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ANNEX 6 ENVIRONMENTAL QUALITY STANDARDS

6.1 Environmental Quality Standards for Air Pollutants

6.2 Environmental Quality Standards for Air,
Water and Noise Pollution
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inex 6-2 ENVIRONMENTAL QUALITY STANDARDS FOR AIR,WATER 'AND NOISE POLLUTION

1.1 Environmeatal QUé!ily standards regarding air polluiion

mictobatance method o
fi-ray aticnuation method
yielding values having a
finear refation with the
values of the above
method.

Substance Sulfur dioxide Carbon monoxide Suspentiic;l]::rmculale Pho:;?;: :lucal
Envirormental Daily averageof | Daily average of | Daily average of hourly | Hourly value shall
conditions hourly values shall | hourly values shall | values shall be below be below

be below 0.04 ppm) be below 10ppm, | 0.10 mg/in3, and one hour| 0.06 ppr.
and one hour value | and eight-hour vatue shall be befow
shall be below mean value shall | 0.20mg/m3.
0.1 pprit. be belaw 20 ppm.
Measuring Conductometric | Non-dispersive | Weight concentration Absorptiometry
methods m¢ihod infrared analyzer | measuring méthods based | using neutral
method on filtration collection or | potassium iodide
light scattering method, | solution, or
or Piezo-electric coutometry.

Notes : 1. Suspended Particulate Maiter means aisbome pasticles of 10 microns or less in diameter.
2. Phota-chemical oxidants are oxidizing substances such as ozone and pecoxyacetyl nilrate produced by
photo-chemical reactions (only those capable of isolaling iodine from neutral potassium iodide,
excluding nitrogen dioxide).

1.2

(1)

Environmental quality standard for nitrogen dioxide

The environmental qualily standard for nitrogen dioxide shall be as follows:

" The daily average of hourly values shall be within or lower than the range between 0.04
ppm and 0.06 ppm. '

@

The environmental qualily.standard mentioned in (1). shall be based on the measured

value obtained by the absorptiometry using Saltzman reagent at a place where it is con-
sidered to be able to ascertain accurately the stale of air pollution by nirogen dioxide.

(3)

The environmental qualiéy standard mentioned in (1). shall not apply to éxclusivc indus-

trial districts, roads or other regions or places where the general public do not usually

live,
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2.1 Environmental qualily standards regarding wates poltution

2.1.1 Environmental quality standards regarding the protection of the human health
{The Environment Agency Notification No, 16, 1993}

Item Suindard value .
Cadmium 001 mglorless
Towl ¢yanide Not detettable
Lead _ 00t mghorless
Cheomium (hexavalent) 005 mghorless
“Arsenic - 001 rmghorless
Tolal mercury - 0.0005 mgA or less
Alkyl mercury . Notdetectable
PCB Not deteciable
“Trichloroethylene 0.03 mgdorless
Tetrachloroethylene 0.01 mghorless
- Carbon tetrachioride 0.002 mgA orless
Dichloromethase. ' 002 mgAorless
1,2-Dichloroethanc 0.004 mgA orless
- 1, 1, I-Trichlorocthane 1 mgA ot tess
-1, 1, 2-Trichlorocthane 0.006 mgA orless
1, 1-Dic¢hlorocthylene 002 mgAorless
cis-1,2-Diehlorocthylenc 004 mpAorless
1, 3-Dichioropropene {D-1} 0.002 mpA or less
Thiram (TMTD} ' 0.006 mgAorlcss
(bis (dimethylihiocarbamoyl) dlsulﬁdc) '
Simazine (CAT) 0.003 nipfliorless
(2-chloro-4, 6 bis (ethylamino)-1, 3, 5 -triazine) :
Thiobencard - 002 mglorless
(S-p-chlorobenzyl diethylihiocarbamate)
Benzene 001 mpgAorless
Selenium 001 mpglorless

Environmental quality étanda'rds' {the Environment A'gency Notification No. 59, 1971) was
amended by the notification No. 16 on March 8, 1993 which will be followed by the
establishment of waste effluent standards soon to be revised.

2.1.2 Envirenmental quality standards regarding the protection of the human health
(The Environment Agency Notification No. 59, 1971)

hem Standard value®

Cadmium 001 mgA or less
Cyzanide Not detectable

Organic phospharus® Not deiectable

Lead 0.1 mpAl o less
Chromium (héxavalent) 0.05 mgA or less
Arsenic 005 mgA ot less

Tolal mercury 0.0005 ing/ or less
Alkyl mercury Not delectable

PCB | Not deréctable

§. Madimum values. Bul with fegard 1o Total mercury, standard

© valug is based on the yearly average valve.

2. Osganic phoshorus includes PluLh:on Methy] Parathion, Meihyt
Demeion aid EPN.

3. *Not detectable™ means that the substance s below the level
detecuable by the specified methed.

4. The standard for Tolal mercury is 0.001 mg/ or fess in cate it is
‘obvious thal poltution in nivers {s caused by natural facion.
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2.2 Enavironmenlal quah:y slandards regarding lhe prevenuon ofthe living environ-
ment

2.2.1 Rivers (excluding lakes}

Item

S!mdud values!

Number of

Categoty _ ol PBiothemical Oxygcfa Suspended Solids | Disselved Olygr.n
Purpases of water use - Demand (BOD) (55) _ (DO) Coliform Grovps
AA Water supply class B, 65-85 1 mghorless 25 mgh or i:ss 7.5 mgh ot more 50 MPN/IOOMS
conservation of natural of less
envitoament and uses lisied
in A.-E. ) g
A Water supply class 2, Fashcry 65-85 2wpft or fess 25mghortess | 7.5 mpA drmore | 1.000 MPN/10Gm
class 1, bathing and uses listed ot less
inB-E ] i
8 Water supply class 3, Fishery . 16585 Imghorless 25mghorless | 5. mpAocmore |5,000 MPNAOOM!
clasy 2, and uses listed in C-E. of less
C Fishery class 3, Industrial water | 6585 S mgh or less SOmghorless | 5 mefhormore
class 1, and uses listed in D-E. _
D Industrial water class 2, 6G-85 Emghor toss 10 mghortess | 2 mph or more
Agriculistal wate?, and uses : ’
tisted in E-
E Industrial water class 3, 60-85 10 mgh of Jess | Floating mauer 2 mghor more
Agricolural waied, such as gashage’
conservation of the environment. should not be
cbserved.

2.

3.
4

Notes : 1. The standard value is based on the daily average value. The same applies to the standard vatues of fakes and ¢oastal wateis.

Atthe intake for agricultore, pH shall be between 6.0 and 7.5, an3 dissolved onygen shall not be less than 5 ppen. The same
applies 16 the sundard values of lakes.
Conservation of natural environment: Conservation of scenk spots and other mtur:l FESOUICES.

- Wates supply class I:

Water supply class 2: .
Water supply class 3.

. Fishery <lass |t

" Fishery class 2

Fishery class 3;

industrial water class 1:
Industrial water class 2;
Industrial water class 3:

. Conservation of the environment:

" Waler treated by simple cleaning operation, such as fikeration.

" Waler treated by normal cleaning operation, such as sédimentation and filieration.
Watér reatcd through a Righly sophisticarcd cleaning opedation including prewdatment
For aquniic life, such as Yamame {Oncochynchus masou) and Japasese char (Salveliaus
pluvius) inhabiting oltgosaprobrc water, epd those of Fishery chass 2 and 3.
For aquati¢ life, sueh 8 fish of the salmon family {Salmonidse) and sweetfich ('Pleoogtossus
aluvehs) inhabiting oligosaprobic water, and those of the Fishery class 3.
For aquatic life, such as carp {Cyprinus carpio) ami Crucian caip (Cnasw.ls auratus)
inhabiling, f-racsosaprobic waker.

Water gnvm nannzl cleaning reatment, such as s sedimentation.
Water given sophisticated treatment by chcmlcals
Water given spetial cleaning treatment.
Up to the limits at which no unpleasantness is caused 10 pcodc in their danly hife including 2
walk by the riverside, eic.
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2.2.2 Lakes (natural lakes, reservoirs, marshes and artificial lakes with more than 10
million cubic meters of water)

i)

l\cm; ) : Standard values!
Caiegory _ ' “pH | Chemical Oaygea | Suspendod Solids | Dissolved Oaygen ] Numberof
Purposes of water use : Demand (COD) {55) (DO) Cotiform Groups
AA- | Water supply class 1, Fishery  [65-35 I mghorless Imghortess | 25 mgAormore | 50 MPN/10Om!
o b etass b, conservatioh of natural or less
environment and uses listed
in A-C.
A Water sup;i!j" class Imd 3, 65-85 Imgocless Smghorless | 2.5 mph crmore 1,000 MPNADOMI
Fishedy ctass 2, bathing and or less
uses listed inB - C.
B Fishery chass 3, Industrial 65-85 5mgA or fess 15mghorless | 5 mghor mote
= water class 1, Agricultaral
watér and wses listed in C. . _
C Indusinial waterclass 3, 60-85 8 mgh orless | Floating matter 2 mghormore
tonservation of the environment. . soch as parhage :
' shoutd not be
obzerved.

Notes : 1. With regard 16 Fisheiy chass 1, 2, and 3, the standard valoe for Suspended Solids shall not be applied for the time being.

2. Sce potes for rivers.
3. Fishery class 1t

Fishery class 2t

Fishesy class X:

- 4, Indusirial watee class b2

i)

Industrial water class 2

5. Conservation of the énviroament:

For aquatic life, such as kokanes saimon {Oncorhynchus nerka) inhabiling oligosaprobic lake
type watees, and for those of Mishery class 2a0d 3.
For aquatic life, such as fish of the salmen group (Salmonidac) and sweetfish (Plecoglossus
slivelis) inhabiting oligosaprobic lake type waters, and for those of the Fishery class 3.

For those aquatic lives, such as carp (Cyprinus carpio) and crucian carp (Carassivs aursius}
inhabiting eatiophic fake type waters.

 Water given nofmal treatment such as sedimentalion.
“Water given sophisticated treaunent such as che

mical injection or special treatmeal.

Up 1o the limit at which no unpleasantness is caused to the people in their daily lives including

a walk along the shore.

) - hem Standard values
Category| - ] - .
Purposes of wates use “Toual nittogen® Total phosphenss®
w b Conservation of natwral énvironment and uses listed in [§-V. 0.1 mgA orless 0.005 ma/l or less
n Water supply classes 1,2 and 3 {encluding special types) 0.2 mpA o less Q.01 mgA orless
Fishedy class 1, bathing and uses listed in n-v. . )
i Water supply class 3 {special types), and uses listed in Hi-v. 0.4 mpA or Jess 003 mph orless
13 Fishery class 2, ind uses Listed i V. ’ 0.6 mg of less 005 mghorless
v Fishery class 3, [ndustrial water, Agriculural water, 1 mgA orless 01 mghocless
: conservation of the living envirenment. . :

Notes s 1. Standard values are sel in temms of annual aveqages.

© 2 Suandard values for Total mitregen are applicable 1o fakes and reservo

phytoplarkion.

irs where pitrogen is a causal factor of the growah of

"3, Standard values for Total ghospharus are not spplicable to agricultural wateruses.
4. Conservation of nataral enviroment: Conservation of s¢enic points and other matural resources.
Water weated by simple cleaning operation, such as filieration.
Water trested by normal clezning operation, such s sedimentation and filteration.

* Whatet ir2ated through o highly sophisticated cleaning operation including p:etreitmenL )
{*spacial types™ mean wates beatments by special cleaning opeaation in which remaval of

5. Water supoly class 13
Water supply class 2.
Water supply class 3:

6. Fishery ¢lass §:

* Fishedy clans &
Fishery ¢lass 3:

7. Conseivation of the environment:

soeiling substances is possible).
For aquatic life, such 83 fish of the 5a

akivelis), and for those of Fishery class 2and 3.
Fos squati¢ life, such s smelt and those of Fishesy class 3. :
For aguatic life, such as carp (Cyprinug carpio) and crucian carp (Carassius furatus).

Up 1o the imits at which no unpleasantness is cavsed to the peaple in their daily lives
including s walk along the shore.
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2.2.3 Coastal waters

han Suandaid values'
Caegory ptl | Chemical Oayzen | Dissolved Oaygen Number of Nbeaane
Purpases of water use . Demand (COD) (DO . Colifoan Groups EAMACES

A Fisheey class ¥, bathing, 7.8-83 2mghotless | 7.5 mghormore 1,000 NPN/100m] Not detectable
coaservation of natural o1 less
envifonment, and vses listed
inB-C.

B Fishery ¢lass 2, Industrial 78-83 Imghorless | 3 mphormore iNot deteciable
water and uses listed in C.

c Conservation of the enviranment | 7.0- 83 Emglotless | 2 mpAocmore .

Notes : 1. With regard to the water quality of fishery, class Y for cultivation of oysters, number of colifonn groups shall be less thas 70

MPNHOOmL.

4. Conservation of natural environment: Conseryation of stenic points and othet natural resources,

3. Fishery class 3 ¢

For aguatic life, such as red sea bream (Chrysophsys major), yellow wil (Seriola

quinqueradiaia, seawecd {Undaria pinnatifida) and for those of Fishesy chass 2.

Fishery class 2:
4. Conservation of the environment:

including a watk along the shore.

3.1 Environmental quality standards for noise

For aguatic life, such as gray mullet (Mugil cephalus), faver (Porphyra tenera), cic.
. Upto the bimits at which no unpleasantness is caused to the people in their daily lives

Environmental quality standard values foreach lype of area andtime category shall be aslisted

in the following table.

Arca Time caegory Applicable areas
type Day time Moming, evening Night time :
Arcas designated for £ach classification of land areas by a
AA 43 aB(A) 40dB(A) 35 4B(A) prefectural govemor based on 1he provision of Anicle 20l the
A 50 dB(A) 45 48(A) 40 JB{A) Csabinat Order relating to the Delcgation of Authority to
Designated Water and Land Accas for Environmental Quality
B 60B(A) 55 dB(A) SOOBIAY | g1 ndards (Cabinet Order No. 159, 1971).
Notes: 1. Areas cofning within the AA category areé arcas where quict is spc:ia!lj required such as whert there is a coacentration of

convalescent facihitics.

2. Areas coming within the A catcgory areas which are used mainly for residential purpose.
3. Areas coming within the B category are arcas wheie are used considerably for sesidential purposes pnd which are slso used for

commercial and industrial porpases.

However, with regard to environmental quality standards for the areas of the following table
{hereinafter referred to as “areas faciag roads”) the values hereinbetow shalf be applied instead

of the values in the table above.

Area categoty

Time categary

Day time Moming, evening Night Lime
*A™ areas Facing roads with 2 lanes. 55 ¢B(A) 50 dB{A} 45 dB(A)
“ A" sreas facing roads with more than 2 lanes. 60 SB{AY $5 dB{A) 50 dB(A)
“B" areas facing foads with not méce than 2 lanes. 65 dB{A) 60 dB(AY 53 dB{AY
“B" areas facing roads with more than 2 fanes. 65 dB{A) &5 dB{A) 60 dB{A}

Notes : “Lane” refers 10 1 boagitudinal strip of soad with unifor widih requisite Lo allow a single lint of cars to travel there along safely

and without hindrance,
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ANNEX 7 BOILER FEED WATER TREATMENT SYSTEM
1. GENERAL

In this Annex, the descriptioﬁ is made for the boiler feed water
treatment systems (hereinafter called as deminineralizing system)
which are designed by the modern téechnology and able to expect
very high water production and régeneration efficiency.

2. DOUBLE FLUIDIZED BED TYPE DEMINERALIZING SYSTEM

The'description of this system is based on the technical decument
of vendor concerned. It is therefore advised that the proper
techni@ues of said vendor are included in this description.

In order to readily understand this system, the description is
‘divided into two(2) sections as follow:

2.1 Fluidized Bed Type Demineralizing System

2.2 Double Fluidized Bed Type Demineralizing System

2.1 Fluidized Bed Type Demineralizing System
2.1.1 Outline of system

This system is 2-bed 1-degasifier demineralizing system
consisting of a cation exchanging unit, a degasifier
(decarbonator), and an anion exchange unit. Raw water
flows through the three units in the stated sequence, and
in the process is converted to highly demineralized water
as shown in Figure 1, Regeneration and washing operations
are carried out in a downward flow through fixed beds,
while in the demineralizing process, the flow is upward,
with the lower 25 to 75% of the resin in a fluidized state
‘and the rest forming a compact bed at the top of resin bed
as shown in Figure 2.

A7 - 1



Figure 1  FLOW SHEET OF FLUIDIZED DEMINERALIZING SYSTEM

Hydrochloric acid ' Caustic soda

.
e Pomineralized

water

Degasifier
iDecarbenator}

Raw water

Cation Exchange Anion Exchange
Unit - Unit

. Figure 2 PRINCIPLE OF .FLUIDIZED DEMINERALIZING SYSTEM

- Fixed
bed

<

Oirection of flow

&

Fixed
bed

. € Fluidized
béd -

fegeneration Process Demineralizing Procéss

2.1.2 Functions and features of system
(1) produces high-purity demineralized water

In conventional systems with co—current:regeneration, if a
1low level of regeneration is employed, the resin remains
unregenerated in the lower portion of the bed,

When the next demineralizing cycle is started, a few
hydrogen ions are released in the upper portion of the bed
and are exchanged for the residuwal ions at the bottom of
the bed, thus causing some leakage. fThis leakage is
usually sodium, since this ion is most easily exchanged
for hydrogen ions. If the free mineral acidity generated
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by ion exchange is high enough, magnesium and even calcium
may also leak from the unit. Therefore, conventional
systems requiré a high level of regeneration in order that
the entire volume of resin may be completely regenerated.
This system uses countercurrent reégeneration, viz.,
regeneration is performed with a downflow and
demineralization with an upflow. This means that, at the
- start of upflow service, ‘there is viftually no leakage of
cations because all of the exchange occurs at the inlet
rather than the outlet end of the unit. ' Thus, treated
water of high purity is continuously produced.

This system can operate at a relatively low level of
regeneration and its performance is not affected by the
ion c¢oncentration or composition of the raw water.

Figure 3 STATES OF RESiN BED IN REGENERATION AND
DEMINERALIZING PROCESS

& Rt
Regeneration Bemineralizing Regeneration Demineralizing
. Fluidized System . Conventional System

(Countércurrent regeneration) {(Co-current regeneration}

Figure 4 PURITY TREATED WATER

9 T
¢ . -
€t M
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g6 L - S
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g 160g HCA/ R / —
N ERRE a
at
L
aQ \ .
5 3j _~m_m,%{;/
s 2 —+ - .
i \ Fluidized system /r
N F Tk CLRCA o T M > S
o | S R R S B |
1 2 3 4 56 7 .8.9 10 11 12 13 14°
Time {hrj -
Raw Water Quality Totstcations: 270 ppm ss CaCo,
Nak: - B0%
T HCO5%: 16%
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(2)

1}

2)

Large savings in regenerant

Low level or regeneration o

Since countercurrent regeneration is used, high-purity
treated water is obtained at a relatively low level of
regeneration. Therefore, regeneration'efficiency is
greatly enhanced. : .

Figure 5 shows the relationship between regeneration level
and the capacity at the breakthrough point of an -ion
exchange resin. It can be seen that exchange capacity
does not increase much even though the regeneration level
is raised. 1In other words, .the lower the regeneratiéon
level, the'higher is the ratio of exohange capacity to a

‘given weight of regenerant, which means the higher the

regeneration efficiency.

Countercurrent regeneration

The state of a cation exchange resin bed at the break-
through point of the demineralization is illustrated in
Figure 6. It can be seen that ions are adsorbed by the
resin in the order of greater selectivity, i.c., starting
from the bottom, first calcium, then sodium, and finally
hydrogen, there by forming an'adsorptibn zone. During

- regeneration, i.e., from the top, the hydrogen ion

displaces the sodium ion, which in its turn displaces the
calcium ion, ih_what is known as a hookup effect. This
hookup effect gives a more cOmplete'regeheration:and helps
boost regeneration efficiency. This is obvious from
Figure 7. '
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Figure 5 REGENERATION LEVEL VS. ION EXCHANGE CAPACITY
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Figure 6 STATE OF RESIN BED ADSORPTION ZONE AT
DEMINERALIZING AND REGENERATION
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"3) Thorough utilization of resin -
In conventional systems, in which both service and
regeheration flow a?e'ddwnward, a considerable amount of
resin remains unused in the lower portion of the bed at
completion of the demineralizing cycle. In the
regeneration step, the unused resin is contaminated with
downwardly displaced regenerant wastes.
Since this system uses an U§Ward service flow, the unused
resin remains in the hpper portion as shown in Figure
8(a). And because the regéneraht flows downward and
passes through the unused resin zone without regenerating,
the regenerant power is c¢oncentrated fully on the
exhausted resin. This means the effective regeneration
‘level is raised relative to the conventional systems.
In this systém, the entireé resin bed 1s pushed against the
upper distributor during service flow. The freeboard space
in the resin bed is limited so as not to cause a mixture
of exhausted and unused resin during settling resin.
This physical set-up does not allow in-place washing, so
backwashing to remove accumulated matters on the résin is
done in a separate tank. Since the unuséd résin becomes
‘mixed with the exhausted resin, the amount of regenerant
required is twice that used in the normal regeneration
steps. '

Figure 8  ADSORPTION ZONE IN REGENERATION PROCESS

4 HQ $ RCI

}__/ "
{a) Regencration in

the state at end Na 2] . &5 H
of regeneration : Na
Na

- 4 4
Belore regenestion Pegeaeidtion  Alter regeneration
4 HCY §HCH
' 4 " "o
{b) Regeneration of :
mixed fesin Na Y Na = Na

_ : 3
Before teqenziation  Regeneration  Alfter reqeneration
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(3)

(4)

(5)

(6)

However, this erternal backwashing of the resin is
required at a frequency of only once every 30 to 40 cycles
for the cation exchange unit and once every year or so for
the anion exchange unit. This permits us to take good
advantage of the economical operation resulting from the
countercurrent regeneration steps.

Small pressure drop in démineraliziﬁg'pfocess

Pressure drop during the deminéralizing process is minimal
pbecause about 25 to 75% of the ion exchange resin is in a
fluidized state.

Little water needed for washing

Whereas conventional systems require wash water in an
amount equivalent to 8 to 12 times the volume of resin,

“this system uwses only 2 or 3 times as much as the resin

volume.
ouick regeneration

Regeneration is completed in about an hour, compared to
approximately four hours for conventional systems.

Simple and compact eqﬁipment

Régeneration, as in conventional systems, is performed in
a downward flow. Therefore, no special device is required
for preventing fluidization in the demineralizing process.
This simplifies the equipment. Moreover, since it comes
in a compact 2-bed l-degasifier arrangement, this system
takes a very small space for installation.
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Figure 9 FLOW RATE VS. PRESSURE DROP IN CATION EXCHANGE RESIN
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FLOWSHEET OF FLUIDIZED DEMINERALIZING SYSTEM
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EXAMPLE OF PRACTICAL USE OF FLUIDIZED BED TYPE

DEMINERALIZING SYSTEM

Table 1 presents the performances of two commercial units in operation, with regaid Lo raw water analysis and

tréated water qualily:

| Example 1 Example 2
TOtal COLiONS e censenncasaannsn .. 326ppm as CaC0y TOtat £ations cveriuarserans --ic $13ppn as Ca_CO_,
Ca 4 Mgereoneeimanens Cerreeneaaan 220ppm as CaCO, Cot Mg - commmiinmeianiianens 90ppm as CaCO,
MNa+ K -reteeiiisaniatinnnansees Impﬁmascacol PN 4 anrsrerrrnnaionamtioess 2‘}ppmas.c.a(.:0)
Raw water HCOy «~----- D AL LLR TR 230ppm 85 C2C0Oy HOG - mmrmmmmmreenreees " 60ppm as CaCOy
§0y e rrreeeianne Cerieenen 20ppm as €200, C1# 80 rormmmrrrrenis ===+ 63ppm as CaCl,
Q1 tmeemmertinnnssrianaaeaniaas 26ppom a3 CaCO;, Sy sz .joppm 25 CaCQy,
Si02 R TR ‘7{)9!‘“3503‘:03 - )
Breakthrough point conductivity Below Sptlcm Breakthrough Peinl ««iaueite. Below Sul{cm
Treted water Mean conduchivity -c-arvmerreess Selow l_pUkm _ Mean sitica concentralipn ------- Betow 1iUfem _
SHICA cormmeereinaiiaa e Below 0.02ppim as S5i0, | Silica concentration ----- +-5+-- Below 0.1ppm 25 Si0,
Mean silica concentration-.---- Below 0.06 pom as $i0,

COMPARISONS OF ECONOMICS
Example 1 '
e Design Standards

Table 1 Analyses of Treated Waler and Raw Water

Total cation in raw water ......... e i ieaeeiaees 275ppm as CaCO»
Treatment capacity Ceeereeeeed S T T TR TR R R S00m3 feycle
Quality of treated water 1 Conductivily -«..ve0ne- cienarenas Below  SpUfem

T U

¢ Economic Comparisons

Below 0.1 ppm

Conventional 2-bed 1-degassifier systems ' Fluidized system :
Treated water guality | Below 154U cm Below 0.1ppm 23 §i0; Below SHUfem Below 0.tppm 35 Si0,
Regenerant requirements| 35% HC1  1,350kg/C  45% NaOH  7BO%g/C I5%HEY  440kg/C - 45% NaQH 3B0k/C
Approximate capital cost ] ¥30,000,000 ' ¥ 33,000,000
fiunning cost - ¥B3/m3 trested water '¥?3.6{i‘n3 treated water

Example 2-

@ Design Stendards _

Total cation in raw water ......... e eaeaes P 83ppm as CaCO»

Treatment capacily et raeraie e Crreeeeis . 4,000m3day

Qualityof treated water  © Conduclivily -+« -veirsarianinas Below 3uU/cm
Silica ceevre-s baeerenaranetasnins Below 0.1 Ppm

"¢ Regenerant Requirements

Conventional 2-bed 1-degasifier systems Fluidized systen

35% HCI 2,3 70xg/day
45%NaOH 1,250kq/day

1.090xg/day
630kaiday
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2.2 Double Fluidized Bed Type Deémineralizing System

262.1

- ion exchange resins-one strong, the other weak.

General

Lately, the application technology of ion exchange resins
is making a rapid debelopment. However, the
demineralizing system exhibiting a higher regeneration
efficiency has long been desired when viewed from the
point of resource-saving and pollution control.

The double  fluidized bed type demineralizing system well
meet such reguirements, and offer 100 percent regeneration
efficiency which has not been accomplished with.a
conventional demineralizing systen.

Outline of system

This system is, as illustrated in the diagram, of 2-bed 1-
degasifier type demineralizing system consisting of a
cation exchange unit, a degasifier snd an anion exchange
unit. Raw water flows through the three units in the
stated sequence; the cation exchange unit, the degasifier
and the anion exchange unit. A distinctive feature of the
system is that each exchange unit contains two kinds of
The
cation exchange unit is filled with strongly acidic and
weakly acidic cation resins, and with strong base and weak
base anion exchange resins in the anion exchange unit.

The resins are divided by a central distributor placed
between the two compartments.

FLOW DIAGRAM OF FLUIDIZED BED TYPE DEMINERALIZING SYSTEM

Demineratized water

Cation tasin uait

Degasifine

HCi . . T een 1
y : < . ) . HaOH )
R Upper Uoper - S
InerLresing —— Disliribotor Otobutor \___,--_.._ -+ —— lnert resins
I §trongly scidie ——a L R Strong base
cation sesing e anidn resing
B Cenatral - Canjrat .
fnert resing ————4 Qistributor Distributof 6- - 4 Inectresing
’ . SNIE -
o Weakly acidic — L k- :, e ~4——¥pak base
cation resing - / anion resins
Lower — Lowers
Distributes - Dristributor
Haw waler g .
! ' TTTT Y Acdwaste = T T} Adkat waste

Anion rasin unit
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(2)

Service run and regeneration
Cation exchange unit

Raw wWater flows from the bottom of the 'cation exchange
unit and contacts first with the weakly acidic resin layer
located in the lower compartment, in which the hard
composition combined with bicarbonate radical (temporary
hardness) will be effectively exchanged while the
parmanent hardness and monovalent ions like sodium are
exchanged by the strongly acidic exchange resins in the

upper compartment. The water flows from the top:of the

exchange unit.
Anion exchange unit

Acidic water degasified through degasifier flows from the
bottom of the anion exchange unit, in which a mineral
acidity will be exchahged through the contact with the
weak base resins. Residual carbonate and silica will
react with the strong base resins and the remcval can be
accomplished. The demineralizéd effluent flows the top of
the exchange unit.

'Regeneration

Regeneration for cation resin unit

Hydrochloric acid {(or sulfuric acid) introduced from the
top of the cation resin unit is used first for
regeneration of the strongly acidic'exchange resing in the
upper compartment and the regeneration waste water
containing still effective hydrochloriec acid is used again
for the regeneration of the weakly acidic exchange resins
in the lower compartment. As stated, the régeneration'
waste water from the regeneration of the strongly acidic
exchange resins is used for the regeneration of the weakly
acidic exchange resins. ~Thus, almost none of the acid'may
remain in the regeneration waste water.

A7 - 12



(2)

2.2.5

(1)

(2)

(3}

Regeneration for anion exchange unit

Sodium hydroxide fed from the top of the anion resin unit
will be used for regeneration of theée strong base resins in
the upper compartment, then be used for regeneration of
the weak base resins in the lower compartment. Therefore,
the regeneration efficiency and the regeneration waste
water characteristics could be similer to that of the
cation resin unit.

Feature of system
High regeneration efficiency and lower running cost
Nearly 100 percent regeneration efficiency shall be

established since the regeneration waste water from the
regeneration step of the strongly acidic exchange resins

‘and the strong base exchange resins are used again for the

reggneration of the weakly acidic exchange resins and the
weak base exchange resins, respectively. As a result, the
running cost can be reduced to a half or a guarter when
compared with that of 2-bed l-degasifier demineralizer.

Easy treatment of regeneration waste water

Since the regenerant is used up almost completely in the
regeneération step of the ion exchange resins, the
regeneration waste water contains almost none of free acid
and alkaline. Thus, the regeneration waste water can be
treated very easily.

High-purity water production
Since the effluent is finally polished by the completely

regenerated ion exchange resins contained in each upper.
layer of anion and cation resins, the highly purified

water can be obtained.
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(4)

(5)

(6)

No pressure loss during service run

Pressure. loss will be minimal because each ion exchange
resin bed is in a fluidized state during the service run.

Little water needed for washing

The water needed for washing is as little as a third or a
gquarter when compared with that of 2-bed l-degasifier
system.

Shorter outage time for regeneration

Only one hour and a half will be reguired for
regéeneration.

‘Operating results of double fluidized
Bed type demineralizing system

*Capacity: 1000m3/day (2-cycle/day)
*Influent '

HCO3 - 160ppm as CaCOg
Cl+80,4 160ppm as CaCOg
Ca+Mg 140ppm as CaCO3 8i0, Sppm as CaCOjy
Na+K 180ppm as CaCO3 COjp - ' 5ppm as CaCPqg
T.C. 320ppm as CaCOz T.A. 330ppm as CaCOg

Na+K?% b56%
HCO3% 50%
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e Effivent

5

4+

Conductivity {uts/em}
w

Befow 0.02ppm $i0,

OO -0 pe O - O - - O

n L
cees
- Py G
S0, ppm

Service run (Hr}

® HRegeneration

Rogenerant . . Regeneration
step injection Stowr rinse Rinse tirne
Hour 20 min, 50 rmin, 15 min. B85 min.

¢ Regeneration efficiency
Cation exchanger
Regenerant 35%HC) A27kafcycle

{4.02keq/cydle)

Deionization 320ppn x 640m” f¢ 205%kgCaCO, feycle

fegeneration efficiency
Anion exchanger
Reogenerant 45%Na0OH

(4.1keq/cycle)
100%

327kglcycle
{3.68kealcycle)

Deionizalion 330ppm x.640m3fc 211kgCalqQ, feycle

Renaneration efficiency

A7 -

(4.22keqfcycle)
1i14.7%

156



& pH value in the regeneration waste water

a Cation exchar_rget
sk
1
-,
= \°-—-o——— 00— - — 00
6 -
Regenerant N T
bﬂiectiof\ } s Slow rinse . ] Rinse
30 &0 89
Regeénaeation time {min}
9
) o-_____o
. // T~
81 ———
- o
' ~°
- | o
x 7 /
o
slo Anion exchangec
Rmﬁ[‘g:t Slow rinse . Rinse
30 &0 a0
Regeneration tirme {min)
2.2.7 Comparisons of chemical requirements
Comparisons of chemical requirements
¢ Design standard
influent  T.C. 133ppm as C2CO, Operating Capacity L 2000m? /day
D.TA, 140pprn 35 CaC0Q, Efflvent: Conductivity Butifomn
Na% 5% . 50, 0. ippm

MIO - Alkalinity  42%
¢ Chemical requiremeats

T

Unit price 2-bed 1-degasilier demineralizer Double Pluidired Dosineralinesd
Regeneranl  3E%HCI ¥20/kq 1740kg/cycle %34 800/cycie E55kglcytte ¥i1,100/cyclie
45%N30H YAS/kg 1780kgfcycle ¥80,100/cycle. 498kgfcycle ¥22 410/cycle
Neutratizing 35%HCI ¥20lkg 496kgfeycle ¥ 9800/cycle - - )
Per one cycle ¥124 B20/cycle ¥ 33,510/cycle
Annual outlay ¥41,191 00fyear ¥ 11,059,000y ear
Basis: 330 days of cperation 3 year.
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