and a second semipermeable membrane unit 8

are connected by a second raw water feed line FL2, and the second raw water feed line

15 FL2 is provided with a valve 6b.

[0097] After exiting the pre-treatment unit 4, the raw water 1 flows through the raw

water line RL3 and is pressurized by the booster pump 5 before reaching the branch point

BP1. At the branch point BP1, the flow of the raw water 1 is divided, and one of the

outgoing flows travels through the first raw water feed line FL1 past the vaive 6a and enters

20 the feed water-side space of the first semipermeable membrane unit 7. The other outgoing
flow travels through the second raw water feed line FL2 past the valve 6b and enters the
feed water-side space of the second semipermeable membrane unit 8. The valves 6a and

6b are used to control the flow rates of the raw waters supplied to the first semipermeable

membrane unit 7 and the second semipermeable membrane unit 8, respectively.
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[0100]The permeated water discharge port of the first semipermeable membrane unit 20 7 is
connected with a permeated water line PL1, the downstream end of which is connected to a
permeated water tank 10. The permeated water discharge port of the second semipermeable
membrane unit 8 is connected with a permeated water line PL2, the downstream end of which is
connected to the permeated water line P1.1 at a merger point MP2. This line configuration allows the

permeated &@@H’“ § B3t semIngImeS '5%@%5‘9%%@?#%7@&& %&’ﬁﬁ@%ﬁtfe% ‘éé?r%ﬁé&&g“e

second semipermeable mémbrane unit 8 to be stored in the permeated water tank 10. Thé permeated

water storeg e geUneaISdRIGE B0k 10 uASH asisshwales. JQHTRe diforepsgs hrrween

the fresh water producing apparatu n Fig. 1 and the fresh water producing apparatus A3 In Fig. 3

are as folloys, {00, {resl Wales B&%H‘aiWWR%%@%%@'!HQ%@W%’@JEM&QS ligered f0.the, Ly water

tank 2 via the single raw water line RL1, but, in the fresh water producing apparatus A3, the raw water

s delivereq o, fhe says wataniaak 2 Virduasanualer ingsoRkie aRd RLAR.Connesieg L didigrent water

sources respectively, and the booster pump 12 provided on the concentrated water discharge line CL1

in the freshywatarrodlicing ABPALIUS AL ABLARA %Wéﬁé%&w%rat%v&@Feg&lﬁCWQe line

CL1 in the fresh water producing apparatus A3. Instead of that, the booster pump 12a is provided on

the secondyrayidwatsh 1R LRSHLaWENSIEIPISA IOFIDIOa A HRWSR T SRRl RIRMLGIRGapParatus

A4. The fresh water producing 15 apparatus A4 is a fresh water producing apparatus having a

non-powerggLRiegsyzalippAdibHeme 1t ofifierire 3 HEIRIBrRAHGIRG ARRAAHS fehimiigay that are

identical to the elements of the fresh water producing apparatus A3 in Fig. 3 are shown with the same

symbols. [GLAZHENthe. fERsh WAkSE RRRAIBSARRARIS AedNiROFds heidRYBsHEAM £88 WER 20 first

raw water line RL1a, designed to transport a first raw water la from outside the fresh water producing
apparatus k0o rawevaleh@nkné rer g sanmnstieany and & @58 CeRATAMIRIETHBRIFAD.

designed to transport a second raw water 1 b, which has a different composition from the first raw

water;ha, fipin@utsidsdhadreshwater felitang-aRRARIES Rivitgthfdayn wrlsEEBRK Adlffennected
to the raw water tank 2. A valve 6d is provided in 25the raw water line RL1 a and a valve 6c¢ is
provided irrdbe FawmateiitinaeP-dsuFBesv@ivents) the second semipermeable membrane unit 8.
[0089] The concenirated water discharge port of the second semipermeable
membrane unit 8 is connected with a concentrated water line CL2, and An energy recovery
unit @ is provided in the concentrated water line CL2. A concentrated water 11 discharged
15 from the second semipermeable membrane unit 8 is discharged outside the fresh water
producing apparatus A3 via an energy recovery unit 9. The energy recovery unit 9 recovers
the energy retained by the concentrated water flowing through the concentrated water line
CL2.
10100] The permeated water discharge port of the first semipermeable membrane unit
2¢ 7 is connected with a permeated water line PL1, the downstream end of which is
connected to a permeated water tank 10. The permeated water discharge port of the
second semipermeable membrane unit 8 is connected with a permeated water line PL2,
the downstream end of which is connected to the permeated water line PL1 at a merger

point MP2. This line configuration allows the permeated water of the first semipermeable

25 membrane unit 7 and the permeated water of the second semipermeable membrane unit 8
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is used to control the flow rate of the raw water la delivered to the raw water tank 2, while the valve 6¢
is used to control the flow rate of the raw water Ib delivered to the raw water tank 2. [0104]The raw

water tank 2 and a pre-treatment unit 4 are connected by a raw water 5 line RL2. A pump 3 designed
to deliver a raw water 1 to the pre-treatment unit 4 is provided in the raw water line RL2. As the pump
3 operates, the raw water 1 is supplied from the raw water tank 2 to the pre-treatment unit 4, in which

the raw waiepd dRRig 1HaEabrMd VAR iBRR b3 TRATaHestda MR Qdreaimealidnhdand a

branch point BP1, designed to divide the water flow carried by the line, is provided at its downstream

end. A boggiesRHAN1805 degigneddn weewide the raw water with the pressure required by the
semipermeable membrane unit 7, is provided in the raw water line RL3. [0105]The branch point BP1

and the firgh sefpipernaabigrenarmbsanawitih (arePNRseegrby RifiEshppurvales feediing kkd, and a
valve 6a is provided in the first raw water feed line FL1. The branch point BP1 and the second

semipermend|&-#arMRaREFiLISSAE saRNRCIRd y AigecPRgkray Wrideed the fréeh ande valve 6b
is provided in the second raw water feed line FL2. [0106]After exiting the pre-treatment unit 4, the raw

water 1 flopsdbemgbdber saw watendingRLaand tepressitizad buihedieosier punnrfisige
reaching the branch point BEI. At the branch point BP1, the flow of raw water 1 is divided, and one of
the outgoingw water line RL1, but, in the fresh water producing apparatus A3, the raw water is
delivered to the raw water tank 2 via two raw water lines RL1a and RL1b connected {o
different water sources respectively, and the booster pump 12 provided on the
concentrated water discharge line CL1 in the fresh water producing apparatus A1 is not
10 existed in the concentrated water discharge line CL1 in the fresh water producing'
apparatus A3. Instead of that, the boosier pump 12a is provided on the second raw water
feed line FL2.
Example 4
[0102] Fig. 4 shows a fresh water producing apparatus A4. The fresh water producing
15 apparatus A4 is a fresh water producing apparatus having a non-powered pressurization
unit. Elements of the fresh water producing apparatus A4 in Fig. 4 that are identical to the
elements of the fresh water producing apparatus A3 in Fig. 3 are shown with the same
symbols.
[0103] In the fresh water producing apparatus A4 in Fig. 4, the downstream end of a
20 | first raw water line Ri.1a, designed to transport a first raw water 1a from outside the fresh
water producing apparatus A4 {0 a raw water tank 2, and the downstream end of a second
raw water line RL1Db, designed io transport a second raw water 1b, which has a different
composition from the first raw water 1a, from outside the fresh water producing apparatus

A4 to the raw water tank 2, are connected {o the raw water tank 2. A valve 8d is provided in

25 the raw water line RL1a and a valve 8¢ is provided in the raw water line RL1b. The valve 6d
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20 flows travels through the first raw water feed line FL1 past the valve 6a and enters the feed
water-side space of the first semipermeable membrane unit 7. The other outgoing flow travels through
the second raw water feed line FL2 past the valve 6b and enters the feed water-side space of the
second semipermeable membrane unit 8. The valves 6a and 6b are used to control the flow rates of
the raw waters supplied to the first semipermeable 25membrane unit 7 and the second semipermeable

membrang Upid, tEe&B%FcSNﬁE/ AT 18 i S R APWOSIAARANd Al tP&JWétéﬁ‘%W Wiggd line

FL1 is connected to the feed water receiving port of the first semipermeable membrane unit 7, while

the dOW“SEF%/”Qt?@@@fstﬂge%%%%ﬁ%‘{vtﬁ@ﬁ%&f?&g UpeE ke eaanestsia e feed WalsLRreVing

port of the second semipermeable membrane unit 8. The concentrated water discharge port of the first
semipermegghle;membrane unit 7 and a merger point MP1, provided on the second raw water feed line
FL2, are connected by a concentrated water line CL1. A non-powered pressurization unit 13 is

provided indhgsseconthEauwalakfegsking fd-2 Srdnay ReESN4ReNAIRRYREIS NS Shrpatkraw water

feed line FL2 and the concentrated water line CL1 meet, namely the merger point MP1, and the

second 10j3RAPEIABARIS MRMBFRAGS BiiGe TR RANRIWESR P RS IHIARTNN WS RraNidas the raw
water flowmg through the second raw water feed line FL2 with the pressure required by the second

semipermeailg MemAten M 8. IRIPBIING sancrMIatethwrier wliseharge Rpiafthe seeeag

semipermeable membrane unit 8 is connected with a concentrated water line CL2, and the

concentratggd kel iheneltdneanadhramaithe nenpamerad, Wgﬁu’('@%@@t‘%&ié@ pefgge exiting
the fresh water producing apparatus A4. In the non-powered pressurization unit 13, the pressure of the

raw water {unehEraunl HeaeePRirawraestiead ing kLamipDer sviplishiemhe aasemnd to

semipermeable membrane unit 8 is controlled using the energy retained by the concentrated water of

the secondireiaiprrsebiRmesmsans Hiti@dloyrgy e duouodhasteace BHAADbBERRE BameL2. After
passing through the non-powered pressurization unit 13, a concentrated water 11 is discharged

outside thesfrgshigraterdduieegrapparaliasefdild 1091 ke pesmegind yiajehdisehasgenubief the first

semipermeable membrane unit 7 is connected with a permeated water line PL1, the downstream

end of whigheisptasenngcted inavidermeaiedanatetdamelR 3 he permeated water discharge port of the
second semipermeable membrane unit 8 is connected with a permeated water line PL2, the

downstrea[n®ag of whieh isseennpeied Be tharetmeditet vaigidinteRhid atenbengerupaint Mi2. This
line configuration allows the permeated water of the first semipermeable membrane unit 7 and the
permeateccwaiectetitbe sarenchaewiper reeabieenfembiagenwik8 6a is provided in the first raw
water feed line FL1. The branch point BP1 and the second semipermeable membrane unit
15 8 are connected by a second raw water feed line FLZ, and a valve 6b is provided in the
second raw water feed line FL2.
[0'1 06] After exiting the pre-treatment unit 4, the raw water 1 flows through the raw
water line RL3 and is pressurized by the booster pump 5 before reaching the branch point
BP1. At the branch point BP1, the flow of raw water 1 is divided, and oné of the outgoing
20 flows travels through the first raw water feed line FL1 past the valve 6a and enters the feed
water-side space of the first semipermeable membrane unit 7. The other outgoing flow
travels through the second raw water feed line FL2 past the valve 8b and enters the feed
water-side space of the second semipermeable membrane unit 8. The valves 6a and 6b

are used to control the flow rates of the raw waters supplied to the first semipermeable

25 membrane unit 7 and the second semipermeable membrane unit 8, respectively.
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5 to be stored in the permeated water tank 10. The permeated water stored in the permeated water
tank 10 is used as fresh water. [0110]The difference between the fresh water producing apparatus A3
in Fig. 3 and the fresh water producing apparatus A4 in Fig. 4 is that, while the fresh water producing
apparatus A3 incorporates the booster pump 12a, placed on the raw water feed line FL2, io and the
energy recovery unit 9, placed on the concentrated water discharge line CL2, these are missing from

the fresh watef,produgingaRPaalisyhdiEeRasss o ik e W RS R PIRSSEN 7 ALI0fhHBtdP-

Example 5[0111]Fig. 5 shows a fresh water producing apparatus A5. The fresh water producing is

apparatus Qs fl8SPNERIRIJHOALCHIG: RAELHS: RN ARSIBIPSHRIRBRIR MG anRiRUpN

(auxiliary semipermeable membrane unit). Elements of the fresh water producing apparatus A5 in Fig.

5 that are iggpigRbithRASIeMRDSRHHE HESHNG R AHECHNY 3PRBIAMLG MBI i et @ F1BowWn with
the same symbols. [0112]In the fresh water producing apparatus AS in Fig. 5, the downstream end of

a 20 first raanpigrdie Rlida desianedioianspod amimbrave waleslariignepidsidadhe Jigsh water

producing apparatus A5 to a raw water tank 2, and the downstream end of a second raw water line

RL1b, desiggashigdrapapsytiReSarankrapewaiabk ndvhisaiastdiffarentcamigesiiemirom the first

raw water | a, from outside the fresh water producing apparatus A5 to the raw water tank 2, are

connected gt rrph Wl edelkaiie 2aft Vaive RAdSiREOFIdEIR 2oHR AW WatEEIRG:MEdB-ahaeralve 6d

is provided in the raw water line. The valve 6d is used to control the flow rate of the raw water la

delivered tg e rawavaiankdd Whilssthie rine fe 13 userdadeentiahhedtowd e, afdhe fayywater |b
delivered to the raw water tank 2. [0113]The raw water tank 2 and a pre-treatment unit 4 are
connectedipy FravwWaiey between the point where the second raw water feed line FL2 and the
concentrated water line CL1 meet, namely the merger point MP1, and the second
10 semipermeable membrane unit 8. The non—powefed pressurization unit 13 provides the
raw water flowing through the second raw water feed line FL2 with the pressure required
by the second semipermeable membrane unit 8.
- [0108] The concentrated water discharge port of the second semipermeable
membrane unit 8 is connected with a concentrated water line CL2, and the concentrated
15 water line CL2 passes through the non-powered pressurization unit 13 before exiting the
fresh water producing apparatus A4. In the non-powered pressurization unit 13, the
pressure of the raw water flowing through the second raw water feed line FL2 fo be
supplied to the second semipermeable membrane unit 8 is controlled using the energy
retained by the concentrated water of the seccnd semipermeable membrane unit 8 flowing
20 through the concentrated water line CL2. After passing through the non-powered
pressurization unit 13, a concenirated water 11 is discharged outside the fresh water
producing apparatus A4.
[0109] The permeated water discharge port of the first semipermeable membrane unit

7 is connected with a permeated water line PL1, the downstream end of which is

25 connected to a permeated water tank 10. The permeated water discharge port of the
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line RL2. A pump 3 is provided in the raw water line RL2 to deliver the raw water 1 to the pre-treatment
unit 4. As the pump 3 operates, the raw water 1 is supplied from the raw water tank 2 to the
pre-treatment unit 4, in which the raw water 1 is pre-treated. A raw water line RL3 is attached to the
pre-treatment unit 4, and a branch point BP1 is provided at its downstream end. A booster pump 5 is
provided in the raw water line RL3 to provide 10the raw water with the pressure required by
semipermedble membrane unlis. (01441 The bragch point BEL ad & st semipermegble membrane
unit 7 are connectegr%\? A nretraw water reed line FLLRSGTEVANS B85S prg\ﬁ' e thESi s't aw water
feed line F|.1. The branch point BP1 and a second, semipermeable membrane ynjt 8 are connected by
= sccon! B A TR L S 0 eI et e L S B r e o
[0115]A third.r ter feed line EL 3 branching from the branch point BP1 is provided, which is
aiferant 10T UREL 11 e eoRaer RO D S T e e i R et
downstream n third raw water feed. line EL3 js connected to a third semipermeable.gembrane
it (coms e o P B e P B

water feec 1 o3 [041RUAIGr e A e iR TRSUTIRTL L DS MEL It oyl e raw

water ﬁne Nna IS pressurize ooster pump ore reacning rancr poin 1. At the

branch poi%?é?ilaﬂgqél%%?édf%\gM@W%t@divided into three, and one of the outgoing flows travels

through the first raw water feed line FL1 past the valve 6a and enters the feed water-side space of the

frst semipgpRable HEwhANE Mt LD SREORCL PUIAENG AN A velsdhiaualy herspoan qav water

feed line FL2 past the valve 6b and enters the feed water-side spa e secon ipermeable

membrane B T RS N1 RHIGRPG I TRVRIE 1oyl f06 DT AN HIRIP RS kA aast the

valve 6m and enters the feed water-side space of the third semipermeable membrane unit (common 5

auxiliary sepineiTabieRRRRLATe HEDLG % HRYes QaaBlnad Ren Al serl i aapilibe flow

rates of the raw waters supplied to the first semipermeable membrane unit 7, the secon

Semi%“%ﬂ%ﬂ@%ﬂ@@ﬁ'%‘é@ﬂ% At (e Sikd SemIpRIISaRIsmemyaRe YRILHSRDMAD auiliary

semipermeable membrane unit) 16, respectively. [0117]In Fig. 5, the downstream end of the first raw
water feedlingd™laleis tQEAGCHRS 1Ad0 ﬂ%@ﬁ%@t%&%&%ﬁ%'%ﬁ&fétﬂét*)@f'réﬁé‘é@ép%ﬁhe%e
membrane unit 7; the downstream end of the second raw water teed line FL2 is connected to the feed
water recepdnthBREreh the sesraflsemiperneable membrane unit 8; and the downstream end of the
third raw water feed line FL3 is connected to the feed water receiving port of the third semipermeable
membranegyaitbf Jhe concentrated water discharge port of the first semipermeable membrane unit 7
and a merger point MP1 provided on the second raw water feed line FL2, are connected by a

concentratgd yvgter linggCh Lnde Sacandviayy watidagdipsriilid MsPipdded iibé peagiengump 12a

midway between the merger point MP1 on the second raw water feed line FL2 and the second

semipermesygr sesnsan e Urit B waterbnesialiny appd2aRraxiges hesswanatenilowaasdhiaagh the

second raw water
subunit (auxiliary semipermeable membrane unit). Elements of the fresh water producing

apparatus A5 in Fig. 5 that are identical to the elements of the fresh water producing
apparatus A3 in Fig. 3 are shown with the same symbols.
[0112] In the fresh water producing apparatus A5 in Fig. 5, the downstream end of a
20 first raw water line RL.1a, designed to transport a first raw water 1a from outside the fresh
water producing apparatus A5 to a raw water tank 2, and the downstream end of a second
raw water line RL1b, designed to transport a second raw water 1b, which has a different
composition from the first raw water 1a, from outside the fresh water producing apparatus
Ab to the raw water tank 2, are connected to the raw water tank 2. A valve 6d is provided in

»5  the raw water line RL1a and a valve 6d is provided in the raw water line. The valve 6d is
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20feed line FL2 with the pressure required by the second semipermeable membrane unit 8. [0118]
The concentrated water discharge port of the second semipermeable membrane unit 8 is connected
with a concentrated water line CL2, and an energy recovery unit 9 is provided in the concentrated
water line CL2. A concentrated water 11 discharged from the second semipermeable membrane unit 8
is discharged outside the fresh water 25producing apparatus A5 via the energy recovery unit 9. The

energy recoeDi DIk SR YRS AIE ENIEINGC DY Llecents sy alsIuing ayeh the

concentrated water line e permeated water discharge port Irst semipermeable

membrane L giscooaecied wib AesmERRTNALKG BLT e danastenn egd afuhion s

connected to a permeated water tank 10. The permeated water discharge port of the second
semipermeable membrane unit 8 is connected with a permeated water line PL2, the downstream end
of which is connected to the permeated water line PL1 at a merger point MP2, provided on the

permeatedyater line Rl [hisline conbanationaiws bs BRrmete WALty B 1R water

semipermeable membrane unit 7 and the permeated water of iothe second semipermeable membrane

unit 8 1o bg;SLOEgG I IBERSHNEBYNRALS! 1REKAPWERG PREREates Waler HlareriD s Regsated

water tank 10 is used as fresh water. [0120]The fresh water producing apparatus AS in Fig. 5 also

incorporates AfularY ifed Walelding iy '310‘;5@%@&?@ﬁ&tﬁaW%?é%oﬂ@srélﬁf)W@@H’rf@rﬁ%@%ﬁFz and

the third raw water feed line FL3. More specifically, the auxiliary feed water line AFL1 connects a

branch is ek BRAk Fayided QB-thessrepndrinw Wwalghifsethdnak Wadidwayheineradthg hapster

pump 12a in the second raw water feed line FL2 and the second semipermeable membrane unit 8,

and a mergef BR3P IMAEREhan the Bhid sawnumtehitesdhine kN WRY Beaveendhga¢live 6m

in the third raw water feed line FL3 and the third semipermeable membrane unit (common auxiliary

semipermeghis memarans nld) AGRAABVBINRES is praniROiNiBe A besy feeRatsToiBadRFLL. The

valve 6p is used to control the flow rate of the raw water flowing through the auxiliary feed water line
AFLLl.;  the raw water with the pressure required by semipermeable membrane units.

[0114] The branch point BP1 and a first semipermeable membrane unit 7 are
connected by a first raw water feed line FL1, and a valve 6z is provided in the first raw
water feed line FLL1. The branch peint BP1 and a second semipermeable membrane unit 8
are connected by a second feed water line FL2, and a valve 8b is provided in the second
15 raw water feed line FL2.
[0115] A third raw water feed line FL3 branching from the branch point BP1 is
provided, which is different from the first raw wéter feed line FL1 and the second raw water
feed line FL2. The downstream end of the third raw water feed line FL3 is connected to a
third semipermeable membrane unit {common auxiliary semipermeable membrane unit) 16.
20 Avalve 8m is provided in the third raw water feed line FL3.
[0116] After exiting the pre-freatment unit 4, the raw water 1 flows through the raw
water line RL3 ahd is pressurized by the booster pump 5 before reaching the branch point
BP1. At the branch point BF1, the flow of raw water 1 is divided into three, and one of the

outgoing flows travels through the first raw water feed line FL1 past the valve 6a and enters

A
£

the feed water-side space of the first semipermeable membrane unit 7. The second
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[0121]The concentrated water discharge port of the third semipermeable membrane unit (common
auxiliary semipermeable membrane unit) 16 is connected with a concentrated water line CL3. The
downstream end of the concentrated water line CL3 is 25connected to the concentrated water line CL2
at a merger point MP4, provided on the concentrated water line CL2 midway between the second
semipermeable membrane unit 8 and the energy recovery unit 9. A valve 6q is provided in the

concentrateghyaley 9 OL3ThEAlNPIRD Lauses (0, o thefinw 1als llbercongeotegiegyvater

flowing through the concentrated water line CL3 towards the merger point MP4 after being discharged

from the SCIHBRIAEARLE ARG HAKL ORI KRN SARLBBILIREN IMETRIANT ORI [0122]

The concentrated water line CL3 is paired with an auxiliary concentrated water line ACL1. T

auxiliary ngeﬁgtﬂewmellww h BRORGRISAPRAER RAIRLRBF P Padedhan icancanlyated

water line CL3 midway between the third semipermeable membrane unit 16 and the valve 6q, and a

merger poighBSrerevddedf8 18e 9 eracentriafialerips Fddomidvuahaiwern e dirbn

semipermeable membrane unit 7 and the merger point MP1. A valve 6n is provided in the auxiliary

concentratgg,uyatorsing AGkdatiDe¥aIME:RB inuses theaivekths v ratertine conesatiaied water

flowing through the auxiliary concentrated water line ACL1. [0123]The permeated water discharge port

of the thirdisgmiReraIeSBIARBGEP [ARB LR (ERBIMO hayriianySeRHRSHRBaRBHRMPIARe UND 16 is
connected with a permeated water line PL3, the downstream end of which is connected to the

permeatedgeait igeniidkat avmerasrnaid MiRooravidadonithespripeaeshuatesdinaRd Linthis line

configuration allows the permeated water of the third semipermeable membrane unit (common

auxiliary sqayRRABIe ARk APE BbRRREWEEDId Ertaie e e N B e-BpEmRraled water tank 10. The

20permeated water stored in the permeated water tank 10 is used as fresh water. [0124] The

difference bepfwgen the freshsWateadwadiielive anparakasifs iavrigatdranddadresh watsnbeasiicing
apparatus A5 in Fig. 5 is that the fresh water producing apparatus A5 contains the entire fresh water

produging appastiéeduadride3diitgthaihied spinpRiMaabissMRIRBIEANR §aeMImp7auxiary
semipermeable membrane unit) 16, provided in parallel with the first semipermeable membrane unit 7
and the segondsemipesmeablednipiianawnibiicrsamplerrentithesinbaamplete feed water
receiving port of the second semipermeable membrane unit 8; and the downstream end of
the third raw water feed line FL3 is connected fo the feed water receiving port of the third

semipermeable membrane unit 16. The concentrated water discharge port of the first

semipermeable membrane unit 7 and a merger point MP1 provided on the second raw

-
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water feed line FL2, are connected by a concentrated water line CL1. The second raw
water feed line FL2 is provided with a booster pump 12a midway between the merger point
MP1 on the second raw water feed line FL2 and the second semipermeable membrane
unit 8. The booster pump 12a provides the raw water flowing through the second raw water
20 feed line FL2 with the pressure required by the second semipermeable membrane unit 8.
{0118} The concentrated water discharge port of the second semipermeable
membrane unit 8 is connected with a concentrated water line CL2, and an energy recovery
unit 9 is provided in the concentrated water line CL2. A concentrated water 11 discharged
from the second semipermeable membrane unit 8 is discharged outside the fresh water

25 producing apparatus AS via the energy recovery unit 9. The energy recovery unit 9
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[0125]Fig. 6 shows a fresh water producing apparatus A6. The fresh water producing apparatus A6 is
a fresh water .producing apparatus having a single-stage semipermeable membrane unit provided in
parallel with two stages of semipermeable membrane units. Elements of the fresh water producing
apparatus A6 in Fig. 6 that are identical to the elements of the fresh water producing apparatus A3 in
Fig. 3 are shown with the same symbols. 10[0126]In the fresh water producing apparatus A6 in Fig. 6,

the downstigssveenehefansayy WabidingyRhd aodesigntshio/brnseaihg Hgugwnetehlr Mamneutside
the fresh water producing apparatus A3 to a raw water tank 2, and the downstream end of a raw water

line RL1b, designesd o transport a second raw water Ib, which has a different composition from the first
raw water 1 a, from outside the fresh water producing apparatus A6 to the raw 15water tank 2, are

connected [ 48 raw WaieetamadweatdveiSchisrgeqoded indhisstasnwaiendnies Rietbrang @nvalve 6¢
is provided in the raw water line RL1b. The valve 6d is used to control the flow rate of the raw water 1a

delivered 1@ theaavestederiiario&nveatiedthatealire 60 is tireddionsonrtiol dhe Bowniateotdhegawswater Ib
delivered to the raw water tank 2. [0127]The raw water tank 2 and a pre-treatment unit 4 are
conneetedtby & renmeated 20dice RER. ¥ pimp Basrateidiedate theisehvernyatentinefRh2 teedstiver the
raw water 1 to the pre-treatment unit 4. As the pump 3 operates, the raw water 1 is supplied from the
raw water ssmkiZetontublerextradtrmentunitital isnovhidttie vaih waperrhdstpoevieaatethsAPaR Water line
RL3 is attached to the pre-treatment unit 4, and a branch point BP1, designed to divide the water flow
carried by thevinbespsovdédvhichsdownsteanodhd. parboatel patedire iBlpravid ecengydheaiaw water
line RL3 to provide the raw water with the pressure required by a semipermeable membrane unit.
[0128]The R chpsidtBRD dhd adinsestrtipermedple Miembiaiselioeit chafigusatiore ciédusy thdirst raw
water feed line FL1, and a valve 6a is provided in the first raw 5 water feed line FL1. The branch point
BP1 and apssomwiesewdfseroh dzh feshesmiipansaabiesramivenracidd layd thequtheatedvateefeéd line
FL2, and a valve 6b is provided in the second raw water feed line FL2. [0129]The second raw water
feed line Fii® IsgscndsachveyoaBP meriduwanehativ8dn be stored in the permeated water tank 10.

The permeated water stored in the permeated water tank 10 is used as fresh water.

[01201 The fresh water producing apparatus A5 in Fig. 5 also incorporates an auxiliary

feed water line AFL1 that connects the second raw water feed line FL2 and the third raw

water feed line FL3. More specifically, the auxiliary feed water line AFL1 connects a branch

15 point BP2, provided on the second raw water feed line FL2 midway between the booster

pump 12a in the second raw water feed line FL2 and the second sémipermeable

membrane unit 8, and a merger point MP3, provided on the third raw water feed line FL3

midway between the valve 6m in the third raw water feed line FL3 and the third

semipermeable membrane unit (common auxiliary semipermeable membrane unit) 16. A

20 valve 6p is provided in the auxiliary feed water line AFL1. The valve 6p is used to conirol

the flow rate of the raw water flowing through the auxiliary feed water line AFL1.

[0121] The concentrated water discharge port of the third semipermeable membrane

unit (common auxiliary semipermeable membrane unit) 16 is connected with a

concentrated water line CL3. The downstream end of the concentrated water line CL3 is

25 connected to the concentrated water line CL2 at a merger point MP4, provided on the
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the branch point BP1 and the valve 6b. A fourth raw water feed line FL4 branched from the o branch
point BP4 is provided, which is different from the first raw water feed line FL1 and the second raw
water feed line FL2. The downstream end of the fourth raw water feed line FL4 is connected to a fourth
semipermeable membrane unit (first auxiliary semipermeable membrane unit) 8b. A valve 6f is
provided in the fourth feed water line FL4. [0130]On the fourth raw water feed line FL4 midway
between théaoxalv the r\‘ncfia]éh?ii nleSéEHrth gsvgyiggtrr%e%% memb&ane unit firskt) auxilia% serg{i}\sae meable
membrane unﬁ? ,a ooster pump IYBY &S Vit Ea" THe VAR 6L BSEYSR é%H}%‘? & EG’ te of the
raw water flowing through the fourth raw water feed line FL 4, The booster pump 12b provi the raw
ator ot T T At e e R R et (ars SeDerB A ey R
semipermegble membyranc.unidfistaplien semipsrmeablememprans unith 8b 20 D11 After
exiting the pre-¥rea?m8n§ Vit 4,the raw water 1 flows tthrough e faw waEer line and Is

pressurize st fore reaching the bran oint BP1. At.the bran ﬁ oint BP1, the
fow of the a1 VTEIR e T B g e e S R o
water f5.eed 4 : s&tetp,ge%%ly% a 5 Iguj({ P? [-Si ace of the first ipermeable
membrane gf]ﬁ%%gi]tge other outgoglg@p (c)%vﬁﬁﬁs ﬁiw é%? t%%t‘v%ea? ﬁaé%l%rgjn%'ﬁ%g?rﬁ lg]giqags} it travels
through thesecend raw water. fee Imf%f‘ Q f 23% | OWS: r éih he branch point
BP4 travelz pas? the %ve 6b gnd g%terstt e!?e(reag‘ \;gvfaetf r-gige s@ggg é%%h%ergg"c%r? s?g%rgﬁge\@rar?%able

mermbraneyoit Thergthey ghigging flavisawels, eyl te QUi auaareLIged s Flp past the

valve 6f and enters the feed water-side space of the fourth semipermea ane unit 5 {(first

auxiliary Se/RpREHCAPIRIMINOIANS U B0 The ¥p a3 PRANAL] te WS g@ﬁ@ééﬁ%ﬂo""

rates of the raw waters supplied to the first semipermeable membrane unit e seco

semipermeablamembiane it & and thefauih semipermeable membiaps UpiL(fisstayxiiary

semipermeable membrane unit) 8b, respectively. [0132]in Fig: 6, the downstream end of the first raw

water feeding FlLisCORRECIRE €t aRd VBlRkeERaNNg-aock o 1Bk fishiserinasmeahlgmembrane

unit 7, while the downstream end of the second raw water feed line FL2 is connected to the feed water

receiving prlioh sSSP iSEMIPEIRSIRI AHGMRANEHNT $id B ARIHP Botle ARS SN RRd Of the

fourth raw water feed line FL4 is connected to the feed water receiving port of the fourth

semipermegble megakave BRitdfistausiliameemiesisneahie senPEnedHibdP IR ¥R3lREe

concentrated water discharge port of the first semipermeable membrane unit 7 and the merger point

MP1, proviges,gn the s86041 E3ncBRIsidefRtEn G Acaie

[0123] The permeated water discharge poﬁ of the third semipermeable membrane
15 unit {common auxiliary semipermeable membrane unit) 16 is connected with a permeated
water fine PL3, the downstream end of which is connected to the permeated water line PL1
at a merger point MP6 provided on the permeated water line PL1. This line configuration
aftows the permeated water of the third semipermeable membrane unit (common auxiliary
semipermeable membrane unit) 16 to be stored in the permeated water tank 10. The
z0  permeated water stored in the permeated water tank 10 is used as fresh water.
[0124] The difference between the fresh water producing apparatus A3 in Fig. 3 and
the fresh water producing apparatus A5 in Fig. 5 is that the fresh water producing
apparatus A5 contains the entire fresh water producing apparatus A3 in Fig. 3 pius the third

semipermeable membrane unit (common auxifiary semipermeable membrane unit) 16,
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connected by a concentrated water line CL1. A booster pump 12a is provided in the second raw water
feed line FL2 midway between the merger point MP1 on in he second 20 raw water feed line FL2 and
the second semipermeable membrane unit 8. The booster pump 12a provides the raw water flowing
through the second raw water feed line FL2 with the pressure required by the second semipermeable
membrane unit 8. [0134]The concentrated water discharge port of the second semipermeable

membrane it 15 connegier wih & conssiialad walshling, G2, A afeveLg rReovery gaunit 9 i

provided inp Re concenfrated water ling passing through the energy recovery uni

concentratggré@é%é&oi'% '%Wag‘%du%tgig)eclé}@éregﬁgn\{v%tg%producing apparatus A6. The energy
y

recovery unit 9 recovers the energy retained e concentrated water flowing through the
concentrat%ga“ﬁ;%réine CL2. [0135]The permeated water discharge port of the first semipermeable
membrane unit 5 7 is connected with a permeated water line PL1, the downstream end of which is

connected g aapermaaled wgkIaRL 0. LS prNEAIdsaIEl dseaiienan oLe meaan

semipermeable membrane unit 8 Is connected with a permeated water line PL2, ownstrgam end

of whigh ismswﬁ&é@f%m%dp\%ﬁ%ﬁa%ﬁ#ﬂé ﬁ%ﬁ%eé RANGIMER IR e fogfiguration

allows the permeated water of the first semipermeable 10 membrane unit 7 and the permeated water

of the secqnd SeriReIMERAS BREMPTANSIKNGAHARS Stjed i the-permealnd walss ank doThe

permeated water stored in the permeated water tank 10 is used as fresh water. [0136]The fresh water -

producing gROALASAGIN Fildn B/l NeRIRYAlRa AEENEENH aiRA watek ine fdkAdbatigopaects a

merger point MP7, provided on the 15 concenirated water line OLZ2 midway between the second

semipermegaltmeBPiARG LN {86 6%@&%@95(%&9%% yadnih Figngl the eRARRNHMHI IR

discharge port of the fourth semipermeable membrane unit (first auxiliary semipermeable membrane
unit) 8b. Thergpeentrated water from the fourth semipermeable membrane unit (first auxiliary
semipermeable membrane unit) 8b flows through the concentrated water line CL4, and this

10 [0126] in the fresh water producing apparatus A8 in Fig. 6, the downstream end of a
raw water line RL1a, designed to transport a first raw water 1a from outside the fresh water
producing apparatus A3 to a raw water tank 2, and the downstream end of a raw water line
RiL1b, designed to transport a second raw water 1b, which has a different composition from
the first raw water 1a, from outside the fresh water producing apparatus A6 to the raw

15 water tank 2, are connected to the raw water tank 2. A valve 6d is provided in the raw water
lines RL1a and a valve 6¢ is provided in the raw water line RL1b. The valve 6d is used to
control the flow rate of the raw water 1a delivered to the raw water tank 2, while the valve
8¢ is used to control the flow rate of the raw water 1b delivered to the raw water tank 2.
[0127] The raw water tank 2 and a pre-treatment unit 4 are connected by a raw water

20 line RL2. A pump 3 is provided in the raw water line RL2 to deliver the raw water 1 to the
pfe-treatment unit 4. As the pump 3 operates, the raw water 1 is supplied from the raw
water tank 2 to the pre-treatment unit 4, in which the raw water 1 is pre-treated. A raw
water line RL3 is attached to the pre-treatment unit 4, and a branch point BP1, designed to

divide the water flow carried by the line, is provided at its downstream end. A booster pump
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20 flow merges with the flow of the concentrated water from the second semipermeable membrane
unit 8 at the merger point MP7. [0137]The permeated water discharge port of the fourth
semipermeable membrane unit (first auxiliary semipermeable membrane unit) 8b is connected with a
permeated water line PL4. The downstream end of the permeated water line PL4 is connected to a
merger 25point MP8, provided on the permeated water line PL2 midway between the second

semiperegle ISR A0 e Psr BOULMEZ Bioviden g e permeated ity ne

PL1. The pe}S eated water of the fourth semipermea fahe unit (HFrat auX iary semipermeable

membranebuné't)SGSWt%.floi\,/ir\/ns.eta reuaqg r%%?a%%rm&ated water line PL4, and merges with the flow of the
permeated WALEF of the Secon semipermeable membrane 5 unit 8 at the merger point MP8, and is

stored in thg pesmeated wajsk anisd ) feraise.as reshvaier, [O1381T e difference betyeen fhe fresh
:E)ln |g.§ ? odu % ){\:Ilg.%

water producing apparatus A and the fresh water p cing apparatus A6 1n IS that the

esh water radhida SAPAYGIYS G AR R coipRrIsAPIe embrans yni ik puary 10

semipermeable membrane unit) 8ato t watfef producing appara as a complementary

Semip%rmiﬁé%'%fé@ fﬂ%ﬁﬂ%&%ggﬁ intF@ﬁi@'W&Q@é@&a%%%ﬂ&%g%&g%%%%em ne unit

8. Exampl 9]Fig. 7 shows ater producing apparatus A7. resh water producing 15

apparatus AZ isfieshaier BEgHgInY,ARRRIAIS NAVING BSingle:slage SamiPBrRRRIG MAMbrane

unit connected in parallel with two stages of semipermeable membrane units. Elements of the fresh
water prodyging apparatus A iniFigg/-that are identical to the elements of the fresh water producing
apparatus A3 in Fig. 3 are shown with the same symbols. Since the fresh water producing apparatus

Alin Fig. 7 hasdesserfigli the RAME water feed line FL2 has a branch point BP4 midway between

the branch point BP1 and the valve 8b. A fourth raw waler feed line FL4 branched from the

10 branch point BP4 is provided, which is different from the first raw water feed line FL1 and
the second raw water feed line FL2. The downstream end of the fourth raw water feed line
FL4 is connected to a fourth semipermeable membrane unit (first auxiliary semipermeable
membrane unit) 8b. A valve 6f is provided in the fourth feed water line FL4.
[0130] On the fourth raw water feed line FL4 midway between the valve 6f and the

15 fourth semipermeable membrane unit (first auxiliary semipermeable membrane unit) 8b, a
booster pump 12b isprovided. The valve 6f is used to control the flow rate of the raw water
flowing through the fourth raw water feed line FL4. The booster pump 12b provides the raw
water flowing through the fourth raw water feed line FL4 with the pressure required by the
fourth semipermeable membrane unit (first auxiliary semipermeable membrane unit) 8b.

20 [0131]  After exiting the pre-treatment unit 4, the raw water 1 flows through the raw
water line RL3 and is pressurized by the booster pump 5 before reaching the branch point
BP1. At the branch point BP1, the flow of the raw water 1 is divided into two, and one of the
outgoing flows travels through the first raw water feed line FL1 past the valve 8a and enters
the feed water-side space of the first semipermeable membrane unit 7. The other outgoing

25 flow is divided into two at the branch point BP4 as it travels through the second raw water
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20 configuration as the fresh water producing apparatus A3 in Fig. 3, the description of the fresh water
producing apparatus A7 is limited to those elements that are additions or modifications to the fresh
water producing apparatus A3. [0140]In Fig. 7, a branch point BPS is provided on the first raw water
line RL1a on the upstream side of the valve 6d. The upstream end of a raw water line RL1s is
connected to 25the branch point BPS, and its downstream end is connected to a raw water tank 2s. A

valve 6e isqu@yided in @ﬁé@ﬂ%@@{g%'ﬁb\%-gEH@rM@M%ﬁ%%%tﬁoﬁWﬁmi the flewdatgof a raw

water flowing through the raw water line RL1s towards the raw water tank 2s. The raw water tank 2s

stores a rags\yateh badl@hdHTie ravywaleriapk 2s-RBbAREEEI SN ASAie rUECisd by a

raw 5 water line RL2s. A pump 35 is provided in the raw water line RL2s, and the pump 3s delivers the

raw water 1 {@GatHediestBagbmgitide: faldw WaleEHNsRbIsHT AlRRNeHRNB eI ealneHRL Unit 45,

and its downstream end is connected to a booster pump 5s. The booster pump 5s and the feed water

receiving peshefet fifth SaBPeETealIG NLBRERES LB Ib(BRC ANA B LEHARK SRBINS NSRS BeRbrane
unit) 8c are connected by a fifth raw water ofeed line (auxiliary raw water feed line) FL5. The booster

pump 5s prameessinerjasswatembsmdhiiamepesurreguirad byivae Bihsealpampeahlesapesmbrane
unit (second auxiliary semipermeable membrane unit) 8c and delivers it to the feed water-side space

of the semigigrmeaiasnemBEcRIENILEeLEE aUpHiRY tsaRtIREMRARIE MRIANERR HAIBNCGAR142] The
concentrated water discharge port of the fifth semipermeable membrane 15 unit (second auxiliary

semipermeahie HerohiarReniitine etk cReneeiad Withe seneantruies saipsctine bldrrrthamenergy
recovery unit 9b is provided in the concentrated water line CL5. A concentrated water 11b discharged

from the fifmsetmipermeableemarabranpie ritaeeord alxiiaespaapRImeable membrane unit) 8c is
discharged outside the fresh water producing apparatus A7 via the energy recovery unit 9b. The

energy recfivie3g] unit @hRGrecavethiheraargyreiainesdiyt thevconee it adeatendlovingaBrough the
concentrated water line CL5.

12 to the feed water receiving port of the first semipermeable membrane unit 7, while the
downstream end of the second raw water feed line FL2 is connected to the feed water
receiving port of the second semipermeable membrane unit 8. In addition, the downstream
end of the fourth raw water feed line FL4 is connected to the feed water receiving port of
the fourth semipermeable membrane unit (first auxiliary semipermeable membrane unit)

15 8h.
f0133] The concentrated water discharge port of the first semipermeable membrane
unit 7 and the merger point MP1, provided on the second raw water feed line FL2, are
connected by a concentrated water line CL1. A booster pump 12a is provided in the
second raw water feed line FL2 midway befween the merger point MP1 on in he second

20 raw water feed line FL2 and the second semipermeable membrane unit 8. The booster
pump 12a provides the raw water flowing through the second raw water feed line FL2 with
the pressure required by the second semipermeable membrane unit 8.

[0134] The concentrated water discharge port of the second semipermeable

membrane unit 8 is connected with a concentrated water line CL2, and an energy recovery

25  unit 9 is provided in the concentrated water line CL2. After passing through the energy
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[0143]The permeated water discharge port of the fifth semipermeable membrane unit (second
auxiliary semipermeable membrane unit) 8c is connected with a permeated water line PL5, the
downstream end of which is connected to the permeated water line PL2 of the 25second
semipermeable membrane unit 8 at a merger point MP9. The permeated water of 43 the fifth
semipermeable membrane unit (second auxiliary semipermeable membrane unit) 8c flows through the
permeatedr{\évater IinestPLS, PL2 a?d PL1j thqi;l ogd r t%efore dentﬁr%gthhefpe mea}ted w%ter. tank 10 for
storage. TREBETEAted WhtSTSTORLHTH e PetmEatbd WAts 3HR'EE 10 {E he LR RSN
5[0144]Th% difé(raéFréceAget |geen théarfresrh é/g)z\;}t(?,r plﬂ%ﬂugingegé)@earga%se Ag-,nianig.FBt ég;ltnd gIhB fr?ﬁ? water
producing aBFf)araPus A7in FIg. 718 Har 78 frebh Water producing appara?u?é’A? 2408 the fi

e B e B e e U e o e e
atus I 1

producing appar as a complemeritary semipermeable membrane unit. The fifth semipermeable

membra”eh]&{‘i‘s SeCOTH%%%?g%%gﬁ%?% Q]S&PA?%Q‘(ESS%?{%% tl%'%%‘rr%a iﬁé?r‘é@a%‘ig‘ ﬁ%ﬁ{}é‘!'?er!é"ﬂ fythe

second semipermeable , treats portion o st raw wa at has branched

of the sty WRIGEING Rl "BIEhISEIRCINNG SaRE AP IRIMBISI LS NOTEF e faw water

tank 2s. Example 8 15[01 ows a fresh water producing apparatus A8. water

producing agRArails (4S,19,3 e atatdraduciny %@x@ap%%fe‘é}% 3y éiéﬁﬁkﬁé‘%ﬁe&ﬂi%%rmeab'e

membrane unit to be used for the treatment of a permeate of a second-stage semipermeable

membrane.unit fFleMentsl 108 Reshopaler NiPaYSeg-ARREA YRS é%ﬂ?ﬁga?em&gﬁi%e?ﬂ%' t(l) the

elements of the fresh water producing apparatus A2 in Fig. 2 are 20shown with the same symbols.

[0146]In the, s Naler RTosH GRGABP A AYHABLR Fidng o6 AoNRsiaaMRRGHD! afapaler line

RL1, designed to transport a raw water 1 from outside the fresh water producing apparatus A8 to a

o com BB TSR ALK B A S
raw water i ihe MertieAUREMe permeated water of the second semipermeable membrane unit 8
to be stored in the permeated water tank 10. The permeated water stored in the permeated
water tank 10 is used as fresh water.
[0136] The fresh water producing apparatus A6 in Fig. 6 further incorporates a
concentrated water line CL4 that connects a merger point MP7, provided on the
15 concentrated water line CL2 midway between the second semipermeable membrane unit 8
and the energy recovery unit 9, and the concentrated water discharge port of the fourth
semipermeable membrane unit (first auxiliary semipermeable membrane unit) 8b. The
concentrated water from the fourth semipermeable membrane unit (first auxiliary
semipermeable membrane unit) 8b flows throﬁgh the concentrated water line CL4, and this
z¢  flow merges with the flow of the concentrated water from the second semipermeable
membrane unit 8 at the merger point MP7.
[0137] The permeated water discharge port of the fourth semipermeable membrane
unit (first auxiliary semipermeable membrane unit) 8b is connected with a permeated water

line PL4. The downstream end of the permeated water line PL4 is connected to a merger

25 point MP8, provided on the permeated water line PL2 midway between the second
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unit 4. As the pump 3 operates, the raw water 1 is supplied from the raw water tank 2 to the
pre-treatment unit 4, in which the raw water 1 is pre-treated. A raw water line RL3 is attached to the
pre-treatment unit 4, and a branch point BP1 , designed to divide the water flow carried by the line, is
provided at its downstream end. 5[0147]The branch point BP1 and a first semipermeable membrane
unit 7 are connected by a first raw water feed line FL1, and a valve 6a is provided in the first raw water
feed line FL1. A booster pump 5 is provided on the first raw water feed line FL1 midway between the
valve 6a afBIRSIIRSARIRRIREAS &t chAidteeumrRraeTREIBYMHCh pEmidse PRktereaRsatsd
semipermeable membrane unit 8 are connected by a second raw 10 water feed line FL2, and a valve
6b is providEEh R %E&oﬁa%ﬁ"ws%ﬁewafﬁﬁpr%z RUSBLERP BEIMEADS BPSATSAGH HEssecond
raw water feed line FL2 midway between the valve 6b and the second semipermeable membrane unit
8. [0148]ARKK iR THRSH e RS RemPIRNE 4 tive SR P Y QB e RRS AR R WalF Wik Flifte RL3
and reaches the branch point BP1. The flow of the raw water 1 is divided at 15 the branch point BP1 ,
and one oﬁﬁ?e%ﬁﬁ%%?ﬁﬁ*tﬁdﬁ%fﬁ’éﬁlgﬁé%Rﬁiﬁ]‘?ﬁﬁ%dﬂ?’éﬂ%ﬁf {05tar5eRd IRB R pARE AP TR Ba and
the boosterﬂo.ump 5 and enters the feed water-side space of the first semipermeable membrane unit 7.

The other SUtGBiAG HBWEHRISUNMER tRESEL ISR WG HEOSPIRE RS A8k thR (PAVESsBRand the

booster pump 12a and enters the feed water-side space of the second semipermeable membrane unit
8. The booé?épm' 20 5 provides the raw water 1 flowing through the first raw water feed line FL1

with the pr e required by the first semipermeahle membrane unit 7. The bogster pump 12a

orovides (1T VAt watd s AOITRY R BT A FRIPLAIEHELE PHETE SN Ihd Fresalio

required b¥th%seﬁond semiggrmeable membr uni'g.S.T e valves 6a and 6b are used to control the

flow rates SLS A HFIRArS SS5SH SBHRE et ABriTokiohetie DEURLIZR IR HaHR Second

semipermeable membrane unit 8, respectively. 45 [0149]In Fig. 8, the downstream end of.the first raw
EmOrEne. it 8, fesnectively. 45 (019D Fig |

water feedM& ELLis Connected E%ethec%eed W%%nfr?ecelvmg porte g}%ag First! ggm I{a‘e’rtrneazi‘[))(féal’:r‘fembrane

unit 7, whilg the SoWnsliearn qnd of 11 5e5on ' Wale! (55 ine B2 Cqmussios It fged water

complementary semipermeable membrane unit connected in parallel with the second

semiperﬁ'}eabie membrane unit 8.

Example 7

[0139] Fig. 7 shows a fresh water producing apparatus A7. The fresh water producing
15 -apparatus A7 is a fresh water producing apparatus having a single-stage semipermeable

membrane unit connected in parallel with two stages of semipermeable membrane units.

Elements of the fresh water producing apparatus A7 in Fig. 7 that are identical to the

elements of the fresh water producing apparatus A3 in Fig. 3 afe shown with the same

symbols. Since the fresh water producing apparatus A7 in Fig. 7 has essentially the same
20 configuration as the fresh water producing apparatus A3 in Fig. 3, the description of the

fresh water producing apparatus A7 is limited to those elements that are additions or

maodifications to the fresh water producing apparatus A3. |

[0140] In Fig. 7, a branch point BP5 is provided on the first raw water line RL1a on the

upstream side of the valve 6d. The upstream end of a raw water line RL1s is connected to

25 the branch point BP5, and its downstream end is connected {o a raw water tank 2s. A valve

42



receiving port of the second semipermeable membrane unit 8. The concentrated water 5 discharge
port of the first semipermeable membrane unit 7 and a merger point MP1, provided on the second raw
water feed line FL2, are connected by a concentrated water line CL1. The booster pump 12a is
provided midway between the point where the second raw water feed line FL2 and the concentrated
water line CL1 meet, namely the merger point MP1, and the second semipermeable membrane unit 8.

The Conceeéf?éedro%teeé ;%%%i?a"‘ﬂav&&%:ﬂ%% the %ﬁ%%%?vé%é"Beds”é‘a%"go?}l%ﬂ?%%reaﬂgw NS,
connected wit concentrated water line , and an energy recovery unit 9 is provided in the
concentrat I} er is rom th ipe able
e rame el b QR P IR H O TR R S et

recovery uw’gt r-{%?w‘?( %@%@g}’e@}%&{ﬁ%&{@t% recovers the energy retained by the 15concentrated water
flowing through the concentrated water line CL2. [0150]The permeated water discharge port of the first

semipermqghie remiane.i s eannsctervdtha pRIDREIRINPIR! lne Bl clhe dgyasygam end

of which is'’connected to a permeated water tank 10. The permeated water discharge port of

second seqipermycabie snembyang 4nits i cperad v Apaunpated watel Ine,eLg,p04he

downstream end of which is connected to the permeated water line PL1 at a merger point MP2. This

line configuyaiianalws G ReMerieANAIRIALING (IR seMARsIMEaBIameRane Htand the

permeated water of the second semipermeable membrane unit 8 to be stored in the permeated water

tank 10. ThenermpaIeANEIRG SIOTeAdRdRR RELMERFChY AL It 18 YR R ¥Alefhe

[0151]The fresh water producing apparatus A8 in Fig. 8 further incorporates an intermediate tank 17

designed tgsieig: SEAGHIYALEN RS RRAARG RSP SR RIRIFERRE BRS MR add 6nit

intermediate tank 17 and a branch point BPS, provided on the permeated water line PL2, are

conqected @%&%%Mtgfy"%n%énﬁéﬁb’ %\@%iér@ QA édrgﬁaecaﬁwe\%@bur@fﬁ%a\o&h}&s@fvalve
6ca is provided in the permeated water line PL2 midway between the branch point BP6 and the

merger PoilMide TGIMAIYe8H G RINGRRIRS tisedriey aivsel the R ingJatiesahih e aaed) point

BP6 of the permeated water of the second semipermeable membrane unit 8 flowing through the

permeatedyaigh iRe frbds (lBMRJYifEe Hipwd dterabimipbmiieh e Sapneriediatrork thedwrarpnd
semipermeable 70membrane unit 8 is divided into a portion flowing towards the permeated water tank
10 and a pestapdinwigdanarisdhe inersedatedanled’ it to the feed water-side space of the
semipermeable membrane unit (second auxiliary semipermeabie membrane unit) 8c.
[0142] The concentrated water discharge port of the fifth semipermeable membrane
15 unit (second auxiliary semipermeable membrane unit) 8¢ is connected with a concentrated
water line CL5, and an energy recovery unit 9b is provided in the concentrated water line
CL5. A concentrated water 11b discharged from the fifth semipermeable membrane unit
(second auxiliary semipermeable membrane unit) 8¢ is discharged outside the fresh water
produci.ng apparatus A7 via the energy recovery unit 8b. The energy recovery unit 8b
zo  fecovers the energy retained by the concentrated water flowing through the concentrated
water line CL5.
[0143] The permeated water discharge port of the fifth semipermeable membrane unit
{second auxiliary semipermeable membrane unit) 8¢ is connected with a permeated water

line PL5, the downstream end of which is connected to the permeated water line PLZ of the

25  second semipermeable membrane unit 8 at a merger pcint MP8. The permeated water of
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[0152]The intermediate tank 17 and the raw water feed line FL1 are connected by a raw water feed
line FL5. The downstream end of the raw water feed line FL5 is connected to the raw water feed line
FL1 at a merger point MP10. The merger point MP10 provided 15 on the raw water feed line FL1
midway between the valve 6a and the booster pump 5. A valve 6ct is provided in the raw water feed
line FL5 midway between the intermediate tank 17 and the merger point MP10. The permeated water

of the secor%d ipermeable rpembr ne unitg tored jn the intermediate t r‘k 17 is delivered to the
raw water 1B TG T DU R GV REEEHATD e ot A SBRCT B4 AP FRREaBFcH
permeated water zgsupplied from the intermediate 710t w water feed line FL1. [0153]The
fresh Water8 B%ooﬁscﬁbogggﬁzggtﬂ%rmgﬁ% ?&?r%ﬁ(én(ﬁgtln(%‘fi'r%lt%aé{qg%g én\ggﬁ%ﬁ%ﬂﬁ?%?a?'gﬂa W all or
part of the permeated water, of the secqand semipermeable membrane unit 8 ta be used as feed water
o the fret LB AT e Bl e o5 ORI 0P € SPStRS S AP cucing

apparatus A9t. TQagnquaqs%atgr Qg‘%‘rje“s%i” %;:r)‘paratus A9 is a fresh water producing apparatus that

allows a fir\gtqsﬁgge semlpersmgasle membrane unit to be used for the treatment of the permeated

water of a sepppd-stage scripermephic membrang upit.Sings the fresh water piodysing,apparatus
; : Pl Sl

A9in ﬁlg. s essentially the same configuration as res terproducing appadra 8 in Fig.

8, the descriginn.of e euaisGPIaturIng aRpaRa A9 iiedo thate sismenisgtare

additions or modifications t resh water producing apparatus wat

producing %BBQ@%S 'Aﬁnginﬂgsg*tk%brﬂﬁﬁh 8&%?&%&%@ membrane unit (second auxiliary

semipermeable membrane unit) 8c to the fresh water producing apparatus A3 as a
complementary semipermeable membrane unit. The fifth semipermeable membrane unit

0 (second auxiliary semipermeable membrane unit) 8¢, provided in parallel with the second
semipermeable membrane unit 8, treais the portion of the first faw water 1a that has
branched off the first raw water line RL1a, which is exactly the same as the raw water 1s
stored in the raw water tank 2s.

Example 8

ps
w

[0145] Fig. 8 shows a fresh water producing apparatus A8. The fresh water producing
apparatus A8 is a frésh water producing apparatus that allows a first-stage semipermeable
membrane unit to be used for the treatment of a permeate of a second-stage
semipermealbie membrane unit. Elements of the fresh water producing apparatus A8 in Fig.
8 that are identical to the elements of the fresh water producing apparatus A2 in Fig. 2 are
20 shown with the same symbals.

{0146] In the fresh water producing apparatus A8 in Fig. 8, the downstream end of a
raw water line RL1, designed {o transport a raw water 1 from outside the fresh water
producing apparatus A8 to a raw water tank 2, is connected to the raw water tank 2. The
raw water tank 2 and a pre-treatment unit 4 are connected by a raw water line RL2. A

25 pump 3 is provided in the raw water line RL2 to deliver the raw water 1 to the pre-treatment
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provided on the raw water feed line FL1 midway between the booster pump 5 and the first 10
semipermeable membrane unit 7. The branch point BP7 is connected with a raw water feed line FL1a,
the downstream end of which is connected to a sixth semipermeable membrane unit (third auxiliary
semipermeable membrane unit) 7a. A valve 6h is provided in the raw water feed line FL1a, and the
valve 6h is used to control the flow rate of the raw water flowing through the raw water feed line FL1a
towards the sixth semipermeable 15membrane unit (third auxiliary semipermeable membrane unit) 7a.

[0156]The Whéeff EPWRR:? ORSERLEYSIROIMHE"ShiEsseRlipemELbR RMBRIT AR
auxiliary semipermeable membrane unit) 7a is connected with a concentrated water line_ CL6, the
downstreaRi EHEBMRRiHE ofhatiEl 8% REYEIPoiniVMBTIEHEidaBK WYl Rlatdd water
line CL1. This allows the concentrated water from the 20 sixth semipermeable membrane unit (third
auxiliary séWRSERNLAHIE REHBAIRET T 72 30980 REABLHEE e SREBSGHIR A1 IBGiIMEEDN the
second ravwy water feed line FL2, after merging with the concentrated water from the first
semipermgMec?ﬁré?ﬁ %ﬂéel’lﬁﬁ"fsa?%"éd ?é%? H8Wffﬁ\tﬁﬁrf.%fithe merger point MP1, the raw water
flowing thr he second raw water feed line FL2 merges with the concentrated water from the first
semip rmiéf@}tmemﬁ?gn A7 R ttgg %oﬂﬂ%n‘?ra%} 4 WRRPHONIRE STUBRERfpEheants
membrane _unit (third auxiliary semipermegable m rane unit), 7a [0157]The permeated water
discharge 68?{’ ng'tt]%e %Yxﬁwggtseﬁﬁ%m?z%rb‘ee gﬂweo%e fﬂﬁt ?tt#a’ % ﬁlfﬁrérggﬁ%éﬂjé%g'l@trﬁ%% brane
unit) 7a is connegcted with 8 permeated 5 water line PL6, the downstream end of which is connected
(o & mergel DO B BPORIE IS Rt ST T A heeBen R L0 vater o
the sixth semipermeable membrane unit (third auxiliary. semipermeable membr nit) 7a to merge
it the pe R e O e A 8 e eS8 T Lo BERANE2 betore

being storsd i he permealed waler iank AQJSE se g tesh water, 40,[0158) 4 branch polny, BPS i
provided oRthe Taw water feed fine FL2 mi WayrBetween the boos?er pump ¥ dnf the second

o RSmaRe BT ikl T LT R A e e
atits downsuearp Sy 422N S RVIRIQAUE 005 AN, WRIET fess IINSALARlAS Yalue sl fe
valve 8b and the second semipermeable membrane unit 8.
[0148] After exiting the pre-treatment unit 4, the raw water 1 flows through the raw
water line RL3 and reaches the branch point BP1. The flow of the raw water 1 is divided at
15 the branch point BP1, and one of the outgoing flows travels through the first raw water feed
line FL1 past the valve 8a and the booster pump 5 and enters the feed water-side space of
the first semipermeable membrane unit 7. The other outgoing flow travels through the
second raw water feed line FL2 past the valve 6b and the booster pump 12a and enters the
feed water-side space of the second semipermeable membrane unit 8. The booster pump
20 5 provides the raw water 1 flowing through the first raw water feed line FL1 with the
pressure required by the first semipermeable membrane unit 7. The booster pump 12a
provides the raw water 1 flowing through the second raw water feed line FL2 with the
pressure required by the second semipermeable membrane unit 8. The valves 8a and 6b

are used to control the flow rates of the raw waters supplied to the first semipermeable

25 membrane unit 7 and the second semipermeable membrane unit 8, respectively.
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15used to control the flow rate of the raw water delivered to a seventh semipermeable membrane unit
(fourth auxiliary semipermeable membrane unit) 8d. [0159]The concentrated water discharge port of
the seventh semipermeable membrane unit (fourth auxiliary semipermeable membrane unit) 8d is
connected with a concentrated water line CL7, the downstream end of which is connected to a merger
point 20 MP12 provided on a concentrated water line CL2 for the second semipermeable membrane
unit 8. This allows the concentrated water from the seventh semipermeable membrane unit (fourth
auxiliary sétipermeald B2 urt e A Frcsate feeddusaldrfrormRetedcond

semipermeable membrane unit 8 at the me %15%[1 oint MP12, flow througnh the concentrated water line
5wat

CL2, and B8 HiScIay &Pt ERaE WO Rh bR 4P 6T RG S o1db FhE e iR ated
ter disch t of th th ' bl brape unit (fourth ili i bl
membranc IR BEE CHLBLATE VRROR D EAH RS TRt TR CE - (TR AEATR SRFOF R o

ted t int MP13 ided ted water li L2 mid bet th
econd seATGENHRAE e 6FRNE R B AL ARG BEAFE S o TP G AP the

second sentipéerm
se_ventsh seépsi&?rgneabé m grﬁpss ggit ggynrntga Hxilia% sremiper. e]able membrane unip %Ferges
with the permeaa{éq? v@aﬁar ofEFhe &L’ emlpern?ea e?n%'?ﬁb’f’gﬁle ufit% %{ﬂ%gﬁ{ei?ﬁg} ﬂ% ntMP13
and Tlows DQMADE b mealen Waerne e 20 Y The esh ey LA PRRE e A0
line CL1. The booster pump 12a is provided midway between the point where the second
raw water feed line FL2 and the concentrated water line CL1 meet, namely the merger
point MP1, and the second semipermeable membrane unit 8. The concentrated water
10 discharge port of the second semipermeable membrane unit 8 is connected with a
concentrated water line CL2, and an energy recovery unit 9 is provided in the concentrated
water line CL2. A concentrated water 11 discharged from the second semipermeable
membrane unit 8 is discharged ouiside the fresh water producing apparatus A2 via the
energy recovery unit 9. The energy recovery unit 9 recovers the energy retained by the
15 concentrated water flowing through the concentrated water line CL2.
(01501 The permeated water discharge port of the first semipermeable membrane unit
7 is connected with a permeated water line PL1, the downstream end of which is
connected to a permeated water tank 10. The permeated water discharge port of the
second semipermeable membrane unit 8 is connected with a permeated water line PL2,
20 the downstream end of which is connected to the permeated water line PL1 at a merger
point MP2. This line configuration allows the permeated water of the first semipermeable
membrane unit 7 and the permeated water of the second semipermeable membrane unit 8

to be stored in the permeated water tank 10. The permeated water stored in the permeated

water tank 10 is used as fresh water.
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zo semipermeable membrane units, i.e., the sixth semipermeable membrane unit (third auxiliary
semipermeable membrane unit) 7a and the seventh semipermeable membrane unit (fourth auxiliary
semipermeable membrane unit) 8d to the fresh water producing apparatus A8 as complementary units
connected in parallel with the first semipermeable membrane unit 7 and the second semipermeable
membrane unit 8, respectively. 15Comparative Example 1 [0162]Fig 10 is a configuration diagram of

a publicly lT:B fresh.wa od cm aratus PA1 (flo harP water ucm '
apparatus X%{L afrg's tfe rpro (,% ing appgraPL%aEaéﬁgt;;%{esc of grnatlngt efriﬁ%%gp gﬁe?a%lon of a
second- staﬁeeﬁ%gyg%r%e%blle érégmbrg% é,]fnlt (%v;‘/?eee% th Heat{nf"_[J 1; tQéa 8890entrated Wg}ger from a
zo first-stage semipermeable menibrane un| rea men Its permeate water according to

the type of sy ualer [ <10 o | ¢ unslghe prangent eSSBS TeAle

membrane units employed by t e water producmg apparatus fate solutes contained

in water, as il s NGISLARg Egegsgvﬁ%nng&% PppGid scein fines) walel soragetanks.

water feed pumps, and water flow rate 2bcontrol v Ives an othe ements raw wa rtan

pre-treaumeniui B4, Aesinedia RIS (awaalsru i lvalionand siher %@\H?%ggﬁﬁ@%“m ©

delivery to a semipermeable membrane unit, a first se ipermeabl rane uni a second

semipermeaRiG Hemprana il B - RnarEsaled Wt 9%%‘? o nalﬂ% FhEVSI% EEPYEEHY' PO

[0164]The raw water tank P2 is connected with the downstream en a raw water
are used to control the dividing ratio at the branch point BP6 of the permeated water of the

second semipermeable membrane unit 8 flowing through the permeated water line PL2,
namely the flow rate ratio at which the permeated water of the second semipermeable
10 membrane unit 8 is divided into a portion flowing towards the permeated water tank 10 and
a portion flowing towards the intermediate tank 17.
[0152] The intermediate tank 17 and the raw water feed line FL1 are connected by a
raw water feed fine FL5. The downstream end of the raw water feed line FL5 is connected
to the raw water feed line FL1 at a merger point MP10. The merger point MP10 provided
15 on the raw water feed line FL1 midway between the valve 6a and the booster pump 5. A
valve Bct is provided in the raw water feed line FL5 midway between the intermediate tank
17 and the merger point MP10. The permeated water of the second semipermeable
“membrane unit 8 stored in the intermediate tank 17 is delivered to the raw water feed line
FL1 via the valve 6¢t. The valve B¢t is used to control the flow rate of the permeated water
20 supplied from the intermediate tank 17 to the raw water feed line FL1.
[0153] The fresh water producing apparatus A8 in Fig. 8 is distinct in that it has a
configuration that allows all or part of the permeated water of the second semipermeable
membrane unit 8 to be used as feed water for the first semipermeable membrane unit 7.

Example 9
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line PRL1a, designed to transport a raw water Pia from outside the fresh water producing apparatus
PA1 to the raw water tank P2, and with the downstream end of a raw water line PRL1b, designed to
transport a raw water P1b from outside the fresh water producing 10 apparatus PAL to the raw water
tank P2. The raw water tank P2 and the pre-treatment unit P4 are connected by a raw water line
PRL2. A pump P3 is provided in the raw water line PRL2 to deliver the raw water P1 to the

pre-treatmenfas)it PAFRS s AuEprre3nswner stedu iRy aupavalies RY. itrelppdied enpibeucing water

tank P2 to the pre-treatment unit P4, in which the raw water P1 is provided with filtration and other

pre-treatmeplsarARIO MG v miRbes iR M3 isrpHARNSthia HevA & teaungRt semiR4naadia booster

pump P5 is provided at its downstream end. A raw water feed line PFL1 is attached to the booster

pump PS5, anshitsslavnstrenseandisfepmne cieskichiafand yataeseseiagnerosiiefistage
semipermeable membrane unit P7. The booster pump P5 provides the raw water with the pressure

required bydhamemirerseriiememinans st RO lpdhoiThercaeantiagtegyusierdissharmg. wort of the

first semipermeable membrane unit P7 is connected with a concentrated water line PCL1. An energy

recoveyy URisRR iefrovided datheceangeniiatesswalarsinedch prandinLapsantiaied watey B1 1la
from the first semipermeable membrane unit P7 is discharged outside the fresh water producing

apparatus R Lissariproengngy resoveatdaitdilcihbe phargyy @oe i iwtB hiseoversdhe genergy
retained by the concentrated water. A valve P6a is provided in the concentrated water line PCL1

midway bedveeatidihenkirst setifetioeaiapemsiangapiddGang dppaeaetgydecovery unit PO.
[0167]The concentrated water line PCL1 has a branch point PBP1 midway between the first

semipermgabsmembiane freiPwWaed thedvalng BfsardinavadvaicFitpes linerBhdi? pbiis aacked to the
branch point PBP1, and its downstream end is connected to the feed water receiving port of the
second semipédaeahlhavambvalze ieeill RS Alvalviehwrgbdstpeavdies o dbierpunvyeberfe dioklfiret PFL2.
The valves P6a and P6b are used to control the flow rate of the concentrated water flowing through
the cancendembgebwateblbnedirdrendrih@ floheraterahtieico BEohisatedneated fiothiagrdwougibrthe raw
water feed line PFL2,
feed line FL1a, the downstream end of which is connected to a sixth semipermeable
membrane unit {third auxiliary semipermeable membrane unit) 7a. A valve 6h is provided
_ in the raw water feed line FL1a, and the valve 6h is used to confrol the flow rate of the raw
water flowing through the raw water feed line FL1a towards the sixth semipermeable
15 membrane unit (third auxiliary semipermeable membrane unit) 7a.
10156} The concentrated water discharge port of the sixth semipermeable membrane
unit (third auxiliary semipermeable membrane unit) 7a is connected with a concentrated
water line ClL8, the downstream end of which is connected to a merger point MP11,
provided on the concentrated water line CL1. This allows the concentrated water from the
20  sixth semipermeable membrane unit {third auxiliary semipermeabile membrane unit} 7a to
flow towards the merger point MP1, provided on the second raw water feed line FL2, after
merging with the concentrated water from the first semipermeable membrane unit 7 at the

mergér point MP11. At the merger point MP1, the raw water flowing through the second

raw water feed line FL2 merges with the concentrated water from the first semipermeable |
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torespectively. The concentrated water flowing through the raw water feed line PFL2 is raw water to be
treated in the second semipermeable membrane unit P8. [0168]A permeated water line PPL1 is
attached to the permeated water discharge port of the first semipermeable membrane unit P7, and its
downstream end is connected to the permeated water tank P10. A valve P6c is provided in the
permeated water line PPL1. Is The permeated water line PPL1 has a branch point PBP2 midway

between the first semipermeable membrane unit P7 and a valve P6c¢. A permeated water line PPL1a is
P tached (4 IR B sl ReA e e Lty B se e BB L o

P17. A val\@P(?d is.Provided in the %ermeact(}ad water IiQe PPL1a. The valves P6c and P6d are used to
g a ]

control the Ylow ra"f’é”cz)']fr ¥hsgﬁé?%@§t% Fwater fg\rfvel"}nl’é mroafjgh the 20permeated water line PPL1 and the

flow rate o ermeated water flowing through the permeaited water line PPL1a, [0169]The
permeatedf[é\?a%g]r tank P17°an et?ﬁ%asl,\g\fz%%dgg%ﬁ{g? ec%lcgﬁnheem 'xr%n%eﬁnr{ﬁe”%%% @c?ﬁ}lloé%{‘gd by a

raw water fee Fg e L1b. A booster pu P12 | rovide{i' the raw water feed line PPLJBb The
omater puctt ST B, SERRERRATIR RN Tol RAnAA A S mentch

e T e
concentratgq Wﬁéerpermeated water fine PL1. This allows the permeated water of the sixth
semipermeable membrane unit (third auxiliary semipermeable membrane unit) 7a to
merge with the permeated water of the first semipermeable membrane unit 7 at the merger
point MP2 before being stored in the permeated water tank 10 for use as fresh water. |
1w [0158] A branch point BP8 is provided on the raw water feed line FL2 midway
between the booster pump 12a and the second semipermeable membrane unit 8. The
branch point BP8 is connected with a raw water feed line FL2a, and a semipermeabie
membrane unit (fourth auxiliary semipermeable membrane unit) 8d is provided at its
downstream end. A valve 6i is provided in the raw water feed line FL2a. The valve 6i is
15 used to control the flow rate of the raw water delivered to a seventh semipermeable
membrane unit (fourth auxiliary semipermeable membrane unit) 8d.
[0159] The cencentrated water discharge port of the seventh semipermeable
membrane unit (fourth auxiliary semipermeable membrane unit) 8d is connected with a
concentrated water line CL7, the downstream end of which is connected to a merger point
z0  MP12 provided on a concentrated water line CL2 for the second semipermeable
membrane unit 8. This allows the concentrated water from the seventh semipermeabie
membrane unit (fourth auxiliary semipermeable membrane unit) 8d to merge with the
concentrated water from the second semipermeable membrane unit 8 at the merger point
MP12, flow through the concentrated water line CL2, and be discharged outside {he fresh

25  water producing apparatus A9.
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discharge port of the second semipermeable membrane unit P8, and a concentrated water 5 P11b
from the second semipermeable membrane unit P8 is discharged outside the fresh water producing
apparatus PA1 after flowing though the concentrated water line PCL2. A permeated water line PPL2 is
attached to the permeated water discharge port of the second semipermeable membrane unit P8, and
its downstream end is connected to a merger point PMP1, provided on the permeated water line PPL1

midway bepyiegs) the 10.¥alue, BBC a0d e RERTIEAISI WAIRLIBILRIO AvaNG BRI pioided n the

permeated water line e valves P6bca an e are used to con oW raté o

permeatedupiabohihe ik UaRRImERDIR eLARANG DIk P4d VB onasdadhe emealed water

tank P10 and t ow rate of the permeated water of the second semipermeable membrane unit P8

flowing towgrds thepe{megiedales tank R10. IPGRIIPKALNS EXRTRIS 2 Q%%%’éﬂ@ﬁ Yhe fresh

configuration diagram of a publicly known fresh water producing apparatus P

water produci)g apRaralusRAZISE S WAl adlugiag BaRaiatis capabis pralipiaiagdne mode

of operation of a secon -Stage semipermeable me rané unit between para el treatment wit

frs-stage ZLsiRermsebie embransunand Bedreaiaepkohiapermaaied ale asmoiing to

the type of raw water. Fig. 11 shows the functional arrangement of two or more semipermeable

membraneuqiia RIS BEEDHRIRLAIPLISINGIPREFAIS RABI SRAAERR SOlgS ggntained

in water, as well as water pipes directly or indirectly connected thereto (lines), water storage tanks,

water feed uRS ORI RN EAIG SRR EPNE YES AN dArpiRTaiam AN ZHing fieph water

producing apparatus PA2 comprises, from upstream down, a raw water tank P2, a pre-treatment unit

P4, designggigapiayidainns Wake s THaliom pd RIbSIBrg rsalmapts prior to delivery to a first

semipermeable membrane unit, a first semipermeable membrane unit P7, a second semipermeable

membrane;gP8, antha pesmEaleANRIeERNKBAHIRINSIA RE IR Waleh iRakRAWR canigsied with

the downstream end of a raw water
10 semipermeable membrane units, ie., the sixth semipermeable membrane unit (third

auxiliary semipermeable membrane unit) 7a and the seventh semipermeable membrane
unit (fourth auxiléary semipermeable membrane unit) 8d to the fresh water producing
apparatus A8 as complementary units connected in parallel with the first semipermeable
membrane unit 7 and the second semipermeable membrane unit 8, respectively.

15 Comparative Example 1
[0162] Fig. 10 is a configuration diagram of a publicly known fresh water producing
apparatus PA1 (flow chart). The fresh water producing apparatus PA1 is a fresh water
producing apparatus capable of alternating the mode of operation of a second-stage
semipermeable meambrane unit between the treatment of the concentrated water from a

20 first-stage semipermeable membrane unit and the treatment of its permeated water
according to the type of raw water. Fig._ 10 shows the functional arrangement of two or
more semipermeable membrane units employed by the fresh water producing apparatus
PA1 to separate solutes contained in water, as well as water pipes directly or indirectly
connected thereto (lines), water storage tanks, water feed pumps, and water flow rate

25 control valves, and other elements.
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line PRL1, designed to transport a raw water P1 from outside the fresh water producing apparatus
PA1 to the raw water tank P2. The raw water tank P2 and the pre-treatment unit P4 are connected by
a raw water line PRL2. A pump P3 is provided in the raw water line o PRL2 to deliver the raw water
P1 to the pre-treatment unit 4. As the pump P3 operates, the raw water P1 is supplied from the raw
water tank P2 to the pre-treatment unit P4, in which the raw water P1 is provided with filtration and

other pre-tigaiments. 17418, U ARG RIS AUASHE AR e AL eHSERIRSAL LB, agd a
P T prov et et e Bl iy

booster pu IS provi at its downstre raw water feed line Is attached to the 15

booster pu @Ete’?ﬁ%d?IQQVH‘EF@?@E%@%%!%RW%C&EQE ‘?nég%eg?r@\}%%t‘?ééﬁﬁﬁk\éig‘%iﬁfmt?ét?oﬁrSt

semipermeable membrane unit'P7. The booster pump P5 provides the raw wate e pressure

required by, the sravinermeanle. mephiane uaik Al (514 CORGEOAISHAVAIER NS E G, IS;3ffaghed to

the concentrated water discharge port of the first semipermeable membrane unit P7. The downstream

end of the 20 eRRcRAKRICAURIRLING ACEY isJocaler ousipdhRdieth welrs BidugaapRaratus

PA2, and the concentrated water from the first semipermeable membrane unit P7 is discharged

outside the,esbWRlGRPALEIRG QPRI AS TRAS PyHouing iRisgigh the concentrated water line PCL1

as a concentrated water P11. [0176]A permeatéd water line PPL1 is attached to the permeated water

discharge ppgf the fifst sQpiPRENEARISMEMbRABEMNILRY tahddis-deudmtieanenddds crrgected to

a permeated water tank P10. A valve P6j is provided in the permeated water line PPL1. The

permeatedpgias(ling BELnBasRRIRQRAIBIRRBRG Mqux%wb&&vgmﬁaer@wﬁsmmﬁsa@@#f ,

membrane unit P7 and the valve P6j. A permeated water line PPL1a is attached to the branch point

PBP4, andyjitp slawRSieas #R0-HOoNRReEAH 2aBnd with the downstream end of a raw water line
PRL1b, designed to transport a raw water P1b from outside the fresh water producing

1o apparatus PA1 to the raw water tank P2, The raw water tank P2 and the pre-treatment unit
P4 are connected by a raw water line PRL2. A pump P3 is provided in the raw water line
PRL2 to deliver the raw water P1 to the pre-treatment unit P4. As the pump P3 is operated,
the raw water P1 is supplied from the raw water tank P2 to the pre-treatment unit P4, in
which the raw water P1 is provided with filtration and other pre-treatments.

15 [0165] A raw water ine PRL3 is attached to the pre-treatment unit P4, and a booster
pump P5 is provided at its downstream end. A raw water feed line PFL1 is attached to the
booster pump P5, and its downsiream end is connected fo the feed water receiving port of
the first semipermeable membrane unit P7. The booster pump P5 provides the raw water
with the pressure required by the semipermeable membrane unit.

20 [01686] The concentrated water discharge port of the first semipermeable membrane
unit P7 is connected with a concentrated water line PCL1. An energy recovery unit P8 is
provided in the concentrated water line PCL1, and a concentrated water P11a from the first
semipermeablie membrane unit P7 is discharged outside the fresh water producing

apparatus PA1 via the energy recovery unit P9. The energy recovery unit P9 recovers the

25 energy retained by the concentrated water. A valve P6a is provided in the concentrated
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5 intermediate permeated water tank P17. A valve P6k is provided in the permeated water line PPL1a.
The valves P6j and P6k are used to control the flow rate of the permeated water flowing towards the
permeated water tank P10 and the flow rate of the permeated water flowing towards the intermediate
permeated water tank P17. [0177]A permeated water line PPL1b is attached to the intermediate
permeated water 10 tank P17, and its downstream end is connected to the feed water receiving port

of & secong SeMRETIERhSIEIPRS AN B8 APISELIIARIZ BRIMdEndhe perpeatec

water line P he booster pump provi rmea supplied to the second

semiperm W ? n it P8 as feed water with the required pressure. A vale P6l is provided in
the perme%?\e% atgelc:'tra wg@gé’ﬁ;é?midway between the 15booster pump P12 and the second

Semiperm‘?{é‘%‘%}:”em'%”@oHQQn'?%te[&’ Wﬁ%} ﬂf“er P t’\ﬁaﬁ%_rsfgeo%ig%?peﬁﬁgn ﬁ‘)@rg @ﬁdﬁﬁ%‘ﬁe}\iﬂé&wg’

midway betweeh the booster pump P5 and the first semiperme raw water

feed line Pﬁ%%ﬁ‘s?s@ﬁﬁ‘&%ﬁ’g%bﬁ%@%@ﬁm fﬁgr?ﬂ ?I&%&Q%Q? Galy @Q@H?e%‘&ﬂﬁ\%cﬁfﬁléo a

merger point PMP2, pro e permeated water line PPL1b midway between the 20 valve P6I

and the Se%oé‘t‘f’aéﬁé*&iFESW@%?&%EH%BW@#’E#‘Q‘%R@-itm?omlé’t?éaﬁwﬁgr%”g, Rh G AP eS dn.cRatol the

flow rate of the raw water delivered to the second semipermeable membrane unit P8 via the raw water

feed line Pikia pnd g, Igunaiepl ecasmeniod nias derdaied suppied fomjbspigieimediate

permeated water tank P17 to the second semipermeable membrane unit P8. [0179]A concentrated

water line BGl2ds aiaehed ipdhs rARCANITBIRS Waler disch s RRrFabiiRSRERNG SEMIBEfReable

membrane unit P8, and its downstream end is connected to a merger point PMP3, provided on the

concentratggWate i ohde hRLPRSRITRIGAYRIBLIIO M NS RESAPL R MIRS FRgaRie_ mapbrane
unit P8 is discharged

the flow rate of the concentrated water flowing through the raw water feed line PFL2,
10 respectively. The concentrated water flowing through the raw water feed line PFL2 is raw
water to be treated in the second semipermeable membrane unit P8.
[0168] A permeated water line PPL1 is attached to the permeated water discharge
port of the first semipermeable membrane unit P7, and its downstream end is connected to
the permeated water tank P10. A valve P6¢ is provided in the permeated water line PPL1.
15 The permeated water line PPL1 has a branch point PBP2 midway between the first
semipermeable membrane unit P7 and a valve P6c. A permeated water line PPL1a is
attached to the branch point PBP2, and its downstream end is connected to a permeated
water tank P17. A valve PGd is provided in the permeated water line PPL1a. The valves
P6c and P6d are used to control the flow rate of the permeated water flowing through the
20  permeated water line PPL1 and the flow rate of the permeated water flowing through the
permeated water line PPL1a.
[0169] The permeated water tank P17 and the second semipermeable membrane unit
P8 are connected by a raw water feed line PPL1b. A booster pump P12 is provided in the
raw \A;ater feed line PPL1b. The booster pump P12 provides the permeated water (raw

25 water for the second semipermeable membrane unit P8) flowing through the raw water
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5outside the fresh water producing apparatus PA2 after merging with the concentrated water from the
first semipermeable membrane unit P7 at the merger point PMP3. [0180]A permeated water line PPL2
is attached to the permeated water discharge port of the second semipermeable membrane unit P8,
and its downstream end is connected to a merger point PMP3, provided on the permeated water line
PPL1 midway so between the valve P6j and the permeated water tank P10. The permeated water of

the secondexeMiRerPesbiGifReRFARR LRIFRE RErsp Wit aarneaiasbwaianel Migdiighe unit
semipermeable membrane unit P7 at the merger point PMP3 and is stored in the permeated water
tank P10 feiguse as fresh water. Example 10 15[0181]Fig. 12 shows a fresh water producing
apparatus Al2. The fresh water producing apparatus Al 2 is another embodiment of a fresh water

producing @aparatus thajoresrparate /i Singepof semipgraarableongrmbianecrnitand er
" single-stage semipermeable membrane unit connected in parallel with them and mixes the

concentralgidonaigsplory the daersthgesiptaaapermeaablemsembrBenmisircthesfeed 2@ water for
the parallel semipermeable membrane unit. Since the fresh water producing apparatus Al2 in Fig. 12

has essentaly fhensamaeseoniig deatiparastincliasmivaiey prpEiBgisppargitodidite fig. fledhe
description of the fresh water producing apparatus Al2 is limited to those elements that are additions or

modificationstéo phedlreial weiarjueRAengrapfataiidstAclig [(Oh82ddhecfreatadvatee piod i@ apparatus
Al2 in Fig. 12 modifies the raw water line RL35 in the fresh water producing apparatus A7 in Fig. 7. To
be specifiqpéhedsesh watkar medPRI apgaaetied Ad 2Heapenttodiscedateawiveateytapkrd 44 ashown in
Fig. 12 midway between a pre-treatment unit 4s and a pump 5s, both associated with the raw water
line second semipermeable membrane unit P8, and its downstream end.is connected fo a
merger point PMP1, provided on the permeated water line PPL1 midway between the
10 valve P8¢ aﬁd the permeated water tank P10. A valve P6e is provided in the permeated
water line PPL2. The valves P6ca and PBe are used to control the flow rate of the
permeated water of the first semipermeable membrane unit P7 flowing towards the
permeated water tank P10 and the flow rate of the permeated water of the second
semipermeable membrane unit P8 flowing towards the permeated water tank P10.
15 Comparative Example 2
[0171] Fig. 11 is a configuration diagram of a publicly known fresh water producing
apparatus PA2 (flow chart). The fresh water producing apparatus PA2 is a fresh water
producing apparatus capable of alternating the mode of operation of a second-stage
semipermeable membrane unit between parallel treatment with a first-stage
20 semipermeable membrane unit and the treatment of its permeated water according to the
type of raw water. Fig. 11 shows the functional arrangement 6f two or more semipermeable
membrane units empioyed by the fresh water producing apparatus PA2 fo separate
solutes contained in water, as well as water pipes directly or indirectly connected thereto

(lines), water storage tanks, water feed pumps, and water flow rate control valves, and

25 other elements.
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5RL3s, in the fresh water producing apparatus A7 as shown in Fig. 7, so that the the pre-treatment unit
4s and the raw water tank 17a are connected by a raw water line RL3sa, while the raw water tank 17a
and the pump 5s are connected by a raw water line RL3sb. [0183]The fresh water producing
apparatus Al2 in Fig. 12 modifies the manner in which the concentrated water from the second
semipermeable membrane unit 8 is used in so the fresh water producing apparatus Al in Fig. 7. To be
specific, whereas the concentrated water from the second semipermeable membrane unit 8 in the

fresh watet protiucing Q57 EUY A LHSUGEIG BRI HE ABRERe SR dRSIRPEb MR A7 after
flowing through the concentrated water line CL2 as shown in Fig. 7, the downstream end of the
concentratlA LB RICLS, thRT SRR (8t o BTARSH JREP Y R et et 1ot
semipermeable membrane unit 8 in the fresh. water producing apparatus Al2 flows, is connected to the
o water B0k A0 G RIS BB e BN LR EEEN RRTHSAE & GECE bt Bl
membrane unit 8 to b retaine in the r;g yvater tank 17a as sho q in Fig. 12. [0184]As a result of
those mod LA E TR 1P MRtk Ao i S5 RTS8 B R T Ao A9 B, 12
ends up retainr{,’ne%ggg raw rvyéalrgﬁrp’l,l% flowing in from the raw water line RL3sa, and the concentrated

I = . . . . .
water from{Re secon&’semlpermeable membrane unit 8, flowing in from the concentrated water line

CL2. The VY&I% sar aeinr%d |9v é?g ng(v&ter tank 17a.s !L{ﬁqglea% Og?éggitrwater foc; gffgtpaseml ermeable

. A is B?nnec ad W . e en W watel
membrane unit (second auxiliary Semipermeable membrane unit 0 be more specific, the water
eed w%teeg-selQe SR?%:E;( of the fifth

Lsa 25retajnaddp ihe fay nalerpak a5 delvered 1o ihe feed oSk Water. producin
semlpermeant?le merbra Unli (seco 8 auxiliary semlpermeagle memgrane UHIS §C via acf'egd water

ine FLO at e e5\TsH PERsuI Y e bonotss BTRas, [oadshiyberess e dreshuaierpigducing

apparatus as a configuration that allows raw water 1s to be sup
semipermagple MEmBLANG Wyt GRAP GRS SMREAT BAHlE IMSMBIARGAL N Flf fresn water
producing apparatus in
10 PRL2 to deliver the raw water P1 o the pre-treatment unit 4. As the pump P3 operates, the
raw water P1 is supplied from the raw water tank P2 to the pre-treatmént unit P4, in which
the raw water P1 is provided with filiration and other pre-treatments.
[0174] A raw water line PRL3 is attached to the pre-treatment unit P4, and a booster
pump P5 is provided at its downstream end. A raw water feed line PFL1 is attached to the
15 booster pump P5, and its downsiream end is connected to the feed water receiving port of
a first semipermeable membrane unit P7. The booster pump P5 provides the raw water
with the pressure required by the semipermeabie membrane unit.
[0175] A concentrated water line PCL1 is attached ito the concenirated water
discharge port of the first semipermeable membrane unit P7. The downstream end of the
20 concentrated water line PCL1 is located outside the fresh water producing apparatus PA2,
and the concentrated water from the first semipermeable membrane unit P7 is discharged
outside the fresh water producing apparatus PA2 by flowing through the concentrated
water line PCL1 as a concentrated water P11.

[0176] A permeated water line PPL1 is attached to the permeated water discharge

port of the first semipermeable membrane unit P7, and its downstream end is connected to

™~
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Fig. 12 has a configuration that allows both the raw water 1s and the concentrated water from the
second semipermeable membrane unit 8 to be supplied to the fifth semipermeable membrane unit
(second auxiliary semipermeable membrane unit) Sc. Example 11 [0186]Fig. 13 shows a fresh water
producing apparatus A13. The fresh water producing apparatus A13 is another embodiment of a fresh
water producing apparatus that incorporates two stages of semipermeable membrane units and a

ingle-st i | it cted in llel with th nd mixes t

oo B PEER S DA b ALY AR RETIRA AL LR PR obaSlares P 15 the firs
f the t f i | its. Since.the f at i tus A13
o Fio. 13 B L e BB B ¢ S Se e AR et R F
the description. of the fresh duci tus. Al 3.js limited to th lem t
itions ST e T A D AP a ORI

producing gppgialis 13 Fig. 43 mediis e manner juyhich the capcentaied wate fom th it
semipermeable membrane unlt%se on aUXI|IaI’y semipermeable membrane uni 5] cis used in the

esh wate  PLARKCING SRS AL Fllc b o RS SREGH WHLoRR U CRD e el o e
fifth semipermeable membrane uni k%econd auxiliary semipermeable ' membrané unit) 8c in the fresh

water 25prcig APRYEWSAT llsshasaed aLiads hefissh Wa'SERIoRg APREIALISAT e

i d
flowing through the concentrated water as shown'in , the concentrate Waterefrom the

fith semipgrthsaple, Hewbate wHaasendAIALseReLRERHle e mbLAnS U Bt s syplied to

the first semipermeabfe membrane Unit 7in resh water producing apparatus A% ShOW in Fig.

13. 5[01881%;\&%%%{ t%g%%q%qﬁémggﬁﬁw%ﬁeggg%ﬁﬁ%ﬂHkﬁgg ;3, the concentrated water line

CL5 in the fresh water producing apparatus g 0 a raw fwater feed line FL6. The

downstreays gy of the ke vale [eed e PbP {5 CONRERER A TRIARL ASINIIMELL iqyifid on the

raw water 3 midway between the pre-treatment unit 4 and the booster pump 5. This

concentrated waley frarg the 40,/ sarmiacEmeabiemampianadpikiseeand aiary éﬁﬁ‘iQPHneab'e

membrane unit) 8c to merge with the raw water 1 flowing through the raw water line’'RL3 at the merger

point MP14. & iaIVe: flids mayise A i daw Yratasdead Iagdrli6 5 1hp VBlve £ [disadtqrcapirol the

flow rate of the concentrated water from the fifth semipermeable membrane unit (second auxiliary

semipermeabladnembians YA seLwhichlowsshEpudhribeesd natasding £ L8 Framale Lt

supplied to the second semipermeable membrane unit P8 as feed water with the required
pressure. A vale P8l is provided in the permeated water line PPL1b midway between the
15 hooster pump P12 and the second semipermeable membrane unit P8.
[0178] The raw water feed line PFL1 has a branch point PBP3 midway between fhe
booster pump F5 and the first semipermeable membrane unit P7. A raw water feed line
PFL1a is aitached to the branch point PBP3, and its downstream end is connected to a
merger point PMP2, provided on the permeated water line PPL1b midway between the
20 valve P8l and the second semipermeable membrane unit P8. The vaives P6b and P8l are
used to control the flow rate of the raw water delivered to the second semipermeable
membrane unit P8 via the raw water feed iine PFL1a and the flow rate of the permeated
water (feed water) supplied from the intermediate permeated water tank P17 to the second

semipermeable membrane unit P8,
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[0189]Fig. 14 shows a fresh water producing apparatus Al14. The fresh water producing apparatus Al4
is another embodiment of a fresh water producing apparatus that incorporates a single-stage
semipermeable membrane unit connected in parallel with two zo stages of semipermeable membrane
units and mixes the concentrated water from the parallel semipermeable membrane unit into the feed
water for the second of the two stages of semipermeable membrane units. Since the fresh water
producing apparatus Al14 in Fig{. 14 has essentially the same configuration as the fresh water
producing Egga?r]atus A7 SANERAtE Wak 6N 0F e e dHaRaRt RoikitgEsPHAIRS KE%s limited
to those elements 25that are additions or modifications to the fresh water producing apparatus Al.
[0190]The FESRAIRACHBHIG TG SBP-FailO X TRAY Rig e ARaiHEY f ATShiR FRiFeRThend
concentrated water from the fifth semipermeable membrane unit gsecond auxiliary semijpermeable
membrane' R EEIE LG TRHE RouH Wilter REMRSAL A PaRISSR AP 2R 8% dpb ifiE,
whereas the concentrated water from the fifth ser&{Permeable S m%mbrane,unit (second auxiliary

semipermeSHIEeHEs VR nIES B T tFE $PESh SR RO P BPSAOE N TSP AT UL RS Frs REAEES utside

the fresh water j tus A7 after flowing through th trated water line, CL5
Shown n FR 900 e REREH SIS TS R Bl 1 OLAR auary

' bl it) 8C | lied to th ' bl it 8 in th
resh 10wa0E ErORULIG APDETaIEE ALTAE GBIV gt L4 0L GNAAE S8 EMeinirated water Ine

CLS in the feshvatehPIQHhEna RRRIFHE APl IoafSRUP D ALMRISLIPRS BT e fresh

port of the second semipermeable membrane unit P8, and its downstream end is
connected to a merger point PMP3, provided on the permeated water line PPL1 midway

10 between the valve P6j and the permeated water tank P10. The permeated water of the
second semipermeable membrane unit P8 merges with permeated water of the first
semipermeable membrane unit P7 at the merger point PMP3 and is stored in the
permeated water tank P10 for use as fresh water.
Example 10

15 [0181] Fig. 12 shows a fresh water producing apparatus A12. The fresh water
producing apparatus A12 is another embodiment of a fresh water producing apparatus that
incorporates two stages of semipermeable membrane unifs and a single-stage
semipermeable membrane unit connected in paraliel with them and mixes the
concentrated waters from the two stages of semipermeabie membrane units into the feed

20 water for the parailel semipermeable membrane unit. Since the fresh water producing
apparatus A12 in Fig. 12 has essentially the same configuration as the fresh water
producing apparatus A7 in Fig. 7, the description of the fresh water producing apparatus
A12 is limited to those elements that are additions or modifications to the fresh water

producing apparatus AY.
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apparatus Al4 in Fig. 14. The downstream end of the raw water feed line FL7 is connected to a
merger point MP15, provided on the raw water feed line FL2 midway between the 15 merger point
MP1 and the booster pump 12a. This allows the concentrated water from the fifth semipermeable
membrane unit (second auxiliary semipermeable membrane unit) 8c to merge with the raw water 1
flowing through the raw water feed line FL2 at the merger point MP15. A valve 6s is provided in the

raw water fpggine Flat. ThaaluePSnusee 96aniel fomfiowisate of dasconceniialed pater from

the fifth semipermeable membrane unit 20(sécond auxiliary semipermeable membrane unit) Sc, which

flows throug e WaLRiaest Rs:Eliag BebstsRkaRPlicahiity [9092T The dRveniioRdeialasdp a fresh
I

water producing apparatus that employ semipermeable membrane units designed to produce fresh

water by Urgaiia-ianaBsdrl SUC AR S SRV AU LW ST ALPHNANAIS RIS HES VRS IaNRlsS - More

specifically, it 60 relates to a fresh water producing apparatus capable of efficiently producing fresh

water accosdingda thedpeahiaw watel asdvebanoreralion methedsdarithen ARdwaRkes | possible

to produce fresh water with the desired water quality at a low cost by cha.nglng the treatment loads of
two or morriseNipefRCRBIS MAMPIGRaIHE asparding forthe WRiRhdakly Of ray wakeinflkefgrence

signs list [0193]1, Ia, Ib, 1 s, 1 sa: Raw water

pre-treatment unit 4s and the raw water tank 17a are connected by a raw water line RL3sa,
while the raw water tank 17a and the pump 5s are connected by a raw water line RL3sb.
[0183] The fresh water producing apparatus A12 in Fig. 12 modifies the manner in
which the concentrated water from the second semipermeable membrane unit 8 is used in

10 the fresh water producing apparatus A7 in Fig. 7. To be specific, whereas the concentrated
water from the second semipermeable membrane unit 8 in the fresh water producing
apparatus A7 is discharged outside the fresh water producing apparatus A7 after flowing
through the concentrated water'line CL2 as shown in Fig. 7, the downstream end of the
concentrated water line CL2, through which the concentrated water from the second

15 semipermeable membrane unit § in the fresh water producing apparatus A12 flows, is
connected to the raw water fank 17a and thereby allows the concentrated water from the
second semipermeable membrane unit 8 to be retained in the raw water tank 17a as
shown in Fig. 12.
[0184] As a resuft of these modifications, the raw water tank 172 in the fresh water

20 producing apparatus A12 in Fig. 12. ends up retaining the raw water 1s, flowing in from the
raw water line RL3sa, and the concentrated water from the second semipermeable
membrane unit 8, flowing in from the concentrated water line CL2. The water 1sa retained
in the raw water tank 17a is used as feed water for a fifth semipermeable membrane unit
(second auxiliary semipermeable membrane unit) 8c. To be more specific, the water 1sa

>s  retained in the raw water tank 17a is delivered to the feed water-side space of the fifth
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2, 2s Raw water tank 3, 3s: Pump 104, 4s: Pre-treatment unit 5, 5a, 5b, 5s: Booster pump 6n (n =
alphabet letter): Valve 7: First semipermeable membrane unit (first-stage semipermeable membrane
unit) 7a: Sixth semipermeable membrane unit ,(third auxiliary semipermeable membrane unit) 158
Second semipermeable membrane unit (second-stage semipermeable membrane unit) 8b Fourth
semipermeable membrane unit (first auxiliary semipermeable membrane unit) 8c: Fifth
semipermeable membrane unit (second auxiliary semipermeable membrane unit) 8d; %eventh
semiBermesaebri]eipreﬁrtrenn(%Bi%genren ﬁ??i?'%gﬁr n&ia@)% |3?§/§ sagrﬁ%P %%@iﬁgrm%% er%%muﬁﬂ? 85%)9 ° I‘é‘ﬁeargy

recovery UplblQ; RErMEAteS WAIR JaRlidd ofdR SRS BB WAG o 5
[0185] Whereas the fresh water producing apparatus A7 in Fig. 7 has a configuration

that allows raw water 1s to be supplied to the fifth semipermeable membrane unit (second

(&3

auxitiary semipermeable membrane unit) 8c, the fresh water producing apparatus A12 in
Fig. 12 has a configuration that allows both the raw water 1s and the concentrated water
from the second semipermeable membrane unit 8 to be supplied to the fifth
semipermeable membrane unit {second auxitiary semipermeable membrane unit) 8c.
Example 11
10 [0186] Fig. 13 shows a fresh water producing apparatus A13. The fresh water
producing apparatus A13 is another embodiment of a fresh water producing apparatus that
incorporates two stages of semipermeable membrane units and a single-stage
semipermeable membrane unit connected in parallel with them and mixes the
concentrated water from the parallel semipermeable membrane unit into the feed water for
15 the first of the two stages of semipermeable membrane units. Since the fresh water
producing apparatus A13 in Fig. 13 has essentially the same configuration as the fresh
water producing apparatus AY in Fig. 7, the description of the fresh water producihg
apparatus A13 is limited to those elements that are additions or modifications to the fresh
water producing apparatus A7.
20 [0187] The fresh water producing apparatus A13 in Fig. 13 modifies the manner in
which the concentrated water from the fifth semipermeable membrane unit (second
auxiliary semipermeable membrane unit) 8c is used in the fresh water producing apparatus
A7 in Fig. 7. To be specific, whereas the concentrated water from the fifth semipermeable
membrane unit (second auxiliary semipermeable membrane unit) 8c in the fresh water

25 producing apparatus A7 is discharged outside the fresh water producing apparatus A7
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12, 12a, 12b: Booster pump 13: Non-powered pressurization unit 16: Third semipermeable membrane
unit (common auxiliary semipermeable membrane unit) 17, 17a: Intermediate tank ACLN (N =
number): Auxiliary concentrated water line 5AFLN (N = number): Auxiliary feed water line AN (N =
number): Fresh water producing apparatus proposed by invention BPN (N = number): Branch point
CLN (N = number): Concentrated water line FLN (N = number): Raw water feed line loFLNn (N =

number, n ZalPRARAGIFIEHGRAY WAL RRANEMRNL &4 5 BYUDhsi: MRIgeF RRINLSrteRtaeB 10 Raw

water
' water from the fifth semipermeable membrane unit (second auxilizry semipermeable

membrane unit) 8c is supplied to the first semipermeable membrane unit 7 in the fresh
water producing apparatus A13 as show in-Fig. 13.

5 [0188] Namely, in the fresh water producing apparatus A13 in Fig. 13, the
concentrated water line CL5 in the fresh water producing apparatus A7 in Fig. 7 leads to a
raw fwater feed line FLB. The downstream end of the raw water feed line FL8 is connected
to a merger point ‘MPM, provided on the raw water line RL3 midway between the
pre-treatment unit 4 and the booster pump 5. This aflows the concentrated water from the

10 fifth semipermeable membrane unit (second auxiliary semipermeable membrane unit) 8c
to merge with the raw water 1 flowing through the raw water line RL3 at the merger point
MP14. A valve 6r is provided in the raw water feed line FL6. The valve 6r is used to control
the flow rate of the concentrated water from the fifth semipermeable membrane unit
{second auxiliary semipermeable membrane unit) 8c, which flows through the feed water

15 line FLB.

Example 12

[0189] Fig. 14 shows a fresh water producing apparatus A14. The fresh water
producing apparatus A14 is another embodiment of a fresh water producing apparatus that
incorporates a single-stage semipermeable membrane unit connected in parallel with two |

20 stages of semipermeable membrane units and mixes the concentrated water from the
parallel semipermeable membrane unit into the feed water for the second of the two stages
of semipermeable membrane units. Since the fresh water producing apparatus A14 in Fig.
14 has essentially the same configuration as the fresh water producing apparatus A7 in Fig.
7, the description of the fresh water producing apparatus A14 is limited to those elements

25 that are additions or modifications to the fresh water producing apparatus A7.
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P2: Raw water tank P3: Pump 15P4: Pre-treatment unit P5: Booster pump P7: First-stage
semipermeable membrane unit (first semipermeable membrane unit) P8 Second-stage
semipermeable membrane unit (second semipermeable membrane unit) 20P6n (n = alphabet letter):
Valve P7: First semipermeable membrane unit (first-stage semipermeable membrane unit) P8:
Second semipermeable membrane unit (second-stage semipermeable membrane unit) P9: Energy

recovery upi§6P10: Premealed uates bt dpfatdis PAIRGRNGE YRR MHe el f ARGRIRr PUMP
P17, P17a Intermediate tank
which the concentrated water from the fifth semipermeable membrane unit (second
auxiliary semipermeable membrane unit) 8c is used in the fresh water producing apparatus
A7 in Fig. 7. To be specific, whereas the concentrated water from the fifth semipermeable
s membrane unit (second auxiliary semipermeable membrane unit) 8c in the fresh water
producing apparatus A7 is discharged outside the fresh water producing apparatus A7
after flowing through the concentrated water line CL5 as shown in Fig. 7, the concentrated
water from the fifth semipermeable membrane unit (second auxiliary semipermeable
membrane unit) 8c is supplied to the second semipermeable membrane unit 8 in the fresh
10 water producing apparatus A14 as show in Fig. 14.
[0191] Namely, the concentrated water line CL5 in the fresh water producing
apparatus A7 in Fig. 7 leads to a raw water feed line FL7 in the fresh water producing
apparatus A14 in Fig. 14. The downsiream end of the raw water feed line FL7 is connected
to a merger point MP15, provided on the raw water feed line FL2 midway between the
15 merger point MP1 and the booster pump 12a. This allows the concentrated water from the
fifth semipermeable membrane unit (second auxiliary semipermeable membrane unit) 8¢
to merge with the raw water 1 flowing through the raw water feed line FL2 at the merger
point MP15. A valve Bs is provided in the raw water feed line FL7. The vaive 6s is used to
control the flow rate of the concentrated water from the fifth semipermeable membrane unit
20 (second auxiliary semipermeable membrane unit) 8¢, which flows through the raw water
feed line FL7.
Industrial applicability
[0192] The invention relates to a fresh water producing apparatus' that employ
semipermeable membrane units desighed to produce fresh water by treating raw watér,

25 . such as seawater, river water, groundwater or treated wastewater. More specifically, it
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PA1, PA2: Publicly known fresh water producing apparatus SPBPN (N = number) Branch point PCLN
(N = number) Concentrated water line PFLN (N = number) Raw water feed line PFLNn (N = number, n
= alphabet letter): Raw water feed line PLN (N = number): Permeated water line oPMPN (N =
number): Merger point PPLN (N = number): Permeated water line PPL1a: Permeated water line
PPL1b: Raw water feed line (permeated water line) PRLN (N = number): Raw water line 15PRLNn (N

= number, 3z 8RabelJattGr; E U IS RN N p AymBe dRaniwaIsLIBRJHIIA (henumber,

n = alphabet letter): Raw water line Claims 1. A fresh water producing apparatus to produce fresh

water from SeiiEAEORIARIRGLENY VRIS MLICHCRBIPES SR & dHSh SRBIREIMEAE MembraggUnt and a

second semipermeable membrane unit, wherein a first raw water feed line for feeding raw water is 5

connectedJgd)e A8 >EHIRSHESARIREPAMMDIRE 8 4 WIS, 58RO o WatebirghgR dqndeeding a

raw water Is connected to the second semipermeable membrane unit, and wherein the first

semipermeale a1g MU 8L A1 ifSESANE SREINET MERIG FRREIPRERE HRIIA foCRiRNESIEH
together with a concentrated water line that feeds concentrated water from the first semipermeable
membganqugiﬁgcbmgwsmd semipermeable membrane unit.

Reference signs list

[0193] 1, 1a, 1b, 1s, 1sa; Raw water

2, 2s: Raw water tank

3, 3s; Pump

io 4, 4s; Pre-treatment unit
5, 5a, bb, 5s: Booster pump
6n (n = alphabet letter): Valve
7. First semipermeable membrane unit {first-stage semipermeable membrane unit)
7a: Sixth semipermeable membrane unit (third auxiliary semipermeable membrane unit)

15 8: Second semipermeable membrane unit (second-stage semipermeable membrane unit)
8b: Fourth semipermeable membrane unit (first auxiliary semipermeable membrane unit)
8c¢: Fifth semipermeable membrane unit (second auxiliary semipermeable membrane unit)
8d: Seventh semipermeable membrane unit (fourth auxiliary semipermeable membrane
unit)

s0 9, 9b: Energy recovery unit
10: Permeated water tank
11, 11b: Concentrated water

12, 12a, 12b: Booster pump

13. Non-powered pressurization unit
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2. The fresh water producing apparatus according to claim 1, wherein the raw water to be fed to the
first raw water feed line and the second raw water feed line is a mixture of at least two types of raw
water having different compositions. 3. The fresh water producing apparatus according to claim 1,
wherein a booster 15 pump or a non-powered pressurization unit is provided at a position in the
second raw water feed line located midway between a merger point of the second raw water feed line

connected {g. the;Re CRRFRFANBBI RANBARMARNEIHI AN LR SONeaniFaIsL wAleringatiached to

the first semipermeable membrane unit and the second semipermeable membrane unit. 204.The fresh
water prodygig apparatus according to claim 1, further comprising a common auxiliary
semipermeable membrane unit capable of operating in parallel with both the first semipermeable
membranegnit apgHkesesaRdsemipermeable membrane unit. 5.The fresh water producing
apparatus according to claim 1, further comprising an auxiliary semipermeable membrane unit capable

of operating ) Raraiel Wbk Felnsia SR RIRSIMeaRIeyRBMPRANe unit and/or an auxiliary semipermeable
membrane unit capable of operating in parallel with the second semipermeable membrane unit. 6.

The fresh waiay producingapraralids,aeeardingrioelaim 5, wherein the auxiliary semipermeable
membrane unit capable of operating In parallel with the second semipermeable membrane unit is fed

with differeqtiran=waiebEione & ity iR P dheafiRlsSEriRREN LR &RgaAbrane unit and the

second semipermeable membrane unit. 7. The fresh water producing apparatus according to claim 1,
wherein atggasiRarhohibe permedepmater of the second semipermeable membrane unit is mixed
into the raw water for the first semipermeable membrane unit. 108.The fresh water producing

apparatus geepiNiegitenedimchrvberaiadhgawaigiepermeability of the first semipermeable membrane
unit is higher than the water permeability of the second semipermeable membrane unit. 9. The fresh
water prodecinghapparabes) aRew diagfdeelaimel, wherein the pressure
10 FENn (N = number, n = alphabet letter). Raw water feed line
MPN (N = number): Merger point
P1, Pia, P1b: Raw water
P2: Raw water tank
P3. Pump
15 P4 Pre-treatment unit
P5: Booster pump
P7: First-stage semipermeable membrane unit (first semipermeable membrane unit)
P8: Second-stage semipermeable membrane unit (second semipermeable membrane
unit)
20 P8n (n = alphabet letter): Valve
P7. First semipers;neable membrane unit {first-stage semipermeable membrane unit)
P8: Second semipermeable membrane unit (second-stage semipermeable membrane
unit)
P9: Energy recovery unit

25 P10 Permeated water tank
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resistance of the first semipermeable membrane unit is lower than the pressure resistance 150f the
second semipermeable membrane unit. 10. The fresh water producing apparatus according to claim
1, wherein the corrosion resistance of the first semipermeable membrane unit is lower than the
corrosion resistance of the second semipermeable membrane unit.  11. An operation method for the
fresh water producing apparatus described in any of 20 claims 1 to 10, wherein the flow rate of the raw
water in the fijstrpyy wates fegddine seanesied to the first semipermeable membrane unit and the flow
rate of the raw water in the second raw water feed line connected to the second semipermeable
membranepnit g geppaied so as to keep the feed pressure of raw water to the first semipermeable
membrane unit and/or the concentrations of solutes contained in the permeated water of 25the first
semipermeapie prem rane satwidir set values. 12. An operation method for the fresh water
producing apparatus described in claim 4, wherein using or not using of the common auxiliary
semipermezghie membiangunbandhe, flanerae ol dtafeppavaies are controlled according to the flow
rate of the feed water in the first raw water feed line connected to the first semipermeable membrane
unit and thedpw & Eaie@bene feedwatanin the second raw water feed line connected to the second
semipermeable membrane unit. 13. An operation method for the fresh water producing apparatus
described mElainNSs witarein: CHRgePatdseairde auxiliary semipermeable membrane units
capable of parallel operation and the flow rate of their feed water are controlled so as to keep the feed
1.0 pressureroihle feechvraterianthedisieegmigermeable membrane unit and the feed pressure of the
feed water for the second semipermeable membrane unit within set values. 14. The operation method
for a fresh RrELEMAIOEURIAthEN Parais Aesqetiag: Rany sieeRisasidd to 13, wherein a line to mix at
least part of the permeated water of the second semipermeable membrane unit into the feed water for
the first semipermeahlebeentbsanedetnitienieyvided and at least part of the permeated water of the
second semipermeable membrane unit is mixed into the feed water for the first semipermeable
membsanerRisoNas ta:kep) tiMewatgraintality of the treated water within set values. 15. The fresh
water producing apparatus according to any one of claims 5 to 7, wherein at least either the
concentrateePiiater froomtbe )fi ¢ rsemipdnmablieanembrane unit

PPL1a: Permeated water line
PPL1b: Raw water feed line (permeated water line)
PRLN (N = number). Raw water line

15 PRLNn (N = number, n = alphabet letter): Raw water line
RLN {N = number): Raw water line

RLNn {N = number, n = alphabet letter). Raw water line
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zo and the second semipermeable membrane unit or the concentrated water from the parallel auxiliary
semipermeable membrane unit is mixed into the feed water for any of the other semipermeable
membrane units. :

Claims

1. A fresh water producing apparatus to produce fresh water from solute-containing

raw water which comprises a first semipermeable membrane unit and a second

semipermeable membrane unit, wherein a first raw water feed line for feeding raw water is
s connected fo the first semipermeable membrane unit, while a second raw water feed line

for feeding a raw water is connected to the second semépermeable membrane unit, and

wherein the first semipermeable membrane unit and the second semipermeable

membrane unit are connected together with a concentrated water line that feeds

concentrated water from the first semipermeable membrane unit to the second
1c  semipermeable membrane unit.

2. The fresh water producing apparatus according fo claim 1, wherein the raw water

to be fed to the first raw water feed line and the second raw water feed line is a mixture of

at least two types of raw water having different compositions.

3. The fresh water producing apparatus according to claim 1, wherein a booster

15 pump or a non-powered pressurization unit is provided at a position in the second raw
water feed line located midway between a merger point of the second raw water feed line
connected to the second semipermeable membrane unit and the concentrated water line
attached to the first semipermeable membrane unit and the second semipermeable
membrane unit.

26 4, The fresh water producing apparatus according to claim 1, further comprising a
common auxiliary semipermeable membrane unit capable of operating in parallel with both
the first semipermeable membrane unit and the second semipermeable membrane unit.

5. The fresh water producing apparatus according to claim 1, further comprising an

auxiliary semipermeable membrane unit capable of operating in parailel with the first
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semipermeable membrane unit and/or an auxiliary semipermeable membrane unit capable
of operating in parallel with the second semipermeable membrane unit.

8. The fresh water producing apparatus according to claim 5, wherein the auxiliary
semipermeable membrane unit capable of operating in parallel with the second
semipermeable membrane unit is fed with different raw water from the raw water fed to the
first semipermeable membrane unit and the second semipermeable membrane unit.

7. The fresh water producihg apparatus according to claim 1, wherein at least part of
the permeated water of the second semipermeable membrane unit is mixed into the raw
water for the first semipermeable membrane unit.

8. The fresh water producing apparatus according to claim 1, wherein the water
permeability of the first semipermeable membrane unit is higher than the water
permeability of the second semipermeable membrane unit.

9. The fresh water producing apparatus according to claim 1, wherein the pressure
resistance of the first semipermeable membrane unit is lower than the pressure resistance
of the second semipermeable membrane unit.

10. The fresh water producing apparatus according to claim 1, wherein the corrosion
resistance of the first semipermeable membrane unit is lower than the corrosion resistance
of the second semipermeable membrane unit.

11. An operation method for the fresh water producing apparatus described in any of
claims 1 to 10, wherein the flow rate of the raw water in the first raw water feed line
connected fo the first semipermeable membrane unit and the flow rate of the raw water in
the second raw water feed line connected to the second semipermeable membrane unit
are controlled so as o keep the feed pressure of raw water o the first semipermeable
membrane unit andfor the concentrations of solutes contained in the permeated water of

the first semipermeable membrane unit within set values.
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12. An operation method for the fresh water producing apparatus described in claim 4,
wherein using or not using of the common auxiliary semipermeable membrane unit and the
flow rate of its feed water are controlled according to the flow rate of the feed water in the
first raw water feed line connected to the first semipermeable membrane unit and the flow
rate of the feed water in the second raw water feed line connected to the second
semipermeable membrane unit.

13. An operation method for the fresh water producing apparatus described in claim 5,
wherein using or not using of the auxiliary semipermeable membrane units capable of
parallel operation and the flow rate of their feed water are controlled so as to keep the feed
pressure of the feed water for the first semipermeable membrane unit and the feed
pressure of the feed water for the second semipermeable membrane unit within set values.
14, The operation method for a fresh water pfoducing apparatus according to any of
claims 11 to 13, wherein a line to mix at least part of the permeated water of the second
semipermeable membrane unit into the feed water for the first semipermeable membrane
unit is provided and at least part of the permeated water of the second semipermeable
membrane unit is mixed into the feed water for the first semipermeable membrane unit so
as to keep the water quality of the treated water within set values.

15. The fresh water producing apparatus according to any one of claims 5 to 7,
wherein at least either the concentrated water from the first semipermeable membrane unit
and the second semipermeable membrane unit or the concentrated water from the parallel
auxiliary semipermeable membrane unit is mixed into the feed water for any of the other

semipermeable membrane units.
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