2. Review of the Current Wastewater Treatment and Reclamation
Systems

2.1 Evaluation and Problems Concerning the Current Systems

Thé outlines of the present wastewater treatment plants are
as described in "1.5 Conditions of Wastcwater Treatment Plants”.

It is also described above that there are no plating facto-
ries which perform wastewater reclamation, and in aﬁy of the
central wastewater treatment plants in the 1st Estate Section and
the 2nd Estate Section, wastewater reclamation is not done.
Therefore, in this chapter, an evaluation of the central waste-
waler treatment plants will be made and some pfoblems,With them
will be extracted.

The facilities in each central wastewater treatment plant of
this plating industry estate comprise three systems:  a system to
receive wastewater discharged from each factory after being
classified as three, (1) cyanide wastewaters, (2) chrome waste-
waters and (3) acid-alkali wastewaters and treat them to be harm-
less: a system to remove organic substances such as C0D, BOD,
ete. remaining in the treated water; and a system to remove heavy
metals in the form of chelate compounds which might remain in
trace amounts after treéatment.

. For the sludge generated by wastewater treatment, a system
which dehydrates the sludge and carries the dehydrated cake to
the outside for entrusted disposition is adopted.

The wastewater ftreatment plant is a rational one which
treats the overall wastewaters of the plating Industrial estate
safely and discharges the treated water finally to the public

sewage system.
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llowever, the wastewater treatment plant treats not only



wastewaters discharged from plating fTactories located in the
plating industrial estate, but also it is operated as an indus-
trial waste treatment plant which receives wastewaters transport-
ed by tank lorry from plating factories located outside the
plating industrial estate and treats and disposes of them for a
consideration. Therefore, there are problems 1n'the dperation
and maintenance of the wastewater treatment plant by the opera-
tors who have to address wastewater quantity and quality varia-
tions appropriately.

With the above-mentioned situations in mind, problems in the
present wastewater treatment facilities will be extracted, and

some fundamental ones of them will be described below.
{1) Receiving of wastewaters

Although scrupulous care is taken by most plating factories
located in the plating industrial estate in discharging waste-
waters, 1t seems that classified discharge of wastewaters 1s not
done adequately in some Tactories. Cyanide washing and chrome
washing are done in the same washing tank in some factories, and,
water spillied over the floor is not separated in some factories,
showing that clasgssified discharge of wastewaters is not adequate.
The Ffaect that among many factories of the plating industrial
estate some such factories exist is the problem unique to the
wastewater treatment in the early plating industrial estates
which was frequently seen also in Japan.

A. Classification of wastewaters

Based -on the results of analysis of samples taken from each

wastewater tank 1in the wastewater treatment plant 1in the

visiting survey at the site, the following problems are point-
ed out.

a. The wastewater in the cyanide tank has to have alkaline pH,
but it is as low as 2.07 in the wastewater treatment plant
of the 1st Estate Section and 1.84 in the wastewater treat-
ment plant of the 2nd Estate Section,. However, 6-valent .

chromium is not detected.



b. Cyanide is deteccted in the wastewater of the chrome waste-
water tank, 170 mg/l in the wastewater treatment plant of
the 1st Estate Section and 113 mg/l 1In the wastewater
treatment plant of the 2nd Estate Section.

¢. Cyanide is detected in the acid-alkall wastewater tank, 127
mg/l in the wastewater treatment plant of the 1lst Estate
Section aﬁd 116 mg/) in the wastewater treatment plant of
the 2nd Estate Section. However, 6-valent chromium is not
detected.

From the foregoing, it is shown that classifTication of waste

waters is not done adequately. The probable causes are as fol-
lows:
a. As 1is reported 1in "1.6 Other Related Conditions", the same

washing tank 1s used in common for different wastewater sys-
tems in some plating factories. This is a problem prior to
wastewater classification.

Classification of wastewaters is not done adegquately by each
factory before being discharged.

The wastewater received as industrial waste for treatment is
already a mixturé of various wastewaters.

The wastewater is receilved as industrial waste in an improper
receiving tank by mistake or because of the proper receiving
tank being full.

From the fact that the wastewater in the cyanide wastewater
tank has an acidic pH, it is estimated that much acid waste~
water is mixed. If the wastewater in the cyanide wastewater
tank has pH on the acid slde because of acidic wastewater
being mixed, cyanide compounds in the wastewater are decom-
posed to generate harmful gases very dangerously. Moreover,
if a cyanide wastewater is mixed in a chromium wastewater,
or a cyanlde wastewater is mixed in an acid-alkali waste-
water, it is anticipated that the mixture wastewater can be
treated only 1insufficiently in this wastewater treatment
plant. Such a situation 1s reflected on the results of



analysis on the samples taken from each treatment process
of the wastewater treatment plant. For example, heavy
metals ‘such as copper, nickel and zinc and cyanide are de-
tected in the sedimentation tank, Final discharge under this
condition is not permissible, and retreatment is necessitat-

ed. This will lead to an .increased treatment cost and
also 1nterfere_w1th'treating other wastewaters in time,
Therefore, the cperator in charge of operation and main-

tenance is given a serious problem to treat them properly.

Receiving of Wastewaters for Industrial Waste Treatment Busi-
ness

S Co., Ltd. receives wastewaters of plating factories located
ocutside the plating industrial estate and treats them in the
wastewater treatment plant as an industrial waste treatment
business. It seems that there is a problem in the way the
wastewaters are recelved.

At the early time, wastewater analysis was made when the
wastewater was received and how to treat in the wastewater
treatment plant was fully investigated. Subsequently, howev-
er, it is naturally expected that the wastewater quantity and
quality of ﬁlating factories would have been varied. More-—
over, there is a possibility that classification would not be
done adequately. Ny

In the practice of industrial waste treatment entefprises in
Japan, wastewaters brought in to be treated are analyzed each
time. and only after the treatability 1is confirmed, these
wastewaters are recelved.

Even in this central wastewater treatment plant, it is esseh—
tial to receive wastewaters into the tank only after their
composition is analyzed. This is because there is a possibil-
ity that any substances whose treatment with this wastewater
treatment - plant is difficult are contained or any other dif-
ferent wastewaters are mixed. If'it is attempted without
removing these substances to treat the wastewater, the treated
water quality may not be satisfactory. Moreover. by confirm-

ing the concentration, it is possible to realize proper treat-
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(2)

ment cost.
Wastewater tanks

For each kind of wastewaters, one receiving tank is provided.
From each plating factory sufveyed by wvisiting, the bath
liquoer  1is discharged although the frequency of bath ‘liquor
renewal is as low as about once a year. The bath ligquor to be
discharged is degraded, but its concentration is high. There-
fore, if this liquor is discharged, the wastewater concentra-
tion 1in the tank rapidly rises. Then, in thc wastewater
treatment plant, quantities of chemicals to be fed in the
treatment processes such as néutralization, oxidation, réduc—
tion, etc. are increésed. and if the pump capacities are not
sufficient, incomplete treatmenf may result.

If concentrate acld and alkali wastewaters are ‘discharged
simultaneously into the acid-alkali wastewater tank, then much
neutralization heat will be generated dangerously. Moreover,
there is a possibility of the tank being damaged.

Wastewater treatment system

If any unsatisfactories exist in the wastewater (reatment

system, it will cause incomplete wastewatger treatment.

A.

Treatmént of cyanide complexes

Cyanide complexes of nickel and cyvanide complexes of iron are

not treated in this wastewater treatment system.

a. Cyvanide complexes of nickel
Cyanide complexes of nickel can be decomposed with sodlum
hypochlorite, but the reaction is very slow (24 hours).
Therefore, 1t is necessary to take care not to allow them
to bhe mixed in the continuous treatment system. Nickel
and, cyanide are detected Iin the sedimentation tank of the
waste water treatment plant in the 1st Estate Section. It
is -esti mated that nickel is in the form of c¢yanide com-
plexes. 1t cyanide complexes of nickel are mixed, the



wasltewater should be treated separately wlthout using
this continucus treatment system.
b. Cyanide complexes of lion
Cyanide complexes of iron can hardly be decomposed with
scdium hypochlerite. They cannot . be removed comﬁletely by
adsorption on chelate'risins._ When c¢yanide treatment is
unsatisfactory in the plating wastewater treatment process,
cyanide complexes of iron are detected frequently, The
probable cause is that raw materlal iron Tallen in the
plating tank is eluted to form cyanide complexes of iron
which are then dragged out into the plating wastewater. If
cyanide complexes of lion are mixed, the wastewater should
be treated separately without using this continuous treat-
ment system, or a unit operation for that purpose should be
added to this treatment system.
pH meter in the chrome reduction tank
In the chrome reduction tank, a pH meter should be installed
together with an ORP meter. ) _
The oxidation-reduction potential (concentration) and  the
hydrogen ion concentration are measured. As the reducing
agent 1is added in the wastewater, pH 1s also varied. There-
fore, in order to control (on-off) the addition of the reduc-
ing . agent in terms of the ORP value, it is'necessary to keep
pH constant. This requires pil control.
Addition of aluminum sulfate _ _
In the case of this wastewater treatment system, the waste-
water containing heavy metals is introduced first into the
neutralization tank where alkali treatment is done so that
heavy metals are precipitated as hydroxide. In the followling
reaction tank, aluminum sulfate and calcium hydroxide are
added. The probable reason is to impfove the coagulability.
For aluminum to form hydroxide, it is proper that pH is nearly
in the neutral range. Flocs of formed aluminum hydroxide im-
prove the coagulability of the plating sludge which is liable
to bhe TfTine particles. However, if pH is lowered with the
sludge contained, heavy metals which were precificated as hy-

droxides might be redissolved. In this respect, a safer
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system will be such that, following the solid-liquid separa-
tion in the sedimentation tank, aluminum sulfate is again
added for solid-liquid separation. The addition of aluminum
sulfate Increases sludge generatlon.
However, the actual wastewater treatment processes are differ-
ent In many points from the theoretical, and if good treated
water qualility is obtained with co-precipitation, there will be
no specific problems to be taken up.

D. pH meter in the water monitoring tank
While the treated water is being discharged, the water moni-
toring tank does not serve for monitoring. If is necesSary to
store the treated water in a tank so that it can be observed
visually and to install a pH meter to monitor and record the
pH value. _

E.. Separate treatment of non—eleétroplating liguor, etc.
The non-electroplating liquor sometimes has a high COD concen-
tration ammonia. It is proper that this wastewater should not
be mixed with general wastewaters, but be treated separately.
The same applies to the wastewater containing chelating

agents.
(3) Facilities

In this wastewater treatment plant, at the beginning, wvar-
ious tanks and unit apparatus were arranged In a rational way in
the narrow area, but as the time lapses, 1t seems that various
tanks were added too crowdedly. This trend is seen in the waste-
water treatment plant of the 1st Estate Section.

The wastewatef treatment plant involves chemical dissolution
and other works, and therefore, the control panel, together with
the dehydrator room, etec., should be installed preferably in a
separate room.

For the ease of operation and safety of the workers, it is
also important to secure passways and stepways with hand
rails.

The wastewater tahks are constructed as underground tanks
with manholes for effective utilizatlon of the area in the estate
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section. _ _

Changes will also be necessary to this construction which
facilitate water level confirmation, crack checking, tank clean-
ing, etc. by the workers.

{(4) Operation

The workers working in the operation of the wastewater
treatment plant face many difficult problems in the plant opera-
tion because of severe variations in water guantity and quality
of the wastewaters received. _

1t seems that the workers are forced to spend. their time in
coping. with the treatment of wastewaters of which treatment is
entrusted from outside, retreatment of wastewaters which were
incompletely treated, etc. in addition to the normal operation.

It is the present state that various wastewater taﬁks and
reaction tanks for various wastewaters are cleverly managed so as:
to treat the total gquantity of wastewaters in any way. As a
matter of course, substitute reaction tanks have no control
apparatus enough [lor such management. The operation in this case
will possibly lead to incomplete treatment. Moreover, under
these circumstances, the number of workers engaged in the waste-
water treatment cannot but be larger than that necessary for
stable operation. Radical measures considering the characteris-
tics of the industrial waste treatment business are to be taken.

(6) Maintenance

it is seen sometimes that the sehsor of the ORP meter in-
stalled in the reaction tank is defective. It is the essential
rule of the maintenance to replace the defective sensor before it
interferes with normal treatment.

Now, electrodes which are hardly corroded with fluorine are
available. 1t is preferable to use them. '

2.2 Proposal for the Improvement of the Current Systems
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The treatment system of the present  central wastewater
treatment plant is_a rational one, and extracted problems are
caused mainly by the discharge of incompletely classified waste-
waters and the operating method of facilities.

Plating wastewaters are one of the industrial wastewaters
which should be treated with most scrupulous care. Moreover,
wastewaters of the plating industrial estate are overall waste-
waters comprising various wastewaters discharged from many plat-
ing factories, and their properties are vefy complicated. In
addition, since the same wastewater treatment plant is also used
for the industrial waste treatment business, advanced technology
is required.

From the foregoing, the central wastewater treatment plant
as the receiving side requests the following prerequisites. Not
only in the plating factories located in the plating industrial
estate, but also in the plating factories located outside the
plating industrial estate, wastewaters should be discharged after
being classified and their sourées of discharge should be clearly
identified.

Plating factories are small enterprises and have no suffi-
cient money to spare in Korea, as well as in Japan and Europe and
America.

Consldering the present state mentioned above, improvement
plans to address the extracted points by making use of the exist-
ing facilities will be proposed.

(1) Consolidation of the laboratory

With the objectives of receiving of wastewaters, confirming
of wastewater treatablility, and research and development of
wastewater treatment technoleogy and plating technology, the
laboratory shouid preferably be consolidated as follows.

1) Collection of data concerning'the composition of wastewa
ters: by kinds and treatment technology

2) Installation of atitomatic analyzers
Common: pH meter, ORP meter, conductivity meter, absorption-



metry meter, etc,

Heavy metals: Atomic absorptionmetry meter, inductively cou-
pled plasma-atomic emission spectroscopy (ICP)
analyzer

Anion: Ton chromatography

Cyanide: Cyanide automatic analyzer (capable of confirming of

complexes)
3) Training of englineers

{2) Improvement_of wastewater tanks

1) Separation of acid-alkali wastewater tanks into acid waste-
water tanks and alkali wastewater tanks

2) Installation of high concentration wastewater tanks for each
kind of wastewaters, or division of existing tanks
High concentration wastewaters should'be treated at a small
rate together with 1low concentration wastewaters, or must be
utilized effectively for neutralization of alkali waste-
waters,

(3) Treatment of wastewaters containing cyanide complexes of iron

With the present wastewater treatment system, it cannot be
expected to treat cyanide in the wastewaters containing cyanide
complexes of iron. '

It is desirable to add a treatment operation using the zinc
white method after the present cyanide'decomposition process.

For the principles, conditions, etc. of this treatment,
refer to "V. Guidelines for Wastewater Treatment and Reclama-
tion".

(4) Addition of some functions to batch reaction tanks
The batch reaction tank (mixing treatment tank) should be
improved as follows: DH meter, ORP meter, etc. should be in-

stalled; in addition to the present {flow diagram comprising
sodium hydroxide, sodium hypochlorite, sulfuric acid and high
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Dolymér coagutant, it should be possible to feed réducing agents
such as calcium hydroxide, inorganic coagulant, sodium sulfite,
etc. and other oxldizing agents; and heating should be applica-
ble, so as to cope with treatment of wasfewaters.which otherwise
should be treated separately and recovery of resources.

Treatment to be covered is as follows. For'the principlés
of treatment, conditions of treatmernt, ete., refer to the guilde-

lines mentioned later.

1) Treatment of plating bath liquors containing cyanide complex-
es of nickel _

2) Treatment by coagulation and sedimentation of cleaning lig-
vors and stripping liquors containing heavy metal complexes

3) COD oxidation treatment by the Fenton method of non-elec-
troplating liquors, and coagulation treatment of phosphorus

4) Treatment of fluoborate

5) Treatment of organic solvent contalning wastewaters and che-

| late containing wastewaters and ftreatment of COD and BOD by

the powdered activated carbon adsorption method

6) Ferrite formation of heavy metals

7) Recovery of EDTA from cleaning liquors and stripping liquors
containing EDTA

(5) Automation

1) Tnstallation of water level meters in the wastewater tanks
To indicate water level and be operated jointly with on-off
pump operation.

2) To be operated jointly with high polymer coagulant feed pump
and storage pump.

3) Installation of graphic panels which display the present

state.

Table 2.2.1. shows the improvement and problems of the
current systems mentioned above.
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Table 2.2.1. Points at issue and retoem measure for the current system

1tens Points at lIssue Proposal faor the improvement
Receaving of | the discharge of incomp- 1) eduéation_qf workers
wastewater letely classified waste | 2) surprise Check
water 3) consolidation of the laboratory :
+ collection of data concerning the composition of
wastewater ‘
installation of automatic analyzers
- training of enginecers _
4) enforcement of wastewater analysis from the industri-
al waste treatment business point
Wastewater the incompletly classif- | 1) scparation of acid-alkali wastewater tank into acid
treatment ied wastewater tanks wastewater tank and alkali wastewater tank
systen 2) installation of high concentration wastewater tanks
for each kind of wastewaters
impossible system for 1) addition a treatment unit process by the zinc white
treatment of wastewaters atter cyanide decomposition process
.containing cyanide comp-
lexes of iron
lack of a pH meter in 1) installation of a pH meter operated jointly with on-—

the chrome reduction
tank

off chemical feed pump operation

fack of a pH meter in
the water momitoring
tank

1

installation pf a bﬁ meter with record meter in the
water momitoring tank

incomplete automation

b
2)
3)

installation of water level meter tn the wasteater
tanks

to be operation jointly with high polymer coagulant
feed pump storage pump

installation of graphic panels which digplay the
present state .

Facilities

unsuitable installation
of control panel

[y

the control panel should be installed preferably in a
separate roonm

security

1)

passways and stepways with hand rails

lack of construction of
storage tank

1)

comstructtion facilitate water level confirmation,
crack checking, tank cleaning by the workers

addition of some
functions to batch
reaction tanks

1)

add functions to treat high concentrate wastewater,
wastewater containig complexes, fluoborate, organic
matters, and to recover EDTA, and use it as ferrite
formation process

Operation
and mainte-
nance

lack of equipments and
consciousness for waste
service

)
2)

add to control apparatﬁs
carry out the above itens

incomplete maintenance

b
2)

répair
col lection new technology and new manufactured goods
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3. Determination of the Optimum Systems

Industrial estate of 8 Co. is adopted as a typlcal example
of Korean plating industrial estates. Then, the actual states of
its central wastewater treatment plant is surveyed and problems
cohcerning the current system are pointed out. '

Though, this survey 1is a case study of plating industrial
estate, 1t is looking upon as a model of the estate, and optimum
systems of the central wastewater treatment plant are determined

for the model estate.
3.1 Basic Poliéies

Selection criteria for optimum system are shown in Table
3.3.1.

(1) The optimum system for wastewater treatment plants will be
defined as most economical wastewater treatment system which
satisfied pollution related regulations now in effect or expected
to be in effect , in Korea. Conceptual design and economic

feasibility studies will be carried out on Case-1 and Case-2.

(2) the optimum system for reclamation plants will be defined as
most economical system which produces reclaimed water having a
QUality equal to or better than that of tap watfter in use. A con-
ceptual design and economic feasibility study will be carried ocut
on Case-3, Case-4 and Case-5 will be reviewéd as references.
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Table 3.1.1. Criteria for the Selection of the Most Effective System

H\“\\R‘ Treatment Existing High Reduction Closed
\‘\\i\}evels Standards of COD ‘system
Case T
Wastewater treatment CASE-—1 CASE-—-2
only (@) © X
Fastewater treatment CASE-—-3 CASE — 4 CASE-—-5
and reecycling © O : O
Note) © ; Will be selected (O ; Studied for reference
X ; Will not be selected




The section of the plating lndustrial cstate which was
selected for the optimum system study 1s the 2nd Estate Section.
The reasons for this selection are as follows, The 1st Estate
Section and the 2nd Estate Section are approximately the same in
the number, contents and scale of plating factories located
therein and in the central wastewater treatment plant; the 2nd
Estate Section is arranged in more compact; about the 2nd Estate
Section, more abundant information was furnished; and the 2nd
Estate Section treats a smaller quantity of industrial wastes and
the present state can be grasped more caslily.

The basic policies for this study are as follows:

A. The study for the optimum system will on be limited to central

wastewater treatment and reclamation of wastewaters from plating

factories located in the estate section, excepting the industrial

waste treatment business which is run by § Co., Ltd. at present.

B. Each plating factory has a small working area and it is impos-
sible for each plating factory to have i1ts own wastewater
treatment equipment or reclamation equipment. Therefore,
wastewaters to be treated will be overall wastewaters of the
plating industrial estate,

C. The wastewater guantity and quality to be treated will be
estimated from the data obtained by the visiting survey and

the various data in Japan.

First, it will be assumed that wastewaters are discharged
after-being completely classified and the wastewater quantity and
quality at that time will he determined and be taken as the
present wastewaters. Then, it will be assumed that wastewater
quantity reducing measures have been taken and wastewaters are
discharged after being classified as high concentration waste-
waters discharged when the plating liquor is renewed and as the
present washing wastewaters, and the wastewater quantity and
guality at that time will be determined and be taken as waste-
waters after wastewater quantity reduciﬁg measures have been
taken. The study for the wastewater treatment system will be
made using these wastewaters. Further, washing wastewaters when



the counter-current multiwstage washing svstem is adopted in the
washing process will be classifled. as the semi—high concentration
wastewaters and washing wastewaters. These wastewaters will be
taken as wastewaters after the'counter—current multi—étage wash-
ing system, and the reclamation system will be studied using this

wastewaters.

D. In order to give generality to the optimum system to be pro-
posed, the local peculiarity of the 2nd Estate Section will be
ignored and the place of installation of the treatment facili-
ties will be within Inchon City.

E. In economle calculation of construction cost, ruhning cost,
etc., standard prices in Korea taking the installation place

into account will be adopted.
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3.2 Measures for the Reduclon of Wastewater Quantity
3.2.1 Conditions of Water Usage

Table 3.2.1. shows the conditlons of water usage in the 10
factories. In this area, there are no faclilities for industrial
water supply and tap water supply 1s only the water source avall-
able.

These factories are very small in scale; they have an aver-
age of 9 employees and an average of 160 m? floor areas, and

3 3 per day on

their water consumption 1s only 4-10 m” per day (6 m
the average).

Nearly all of the water consumption is used for washing the
products in the production processes. Cooling water is used in
two fTactories (Ne.l and No.3) out of the 10 factories, but in
both cases, i1t 1s recycled through the coocling tower and the
quantity of make-up water is small. Moreover, each factory of
this industrial estate occuplies a room of one same building and
use toilets, dining rooms, ete. in common. The individual facto-
ries use little domestic water and miscellaneous water.

The products are washed in all cases by dipping them in a
water tank because thelir size i1s small. Most of the water tanks
as small as about 10-100 liters.

As shown in Table 3.2.2., the washing system is mostly of
multi-stage type using 2-3 water tanks. The "Stored water wash—
ing" system where washing water is not run but is stored ih the
Water tank is used maihly, and the "Running water washing"” system
where the washing water is run during washing is adopted only in
two factories,

The water in the washing tank used in the "Stored water
washing" system is renewed 1-2 times a day, but it seems that the
renewal criteria (such as water quality, number of cycles of
washing, quantity of objects to be washed) are defined clearly in
few cases. On the other hand, even in the "Running water wash-

ing"” system, it is hardly considered that the flow of water is
strictly controlled, and there is a high probability that excess

water will be consumed.
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Apart from washing water, cooling water 1s used in'tWO
factories as described before. In Factory No.1, chilled water is
used for cooling the alumite processing tank, and cooling water
is used for cocling the refrigerator to make that chilled water.
In Factory No.3, cooling water is used for cooling the plating
processing tank. In both cases, the water is recycled through
the cooling tower as described before. '

Different from alumite treatment, electroplating does not
generate too much heat and rarely requlres cooling. Therefore,
in the future as before, it is hardly considered that cooling
water is used in quantities in these factories. ‘

For these factories, the make-up water consumption per

employee (specific water consumption) 1s calculated as. follows.

Maximum 2.3, minimum 0.31 and average 0.66
(in mS per day per capita)

According to the industrial statistics regarding Japahese
factories having 30 or more émployees each (1990), the specific
water consumption'in the eleétroplating industry 1is 2.48 m3 per
day per capita which is considerably larger than the value shown
in Table 3.2.1. '

The probable causes are as follows:

A. In the Japanese industrial statistics, the number of employ
-ees per factory is 65; the scale is markedly larger than that
of the factories in this survey. ' '

B. In the factories which are large in scale, automatic equip-
ment is introduced nermally and productivity is markedly in-
creased. While, in the factories in this 'survey, manual
operation is dominant and productivity is very low.

C. According to the survey data on Japanese five factories having
10 or less employees each, the specific water consumption is
1.66 on the average, significantly lower than that in the
industrial statistics gliven abhove.

From the foregoing, it is considered that the difference
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between the data for the surveyed factories and the Japanese
industrial statisties is the difference in productivity caused by
the difference in factory scale, and it is caused not because the
water consumption in the surveyed factories is small but hecause

the number of employees is large for the scale of production.
3.2.2 Basic Conceptions
(1) General

The method of reducing the wastewater quantity sulted for a
particular factory differs greatly depending on the method of
water usage at that factory. In the case of plating factories,
water usage is mainly washing as described before. Therefore,
this section will discuss the case of washing water. The follow-
ing features of washlng water may be consldered:

A. It 1is used mainly for washing the products, and therefore,

' its quantity and quality largely affect the quality of the
product. '

B. Wastewater contains various contaminants produced by washing,
and therefore, it is contaminated usually to a considerable
degree. TIn many cases, the water quality determines the water
quality of the entire factory's wastewater.

Because of these features, reducing the wastewater quantity
in the case of washing water is very difficult as compared with
the case of Indirect cooling water or air conditioning water
"whose wastewater is little contaminated. The major methods for

wastewater reduction are listed below.

A. Complete implementation of water usage control

B. Adoption of counhter-current multi-stage washing system

C. Adoption of cascade use

D. AdOptioh of automatlic water supply system for washihg tank
E. Use of hand control valve



These methods will be described below.

{2) Baslc Method of Reducing the Washing water

1)

Complete implementation of water usage coutrol

This is_the most fundamental factor. Tts method differs

much or less with the conditions of each factory, but in general,

can be summarized into the following three points,

A.

Complete. consciousness of water saving: This aims at complete

water saving from the aspect of man's consciousness, It is

difficult from the aspect of discipline alone, And-it needs

education of water saving ,it may be little effective unless

the "Working standards" described in C. below have not  been

established.

Accurate estimation of the water consumption: It is the basis

for water usage control to know the flow of water at every

point of water usage accurately. However, it is impossible to

install a flowmeter at every such point, and therefore, it be-

comes hnecessary to estimate the water flow by any other con~-

venient means.  These means are as follows.

a. Estimating from the pipe diameter and the velocity of flow

b. Estimating from the water flow vs. valve opening relation-
ship

¢. Receiving the running water in a container and measuring
its quantity

d. Installing a simple weir in the open condulit to measure the
quantity of water .

. Preparation of working standards regafding the water consump-

tion: The quantity of washing water required for a particular
washing process should be determined from the appropriate
working conditions for that washing process, and the workers
should be instructed to observe 1t as the working standard.
By this measure, it can be avoided that too much water is
used. It is very difficult, however, to prepare these working
standards and it will be necessary to start anywhere possible.



2) Adoptlon of the counter-current muilti-stage washing system

In this system, the product to be washed moves in the direc-
tion counter to the flow of washing water. This system cannot be
realized in a single tank alone, and necessarily becomes.a malti-
system comprising tﬁo or more tanks. Fig. 3.2.1. shows its prin-
ciples.

The water consumption in the counter~cufrent multi—stage
washing system 1s very small as compared with that in the singie-
tank system. Fig.3.2.2. compares the water consumption required
for the same washing effect between the single-tank and the
counter-current multi-stage washing systen.

As will be seen from Fig.3.2.2., the two-tank arrangement
already saves water by 70-90 % as compared with the single—tank
arrangement, but further increasing the number of tanks serves
little for increasing the water saving effect.

3) Cascade use

In the case of cascade use, the drainage from a process is
used directly in another process, and so on. The drainage from
indirect coollng 1s 1little contaminated and its temperature is
high, so that it is highly suitable for use as washing water.
This method does require no special equipment and its running
cost 1s low, and wherever applicable, it can be very effective.

Fig.3.2.3 shows its principles.
4) Automatic water supply system for washing tank

This system automatically adjusts water supply to the water
washing tank as the water quality Iin the tank wvaries, so as to
keep it comnstant.

As the index showing the water quality, the concentration of
salts disSolved_by washing in the tank is preferable, but it
cannot be measured easily. In stead, the conductivity which is
nearly proportionai to this concentration is used.
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The conductivity sénsing element is put in the water washing
tank. This mechanism functions as follows. As the conductivity
rises with incfeasing contamination of the washing wastewater, an
electromagnetic valve opens to start water supply. And, as the
conductivity lowers with diluting contamination, the ¢clectromag-
netic valve cloSgs to stop water supply.

In the case of plating factories, this system can be consid-
erably effective even if it is installed to the single water
washing tank, but the highest effect is obtainable when it 1is
installed in the final stage of the counter-current multi-stage
washing system. Filg.3.2.4. shows 1ts example.

5) Hand'contrdl valve

This valve is mounted at the end of the water spray hose, so
that the discharge and stop of water from the hose can be manipu-
lated at its end without using the master cock. in many cases,
this valve does flow regulation in addition to the water dis-
charge and stop.

For the manipulation at the hose end, it is required that
the valve should have such characteristics as light weight, easy
operation, freedom from breakage, etc. Various types are avail-
able on market. An example shown in Fig.3.2.5. satisfies most of
the above requirements.

(3) Reuse of wastewater

In addition to the techniques described in (2)-(8) above, a
measure greatly effective in reducing the wastewater quantity is
to reuse wastewater. Howevér, the wastewater from cleaning is
normally contaminated as described before, and its reuse requires
somewhat advanced treatment, such as activated carbon adsorption,
ozone treatment, reverse osmosis treatment, etce. and hence, a
high treatment cost. Therefore, this item will be discussed only
for the case of centralized trecatment plants, and will not be
discussed for the individual factories.

{4) Others
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For reducing the wastewater quantlty, various measures as
mentioned in (2)-(7) of this section may be applicable, and the
most important among them 1s B, "Accurate estimation of the
water consumption” in (2}). Without this, other techniques can be
impiemented in no way. And, once the water consumption 1Is esti-
mated accurately, 1t is very easy to study appropriate methods of
reducing the wastewater guantity.

3.2.3 Conecrete Measures

As mentioned befofe, the surveyed factories are very small
in scale, and it is very difficult to show the details of water
usage in the individual factories clearly. For this reason, in
this section, concrete measures for the individual factories will
not be sthn and regarding A.-E. shown in (1) of 3.2.2, applica-
ble forms of wastewater quantity reduction will be discussed fdr
all the factories together.

(1) Complete implementation of water usage coﬁtrol

In each of the surveyed factories, tap water Supply_is only
the water source available. The pipe diameter is about 25 mm in
general. There is only one water tap. Near the pipe end, a
water meter (integrating flowmeter) is provided. With'this
meter, the integrated value of water consumption can be known,
but it is difficult to know the instantaheous flow rate. Howev~
er, sihce the factory is small in scale and its water consumption
is small, it is almost impossible to provide a flowmeter at every
point of water use.

A relatively practicable method of water usage control will
be to install at the outlet of the water tap a Tlowmeter capable
of measﬁring the instantaneous flow rate, such as an area flowme-
ter (rotameter).

By this means; the water consumption at least at a certain
point of time is known and it becomes possible to monitor whether

the water consumption is proper or not for the working conditions



at that peoint of time.

However, for this means to bhe applicable, it is necessary,
as described above, to have the working standard concerning the
water consumption prepared for each washing process.

" Even such a degree of water usage control will make it
possible to realize a considerable wastewater quantity reduction
possible as compared with the present rough control method.

This type of flowmeter 18 relatively inexpensive (200-300
thouéand wons or so) and its installation is also easy. It may
be used sufficiently in the surveyed factories.

(2) Adoption of the counter-current multi-stage washing system

In the surveyed factories, with a few exceptions, the
multi-stage system on washing method is adoptéd as shown in Table
3.2.2. The "Stored water washing" system is used in most cases,
and the "Running water washing" system is used only in very few
cases.

Even the “Stored water system" washing can be considerably
effective for water saving, but the water in the water tank is
degraded of its quality with the lapse of time and requires early
replacement. Therefore,: it cannot be sald the effect of water
saving of this system is not necessarily sufficient.

If the "Stored water washing" tank being used at present is
improved into a "Running water washing" system of at least two-
stage counter-current type and the water flow is controlled well,
then considerably effective water saving, that 1is, wastewater
quantity reduction, may be accomplished.

However, adopting the counter-current system 1involves the

following problems.

A. Because of the very confined space, it is considerably diffi-
cult to arrange the counter-current washing tanks In a way to
insure good working efficlency.

B. As described'before. the water supply tap 1is provided only at
one place, and it 1Is difficult to supply water therefrom to
each water washing tank continuously because it may require
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many pipings to be installed on the limited floor surface.

C. The single tank which- has been used conventionally can be
moved @ easily and its'application can also be changed easily.
In contrast, the counter-current multi-stage _waShing tank,
once lInstalled, cannot be moved easily, nor 1its application
can be changed. Thus, the flexibility in working is lost.

The counter—cﬁrrent milti-stage washing tank 1s made normal-
1y of synthetic resin (such as PVC) and 1s not too expensive.
Therefore, if it 1is improved successively by solving the above
problems one by one, 1t seems that this system will be applicable
even in the present narrow arca.

(3) Cascade use

As the cascade use, it is the easiest and most effective way
to use the drainage from indirect cooling for the use of washing
as mentioned above. However, since cooling water is rarely used
in the surveyed factories, this method cannot find any place of
application. In the two factories where cooling water is used,
the cooling tower has already been installed for fccycling use,
and so, there i1s no need for cascade use.

(4) Automatic water supply system for washing tank

This system is applicable to either single tanks or multi-
stage tanks as described before. However, since it is rather too
expensive to install many units (about 80 thousand yen each in
Japan), its application is difficult where there'are many water
washing processes for the water consumption as in the surveyed
factories.

This equipment is sultable for larger factories.

(5) Hand control vaive

In the surveyed factories, water supply tc water washing
tanks, etc. is done not through fixed pipings, but frequently by



means of long hoses of movable type. In suchgcases, it is effec-
tive for the purpose of water saving to Install a hand control
valve at the hose end. _

Such valves are priced at about 5 thousand yen each in Japan
and will be sufficiently usable.

(6)'The realizable amount of wastewater quantity reduction

It is difficult to discuss for the individual factories
concretely that to what degrees the wastewater quantity can be
reduced by the methods (1)—(5).

However, based on the data obtained through hearings, obser-
vations, ete. by the visiting survey and the experience.obtained
through many factory surveys 1in the past, an overall study has
been made and it is considered that if the methods (1), (2) and
{(5), and especially (2) and (3) are implemented, the present
wastewater quantity can be reduced by'20~30 % sufficiently.

- The realizable amount of wastewater quantity reduction is
considerable (40-60 m3 per day) for the industrial estate as a
whole, but may be only small for the individual factories.
Therefore, unless each of these factories recognizes the circum-
stances well and makes efforts for itself to save water even to a
small degree, the wastewater quantity reduction of the whole

would not be achievable,.



3.2.4, Setting of The Effluent Characteristics of the Present
Wastewater

Based on the date obtained by the visiting survey, the
effluent characteristics of overall wastewater from the plating
industrial estate will be defined as foilows. It is assumed that
wastewater quahtity ‘reducing measures such as classified dis-
charge of wastewaters by concentrations, complete melementation
of water usage control, mounting of hand control valve, etc. and
peollution load reducing measureg such as drag-out reduction, have
been taken.

A. The overall wastewater quantity from the plating industrial
estate will be 200 mS/day. _

B. Plating liguor renewal 'wastewater will be -discharged sepa-
rately from washing wastewaters. ‘The quantity of plating
1iqﬁor renew wastewaters will be assumed as 2% of the
above-mentioned wastewater quantity and it will be added to
the overall wastewater guantity.

C. Acid-alkall wastewaters are discharged without separation.D.
As 1s carried out in the plating industrial estate at
present, the 1st washing tank will be used as the recovery
tank and its wastewater wiil not be discharged but be used
for bath preparation. '

Wastewater from the 2nd and subsequent washing tanks will be

=

discharged. _

F. When classified discharge is completely realized, effluent
characteristics of wastewater are assumed as shown in Table
3.2.3.

G. When highly concentrated plating liquor wastes and washing
wastewater are separately discharged, the effluent character
iIsties of wastewater mentioned In F. above will be assumed as
shown in Table 3.2.4.

.2.5 Setting of the Effluent Characteristics of the Wastewaters

]

When the'wastewater quantity reduction by the countercurrent
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Table 3.2.3. Condition of Water using in Plating Factory
CN Cr N-GH
ATEMS Wastecwater Kastewater Wastewater
Quantity (n®/4) 67 62 11
pll i9.2 2.6 2.9
CoD (mg/ 2) 370 2490 300
sS (ng/ Q) 320 210 270
n-Hex (mg/ 2) 8 - 10
CN 7 {mg/ 2) i8 i— —
M&~Cr (mg/ %) - 100 —
Fe (mg/ 2) 2 - 30
In (mg/ 2) 30 25 25
Cu {mg/ %) 10 40 35
Ni (ng/ ) - - 25
Pb (mg/ 2) - —- 1 10
Al (mg/ 2) - - 10 |
crét {mg/ 2) — 100 —
F (mg/ 2) - — 10
T-N (mg/ 2) — — 10
T-P (ng/ 2) - 20 20

TRICHLOROETHYLENE

(mg/ 2)

TETRACHLOROETHYLENE

{mg/ 2)

295




Table 3.2.4. Washing Water Ratio on Counter Current Maltistage Washing

CN Wastewater

Cr Wastewater

H«OH Wastewater

_ B0l H 0H
1 TEMS RINSE | CONC, | RINSE | CONC. | RINSE | CONC. { CONC.
Quantity (m/d) | 61 1.4 62 a2l m 0.7 0.7
pli 10.2 12.2 2. 6 0.3 2.5 0.3] 13.0
coD (mg/ ) 37 3,760 24 2,400 | 40 4,000 [ 4,000
$S (mg/ 2) 10 w1J00 10 100 10 1,000 | 1,000
n-Hex (mg/ 2 ) 3 5 - — 10 10 1,000
CN (mg/ )| 100 10,000 | - . - —~
T-Cr (ng/ ) - — 100 10,000 - — —
Fe ~ (ng/ 9) 2 200 - - 30 3,000 30
Zn (ng/ %) 30 3,000 | 10 1,000 25 | 2,500 25'
Cu (mg/ ) 10 1,000 - - 35 3,500 35
Ni (mg/!?) - - - - 10 1,000 10
Pb {(ng/ ©) ~ - — - 10 1,000 10
a1 (ng/ 2) — - - — 10 1,000 10
crot (mg/ 2) - - 100 10,000 - - -
F (mg/ 2) - - - - 10 1,000 10
T-N (mg/ %) - - - - 10 1,000 10
T-P (mg/ %) -~ - 20 2,000 20 2,000 20
TRICHLOROETHYLENE — —~ - - - - -

(mg/ Q)
TETRACHLOROETHYLENE - ~ - - - - —
(mg/ 9)




multi-stage washing has been carried out by improving the water
washing system as described below, the wastewater quantity will

be reduced.

A. The 2nd washing tank wiil be batchwise operated. The waste-
water from this tank 1is called "semi-high concentration
wastewater"”" and will be discharged after being classified.The
quantity of the semi-high concentration wastewater will be
assumed as 40% of fthe present wastewater quantity, and the
pollution load will occupy 90% of the present pollution load.

B. The 3rd and subsequeht washing tanks will be the countercur
rent multi-stage washing tanks. The wastewater from these
tanks is called "washing wastéwater" and will be reclaimed
separately. The quantity of the washing wastewater will be
assumed as 80% of the present wastewater quantity, and the
pollution load will occupy 10% of the present pollution load.
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3.3 Determination of the Optimum Wastewater Treatment System
3.3.1 Wastewater Quantity and Quality

On the assumption that wastewaters are completely classified
and the high concentration wastewater discharged when theé plating
liquor is renewed is separvrately discharged fromnm the present
washing wastewaters, the wastewater quantity and quality will bhe
determined as shown in Table 3.2.4.

3.3.2 Treated Water Quality

In accordance with the effluent standards in Korea, the
treated water quality will be determined as shown in Table 3.3.1.

3.3.3 Determination of the Optimum System.

(1) Wastewater treatment system satisfying the present effluent
standards

Of the plating wastewater treatment systems, the one which
is most positive and is most inexpensive regarding the construc-
tion and treatment costs is what follows. This is also most
widely used.

A. Harmful substances are made harmless.
Cyanide is oxidized with sodium hypochlorite. Tt is decom
posed inte nitrogen and carbon dioxide. hexavalent chromium
is reduced with sodium sulfite or the 1like to +trivalent
chromium.

B. An iron-cyanlde complex treatment process is added.

o

Heavy metals, aluminum, fluorine and phosphorus are removed by
coagulation-sedimentation treatment.

D. Acid and alkali are neutralized.

E. COn and BOD, caused by organic substances, are removed by co-
agulation-sedimentation treatment.



Table 3.3.1. Quality of Treated Water

ftems (unit) | Effluent Standards
BOD (mg/ ) 80
cCcobD (mg/ %) | 130 (40) %-1
S S (ng/ 2) 3 0 -
p H (ng/ ) - 5 ~ 9
n—Hex {(mineral oil) (mg/ %) 5
n-—-Hex (plant oil) (mg/ 2) 30
Phen s (mg/ %) 3
C N (ng/2) 1
T—-Cr (ng/ ) 2
F e (mg/ %) 1 0
Z n (mg/ ) 5
Cu (ng/ ®) 3
Cd {mg/ Q) 0. 1
H g (mg/ ) 0. 005
Or g~ (mg/ %) 1
A s (mg/ %) 0. 5
Pb ”(mg/ 93“ W 1
Cr @t (ng/ 9) 0. 5
M n (ng/ ) 1o o
F (ng/ 2) 15
" PCB (ng/ %) 0. DO 3
Trichloroethylene (mg/ 92) 0. 3
Tetrachloroethylene (mg/?)i 0. 1
T-N (mg/ &) 6 0
T - P (ng/ ¢) 8 ;
* — 1 Standards on Aannced Treatment



. Heavy metals which are present in trace amounts in the efflu-
ent from the coagulation-sedimentation treatment process are
removed by adsorption on chelate resins.

G. High concentration wastewaters such as plating liquor are sep-
arately stored in the wastewater storage tank, from which they
are added at a small rate to the washing wastewater of the
same system to be treated.

The ircon-cyanide treatment process is generally not .incorpo-
rated. However, taking the results of the visiting survey into
account and from the viewpoint of treating the overall waste-
waters from the plating estate, this process will be added. For
-the principles. of this treatment, refer to "V. Guidelines for
Wastewater treatment and Reclamation™. _

Since aluminum is contained in the wastewater, pH adjustment
to weak alkalinity is necessary for the coagulation-sedimentation
treatment of heavy metals. _Thefefore,'there is a possibility
that heavy metals to be removed as hydroacid s remain ions.
Moreover, it is anticipated that complexed heavy metals may
exist, and in order to remove them, the system must have a che-
late resin tower installed following the coagulation-
sedimentation treatment pProcess.

Fig.3.3.1. shows the flow diagram of the wasteﬁater'treat—
ment system satisfying the present effluent standards.

(2) Advanced treatment system

In the case of the wastewater treatment systems satisfying
the present effluent standards, almost all COD sources remaining
in the effluent from the coagulation-sedimentation treatment

process are organic substances. These. organic substances as
pollutants are generated by oils, etc. released in the cleaning
process and additives contained in the  bath liguor. For the

removal of these organic substances, activated carbon adsorption
is most widely used.

On the other hand, in those plating factories which perform
manufacture of printed circuit boards and plating of plastics,

2 —-100
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chemical plating is done, and from these factories, wastewaters
containing reducing agents of inorganic and organic substancés
are discharged. These reducing agents are measured as COD.

In general, concentrate wastewaters are added at a small
rate to the washing wastewaters to be treated, or are separately
treated and disposed of. Washing wastewaters to be discharged as
such are reduced in concentration by reduction measures and have
no problems in most cases.

From the foregoing, the following system will be adopted.

A. The wastewater treatment system satisfying the present efflu-
ent standards will be added with an activated carbon adsorp-

tion tower before the chelate resin tower.

Fig.3.3.2. shows the flow diagram of the advanced wastewater

treatment system.
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3.4 Determination of the Optimum Reclamation System

3.4.1 Wastewater Quantity and Quality

Classification of wastewaters was éompletely carried out as
shown in Table 3.2.3 and then, wastewaters were classified as
high concentration wastewaters discharged when the bath.liquor
was renewed and present washing wastewaters as shown in Table
3.2.4.

Then, the wastewater quantity and quality on the assumption
that the washing wastewaters are discharged after being classi-
fied as semi-high concentration wastewaters and washing waste-
waters by addpting the counter-current multi-stage washing'system
in the washing process will be defined as shown in Table 3.4.1.

3.4.2 Treated Water Quality

The treated wastewater quality will be as shown in Table
3.3.1.

The reclaimed water quality will be better than 20 uS/cm in
conductivity.

3.4.3 Determination of the Optimum System

(1) Combjination of the Reclamation System and the Wastewater
Treatment System Satisfying the Present Effluent Standards

A. Wastewaters to be reclaimed _ _
Washing wastewaters from the 3rd washing tank and subsequent
counter-current multi-stage washing tanks will be reclaimed.
Washing wastewaters will be classified as acid-alkali washing

wastewater, chrome washing wastewater and cyanide washing
wastewater,.

B. Wastewaters to be treated
a. Bath ligquor renewal wastewaters

Bath liquor renewal wastewaters_will be c¢lassified as acid
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Table 3.4.1. The Characteristics of Total Wastewater after

counter current maltistage

CN Wastewater

Cr Wastewater

H-0H Wastewater

SEMI SEMI SEMI

ITEMS RINSE | CONC. | RINSE | CONC. | RINSE CONC.
Quantity (n/d) 40. 2 26. 8 42. 6 24. 8 37.2 28. 4
pi 9.2 | 11.2 3.6 1.6 3.5 1.5
oD .(;g/ Q) ; 83 3 54 8 10
;s (ng/ %) 2 225 B 1 '“zs 2 3
n—l!;x (mg/ 2) 1 18 I 2 3
cN (ng/ 2) | 17 225 - - - -
T-Cr (mg/ ) = - 15 225 - -

Re (mg/ ) 1 5 - — 6 8
In (mg/ 2) 5 68 1 23 5 6

| cu (ng/ 2) 2 23 - - 47 JJJJJJ um;m N

Ni (mg/ %) - - - — 2 3
Pb ) (ng/ %) - - - - 2 3
Al (ng/ )| - - - - 2 3
Cré* mg/ 0) | - - 15 | 225 - -

P (ng/ 2) - - - - 2 3
T-N (mg/ 2) - - - - 2 3
T-p (ng/ £) - - 3 45 4 5
TRICHLOROBTHYLENE - — - —~ — —~

(ng/ %)
TETRACHLOROETHYLENE - - - - - -
(mg/ 2)
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high concentration wastewater, alkall high concentration
wastewater, chrome high concentration wastewater, and cya-
nide high concentration wastewater.

b. Semi-high concentration wastewater from the 2nd washing
tank Semi-high concentration wastewaters will be classified
as acld-alkali semi-high concentration wastewater, chrome
high concentration wastewater, and cyanide high concentra-
tion wastewater.

c¢. Regeneration wastewater of lon exchange resins

Reclaimed wastewater quantity

a. The wastewater quantity tc be treated for the purpose
of reclamation will be 60 % of the present wastewater quan-
tity.

However, the wastewater quantity to be recovered as reclaimed
water, less the regeneration water for ion exchange reslins,
will be 50 % of the present wastewater quantity.
If the dilute wastewater such as washing water_after'reduction
measures being taken is to be reclaimed, a method wusing ion
exchange resins for removing salts containing heavy metals in
the wastewater is wideiy used. _
Among ilon exchange resin towers, the 1st tower is a single bed
tower containing strong cation exchange resin only and the 2Znd
tower is a two-bed tower containing weak anion exchange resin
and strong anion exchange resin. The water in treatment is
applied in up-flow and the ‘water for resin regeneration is ap-
plied in down-flow. '

A comparison of this treatment system using ion exchange

resins ' with the conventional.systems is as follows. The

treated water quality is 2-10 uS/cm in conductivity in the
present system and 10-50 uS/cm in the conventional systems,
and the chemical consumption for resin regeneration is reduced
to 1/2 in the present system of that in the conventional sys-

“tom, Owing to such advantages, wastewater reclamation has

come to wide use.

Fig.3.4.1 shows the flow diagram of the reclamation system and

the wastewater treatment system satisfying the present efflu-
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ent standards.

(2) Combination of the reclamation system and the advanced waste-
water treatment system

"Likewise in .the advanced wastewater treatment system, an
activated carbon adsorption tower will be installed before the
chelate resin tower in the combination of the reclamation system
and the wastewater treatment system satisfylng the present efflu-
ent standards. .

Fig.3.4.2. shows the flow diagram of the reclamation system
and the advanced wastewater system.

“{3) Closed wastewater system

Wastewater quantity reducing measures to be taken in adopt-
ing the closed wastewater system will be as follows.

A. As 1s practiced in the prlating industrial estate at'preSent,
the 1st washing tank will be used as the recovery tank and the
wastewater will be not diséharged, but used for bath prepara-
tion.

B. The 2nd washing tahk will be operated batchwise. The waste-
water from this tank is called "semi-high concentration waste-
water” and will be separately discharged and disposed of.

The wastewater quantity will be 10 % of the present wastewater
quantity, and the pollution lecad will oceupy 90 % of the
present pollution load.

C. The 3rd and subsequent washing tanks will be counter-current
multi-stage tanks. The wastewater 1s called "washing waste-
water" and be separately reclaimed. _

The wastewater gquantity will be 90 % of the present wastewater
quantity, and the pollution load will occupy 10 % of the
present pollutlion load.

In comparison with the combination of the reclamation system
and the wastewater treatment system satisfying the present
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effluent standards, this system is different in the following

points,

a. Chelate resin treatment is excluded.

b. Heavy metals, fluorine'and phosphorus are treated by coagu-
lation treatment only. '

c. COD and BOD, caused by organlic substances, are treated by
coagulatlon treatment only.

d. The total quantity of effluents from coagulation treatment
is filtered through a dehydrator.

e. The filtrate from the dehydrator 1s concentrated by an

evaporator, and then, the salt in the concentrate is dried
to solid in the drum drier.

Fig.3.4.3. shows the flow diagram of the closed wastewater

treatment system.
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3.5 Conceptional Design of the Optimum Systems

3.5.1 Assumptions

The conceptual design will be carried out on the following

assumptions.

Al

The cost for purchase of the construction sité shall be ex-
cluded.

The works for the following shall be excluded: water and
wastewater piping from the plating industrial estate to the
central.treatment plant, spare parts, piling at the construc-
tion site, ground Iimprovement, removal of surplus soils,
treated water piping from the central treatment plant to the
destination of final discharge, building-up of roads outside
the site, gardening, fencing, primary power supply, and out-
door 1lighting. The works for heat insulation and indoor
lighting shall be included so that the equipment may have the
generality as such in Korea.

Wastewater receiving tanks shall have double constructibn to
preveht secondary accidents due to cracking, etec.

Siudges shall be dehydrated to the cake having water content
80 % or below and shall be disposed of as Industrial wastes
outside the estate.

Wastewater treatment shall be continuous and be operated
autométically. ,

The operating time of the facilities shall be 8 hours/day.
Regeneration of ion exchange resins shall be done by a auto-
matic system. '

Electric power supply for drive shall be 220 V, 50 Hz, and
electric power supply for contrdl shall be 110 V, 50 H=z.
Chemicals, with the exception of sulfuric acid (75 %) and
hydrochloric acid (35 %), shall be obtained as powder.

The period of construction shall be one year.
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3.5.2 The Treatment System satisfying the Present Effluent Stan-
dards (Case 1)

{1) Outlines of the system
A. Flow sheet
Fig.3.5.1 shows the flow sheet of the treatment system satis-
fying the present effluent standards.
B. Layout
Fig.3.5.2 shows the layout of the treatment system satisfying
the present effluent standards (excepting the portion of two
activated carbon adsorption towers).
C. Treated quantity
Chrome concentrate wastewater: 1.2m3/day
Chrome washing wastewater: 62m3/day
Acid concentrate wastewater: O.?ms/day
Alkali concentrate wastewater: 0.7m3/day
Acid-alkali washing wastewater: 71m3/day
Cvanlde concentrate wastewater: 1.4m3/day

Cyvanide washing wastewater: 67m3/day
{2) Conceptual design

A. Setting of process conditions
Table 3.5.1. shows the process set conditions.

Table 3.5.1. Process Condition

Division Process Condition
_ CN_Decomposition ; Alkali-Chlorine
1st Treatment | Cr®* reduction ; Chemical Recuction
Waste water | Heavy Metal Treatment ; Coagulation-Sedimentation
Treatment Acid Alkali Treatment ; Neutralization
2nd Treatment Ion Exchange
Sludge Treatment Filter press
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.'Equipment specifications
Table 3.5.2. shows the ecquipment list (excepting the portion
of two activated carbon adsorption towers).

o]

3.5.3 The Advanced Treatment System {Case 2)

A. Flow sheet
Fig.3.5.3. shows the flow sheet of the advance treatment
system.

B. Layout .
Fig.3.5.2. shows the layout of the advanced treatment
system (also serviceable for Case 1).

C. Treated quantity
Chrome concentrate wastewater: 1.2m3/day
Chrome washing wastewater: 62m3/day
Acid concentrate wastewater: 0.7m3/day
Alkali concentrate wastewater: 0.7m3/day
Acid-alkali washing wastewater: 71m3/day
Cyanide concentrate wastewater: .1.4m3/day
'Cyanide washing wastewater: 67m3/day

A, Setting of process conditions
Table 3.5.3. shows the process set condltions.

Table 3.5.3. Process Condition

Division Process Condition
: CN Decomposition ; Alkali-Chlorine
tst Treatment Cr®* reduction ; Chemical Recuction
Waste water ' Heavy Metal Treatment : Coagulation-Sedimentation
Treatment Acid Alkali Treatment ; Neutralization
Znd Treatment Ion Exchange
Advanced Treatment | Activated Carbon

Sludge Treatment Filter press
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Table 3.5.2. List of equipment (Case-l & Case~2)

No. NAME {Q'TY | MATERIAL SPECIFICATION REMARK
1 |Cr RINSE STRAGE TANK 1 | FRP CAPACITY 30m® LCA
PUMP 2 | PVC 50/40A% 200¢ /minX20m" X 1. 5kw 1 SPARE

FLOW METER
9 [Cr CONC STRAGE TANK 1 | FRP CAPACITY 40m® _ LCA
PUMP 2 | pyC 25AX6¢ /minx 3kg/cm? % 0. 2kw 1 SPARE
3 |H CONC STRAGE TANK 1 | FRP CAPACITY 40a° o LCA
PUNP 2 | Pve 50/40AX200¢ /minx 200" X 1.5ku 1 SPARE
4 [H-OH RINSE STRAGE TAMK | 1 | FRP CAPACITY 30m® LCA
PUMP 2 1 PVC 50/404 2004 /minx20m* X 1.5kw 1 SPARE

FLOW METER
5 |I-E WASTE WATER STRAGE | 1 | FRP CAPACITY 30m® LCA

TANK |

PUNP 2 | pvC 95A% 64 /minx 3kg/em? X 0. 2w 1 SPARE
6 |OH CONC STRAGE TANK 1 | FRP CAPACITY 40nm® LCA
PIMP 2 | PVC 25A% 60 /minx 3keg/cm? X 0. 2kw 1 SPARE
7 |CN RINSE STRAGE TANK 1 .| FRP CAPACITY 30m® LCA
PUHP 2 | FC 507404 % 200¢ /minx 1w x 1. 5kw 1 SPARE

FLOW METER
8 |CN CONC STRAGE TANK 1 | FRP CAPACITY  40n® LCA
PUMP 2 | PVC 954X 6¢ /ninx 3ke/en? X 0. 2w 1 SPARE
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Table 3.5.2. List of equipment (Case~1 & Case~2) (continued)

No. NAME Q'TY | MATERTAL SPECIFICATION RENARK
9 |Cr REDUCTION TANK 1 | SS+R/L CAPACITY 1.50°
AGITATER 1 | SSR/L VERTICAL TYPE 0.75kw
PH CONTROLLER 1 DIPING TYPE
DRP CONTROLLER 1 DIPING TYPE
1 O | PRIMARY DECOMPOSITION 1 | $SR/L CAPACITY 1.5m°
TANK
AGITATER 1 | S54R/L VERTICAL TYPE 0.75kw
PH CONTROLLER I DIPING TYPE
ORP CONTROLLER 1 DIPING TYPE
1 1 | SECONDARY DECOMPOSITION | 1 | SS+R/L CAPACITY 8n
TAHK
AGITATER 1 | ss+R/L VERTICAL TYPE 1.5kw
1 2| REDUCTION TANK 1| ss4R/L CAPACITY 1.50°
AGITATER 1 | ss+R/L VERTICAL TYPE 0.75kw
PH CONTROLLER 1 VERTICAL TYPE 0.75kw
ORP CONTROLLER 1 VERTICAL TYPE 0.75kw
1 3 |FE-CN REACTION TANK 1 | ss+Rr/L CAPACITY 1.5m°
AGITATER 1| ss4R/L VERTICAL TYPE 0.75kw
PH CONTROLLER | 1 VERTICAL TYPE 0.75kw
ORP CONTROLLER 1 VERTICAL TYPE 0.75kw
1 4 | CONTROL TANK 1| SS4R/L CAPACITY 6n®
AGITATER 1 | SSHR/L VERTICAL TYPE 2.2k
PH CONTROLLER ] VERTICAL TYPE 2.2k
ORP CONTROLLER | VERTICAL TYPE 2.2k
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Table 3.5.2. List of equipment

{Case~1 & Case-2)

(cont inued)

- MATERTAL

No. " NAME o TY SPECIFICATION REMARK
1 5 | CONTROL TANK i | SS+R/L CAPACITY 6n®
AGITATER - 1 | SS+R/L VERTICAL TYPE 2. 2kw
PH CONTROLLER 1 VERTICAL TYPE 2. 2kw
ORP CONTROLLER 1 VERTICAL TYPE 2. 2kw
1 6 | FLOCCULATION TANK 1 |8 |CAPACITY 3m®
AGITATER 1 | SUS-304 VERTICAL TYPE 0.75kw
1.7 | SEDIHENTATION TANK 1]8s 7000 ¢ % 3000
PUHP 1 | PCHR/L 40AX 1002 /min 10n* X 1.5kw
1 81{PIT 1 | RC CAPACITY 40m® LCA-
PUNP 1 | FC B0AX700¢ /minx 25m% X 5. 5kw 1 SPARE
FLOW METER
1 O{SAND FILTER 1 {88 28006 X 2000M
20| PH CONTROLLER 1
2 1 |He TOWER 2 | sser/L 2000 X 2000
2 2 | NEUTRALIZATION TANK 1 | SS+R/L CAPACITY 6m®
AGITATER 1 { SS+R/I VERTICAL TYPE 2.2kw

PH CONTROLLER

DIPING TYPE
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Table 8. 5.2, List of equipment {Case-1 & Case-2)

{continued)

No. NAME Q'TY | MATERTAL SPECIFICATION REHARK
2 3 |HONITORING TANK 2 | FRp CAPACITY 30m° LCA
PH RECORDER 1 DIPING TYPE
PUHP 1 | Fc 150/1254 X 4n® /min X 23m™ X 22k
| FLOW METER
PiMP 1 | FC 80/654 X 1m® /min X 28m* % 7. 5kw
FLOW METER
o4 |BACK WASHING WATER PIT | 1 | KC CAPACITY B0n® LCA
PUHP - 2 | FC 404X 1500 /minx 150% X 2, 2kw 1. SPARE
FLOW METER
2 5 ISLULLY TANK 1 | 88 CAPACITY 5m® LCA
AGITATER 1 | sus-304 VERTICAL TYPE 1.5kw
PUNP 1 | rC 1002 /winX 35m% X 3. 7ke
2 6 | DEHYDRATOR 1 FILTER PRESS TYPE
CAPACITY 260¢
2 7| SLUDGE HOPPER 1| ss CAPACITY 2m®
2 8 | SCRUBBER 1 | pvC 300°/min
2 9 | BLOWER 1 | e 50AX 0.9n° /min X 4500mmAq X 2. 2ke
3 0 | COMPRESSOR 1 | fC 145¢ /minx 9.9kg/cn? X 1.5kw
3 1|Ca(0H)~ TANK 1 | ss CAPACITY 6m® LCA
AGITATER 1 | sus-304 VERTICAL TYPE 1. 5kw
PUHP 2 | FCIR/L 40AX 160¢ /minX 20m* X 2. 2k
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Table 3.5.2. List of equipment (Case-1 & Case~2) (continued)

REMARK

No. NAME Q'TY | MATERIAL SPECIFICATION

3 2| NaOK TANK 1] ss CAPACITY 2000 LCA |
AGTTATER i | sUS-304  |PORTABLE TYPE 0.1lkw
PP 1| pve 154%0.1¢ /ninx 10kg/cn®X 0. 2kw

3 3{FeS0.ZnS04 TANK 1| SS4R/L CAPACITY 1o LCA
AGITATER 1| sSeR/L PORTABLE TYPE 0. 4kw
PUHP 1 { e |15A%0.5¢ /minx 10kg/cn? X0, 2kw

3 4 [Naz5:05 TANK 1| sseR/L CAPACITY 1n® LCA
AGTTATER 1| sses PORTABLE TYPE 0.4kw
PUMP 1| pve 154X 1.7¢ /minx 10kg/co? X 0. 2k
PUNE 1| pve 154X 1.7¢ /minx 10kg/cn®X 0.2k

35 | H250% TANK 1| ssR/L CAPACITY 1m® LCA
AGITATER 1 | 5S+R/L.  |PORTABLE TYPE 0.2k
PUMP 1| PVC 154%0.5¢ /minx 10kg/cn?X 0. 2kw
PUNP 1| e 154X 0.1¢ /minx 10kg/ca®X 0. 2kw
PUHP 1| pyc 154% 1.7¢ /minx 10kg/cu? X 0. 2kw
PUMP 1| pe 15AX0.5¢ /minx 10kg/cn? X 0. 2k

36| FK-Flock TANK 1| ss CAPACITY 1 LCA
AGITATER 1 | SUS-304  |PORTABLE TYPE 0.4kw
HOPPOR 1 CAPACITY 30¢ FEEDER 0.08kw
PIMP 1 PVC 25A% 64 /minX3kg/em®x 0. 2kw

37 | Na0CL TANK 1 | R CAPACTTY 60 LA
PUNP 1| eve 254x2.8¢ /minx Ske/en? 0. 2ku
PUMP 1| pyC 154%0.5¢ /minx 10kg/cm®X 0.2k
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Table 3.5.2. List of equipment (Case-1 & Casé~2) {continued)

No. NAME Q'TY | MATERIAL SPECIFICATION REMARK

3 8|HCL TANK i | FRP CAPACITY 6m® LA
PUMP 1| pp 40AX 100¢ /minx 6m*x 0. 4kw

3 ¢ |HC1 SERVICE TANK 1 | SS+R/L CAPACITY 2.50° LC

EJECTOR

40

CONTROL PANEL
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Equipment specifications
Table 3.5.2. shows the equipment list (also serviceable for
Case 1).

.5.4 A Combination of the Reclamation System and the System

Satisfying the Present Effluent Standards (Case 3)

Flow sheet

Fig.3.5.4. and Fig.3.5.5. show the flow sheels of ithe reclama
tion system and the treatment system satisfying the present
effluent standards, respectively.

Layout

Fig.3.5.6. shows the layout of the reclamation system and the

" treatment system satisfying the present effluent standards

{excepting the portlon of two activated carbon adsoption tow-
ers).

Treated quantity

(Wastewater treatment)

Chrome concentrate wastewater: 12m3/day

Chrome semi-concentrate wastewater: 24.8m3/day

Chrome ion exchange resin regeneration wastewater: 0.9m3/day
Acid concentrate wastewater: O.Tms/day

Alkali concentrate wastewater: 0.7m>/day

Acid-alkall semi-concentrate wastewater: 28.4m3/day

Acld-alkall ion exchange resin regeneration wastewater:
12.6m3/day
Cvanide concentrate wastewater: 1.4m3/day

'Cyanide semi-concentrate wastewater: 67m3/day

Cyanide ion exchange resin regeneration wastewater:
0.9m3/day

(Reciamation)

Chrome washing wastewater: 42.6m3/day

Acid-alkali washing wastcwater: 37.2m3/day
Cyanide washing wastewater: 40.2m°/day

(2) Conceptual design
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A, Setting of process conditions

Table 3.5.4. shows the process set conditlions.

Table 3.5.4, Process Condition

Division Process Condition
CN Decomposition ; Alkali-Chlorine
1st Treatment |Cr®' reduction ¢ Chemical Recuction

Waste water
Treatment

Heavy Metal Treatment ; Coagulation-Sedimentation
Acid Alkali Treatment :; Neutralization

2nd Treatment Ion Exchange

Recyeling Process

Ion Exchange

Sludge Treatment

Filter press

o

Equipment specifications

Table 3.5.5. shows the equipment list.

5.5 A Combination of the Reclamation System and the Advanced

Wastewater Treatment System (Case 4)

Flow sheet

Fig.3.5.7. shows the flow sheet of the reclamation system and

the advanced wastewater treatment system.

. Layout
Fig.3.5.6. shows

the 1ayout of the reclamation system and the

advanced wastewater treatment system (also serviceable

Case 3).

. Setting of process conditions

Table -3.5.8. shows the process sel conditions.

Table 3.5.6. Process Condition

Waste water

Division Process Condition
CN Decomposition ; Alkali-Chlorine
ist Treatment C:%* reduction ; Chemical Recuclion

Heawy Metal Treatment : Coagulation-Sedimentaiion
Acid Alkati Treatment ; Neutralization

Treataent
2nd Treataent lon Bxehange
Advanced Treataent Activatt.:d Carbon
Recycling Process jen Exchange
Studge Treataent Filter press
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Table 3.5.5. List of equipment

(Case-3 Recycling system)

No. NAME OTI | MATERTAL SPRCIFICATION REARK
1 |H-DH RINSE STRAGE TANK | 1 | FRP CAPACITY 150° LCA
o |H-0H 1.E WASTE WATER i | P CAPACITY  2n° LCA

STRAGE TANK

3 |H-OK SAD FILTER 1 | SSR/L 800 ¢ X 2000

4 |n-oH Cs TOWER 2 | SS4R/L 400 & X 1500"

5 |H-OH AM TOWER 2 | ssR/L 350 ¢4 X 3000"

6 |H-OH CS BACK WASH 1 | ss 400 & X 1000

7 |H-OH A% BACK WASH TANK | 1 | SS 350 & X 600"

8 |H-OH HCl SERVICE TANK | 1 | PVC CAPACITY 504 LC
9 |H-OH NaOH SERVICE TAMK | 1 | PVC CAPACITY 50¢ LC

10 |H-OH TREATED WATER 1 | mRP CAPACITY 15m® LCA

11 |Cr RINSE STRAGE TANK 1| FRP CAPACITY_150° LCA
12|1-E WASTE WATER STRAGE | 1 | FRP CAPACITY 2n° LCA

TANK

1 3| SAND FILTER 1| sser/L, 800 ¢ X 2000"

1 4|cs TowER 2 | ss+R/L 400 & X 1500"
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Table 3.5.5. List of equipment

(Case-3 Recycling system) (continued)

No. NAME Q'TY | MATERIAL SPECIFICATION REMARK

15 AN TOWER 2 | SS+R/L 350 & X 3000%

16|CS BACK WASH TANK 1 |8s 400 ¢ X 1000*

7 | A BACK WASH TANK 1 | ss 350 6 X 600"

1 8|HCL SERVICE TANK 1 | PYC CAPACITY 500 LC

19| NaOH SERVICE TANK 1 | PVC CAPACITY 50¢ LC

2 O | TREATED WATER 1 | BRP CAPACITY 15m° LCA

2 1 |CN RINSE STRAGE TANK 1 | FrP CAPACITY 15m® LCca

2 2{1-E WASTE WATER STRAGE | 1 | FRP CAPACITY 2m° LCA
TANK

2 3| SAND FILTER 1 | SS#R/L 8004  2000"

24|CS TOWER 2 | SSHR/L 400 6 > 1500 o

2 5 | AM TOWER 2 | SR/ 3504 X 3000

26 |CS BACK WASH TANK | i [ ss 400 @ x 1600"

27 | AN BACK WASH TANK 1| ss 3504 % 600

2 8 |HCL SERVICE TANK 1 | pvC CAPACITY 50¢ LC
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Table 3.5.5 List of equipment

{Case-3 Recyeling system) (continued) -

No. NAME oIy MATERIAL SPECIFICATION REMARK
2 9 |NaOH SERVICE TANK 1 | PYC CAPACITY 50¢ LC
3 O | TREATED WATER 1 | FRP CAPACITY 15m® LCA
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3.5.8 The

Reclamation

(Case 5}

Flow sheet

Fig.3.5.8. and Fig.3.5.9.

System

and

the Closed Wastewater System

show the flow sheets of the reclama-

tion system and the closed wastewater system, respectively.

B. Setting of process conditlions
Table 3.5.7 shows the process set conditions.

Table 3.5.1.

Process Condition

Pivision

Process

Condition

Waste water
Treatment

1st Treatment

CN Decomposition
Cr®t reduction

Heavy Metal Treatment ;
Acid Alkali Treatment ;

Alkali—Chlorine

Chemical Recuction
Coagulation-Sedimentation
Neutralization

2nd Treatment

Ton Exchange

Recyceling Process

lon Exchange

Sludge Treatment

Filter

press

Desalination Procedd

Drying

Concentration

Evaporating Concentration
Drum Dryer
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3.6 Economic Feasibility of the Optimum Systems
3.86.1 Construction Cost
The fTollowing cost calculation are based on 1982 prices.

Table 3.8.1. shows the construction cost of a treatment
system satisfies the present effluent standards (Case-1), an ad-
vanced CODR componént treatment system (case-2) and a combination
of the reclamation system and the wastewater treatment system

satisfying the present effluent standards.

The construction cost of a combination Qf the reclamation
system and the advanced COD component treatment system, called
Case 4, is about 1466 million wons, and that of the closed waste-

water treatment system called Case 5 is about 314 million wons.

Table 3.6.1. Items of Construction Cost

(Million Won)

CASE-1 CASE-2 CASE-3
(1) Civil & Architeectural ¥Work - — i:_

(2) Machinery & Equipments 276 295 322
(3) Electrical Work 553 595 834 -W

(4) Piping Work . | 60 64 70

| (5) Test Working & Others w0 ‘0 ‘0

(Sub-total) 919 979 1,266

(6) The others 138 147 190

{Total) 1,067 li{ggm_ 1,156

Plottage (m<) aéo 820 913

( ) i occupied for Control Room |  (120) (120) (120)
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3.8.2 Operation Cost

Table 3.6.2. shows detalls of unit prices of utilities such
as chemicals used and labor costs for the calculation of opera-
ticon costs.

F3.6.2. Unit Cost of Chemicals

ITEM . CONDITION COST

1. Ca{0H): 1009% (solid) 100 ¥on/keg

2. Naol 100% (solid) 500 Won/kg

3. FeSO04:THo0 100% (solid) 210 Won/kg

4.‘En804-7H20 100% (solid) . £50 Won/kg

5. Na2S20s 1009 (solid) | 1,250 Won/kg

6. H2504 | 100% (liquid) 85 Won/kg

7. Polymer Coagulant 100% (solid) 8,930 Won/kg

8. NaOCl . _1296(quuid). 115 Won/kg

9. HC1 35% (liquid) 90 Won/kg

10, Activated Carbon 100% (solid) 1,600 ¥on/kg

11. Civil Water 450 Won/n’

12. Cost of Sludge Disposal 100 Won/k¥W

13. Power 60 ¥on/kW

4. Steam 2,240 Won/t

15. Man Power Manager 23,0600 million ¥on/y
Engineer 16,000 million Won/y
¥orker 11,000 million Won/y

(1) one year = 300 days |
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Next, Table 3.6.3. shows dally consumption of each of the
above items for each Case, 1 through 5.

Table 3.6.4. shows operation costs of Toe Cases 1 through 3
clasified as (1) Chemicals, (2) City Water, (3) Electric
Power, (4) Sludge Disposal and (5) Labor.

Similarly, the operation cost for Case 4 is about 143.6

million won per year and about 152.2 million won for Case 5.

Table 3.6.3. Unit cost of chemicals

['TEM Case-1 Case-2 Case-3 Case~4 Case-5
1. Ca{oH): 136. 4 keg/d 136.4 kg/d 136.4 ke/d 136.4 kg/d 136.4 xe/d
2. NaOH 16.9 keg/d 16. 8 kg/d 16.9 k.g/d 16.9 kgfd - 16.9 kg/d
3. FelS04+THz0 2 ke/d 2 kedd z2 ke 2 kedd 2 ke/d
4. InS04-TH20 4.2 kg/d 4.2 kg/d 4..2 ke/d 4.2 kg/d 4.2 ke/d
5. NazS20s . 92.9_ kg/d 92.9 keAd 92.9 kg/d 92.9 kedd 92.9 ke/d
6. H2S04 21. 9 kg/d 21.9 kg/d 21.9 kg/d 21. 9 kedd 21.9 ke/d
7. Polymer Coagul;mt 0.4 kgAd 6.4 kg/d 0.4 kg/d 0.4 kg/d 0.4 keg/d
8. NaOCi . - L9 kA 1.309  kg/d 1,308 kg/d | 1,309  keAd 1,30%  Xg/d
9. HC1. 67.5 ke/d 67.5 kg/d 67.5 kg/d §7.5 kegAd 61.5 kefd
10. Activated Carbon 61.5 kg/d 61.5 kg/d
11. Civil Water 5 mf'/q 5 n'/d " 5 n*/d 5 wiAd 5 mi/d
12. .Cost of Sludge Disposal 430 ke/d 430 kg/d 430 kg/d 430 kgAd 430 keg/d
13." Power 480 KW/d 480 k%’/d 480 kW/d 480 KwAd 480 _Rﬁ.Y/d
{14, Stean 20 wd
15. Man Power Manager 0.5 Man/d 0.5 Man/d 0.5 Man/d 0.5 Man/d 0.5 Man/d
Engineer 0.5 Man/d 0.5 Man/d 0.5 Man/d 0.5 Man/d 0.5 Man/d
¥orker 1 Man/d 1 Man/d 1 Man/d 1 Man/d 1 Man/d
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#3.6.4.

Operation Cost

(Million Won)

CASE-1 CASE-2 CASE-3

(1) Chemicals 88. 2 117. 7 90.8
{2) City Water 0.7 0.7 0.1
(3) Electrical Power 7.2 1.2 8.6
(4) Studge Disposal 12.9 12.9 12.9
(Sub-total) 109.0 158.5 113.0
(5) Labor 30.5 30.5 30. 5
(Total) 139.5 169.0 143.5

Unit Water (Won/m?) 2,825 2,817 2,892
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3.7 Matters to be Considered for the Determination of the Opti
mum System

For selecting the optimum system, it is necessary to review
the plating processes in each plating factory and study for
rational water wusage and pollution load reducing measures.
Therefore, material balance of the plating industrial estate
concerning water and wastewater should be prepared. It is impor-
tant to study for wastewater treatment and reclamation taking
into acd¢count the future plans of the plating industrial estate
about the water quality, effluent standards for final discharge,
wastewater treatment cost, tap water supply cost, ete.

When the optimum system is selected and implemented, it is
essential that each plating Tactory located in the plating indus-
trial estate should be well familiarized with the principles,
design conditions, ete. of the optimum system;

That is, when each plating factory discharges wastewaters,
it 1Is essential that classification of wastewaters is positively
carried out. Even if one of these plating factories does not
follow 1t, wastewater treatment may become impossible. In the
case of the wastewater reclamation equipment, 1if the wastewater
as the raw water TfTor reclamation contains a high concentration
wastewater component, the reclamation c¢ost becomes very high.
This 1is a problem. When the reclamation equipment uses ion
exchange resins, it is economical that the salt concentration in
the wastewater should be below 1 epm (ion equivalent).

If any plating factory uses cleaning liguors, stripping
1iquors, ete. containing chelating agents, or uses non-electro-
plating liquors when COD treatment 1is difficult with ordinary
treatment systems, it is rational that the plating liquor should
be discharged at a small rate when it is renewed, or batchwise
treatment should be applied separately.

Although the proposed optimum system is operated by automa-
tion operation, the operating conditions should be found by the
operators In the field. Various chemicals are used in oxidation
of cyanides, reduction of chromium or neutralization of heavy
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metals. ‘The equipment operation should be done with minimum con-
sumptions of these chemicals. To this end, it is important to
determine set values of pl, ORP, chemical feed rates, ete, prop-
erly through the daily operation and control. _

Reclaimed water is recycled water, and therefore, unexpected
substances 'such as additives to the plating liquor may be accumu-
lated in it. In order to avoid these accumulated substances from
affecting the finishing of plating, it is necessary to take care
from time to time. A portion of the recycled water should be
discharged for use in dissolving the chemicals to be fed into
cach reaction tank or the chemicals to be used for regeneration
of ion exchange resins, and tap water be supplied as make-up
water.

In the water analysis of the wastewater to be received,
wastewater to be finally discharged and the reclaimed water,
necessary analytical items should be selected 1in  additlon to
those specified in the effluent standards. This is because the
water quality 1Is represented by the analytical items.

‘Daily reports, weekly reports, monthly reports, yearly
reports, ete. for the treatment facilities should be kept, as
they may be useful in solving any problem arising from operation
and/or maintenance of the central wastewater treatment plant.

Next, Table 3.6.3. shown daily consumption of each above
items for each Case, 1 through 5. _

Table 3.6.4. shows operation costs for Cases 1 through 3
classified as (1) Chemicals (2) City Water, (3)Electric Power (4)
Sludge Disposal and (5) Labor. '

Similarly, the operation cost for Case 4 1is about 143.86
million won per year and about 152.9million eon for Case b.
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4 Financial and Economic Analysis

4.1 Total Capital Requlrements and Operating Costs
4.1.1 Major Assumptions for Estimation

(1) Date for base cost estimation

This Tinancial analysis is made on a fixed-price basis at the end
of 1992. Thus, all of Investment costs are also estimated at the
price level of that time.

{2) Utilization of 1ocal currency

Total capital requirements and operating costs are assumed to be
secured from local financing sources. Therefore, in this study,
the foreign portion is not due 1In consideration for cost estima-
tion. Won 1s used as the standard currency. Japanese yen 1s
converted into won by the following fixed exchange rate, if
needed. :

One won = 0.157 Japanese yen
4.1.2 Items of Capital Investment
The estimated capital requirement covers following items.

(1) Plant construction cost
(2) Preoperational expenses
(3) Interest during construction

Land acquisition cost is optionally included for the financial
analysis in the sub-section below although this cost is excluded
from the costs estimation according to the Inception Report.

4.1.3 Plant Construction Cost

Plant construction costs are shown in Table 4.1.1 for only three
cases, which are defined in Chapter 3. ( The system for waste
water treatment with the treatment level of existing standards is
defined as Case 1. The system for waste water treatment with the
treatment level of high reduction of COD is as Case 2. The system
for waste water treatment and recycling with the treatment level
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of existing standards is as Case 3.) The details of costs estima-
tion are alsc shown in Chapter 3.

Tablie 4.1.1 Construction Cost :
Unit: million won

Case 1 Case 2 Case 3
Civil and architectural work - - -
Machinery and equipments 317 339 ' 370
Flectrical work 636 6879 959
Piping work 59 T4 81

Total S 1,022 1,001 1,410

4.1.4 Preoperational Expenses

As preoperational expenSes, cost in test runs is estimated. This
cost covers initial charge of utilities and relevant consumables
such as chemicals and spare parts for replacements{ which are
required during the test operation. The estimated costs are 34.5
million won for Case 1 and Case 2, and 46.0 million won for
Case 3.

4.1.5 Interest during Construction

Interest during construction is calculated on the debt pOrfion of
disbursed capital expenditures (long term 1loan) for the period
from such disbursement time through the end of completion date of
the plant. The capital expenditures in the debt portion are
assumed to be disbursed at two times equally. The first half is
disbursed at the beginning of the year and the second half is
schedunled to be disbursed at the middie of the year. As a re-
suit, the total amount of interest during construction is 39
million won for Case 1, 42 million for Case 2, and 54 million for
Case 3. The interest rate is 7 perceéent in year.

4.1.6 Total Capital Requirements

Total caplital requirements are summarized in Table 4.1.2. Option-
ally, the land acquisition cost is included in the table. This
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cost is assumed to be 451 million won for Case 1 and Case 2 at
820 m? and 502 million won for Case 3 at 913 m2. These amounts
are based on the actual purchase price of the plating industrial

estate in Inchon City. Unit price is set at 550,000 won per mz.

Table 4.1.2 Total Capital Requirements _
Unit: million won

Case 1 Case 2 Case 3
Construction cost 1,022 1,091 1,410
Preoperational expenses 35 35 46
Interest during construction 39 42 54
Total (1) 1,098 1,168 1,510
Land acquisition cost 451 451 " 502
Total - (1)+Land acquisition cost 1,547 1,819 2,012

4,1.7 Operating Costs and Expenses

(1) Variable operating cost

This cost covers chemicals, water, utility (electricity) and
disposal cost of sludge are Included. The cost is summarized in
Tablie 4.1.83. Details are discussed in Section 6 of Chapter 3.

(2) Fixed operating cost

Fixed operating cost consists of 1labor cost and maintenance
cost. Labor cost is assumed to be 30.5 million won per year for
each case. Details are shown in Chapter 3.

- On the other hand, annual maintenance cost. is estimated as 1.0

percent of the construction costs through out the project 1ife
period. The cost 1s summarized in Table 4.1.3.
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Table 4.1.3 Operating Costs
Unit: million won

Case 1 Case 2 Case 3

Variable operating cost
Chemicals 88.2 117.7 90.8
Water 0.7 0.7 0.7
Utility (electricity) 7.2 T.2 8.6
Disposal cost of sludge 12.9 12.9 12.9
Sub-total 109.0 138.5 113.0
Fixed operating cost
Labor cost : 30.5 '30.5 30.5
Maintenance costs 10.8 11.3 14.6
Sub-total 41.1 41.8 45,1
- Total 150.1 180.3 158.1

4.2 Financial Analysis
4.2.1 Basic Assumptions and Premises

For the purpose of the financial calculations, the following
basic premises are applied.

{1) Project 1life and plant cperation

{(a} Project 1life ; construction period : 1 year

; operating period : 15 years
{b) Implementation body : Non-profit industrial cooperative
(c) Waste water treatment capacity : 60,000 m3 per year
{d) Volume of recycling water : 30,000 m3 per year (Case 3)
{d) Annual operating days 1 300 days :
(e) Annual operating hours : 2,400 hours (8 hours per day)

(2) Escalation of costs and prices
All costs and prices used in the financial analysis are assumed

to be fixed in the end of 1992, and no escalation factors are
applied.
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{3} Corporate 1ncome tax
Corporate income tax will be 1mposed at a rate of 10 % of taxable

income. This preferential rate is provided to an operator of
environment protection facilities under the regulation.

(4} Deprecliation and amortization

Depreciable assets are assumed to be depreclate as follows.
(a) Mode : Declining balance method
{(b) Period : 1B years

{(c) Salvage value : 10 percent

Also, interest during construction are amortized for five years
in the declining balance method. '

4,2.2 Finanéial Plan

(1) Debt-Equity ratio

Total capital requirements and operating costs are assumed to be
financed locally. An equity portion is assumed to be 30 percent
for the total capital requirements. On the other hand, a portion

by a long term loan 1s assumed to be 70 percent of them.

Unit: million won

ratio Case 1 Case 2 Case 3

Equity 30% 329 350 453

Debt (long term loan) T70% 767 817 1,057
Total 100% 1,096 1,168 1,510

(2) Financing sources

A long term loan is assumed to be availabie from the Environmen-
tal Management Corporation and other the public funds. Since the
maximum amount of the loan for the environmental protection
facilities, which is operated by an industrial cooperative, from
the  Environmental Management Corporation is 500 million won,
the loan from other publlic funds will be needed.

2 —159



{3) Financing terms for long term loan

Financing terms for long term loan are assumed as follows. These
terms are based on the Environmental Management Corporation's
loan conditions.

Amount of loan : as shown in the above table
Interest rate ¢ T percent per year

Grace period ! 3 vears

Installment period : 7 years

Installment term : equally divided in 7 years

(4) Financing terms for short term loan

Whenever a deficiency in the annual cash flow arises during the
operating period, a short term loan from local financing institu-
tions (commercial bank or others) is assumed to be made avalilable
at an annual interest rate of 12 percent. The full amount will bhe
repaid in the year subsequent to the year when the loan is made.

4.2.3 Method of Financial Analysis
(1) Fixed profitability

In this financial analysis, emphasis 1is laid on whether or not
the price of the discharged fee.  of waste water calculated based
on the fixed level of Financial Internal Rate of Return on
Investment (FIRROI) is viable. This means the price level of the
fee 1is calculated in order to attain the target FIRROI. The
applied rate is 10 percent.

The rationale in this method is as follows.

(a) Revenue for the implementation body is only the discharged
fee of waste water from individual plating factories. That is to
say that the profitability of the cooperative depends on the
price 1evel of the fee. '
(b) The price level of discharged fee of waste water is not
totally controlled by the government. Therefore, the price level

is not decided as the exogenous factor.

{c) 8Since this project is a conceptual design, it is worth to
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show the viable price level of the discharged fee rather than the
profitability.

(d) The fixed rate at 10 percent 1s mainly based on the interest
rate of the preferential loan to private industries by public
institutions, This rate is applied because the implementation
body 1s assumed to be a non-profit cooperative although the rate
is below the market rate in local commercial banks (12 - 13
percent per year).

{2) Internal Rate of Return (IRR) as applied indicators

In this analysis, two types of IRR are applied. One is Flnanclal
Internal Rate of Return on Investment (FIRRQI) and the other 1is
Financial Internal Rate of Return on Equity (¥IRROE).

FIRROI is an indicator of the profitability in the total invest-
ment of the projJect. The total capital requirements except inter-
est during construction, revenue, and operating costs in cash
flow statements are components for calculating this 1ndicator.
The interest and repayment of debt is not included.

FIRROE, on the other band, indicates the profitability of invest-
ed own funds (equity) in the project. Thus, this rate depends on
finanecing conditions (interest, repayment amount and so on) as
well as the total capital requirements, revenue, and operating
costs. '
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4.2.4 Results of Financilal Analysis
{1) Projected price of the discharged fee

The levels of the discharged fee in order to attain the target
FIRROI (10.0 %)} for three cases are shown below. The levels of
the fee for the case with land acquisition cost are also present-
ed.

Case 1 Case 2 Case 3
FIRROI . 10.00 10.00 10.00
FIRROE 12.02 12.04 12.02
Price of Fee 4,763 5,415 5,750
(won per m3)
FIRROI - 10.00 10.00 10.00
(cases with Land Acquisition Cost) _
Price of Fee 5,751 6,165 6,588

(won per m3)

According to the interview to "S§" company at plating industrial
estate in Inchon City, the discharged fee from individual facto-
ries is about 13-14 thousand won per m3 in 1992, When compared
with this price level, the projected fee levels are rather low.

(2) Financial projections

Based on the above assumptions and conditions, the TOllowing
financial projections are prepared for three cases.

(a) Income Statements
{b) Cash Flow Statements
(c) Production Cost Statements

Income statements and Cash Flow Statements are shown in Table

4.2.1 - Table 4.2.3. Production cost statements are shown in
Table 4.2.4 - Table 4.2.6,
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According to the cash flow statements, the implementation body
can retain the cash increase of approximately 125 million won per
yvear for Case 1, 130 million won for Case 2 and 170 million won
for Case 3 respectively from 10th year to 1bth year. Therefore,
if the levels of the fee (revenue) can be changed in acccordance
with "one year budget" basis, the unit price levels of the fee
{per m3) can be decreased from 4,763 to 2,680 for Case 1, 5,415
to 3,250 Tor Case 2, and 5,750 to 2,920 for Case 3, respectively,
in 10th - 15th years.

The cash flow statements do not show the needs of the short term
loan. Conditions of long term debt (3 year's grace period and 7
vear's installment) could hedge the shortage of cash.

RBased on the production cost statements, the averages of unit
production cost are 3,925 won per m3 for Case 1, 4,523 won per m3

for Case 2 and 4,597 won per m3.
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4.2.5 Ratlo Analysis

The results of conventional ratio analysis are shown in Table
4.2.7 - Table 4.2.9. The definitions of financial performance
indicators are summarized below.
(a) Profit on Sales Revenue

Net profit {after tax) / Operating income {Revenue)
(b) Profit on Equity

Net profit (after tax) / Equity
{(c) Debt Service Coverage Ratio

(Net profit+Depreciation+Interest)/(Repayment+Interest)

(d) Break Even Revenue (B.E.R, Profit)

-

i

(FOC + DP + Interest)/ (1 -~ ( VC / Revenue ))
B.E.R / Revenue

o m

B.E.R
B.E.P

it

{e) Break Even Revenue (B.E.R, Cash)

B.E.R = (FOC + Repayment + Interest)/ (1 - ( VC / Revenue ))
B.E.P = B.E.R / Revenue
where,

B.R.I* = Break Even Point Ratio

FOC = Fixed QOperating Cost

VG = Variable Operating Cost

DP = Depreciation and Amortization
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4.2.6 Sensitivity Analysis

Sensitivity analysis 1s conducted in two ways. The first one is
‘to see the wvariation of the discharged Tfee (revenue) through
fluctuating the construction cost and the operating cost. on
condition that FIRROI keeps at 10 percent. These results are
shown in Table 4.2.10 and Fig.4.2.1. According to the results,
the operating cost is more sensitive than the construction cost
in Case 1 and Case 2. On the other hand, the construction cost is
more sensitive In Case 3.

Table 4.2.10 Sensitivity Analysis (1) (FIRROI = 10 %)

Unit: won per m3

Construction Cost Operating Cost

(Case 1)

=20 4,311 4,283

-10 . 4,537 4,514

0 (Base) 4,763 4,783

+10 4,990 5,014

+20 5,218 5,264
{Case 2}

-20 4,932 4,814

~10 5,174 5,114

0 (Base) 5,415 5,415

+10 5,655 5,715

+20 5,896 6,015
{Case 3)

-20 5,127 5,223

-10 5,439 5,488

0 (Base) 5,750 5,750

+10 6,062 6,014

+20 6,374 68,277
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Fig.4.2.1 Sensitivity Analysis (1)
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Another way to analyze sensitivity is to see the wvariation of
FIRROI through fluctuating construction cost, operating cost and
revenue. The results are shown in Table 4.2.11 and Fig. 4.2.2.
The most sensitlve factor to influence FIRROI is the variation of
the revenue (operating income). A ten percent drop in revenue
will cause 3.64%, 3.89%, and 3.17% decrease of FIRROI for Case 1,
Case 2 and Case 3, respectively. The increase of the operating
cost also influences FIRROI in Case 2 in particular.

Table 4.2.11 Sensitivity Analysis (2)

Unit: percent(FIRROI)

Construction Operating Revenue
Cost Cost

{(Case 1)

~20 13.99 13.54 2.33

-10 11.80 11.80 6.36

0 {(Base) 10.00 10.00 10.00

+10 8.46 8§.12 13.38

+20 T.14 6.17 16.58
(Case 2)

-20 14.00 13.98 1.76

-19 11.81 12.03 6.11

0 (Base) 10.00 10.00 10.00

+1.0 B.47 T.89 13.60

+20 7.15 5.66 17.01
(Case 3)

-20 13.99 12.73 3.38

-10 11.80 11.38 6.83

0 {(Base) 10.00 10.00 _ 10.00

+10 8.46 8.57 12.97

+20 T.15 7.10 15.80

2 —176



=D AC e

-

R e OO e

— ey —n

o

Sensitivity Curve Plating Industry ¥aste Water Trcatment

(Case 1)

10 20

o
ES)

!
~
=)
=

9

8

7

6 -

5 0

4 -
o : :

3 T T T T T
-20 -1 0 . 10 20

Increase/lecreage of Cost/Kevenue (%)

0 Construction Cost + Operating Cost ¢ Revenue
Fig.4.2.2 Sensitivity Analysis (2}
2 —171




4,3 Economle Analysls

Whereas financial analysis focuses primarily on market prices and
cash flows, economic analysis should include the benefits and the
costs of the effects that the project have on the environment.

However, the direct loss or damage to the environment in the
Study Areas and the vicinity is not seen in this project because
this 18 a conceptional design. As a result, the benefits based on
market wvalues can not been identified quantitatively except
recycling water produced in Case 3. In this economic analysis,
therefore, the introduction of generally applicable methods,
the benefits of recycling water 1In Case 3 and the qualitative
socio~economic impacts are discussed. The Economic Internal Rate
of Return (EIRR} is not calculated.

4.3.1 Generally Applicable Techniques for the Analysisl

Three sets of valuation techniques using market prices, which are
those of straightforward beneflit-cost analysis, are used in
common in the economic analysis on the environmental project. The
first one deals with changes in production and the value of
output. The second one is the loss of earnings approach. And, the
third one is the opportunity cost approach.

The techniques using changes in productivity are direct exten-
sions of traditional henefit-cost analyses. Physical changes in
production are valued using market prices for inputs and ocutputs.
(example: Untreated effluent, with a high BOD content, polluted
waters and then affected the productivity of a downstream fish-
ery.)

The "loss of earning” technique is to estimate the lost earnings
and medical costs that result from the environmental damage
caused by a project. (example: an urban water supply project
which reduces the incidence of diarrhea)

The opportunity cost approach 1is based on the concept that the

1.The contents of this sub-section is mainly relied on "Economic
Analysis of the Environmental Impacts of Development Projects" by
the Asian Development Bank in 19886.
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cost of using resources for unpriced or unmarketed purposes can
be estimated by using the forgone income from other uses of the
resources as a proxy. Thils approach is a way of the measuring the
"cost of preservation". (example: preserving land for a national
park rather than harvesting its tree for timber)

4.3.2 Benefits of recycling water

In Case 3, 30,000 S of recycling water 1s annually produced.
This recycling water is the benefit under the change-in-produc-
tion approach, which is discussed before. The benefits from the
recycling water are calculated based on the alternative resource
saved by avolding the needs to provide clean water {presumably
least costly). Thls means that the production costs on the equal
amount of water supply is the benefit for recycling water. Since
the unit cost of water supply is 288 won per m3 according to the
data for water production in Inchon area, the total savings
(benefits) amount to 8.05 million won per year although this is
very small compared with the total cost for the treatment plant.
Since recycling water is not produced from Case 1 and Case 2, the
savings for these two cases can not be calculated.

4.83.3 Socio-economic Impact Consideration

Industrial development {such as plating industrial estate) 1in
general tends to cause the damage to the environment through the
linkages. The development causes physical changes in water, air,
s0il and so on in terms of temperature, dissolved oxygen, nutri-
ents, salinity, siltation, solid wastes and sc on. These changes
result in ecological changes such as bliological displacement,
change in species composition, lowered specles diversity, repro-
duction failure, and so on. Then, these have the socio-economic
consequences such as reduced incomes for Tishermen and farmers
through the reduction of the productivity, increased underemploy-
ment and unemployment, and increased Incidence of human disease.
These linkages are shown in Fig. 4.3.1.

Specifically CN, Cu, cr*® and other heavy metals in the waste
water from plating industries may cause the following environmen-
tal effects.

(a} Fish and other animals Iin the water near the plating indus-

trial estate may be contamlinated by poiscnous heavy metals
and incidence of human disease may be increased through a
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Development Activitics Socio-economic Consequences

Industrial Development Reduced Incomes for Commercial
Heavy Industry and Artisanal Fishermen
Others Reduced Export Earnings Polentiatl

Increased Underemployment and
Unemployment in Rural Areas

Increased Incidence of Human
Disease
Physical Change Beological Consequences
|

Water Pollution Biological Displacement
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Note: This diagram is mainly transformed from Table 1 in "Bconomic Analysis of

the Environmental Impacts of Development Projects” published by ADB in
1986. ' '

Fig. 4.3.1 Linkage between Development Aclivities and their Consequences
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food cycle.

{b} The water supplies used both by people and by animals may be
contaminated and the cost may be incurred in replacing the
water from other sources.

{c) Additional water-treatment measures (including sewerage) may
be needed by downstream users.

Therefore, the proposed project on the waste water treatment
plant for plating industries is highly valuable 1In terms of
protection of the environment, although a "with-and-without-
project framework"” is not simply applied to this project since
the Korean Government has stringent standards for effluents.
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