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Preface

In response to a request from the Government of the Republic of
Korea, the Covernment of Japan decided to coduct a study on
"The Industrial Waste Water Treatment and Recycling Project and
entrusted the study to the Japan International Cooperation Agency
(JICA). |

JICA sent to Korea a study team headed by Mr.Totarc Goto, Water

Re-~Use Promotion Center, four times between March 1990 and May 1993.

The team held discussions with the officials concerned of the
Government .of Korea, and conducted field surveys at the study area.
After the team returned to Japan, further studies were made and the

present report was prepared.

I hope that this report will contribute to the promotion of the
project and to the enhancement of friendly relations between our two
countries.

I wish to express my sincere appreciation to the officials
concerned of the Government of Korea for their close cooperation

extended to the team.

August, 1993

Kénsuke Yanagiva

PreSident

Japan International Cooperation Agency
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I. Introduction

1.1 Background

At the outset of its first five-year plan in 1962, the
Republic of Korea shifted its economic policy from import to
export and has since registered remarkable economic growth.

However, this rapid cconomic development was accompanied by
undesirable conscquences such as énvironmental pollution and the
destruction of nature, to the extent that environmental destruc—
tion due to industrial wastewater has now emerged as a serious
gocial problem In some parts of the country.

In addition, it is predicted that shortages of water re-
sources and land subsidence are likely to occur as a direct
result of this rapid economic development.

Under these circumstances, the Korean Government made a
request to Japan to carry out an investigation concerning indus-
trial wastewater treatment and reclamation, and this forms the
background to this Study.

In response, JICA dispatched its first study team to Korea
in December 1990 to discuss the matter with the Korean counter-
parts. Consequently agreement was reached on the content of the
Study, and the scdpe of the work was prepared.

On this basis, JICA formed another study team in March 1891
and conducted first step field stage, which identified some
circumstantial difficulties for the investigation of the dyeing
industrial estate in Taegu, previously agreed to be as a desig-
nated site.

In August 1991, the Korean counterparts communicated their
desgsire to change the sﬁudy site to Banwol Dyeing Industrial
Estate so as to readjust to this new development. JICA agreed,
after dispatching its second study team to Ansam City in December
1991 to gain first-hand information on the proposed industrial
eslate. '



1.2 Study Site and Objectives

1.2.1 Study Slte

The Study is conducted covering the following industrial

estates and Industries:

(1} Industrial Estates

1)
2)

A small-scale plating industrial estate in Tnchon
A dyeing industrial estate within the Banwol industrial es-
tate

(2) Iﬁdustries

1)
2)

Electro-plating
Dyeing

1.2.2 Objectives of the Investigation

Based on the matters agreed on between the two countries,

the objectives of the Study were set as follows:

1)

2)

3)

To investigate the present state of the wastewater treatment
facilities at the two industrial estates to be covered by - the
study, point out any identified problems, and put forward
solution'options to improve .the situation.

To determine optimum wastewater treatment and reclamation
systems for model electro-plating and dyeing industrial es-
tates 1in Korea, by regarding the above 1Industrial estates as
such, so that the results of the Study, conducted as a mere
case study, can be generalized to all industrial estates in
these respective industries. _ .

To prepare guidelines for wastewater treatment and reclamation
in the two industries based on the study results.

In the course of the Study, relevant technologies were to be

transferred to the counterparts,



1.3. Content of the Study
1.3.1 Principles of the Study

{1) Reduction of wastewater loading

(2) Investigation of the present state of water balance at
factories

(3) Selection of wastewater treatment processes

{4) Introduction to Japanese wastewater treatment and reclama-
mation system

(5) Survey of individual factories at each industrial estate

(6) Preparation of guidelines  for wastewater treatment and re-
clamation

{7) Technology transfer

1.3.2. Prepafation for the Study

To carry out the Study, a team of experts was formed as
shown in Table 1.3.1. KIST members also taking part are shown in

Table 1.3.2.
1.4 Tmplementation of the Stﬁdy

The work was executed in accordance with the flowchart shown
in Figure 1.4.1., while the schedule of work done is shown in

Figure 1.4.2,



Table 1.3.1  Study Team Members and Their Assignments (1/2)}

Name Function Assignment

Totaro GOTO Team Leader Overall management and Coordination
(verall Management Home office Work:
Items described above
Field work:
Negotiation with counterparts
Control of study team

Shigeru HASEBA Sub-Leader Water treatment technology
Water Treatment Home office work: :
Technology Summarization of field study results
Field work:

Colliection of information and data,and
summarization of field study items

Naoto HASHIMOTO Plant Designing Study on waste water treatment and
recycling facilities
Home office work:
Items described above
Field work:
Items described above -

Yoshihiro TANAKA  Water Analysis Inorganic water Analysis
Study on waste water treatment facili-
ties of electro plating process plant
designing
Home office work:
Items described above
Field work:
Inorganic water analysis
Study and analysis of waste water
treatment of electro plating process

Tetsuya HIRAMATU Study on related Summarization of Japanese waste water
Technologies treatment technologies
{(Home office work only)

Yosihiko KUBO Study on related Summarization of Japanese waste water
Technologies treatment technologies
{(Home office work only)

14



Table 1.3.1 Continued

{2/2)

Name

Function

Asslgnment

Sueo NAGASAWA

Water Analysis

Organic water analysis
Study on waste water treatment facili-
ties of dyelng process
Home office work:
Items described above
Field work:
Organic water analysis
Study and analysis of wasle water
treatment of dyeing process

Manabu FUJIKAWA

Socio-Eceonomic
and Financial
Analysis

Compilation of socio-economic and
financial analysis of waste water
treatment systems
Home office work:
Socio-economic and financial
analysis based of field study results
Field work: ;
Study on items required for
economic and financial analysis

socio-

Tetsuo FUJIOKA

Study on related
Technologies

Summarization of Japanese waste water
treatment technologies
{Home office work only)

Tatsuji OKADA

Water treatment
Technologies

Study and plant designing of waste water
treatment and recycling facilities of.
dyeing process
Home office work:
Items described above
Field work:
Study and analysis of waste water
treatment of dyelng process




Table 1.3.2 List of KIST Staff

Name Title Division
Yon~Hoon Park, Ph. D. Director Division of Environment &
Welfare Technology
Kil-Choo Moon, Ph. D. Director Environment Research Center
Kyu-Hong Ahn, Ph.D. Professor Environment Resecarch Center
Daewon Pak, Ph. [. Environment Research Center
- Environment Research Center

Kyung-Guen Song




Japan International
Cooperation Agency

(JACA)

Submission

Submission of Final Report

Commission

Study Team

Preparatory Office Work
Assistance ™
5 E oo Counterparts
1st Step Field Work  |-------- o
Ist Step 0ffice Work K : 0 %)
E : Factory, ete.
! ! to be surveyed
nd Step Field Work  {---------- ' '
Questionnaires E
Ind Step 0ffice Work |
—__ Assistance
3rd Step Field Work
¥isit
(D Distribution of Questionnaires
Ird Step Office Work -
@ Collection of Questionnaires
Presentatioh of Discussion
Draft inal Report Comments

Presentation of

Final Report

Fig. 1.4.1 Flowchart for the Study
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I1. Plating Industrial Estate






II Plating Industrial Estate

1. Condition of the Industrial Estate
1.1 Outline of the Industrial Estate

The plating industrial estate, being run by 8§ Co., Ltd., is
situated at'the western verge of Inchon City. Business places
which have joint wastewater treatment plants in this estate are
Business Place No.1 and Business Place No.2.

(1) Location of the each of the business places mentioned above
is shown in Fig.1.1.1. and is as follows:
Business Place No.l: 178-35 Ka Jaw bong, Suh Ku Inchon
Tel: 032-575-7438,9
Business Place No.2: 223-42 Suk'Nam'Dong, Suh Ku Inchon
Tel: 032-573-7250, 7260

{(2) Scale of the plating industrial estate

Business Place No.2 has a total site area of about 4600m?
and in this site area, a 3-storied building occupying a site
of about 1200m%, a 1-storied plating factory occupying a site are
of about 780m2. and a joint wastewater treatment plant occupying
a site area of about 460m%, The 3-storied building is of apart-
ment type. Plating Factories of 23 companies in total are locat-
ed in this building; 10 companies on the first floor and 13
companies on the second fleocor. The third floor is occﬁpied by an
office room .and a testing and analysis room, The 1l-storied
buiiding accommedates plating factories of 8 companies. The
wastewater from each of these plating factories is discharged
into the = joint wastewater treatment plant and the effluent from
the treatment plant - is finally discharged into the public
sewerage system. _

Business Place No.1 has approximately the same scale as
Business Place No.2, and in its site, there are a new 3-storied



building, an old l-storied (partly 2Z-storied) building for plat-
ing factory, a power substation, and a joint wastewater treatment
plant. The 3-stoied new building is of apartment type. Plating
factories of 14 companies in total are located in this building;

5 companies on the first floor, 5 companies on the second floor,

and. 4 companies on the third floor. The third floor is also
occupied by an office and a testing and analysis room. Under-
ground, there is a dining room for employees. The old building

is occupied by plating factories of 14 companies on the first
floor and plating factories of 3 companies on the sccond floor.
The wastewater from each of these plating factories 1s discharged
into the joint wastewater treatment plant and the effluent from
the treatment plant is finally discharged into the public sewer-
age system. ,

In addition to the above, there 1s Business Place No.3 which
was constructed in 1991, It has no jJjoint wastewater treatment
plant. The surface treatment factory of one company in this
business place was surveyed. The wastewater from the factories -
located in this business place 1s discharged into a reservoir
tank In the site of the business place, from which it is then
transporited by tank lbrry to Business Place No.l where it is
treated.

In any of Business Place No.l, Business Place No.2 and
Business Place No.3, the plating factories are small_scéle enter-

2

prises having 100-200 m* site area and 3-18 employees.

{3) Organization

S Co., Ltd, has technology regarding wastewater treatment.
It has been engaged in the manufacture of envirommental equip-
ment, while it is running a plating industrial estate as a part
of its business.

In the plating industrial estate, small-scale plating compa-
"nies can be located free of charge on the condition that they
should observe the regulations. The wastewater and exhaust gas
from the factories should'be treated in the Joint treatment
plants installed 1in the plating industrial estate, and this 1s



the basis for the running of plating'industrial estate,

1.2 The State of_Wastewater, Wastewater Treatment and Reclama-
tion

Joint wastewater treatment plants Were designed and con-
structed by S Co., Ltd., They are if approximately the same scale
and are installed in /business Place No.1 and Business Place
No.2. '

The wastewater to be treated flows from each plating factory
directly into the joint wastewater treatment plant, or is trans-
ported from the other business place and plating factories locat-
ed outside the plating industrial estate by tank lorry (5t);

The wastewater treatment is done for a consideration, and
therefore, these plants are recognized as the 1industrial waste
treatment plants. _ _

The joint wastewater treatment plant in Business Place No.2
is described below.

At present; the following quantity of wastewater iIs treated,
and this is about 60 % the plant's treatment capacity:

Cyvanlde wastewater: 1,240m3/M (217m3/M from outside)
Chrome wastewater : 1,288m°/M (362.4m2/M from outside)
Acid and alkali wastewater:
| 1,842m3/M  (857.2m3/M from outside)
(Total) 4,370m3/M (1,236.6m3/M from outside)

In design, on 12 hour/day operation basis. the gquantity of
wastewater treated is cyanide wastewater 100m3, chrome wastewater
100m3, and acid and alkall wastewater 120m3, 320m3/day in total,
but at present, in 8 hour/day (9:00-17:00) and 25m3/day opera-
tion, average 180m3/day is treated.



1.3 Service Water and Wastewater Systems
{1) Water systems

Water which is used in the plating industry estate 1is sup-
plied by the tap water =upply system in any of the 1st Estate
.Section, the 2nd Estate Section and the 3rd Estate Section.

Roughly speaking, tap water is used as (1) water for produc-
tion use and (2) water for domestic use.

Water for production use 1is classified as (1) production
water in each plating factory and (2) water in the central waste-
water treatment plant., Water for domestic use is classified as
(1) water for cooking, (2) water for flush tolilet and (3) water
for laundry.

Water used in each plating factory is used for (1) prepara-
tion of bath, (2) washing, (3) washing of floors, (4) cooling,
etc. In addition, 1t is used also as recycled water in the
central gas scrubber tower, which purifies the flue gas dis-
charged from the hood inside the room. This tower 1s installed
as a measure for improving the working environment in the facto-
ry.

Water used in the central wastewater treatment plant is used
for (1) dissoclving of chemicals, (2) washing of the dehydrator,
(3) backwashing of the filter tower, (4) regeneration of ion
exchange resins, (5) washing of other equipment, (8) washing of
floors, etc.

Water for cooking is used in the 1st Estate Section. Water
for flush toilet and water for laundry are used in both the 1st
Estate Section, the 2nd Estate Section and the 3rd Estate Sec-

tion.
(2) Wastewaler systems
Wastewaters from production processes are classified and

discharged from each factory and are received in the cyanide
wastewater tank, the chrome wastewater tank, and the acid-alkali



wastewater tank of the central wastewater treatment plant in-
stalled 1In the estate section. The conditions of discharge are
as follows. Floor spilled water is discharged at all times.
Washing water is discharged at all times or once a day. Bath
Llguor is discharged at a frequency of once:or more in a year.
Further, recycled water in the central gas Scrubber tower 1is dis-
charged. The wastewater quantity is eqﬁal to the quantity of
water used for production use less a high concentration waste-
water to be treated by entrusting outside, an evaporated quantity
of hot bath liquor and cooling water, and an evaporation in the
gas scrubber. On the other hand, in the central wastewater
trecatment plant, wastewaters transported from ﬁlating factories
located outside the plating industrial estate are also received
and treated. For this reason, the gquantity of effluent from the
wastewater treatment plant surpasses that from production proc-
esses, The treated wastewater 1is finally discharged into the
public séwerage system.

The domestic wastewater is classified as nightsoll and
miscellaneous wastewater. The former 1s treated in the sceptic
tank usually by anaerobic treatment and the wastewater is com-
bined with the latter to be discharged inte the public sewage
system. |

1.4 Condition of Wastewater Treatment and Reclamation Plants

Among the three estate sections of the plating industrial
estate being run by S Co., Ltd., the 1st Estate Section and the
Z2nd Estate Section have the wastewater treatment plant.

Reclamation plants are not installed in any of the estate
section,

The wastewater treatment plant installed in the 1st Estate
Section and the 2Znd Estate Séction:are approximately equal to
each other in (1) wastewater treatment system, (2) plant con-
struction and scale, {(3) unit apparatus installed.in thé treat-
ment plant, (4) method of operation, (5) number of personnel
involved in the operation, etc., and therefore, the wastewater
treatment plant of the 2nd Estate Section only will be selected



and its conditions be described,
Fig.1.4.1. and Fig.1.4.2. show the flow sheet and the layout

of the wastewater treatment plant, respectively.
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2, Review of the Current Wastewater Treatment and Reclamation
Systems

2.1 Evaluation and Problems Concerning the Current Systems

The outlines of the present wastewater treatment plants are
as described in "1.5 Conditions of Wastewater Treatment Plants".

1t is also described above that there are no plating facto-
ries which perform wastewater reclamation, and in any of the
central wastewater treatment plants in the ist Estate Section and
the 2nd Estate Section, wastewater reclamation is not done.
Therefore, in this chapter, an evaluation of the central waste-
water treatment plants will be made and some problems with them
will be extracted.

The facilities in each central wastewater treatment plant of
this plating industry estate comprise three systems: a system fto
receive wastewater discharged from each factory after being
classified as three, (1) cyanlde 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 treatment,

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 treatment piant 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.

However, the wastewater treatment plant treats nol only
wastewaters discharged from plating factories located in the
plating industrial estate, but also 1t 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 1in the operation



and maintenance of the wastewater treatment plant by the opera-
tors who have to address wastewater quantity and quality wvaria-
tions appropriately.

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

some Tundamental ones of them will be described below.
2.2 Proposal for the Improvement of the Current Systems

The treatment system of the present central wastewater
treatment plant 1s 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 very 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 sources 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 Furope and
America. '

Considering 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
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With the objectives of receiving of wastewaters, confirming
of wastewater treatability, and research and dévelopment of
wastewater treatment technology and plating technology, the
laboratory should preferably be consolidated as follows.

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

2) Installation of automatic analyzers
Common: pH meter, ORP meter, conductivity meter, absorption-
_ metry meter, etc.

Heavy metals: Atomic absorptionmetry meter, inductively ecou-
pled plasma-atomic emission spectroscopy (1ICP)
analyzer

Anion:. Ton chromatography

Cyanide: Cyanide automatic analyzer (capable of confirming of

complexes)

3) Training of engineers
(2) Improvement of wastewater tanks

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

2} Installation of high concentration wastewater tanks for each
kind of wastewaters, or division of exlsting tanks
High concentration wastewaters should be treated at a small
rate together with low 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 contalning 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, cbnditions. etc. of this treatment,
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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: pH meter, ORP meter, etc. should be inF
stalled; 1in addition to the present flow diagram comprising
sodium hydroxide, sodium hypochlorite, sulfuric acid and high
polymer coagulant, it should be possible to feed reducing agents
such as calcium hydroxide, 1inorganic coagulant, sodium sulfite,
etc. and other oxidizing agents; and heating should be applica-
bie, so as to cope with treatment of wastewaters which otherwise
should be treated separately and recovery of resources.

‘Treatment to be covered is as Tollows. For the principles
of treatment, conditions of treatment, etc.,:refer to the guide-
lines mentioned later.

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

2) Treatment by coagulation'aﬁd sedimentation of cleaning 1liqg-
nors and stripping liquors containing heavy metal complexes

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

4} Treatment of fluoborate

5) Treatment of organic solvent containing wastewaters and’ che-
late contalning wastewaters and treatment of COD and BOD by
the powdered activated cafbon adsorptlion method

6) Ferrite formation of heavy metals

7) Recovery of EDTA from cleaning 1iquors and stripping liquors
containing EDTA

{5) Automation
1} Installation of water level meters in the wastewater tanks

To indicate water level and be operated jointly with on-off
pump operation. '
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2) To be operated Jjointly with high polymer coagulant feed pump
and storage pump.
3) I¥nstallation of graphic panels which display the present

state.
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3. Determination of the Optimum Systems

Industrial estate of 8 Co. is adopted as a typical example
of Korecan plating industrial estates. Then, the actual states of
jts central wastewater treatment plant is surveyed and problems
concerning the current system are pointed out.

Though, this survey is a case study of plating industrial
estate, it 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 Policies

(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 , Iin 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 water in use. A con-
ceptual design and economic feasibiiity study will be carried out
on Case-3, Case-4 and Case-5 will be reviewed as references.

The section of the plating industrial estate which was
selected for the optimum system study is 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 ihformation, was Turnished; and the 2nd
Estate Section treats a smaller quantity of industrial wastes and
the present state can be grasped more easily.

The basic policies for this study are as follows:

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

2—14



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. kach plating factory has a small working area and it is impos-
sible for each plating factory to have 1ts own wastewater
treatment equipment or reclamation equipment. Therefore,
wastewaters to be treated will be overall wastewaters of the
plating industrial estate.

C. The wastewater quantity 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 willl be determined and be taken as the
present wastewaters, Then, 1t 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 alfter wastewater quantity reducing measures have been
taken. The study for the wastewater treatment system will be
made using these wastewaters. Further, washing wastewaters when
the counter—curreﬁt multi-stage washing system is adopted in the
washing process will bhe classified as the semi-high concentration
wastewaters and washing wastewaters. These wastewaters will be
taken as wastewaters after the counter-current multi-stage 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 economic calculation of construction cost, running cost,

etc., standard prices in Korea taking the installation place
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into account will be adopted.
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3.2 Measures for the Reduction of Wastewater Quantity
3.2.1 Concrete Measures
{1} Complete implementation of water usage control

In each of the surveyed factories, tap water supply is only
the water source available. The pipe diameter 1is 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 instantaneous flow rate. Howev-
er, since the factory is small in scale and its water consumption
ig 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 flowmeter capable
of measuring 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 point of time. |

However, for this means to be 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 gquantity reduction
possible aé_compared with the present rough control method.

This type of flowmeter 1s ‘relatively inexpensive {200-300
thousand 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 factorlies, with a few exceptions, the multi-
stage system on washing method is adopted. The "Stored water
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washing" system 1s 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 thellapse of time and requires early
replacement. Therefore, 1t cannot be said the effecet 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 is, wastewater
quantity reduction, may be accomplished.

However, adopting the counter-current system involves the
following problems.

A. Because of the very confined space, 1t is considerably diffi-
cult to arrange the counter-current washing tanks in a way to
‘insure good working efficiency.

B. As described before, the water supply tap is provided only at
one place, and it is difficult to supply water therefrom to
each water washing tank continuously because it may reqguire
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 installed, cannot be moved easlly, nor its application

can be changed. Thus, the flexibility in working is lost.

The counter—current'mﬁlti~stage washing tank is made normal-
ly of synthetic resin (such as PVC) and is not too eXpensive.
Therefore, 1if it 1s 1improved successively by solving the above
problems one by one, it seems that this system will be applicable
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(3) Cascade use

As the cascade use, 1t 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 codling water 1is used,
the cooling tower has already been installed for recycling use,
and so, there is no need for cascade use.

(4) Automatic water supply system for washing tank

This system is applicable to either single tanks or multil-
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 1s difficult where there are many water
washing processes for the water consumption as in the surveyed
factories.

This equipment is suitable for larger factories.
(5) Hand control wvalve

In the surveyed factories, water supply to water washing
tahks, etc. 1s done not through fixed pipings, but frequently by
means of long hoses of movable type. 1In such cases, 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 guantity reduction
It is difficult to discuss for the individual factorles
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-
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vations, etc. by the visiting survey and the experience obtalned
throﬁgh many factory surveys In the past, an overall study has
been made and it is considered that if the methods (1), (2) and
(5), and ospecially (2) and (3) are implemented, the present
wastewater quantity can be reduced by 20-30 % sufficiently.

The realizable amount cf wastewater quantity reduction is
considerable (40-860 m® 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 achilevable. -



3.2.2, Setting of The Effluent Characteristics of the Present
Wastewater

Based on the date obtained by the visiting survey, the
effluent characterlistics of overall wastewater from the plating
industrial estate will be defined as follows. It is assumed that
wastewater gquantity reducing measures such as classiflied dis-
charge of wastewaters by concentrations, complete lmplementation
of water usage control, mounting of hand control valve, etc. and
‘poliution load reducing measures such as drag-out reduction, have

been taken.

A. The: overéll wastewater quantity from the plating industrial
estate will be 200 m3/day. |

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

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

E. Wastewater from the 2nd and subsequent washing tanks will be
discharged. ' .

F. When classified discharge 1is 'completely' realized, effluent
characteristics of wastewater are assumed as shown in Table
3.2.1.

G. When highly concentrated plating liquor wastes and washing
wastewater are separately discharged, the effluent character
istics of wastewater mentioned in F. above will be assumed as
shown in Table 3.2.2.

3.2.3 Setting of the Effluent Characteristics of the Wastewaters
When the wastewater quantity reduction by the countercurrent
multi-stage washing has been carried out by improving the water



Conditio'n of Wazter using in Plating Factory

Table 3.2.1.
| CN Cr HooH
ITEMS Wastewater Wastewater Hastewaier
Quantity (m3/d) 67 62 (!
pi 10. 2 2.6 2.5
coD (mg/ %) 370 240_ 300
33 (mg/ Q) 320 210 2710
n-Hex (ng/ ) 8 - 10
CN {ng/ 2 ) 18 - -
T-Cr (mg/ 2) - 100 -
Fe (mg/ 2) 2 - 30
Zn (mg/ 2) 30 2% 25
Cu (ng/ £) 10 40 35
| Ni .(mg/ 2) - - 25
Pb (ng/ 2) = 1 10
Al (ng/ 2) - - 10
Cr®* {ng/ 2) - 100 -
F (mg/ 2) = - 10
T-N (ng/ %) - - 10
T-P (ng/ 9 ) - 20 20
TRICHLOROETHYLENE - — —
{(mg/ 2)
TETRACHLOROETHYLENE — - -
(ng/ 2)
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Table 3.2. 2, Washing Water Ratio on Counter Current Maltistage Washing
CN Wastewater Cr Wastewatfr H-0H Wastewater
: H-0H il ol
1 TEMS RINSE CONC. | RINSE CONC. | RINSE CONC. | CONC.
Quantity {m3/d) 61 1.4 62 1.2 71 0.1 0.7
pil 10.2 | 12.2 2.6 0.3 2.5  0.3] 13.0
COD (mg/ 2) 37 3,700 24 2,400 40 4,000 4,006“
§S (ng/ 2) 10 100 10 100 10_ 1,000 | 1,000
n-Hex (ng/ 2) 8 5 - - 10 10 1,000
CHN (mg/ 2) | 100 10, 000 - - - - -
T-Cr {mg/ 2) - - 100 10,000 - — -
Fe {mg/ 2) 2 200 - - 30 3,000 30
In (ng/ 2 ) 30 3,000 10 1,000 25 2,500 5
Cu (ng/ 2) | 10 1,000 - - 35 | 3,500 25
; (ng/ £) - - - — 10 1,000 10
Pb {mg/ 2) - - - - 10 1,000 10
—Al (mg/ 2) - - - - 10 1,000 10
crot (mg/ 2) - - 100 10,000 - - -
F (mg/ 2) - - - - 10 1,000 10
T-N (mg/ 2) - - - - 10 1,000 10
T-P {(ng/ ) - — 20 2,000 20 2,000 20
TRICHLOROETHYLENE - — — — — - -
(mg/ )
TETRACHLOROETHYLENE - - - - - - - —
(ng/ L)




washing system as described below, the wastewater quantity will
be reduced.

A. The 2nd washing tank will be batchwise operated. The waste-
water from this tank is 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 the present wastewater quantity, and the
pollution load will occupy 90% of the present pollution load.

B. The 3rd and subsequent washing tanks will be the countercur
rent multi-stage washing tanks. The wastewater from these
tanks is called "washing wastewater" and will be reclaimed
separateiy. The quantity of the washing wastewater will be
assumed as 60% of the present wastewater quantity, and the
pollution load will occupy 10% of the present pollution load.



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 the plating
ligquor is renewed is separately discharged from the present
washing wastewaters.

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 Determlination of the Optimum System

(1) Wastewater treatment system satisfying the present effluent

- standards

0f 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.
Cyanidé 'is oxidized with sodium hypochlorite. 1t 1is decom
posed into nitrogen and carbon dioxide. hexavalent chromium

A is reduced with scodlum sulfite or the 1like to trivalent

chromium.

B. An iron-cyanide complex treatmenl process is added.

C. Heavy:metals, aluminum, fluorihe and phosphorus are removed by
coagulation-sedimentation treatment.

D. Acid and alkali are neutralized.

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

F. Heavy metals which are present in trace amounts in the efflu-



Table 3.3.1. The quality of trasted water

[tems Cunit) Standard
BOD (mg/1) 30
COoD (mg/1) | 130 (40) #-1
S8 {mng/1) 30
p H (mg/}) 5 ~ 9
n —He x (mineral oil) {(mg/1) 5
n—Hex (plant oil (mg/1) 30
Phenol (mg/1) 3
C N (mg/1) 1
T—-Cr - (mg/1) 2
Fe {mg/1) 10
Zn (mé/l) 5
Cu | (mg/1) 3
C d (mg/1) 0. 1
g (mg/1) 0. 05
Or g—P {mg/1) 1
As (mg/1) 0. 5
P b (mg/1) 1
Cr*®t (mg/1) | 0. 5
M n {mg/1) 10
F (mg/1) 15
PCB (mg/1) 6. 003
Trichloroethylene (mg/1) 0. 3
Tetrachloroethylene {mg/1) 0, 1
T-N (mg/1) 5 0
T~ P {ng/1) 8

* — 1 Standard on Advanced Treatment
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ent from the coagulation-sedimentation treatment process are
removed by adsorption on chelate resins.

6. High concentration wastewaters such as plating liquor are sep-
arately stored 1in 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 iron-cyanide treatment process is generally not incorpo-
rated. However, taking the results of the visitiﬁg survey into
account and from the viewpoint of treating the overall waste-
waters from the plating estate, this process will be added. FFor
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. Therefore, there 1is a possibility
that heavy metals to be removed as hydrdacid s remain ions.
Moreover, it 1s 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 process.

I'ig.3.3.1. shows the flow diagram of the wastewater 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 éffluent from the coagulation-sedimentation treatment
process are organic substances. These organic substances as
pollutaﬁts are generated by oils, etc. released in the cleaning
process and additives contained in the bath liquor. 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,

chemical plating is done, and from these factories, wastewaters
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containing reducing agents of 1norganic and organic substances
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 completely carried out
and then, wastewaters were classified as high concentration
wastewaters discharged when the bath liguor was renewed'and
present washing wastewaters.

Then, the wastewater quantity and quality on the assumption
that the washing wastewaters are discharged after being c¢lassi-
fied as sémiuhigh concentration wastewaters and washing waste-
waters by adopting the counter-current muiti-stage washlng system
in the washing process will be defined.

3.4.2 Treated Water Quality

The treated wastewater quality will be as shown In Table
3.3.1. :
The reclaimed'water guality will be better than 20 uS/cm in
conductivity.

3.4.3 Determination of the Optimum System

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

A. Wastewaters.to be reclalimed
Washing wastewaters from the 3rd washing tank and subsequent
counter-current multi-stage washing tanks will be reclainmed.
Washing wastewaters will be classified as acid-alkali washing
wastewater, chrome washing wastewater and cyanide washing
wastewater.
B. Wastewaters to be treated
a. Bath liquor renewal wastewaters
Bath liquor renewal wastewaters will be classified as acid
high concentration wastewater, alkali high concentration
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wastewater, chrome high concentration wastewater, and c¢ya-
nide high concentration wastewater.

b. Semi~high concentration wastewater Trom the 2Znd washing
tank Semi-high concentration wastewaters will be classified
as acid-alkali semli-high conéentration wastewater, chrome
high concentration wastewater, and cyanide high concentra-
tion wastewater.

¢. Regeneration wastewater of ilon exchange resins

Reclaimed wastewater quantity

a. The wastewater quantity to be treated fTor 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 resins,
will be 50 % of the present wastewater guantity.
If the dilute wastewater such as washing water after reduction
measures being taken is to be reclaimed, a method using  ion
exchange resins for removing salts containing heavy metals in
the wastewater 1s widely used.
Among ion exchange resin towers, the 1st tower 1s a single bed
tower containing strong cation exchange resin only and .the 2nd
tower 1s & 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 Tfollows. The
treated water quality is 2-10 uS/cm in conductivity in the
present system and 10-50 uS/cm 1n 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-
tem, Owing to such advantages, wastewater vreclamation 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-

ent standards.
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3.5 Economic Feasibility of the Optimum Systems
3.5,1 Construction Cost
The following cost calculation are based on 1992 prices.

Table 3.5.1. shows the construction cost of a treatment
system satlisfies the present effluent standards (Case-1), an ad-
vanced COD component treatment system {(case-2} and a combination
of the reclamation system and the wastewater treatment system
satisfylng the present effluent standards.

The construction cost of a combination of the reclamation
system and the advanced COP component treaiment system, called
Case 4, is about 1466 mliliion wons, and that of the closed waste-
water treatment system called Case 5 is about 314 milliion wons.

3.5.2 O0Operation Cost

Table 3.5.2. shows details of unit prices of utilities such
as chemicals used and labor costs for the calculation of opera-

- tion costs.



Table 3.5.1. Cost of c¢ivil works

{Miflion Won)

Case-1 Case-2 Case-3
(1) Civil and Architectural Work - - -
{2) Machinery and Equipmentis 276 295 3272
(3) Electrical Work 553 590 834
(4) Piping Work 60 64 70
(5) Test Working and Others 30 30 10
{ Sub-total) 919 979 1.2606
(6) The others 138 147 190
( Total) 1,057 1,126 1,456
Piottage (m2) 820 820 913
{ Contro! Room) (120) (120) (120}
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Table 3.5.2. Cost of operation

(Million Won/Year

Case~1 Case—2 Case —.3
_?Z) Chemicals 88.72 - 1i7.7 94.8
(2) City Water. 0.7 0.7 0.7
(3) Btectric Power 7.2 7.2 8.6
{(4) Sludge Disposal 12.9 12.9 12.9
( sub-total ) 109.0 138.5 i13.6
(5) Labor 30.5 30.5 30.5
{ Total) . 139.5 169.0 143.5
tnit Water ( Won/m?) 2,325 2.8117 2,392




4 Financial and Economic Analysis
4.1 Total Capital Requirements and QOperating Costs
4.1.1 Construction Cost and Total Capital Requirements

Construction Cost and Total capital requirements are summarized
below. Optionally, the land acquisition cost is included in the
table. This 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
igdustrial.estate in Inchon. Unit price is set at 550,000 won per
me,

Table 4.1.1 - Construction Cost _
Unit: million won

Case 1 Case 2 Case 3
Civil and architectural work - - -
Machinery and equipmernts 317 339 370
Electrical work 636 B79 959
Piping work 63 T4 81
Total = 1,022 1,091 1,410

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) 1,096 1,168 1,510
Land acqguisition cost _ 451 451 502
Total (1)s+Land acquisition cost 1,547 1,619 2,012




4.1.2 Operating Costs and Expehses
(1) Variable operating cost

This cost covers chemicals, water, utility (electricity) and
disposal cost of sludge are included. The cost is summarized in
Table 4.1.3. Details are discussed in Chapter 3.

(2) Fixed operating cost

Fixed operating cost consists of labor cost and maintenance
cost. Labor cost is assumed to be 30.5 million won per year for
each casce. 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 is summarized in Table 4.1.3.

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) T.2 7.2 8.6
Disposal cost of sludge 12.9 12.9 12.9
Sub-total _ 108.0 138.5 113.0
Fixed operating cost

Labor cost : 30.5 30.5 30.5
Maintenance costs 10.6 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
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basic premises are applied.
(1} Project 1life and plant operation

(a) Project life : construction period : 1 year

; operating period : 15 years
(b) Implementation body : Non-profit industrial cooperative
{c) Waste water treatment capacity : 860,000 m3 per year
{(d) Volume of recycling water : 30,000 mS per vear {(Case 3)
(d) Annual operating days : 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 anal&sis are assumed
to be fixed in the end of 1992, and no escalation factors are

applied.
{(3) Corporate income tax
Corporate income tax will be imposed at a rate of 10 % of taxable
income. This preferential rate is provided to an operator of
environment protection facilities under the regulation.
(4) Depreciation and amortization
Depreciable assets are assumed to be depreciate as follows.
(a) Mode : Declining balance method
{b) Period : 15 years

{c) Salvage value :!: 10 percent

Also, interest durlng counstruction are amortized for five years
in the declining balance method.

4.2.2 Financial Plan

Total capital requirements and operating costs are assumed to be
financed locally. An equity portion 1is assumed to be 30 percent
for the total capital requirements. On the other hand, a portion
by a long term loan 1is assumed to he 70 percent of them.



Unit: million won

ratio Case 1 Case 2 Case 3

Equity 30% 328 350 453

Debt (long term loan) T0% T67 817 1,057
Total 100% 1,096 1,168 1,510

4.2.3 Method of Financial Analysis
(1) Fixed profitability

In this financial ahalysis, 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
TInvestment (FIRR0OI) is viable, This means the price level of the
Tee is calculated in order to attain the target FIRROI. The
applied rate is 10 percent.

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

In this analysis, two types of IRR are applied. One is Financial
Internal Rate of Return on Investment (FIRROI) and the other is
Financial Internal Rate of Return on Equity (FIRROE).

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

FIRROE, on the other hand, indicates the profitability of invest-
ed own funds (equity) in the project. Thus, this rate depends on
financing conditions (interest, repayment amount and so on) as
well as the total capital requirements, revenue, and operating
costs.

4,2.4 Results of Financial Analysis

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 c¢ost are also
presented. '

Case 1 Case 2 Case 3
FIRROIX 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) '
FIRROT 10.00 10.00 10.00
{cases with Land Acqulsition Cost) _
Price of Fee _ 5,751 6,165 6,088

{won per m3)

4.3 Economic Analysis

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 vicinlty is not seen in this project because
this 1s a conceptlional design. As a result, the benefits based on
market wvalues can not been lidentlified quantitatively except
recycling water produced in Case 3. In this economic analysis,
therefore, the introduction of generally applicable methods,
the benefits of recycling water in Case 3 and the qualitative
socio-economic Impacts are discussed. The Economlce 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 benefit-cost analysis, are used in

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.



common in the economic analysis on the environmental project. The
first one deals with éhanges in production and the value of
output. The second one 1is the loss of earnings approach. And, the
third one is thc opportunlty cost approach.

4.3.2 Benefits of recycling water

In Case 3, 30,000 ms of recycling water is annually produced.
This recycling water is the benefit under the change-in-produc-
tion approach, which 1s discussed before. The benefits from the
recycling water are calculated based on the alternative resource
saved by avoiding the needs to provide clean water (presumably
least costly). This means that the production costs on the equal
amount of water supply 1s the benefit for recycling water. Since
the unit cost of water supply is 268 won per m3 according to the
data for water production in Inchon arca, 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 1s not produced from Case 1 and Case 2, the
savings for these two cases can not be calculated. '

4.3.3 Socic-economic Impact Consideration

Industrial development (such as plating industrial estate) in
general tends to cause the damage to the environment through the
linkages. The development causes physical changes in water, air,
s0i1l and so on in terms of ‘temperature, dissolved oxygen, nutri-
ents, salinity, siltation, solid wastes and so on. These changes
result in ecologlcal changes such as biological displacement,
change in species composition, lowered species diversity, repro-
duction failure, and so on. Then, these have the socio-economic
consequences such as reduced incomes for fishermen and farmers
through the reduction of the productivity, increased underemploy-
ment and unemployment, and Increased incidence of human disease.

Therefore, the proposed project on the waste water treatment
plant for plating industries 1is highly valuable 1in terms of
protection of the environment, although a "with-and-without-
project framework" is not simply applied to this preject since
the Korean Government has stringent standards for effluents.
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I1Y. Dyelng Industrial Estate
1. Condition of the Industrial Estate

1.1 Outline of the Industrial Estate

B Industrial Estate is located 40km southwest of Seoul City,
and belongs to Ansan City, Kyonkl-Dou. B Industrial Estate has a
total of 1,116 factories of dyeing, foodstuff process, paper-pulp
and, metal process Industries in the site of 15,180,000m2.

Recent research objJect is the dyeing estate, consisting of
61 factories, of which wastewater 1is Jjointly treated by B Dyeing
Industrial Cooperative.

An outline of the dyeing estate is as follows.

Total area : 588,074 m?
Investment 1 300 billion won
Main products : Dipping, printing

Total production capacity : Yarn: 140,000,000 kgs/yvear

. ' - Textile: 800,000,000 yards/year

Industrial water consumption
60,000 m°/day

Living water consumption : 5,000 m3/day

Steam consumption 1 440 t/day

Electricity consumption 38,000 kw/h

LNG consumption '+ 2,440 mS/h

Number of factories : 81 factories in total

Total workers : 10,500 workers

1.2 The State of Wastewater, Wastewater Treatment and Reclama-
tion

(1) Wastewater volume

Wastewater inflow drained to the central wastewater treat-
ment plant consists of both process drainage (including steam
condensed water) from individual factories and general drainage,
excluding rain-water inflow. Some factories recover sodium hy-
droxide from condensed dralinage from mercerizing process, within



thelr factories by themselves, or through consignment to special-
ty firms.

Wastewater flows in from Monday to Saturday, never on Sun-
days, when Tfactories do no operate.

The difference between water consumption and wastewater
tleatment volume is due to the water storage tank owned by each
factory. Variations in wastewater volume is 55,000 - 73,000

3/day Wastewater volume is expected to 1ncrease, and approxi-
mately 100,000 m3/day volume 1s estimated for 1996.

Wastewater flows in continuously for 24 hours as factories
operate all day long, but its volume decreases at hight. Inflow
reaches the minimum of about 1,400 m3/h from 2:00 to 6:00 am,
while reaching the maximum of about 4,500 m3/h from 1 to 6pm due
to rapid volume iIncrecase starting around 10am. Fig. 1.2.2. shows
daily inflow variation example.

(2) Waste water quality

Quality of both wastewater and treated water {(designed
criteia) is shown in Table 1.2.1. PH changés in a range of 9.9 -
10.9, while BOD does 220 - 280 mg/1, COD 220 - 350 mg/l and 88§
80 - 110 mg/1, respectively Quality of wastewater does not vary
remarkably, and is kept stable throughout the year generally.

(3) Size of wastewater treatment plant

This treatment plant started with 35,000 m3/day treatment capacity
first and increased 1ts capacity in 1989. Current treatment capacity of the
centralwastewatertredtmentp]antis7ﬂ 000m3/dayw1thtreatmentthrough
an old line and a new one.

An outline of the treatment plant is mentioned below.

Treatment capacity : 70,000 mslday

an old line : 35,000 w3/day

a new line : 35,000 ms/day
Area ' 1 20,149 m?
Construction fee : 86 blllion won

an old line @ 3.2 billion won

a new line : 2.8 billion won



Table 1.2.1. Quality of Raw Water and Treated Water in Central

Waste Water Treatment Plant ( Design Criteria )

ltems Influent Effluent
pli (-] 11,5 .8 - 8.6
BOD [(mg/ 2] 300 70
con [mg/ 2} 450 85
$§ [ng/ 2] 150 30
N-Hex [mg/ Q] 20 2
Color [deg.] 400 | 200
Temp. ['C] £6 -~ 30 35 - 23




Contractor : Kolon Construction Co., Ltd.
Kolon Engineering Co., Ltd.
Reserve area ;8,318 mY (secured)

. 1.3 Water and Wastewater Systems

The current water supply system for each factory and recla-
mation and wastewater discharge systems are described below:

(1) Water supply system

City water, industrial water and steam are the three essen-
tial elements composing the water supply system. Besides,under-
ground water is also utilized by some factorles. City water and
industrial water are supplied under an agreement with Ansan City,
and steam is supplied under an agreement with the dyeing estate
power station.

City water 1s chiefly used as domestic water. There are
different ways of city water usage In different factories. Some
factories use city water for drinking only, while other factories
have a wider range of usage, TfTor example, from drinking and
washing of toilet. Total quantity. of city water agreed to be
supplied to the entire industrial estate is about 5,000m3/day.

Industrial water 1ls chiefly used as processing water (partly
for living water). 60,000 m3/day is the total quantity of indus-
trial water agreed to be supplied to the entire dyeing estate.
Each factory has an industrial water storage tank within the
factory 1in anticipation of shorter supply of industrial water
(most possible in summer). Whenever necessary, Iindustrial water
is used as processing water after softening treatment by sand
filtratién —> activated carbon adsorption —> ion exchange, and
pretreatment with chemicals. According to factory hearing re-
sults, raw water with hardness 50 - 70 mg/l is softened te hard-
ness 8 - 10 mg/l. Generally the industrial water quality is good;
however, it deteriorates during water shortage in summer.

Steam is utilized to heat up dyeing bath liquid and washing
water. Steam condensed water is mixed with industrial water to be
utilized, and, 1in certain factorles, even condensed water 1s
partly used for living water. The majority of factories surveyed



this time have bollers; however, all the bollers only for emer-
gency ogccasions.

Underground water 1s utilized by several factories of the
cooperative mainly for the dry season In summer., They are allowed
to draw some Tform their well; however, the quantity of water
drawn up 1s to be reported to the cooperative. As this dyelng
estate 1s located on the land reclaimed from a beach the well is
160 m deep to avoid sea water invasion. The hardness of under-
ground water is as high as 200 - 300 mg/l, and thus, it is
softened before being used.

(2) Re-use within factory

The factory survey results show the following 3 patterns of
water re-use:

A. Re-use of steam condensed water
The guality of steam condensed water is equal to the City
water level.

B. Re-use of cooling water for washing water
Practiced by most of the factorles to gather with heat
recovery for washing water or dyeing bath 1iquid.

C. Re-use of washing water in the front of dyeing bath

Washing water once used for light colour dyeing process 1s
reused for dark colour dyeing. Only one factory follows this
process. The amount of washing water reused is 5 to 10% of the
total water consumption.

{3) Drainage

Living water is stored at a factory septic tank for a while
and is drained later to the central treatment plant.

Any treatments including aeration and coagulation/sedimenta-
tion are not particularly performed for the septic tank.

Drainage from each process 1Is separated into hot and cool
water 1s mixed with cool water after neat recovery 1s made and 1is
drained intc the central treatment plant. However, some factories
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discharge drainage from process without heat recovered into the
central treatment plant.

There is only one plumbing from each factory down to the
central treatment plant. Living drainage and drainage from proc-
esses are mlxed together at the outlet of the Tfactory to be
discharged. Rain-water 1Is directly dfained into the sea through
the other plumbing, and does not flow into the central treatment
plant; Factories conduct the following 2 pre-treatments.

A. pH adjustment

Solely one factory among those surveyed 1s continuously
measuring pH 1n the general drainage in order to maintain the pH
value ‘under 11.0. All the other factories do not try to adjust
pH. (However, some of the factories are periodically measuring
pH.)

B. Chrome treatment

At one factory draining chrome contained wastewater, Cr3+ is
converted into hydroxide partial and eliminate purposes and Cr6+
undergoes chelate formation before being drained into the central
treatment:plant.

Some factories have wastewater storing tanks and grit cham-
bers set at the outlet of the general drainage to standardize the
wastewater quality.

1.4 Condition of Wastewater Treatment'and Reclamation Plants

Fig. 1.4.1 shows how the treatmeht facilities operate, and
Fig. 1.4.2 indicates the treatment facilities' layout. Treatment
process consists of the combination of physicochemical treatment
and bilological treatment. Wastewater is drained into stabiliza-
tion tank after chelate formation of heavy metals in a pump pit
is done and is afterward treated in either of 2 systems.

2. Review of the Current Wastewater Treatment and Reclamation
System
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2.1 Bvaluation and Problems Concerning the Current Systems

Generally, the present treatment facilities are well-operat-

ed and seems to have no big problem. However the following prob-
lems are seen:

(1) Aeration capacity shortage in summer season

The temperature of inflow wastewater into the central treat-
ment plant sometimes exceeds 40" C in summer season. The current
aeration system is based on the combination of surface aeration
and diffuser tube. The aeration efficiency is not necessarily
high. Therefore, aeration capacity tends to be 1nsufficient in
summer when the wastewater temperature rises high. In fact,
bulking took place in 1991, probably due to aeration capacity
shortage. At present, hydrogen peroxide is added fto cope with
insufficient aeration capacity: If not properly used, however,
hydrogen peroxide may become materials to check breaking-out of
microorganism in the aeration tank. Therefore, it can be said
that the current operation method is unreliable.

{2) Chrome content in wastewater

The wastewater drained into the central treatment plant con-
tains a very small amount of chrome. Under the present circum-
stances, cr3* is converted into hydroxide for sedimentation and
elimination within the cr3t producing factory. However, owing to
the defective sedimentation tank, most chrome. is discharged into
the central treatment plant. Discharged chrome is alsc contained
in underflow, and accordingly there comes another problem in a
sludge treatment. cr®* is harmless after chelate formation, but

this is merely a temporary treatment.
(3) Addition of reductant

The centrai'treatment plant is adding reductant to the water
treated by the second-stage treatment method to remove colouring
materials, If an'improper amount 1s added by mistake, reductant
becomes the case of an increase in COD concentration. And thus,



the additlonal amount of reductant 1s delicate, This central
treatment plant pays full attention to reductant amount to be
used, and, the controling of the amount must be performed depend-
ing mostly on experience and intuition.

(4) Position of the central treatment plant

This central treatment plant is regarded as an intermidiate
wastewater treatment plant, and, water treated thereby is again
treated at the terminal sewage treatment plant in Ansan City.
However, as stated before, the quality of water treated at this
central treatment plant is better than that of water treated at
the sewage treatment plant. At present, remodeling work for the
facilities including the 2nd-stage treatment facilitles is under
contemplation and is In progress at the sewage treatment plant.
Though, the central treatment plant solely can work well enough
to maintain the current water quality.

2.2 Proposal for the Improvement of the Current Systems

Plants for the improvement and better management for the
current treatment facilities are mentioned below regarding to the
problems mentioned in 2.1:

(1) Aeration capacity shortage in summer

Since the solubility of oxygen varies Inversely with the
temperature - of the wastewater, greater efficiency will be
achieved by installing a cooling tank to drop the temperature of
the wastewater before biological treatment. It is also possible
to use one of the highly efficient diffusers now being developed,
such as an ejector type, diffuser plate, etc. instead of a dif-~
fuser tube.

(2) Chrome contained in waste water
Only one factory out of 61 in total is discharging chrome

contained wastewater. It is very inefficient to treat such waste-
water at the central treatment plant., It 1is advisable that
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chrome treatment should be done within the factory discharging
chrome. It is required that Cré+ in wastewater should be reduced
to Cr3+, which is then changed into hydroxlide for sedimentation &
elimination to be dellvered to the central treatment plant.

(8) Addition of reductant

The problem with excessively added reductant may be resolved
by conducting treatment with reductant followed by aeration
treatment. Decoloration can be performed by activated carbon
adsorption, oxidation represented by ozone -pfocess & TFenton
process and coagulation sedimentation in addition to reductant
addition though it seems difflcult due to the site area.

{4) Position of the central treatment plant

"The present central treatment plant, as mentioned before, is
left in a neutral position and is rather inefficient. More effec-
tive treatment could be possible, 1if the central treatment plant
is equipped with more advanced freatment facilities to be upgard-
ed to a terminal treatment plant.
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3. Determination of the Optimum Systems
3.1 Basic Policiles

The basic policy is exactly the same as that in Chapter IT.
Plating Industrial Estate. Table 3.1.1 indicates criteria for the
selection of the most ideal systems.

Regarding wastewater treatment, conceptional designs and
economlc calculations of the most ideal systems are made on CASE-
1 and CASE-2. In reclamation, concept design and économic calcu-
lation are made on CASE-3 that adds reclamation to CASE-1 as a
basic system.

The most ideal system is prescribed as the most economical
system to meet the selection criterla given in Table 3.1.1 A
system TfTor making concept design is chosen, referring to some
cases applied in Japan.

The fol%dwing is a file of the model industrial estate
(central treatment plant location and inflow wastewater) for the
deliberation on and selection of the most ldeal systems.

Location : Ansan City B Industrial Estat
Object wastewater : General drainage from 61 factories

- in Ansan City B Industrial Estate
Wastewater volume : 0.1 million m3[day

No inflow on Sunday, 24-hour inflow
on other days
Average ... 4,170 m3/h
' (max. 6,500 m3/h,
min. 2,100 mS/h)

In cost estimation for construction and operation, adopted
are standard cost in considering of the site in Korea. The data
obtained from the visiting survey at the central treatment plant
are for reference for making a trial calculation of cperation
costs, etc.

3.2 Measures for the Reduction of Wastewater Quantity

(1) Method of Investigation
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Table 3.1.1. Criteria for the Selection of the Most Effective Systen

Treatment Existing High Reduction {Removal of
Levels | Standards of GCOD irresolvable
materials

Case

Waste water treatment (i) (i) <:>
only

Waste water treatment (i) (:> ><
and reecyeling

<:> Will be selected <:> Studied for e ¥ill not be
referennce selected
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From among the 16 surveyed factories, a factory whose condi-
ticns of water usage have been clarified was selected as a repre-
sentative, and on this factory, measures for reducing the waste-
water quantity will be investigated concretely.

The outlines of the factory selected arec as follows.

Factory No.: 13

Number of employees: 130

Site area: 17029 m2

Make-up water quantity: 2040 m3/day

Major products: Dyeing of cotton and mixed knits
Number of dyeing machines installed:

Jet type: 6

Winch type (or jigger type): 13

Total: 19

(2) Measures for reducing the wastewater quantity

1) Adoption of the low liquor ratio dyeing machine

In this factory, a total of 19 dyeing machines are used as
described before. About 70 % of them are the machines of the
winch type which has a high 1ligquor ratio, and the remaining
machines of the jet type also cannot be said to have a specifi-
cally low liquor ratio. The average liquor ratio is about 10
(according to the factories' explanation). '

It is impossible to change all these dyeing machines to the
low liquor ratio type. However, even if only a part of the winch
dyveing machines are changed, it will be not difficult to reduce
the average liquor ratio by about 20 %.

All processes shown in Fig.3.2.4 are based on the batchwise
operation. Usually, a separate equipment is not used for each
process, but the dyeing machine is used in common to all process-
es. Consequently, if the liquor ratio is reduced by 20 %, it is
considered that the water cdnsumption in each process is reduced
at approximately the same rate. Therefore, the reallzable amount
of water saving (wastewater quantity reduction) by this method
will be about 20 % (400 m3/day) of the make-up water consumption
2040 m3/day.
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2) Cascade use

The cooling water consumption in the dyeing process 1s not
clear, but it is sure that a considerable amount of cooling water
is included in the water consumption 1200 nﬁ/day of the water
washing process.

In the case of the winch type, the cooling water Is included
at last in the washing water, but if it 1s replaced by the jJet
type which uses the indirect cooling system, 1t 1is possible to
cascade use the dralnage as the washing water.

Of the water consumption 1200 ms/day in the washing process,
about 40 % (about 500 ms/day) is assumed to be the cooling water,
then by implementing cascade use completely, 1t is possible to
save about 200-300 m3/day. |

3) Summary
The investigated methods for wastewater quantity reduction
may be summarized as follows.

Reduction Adoption of the Low Liguor | Implementation of

Method Ratio Type Dyeing Machine Cascade Use
Realized Amount 400 m3/day 200~300 m3/day

of Reduction

Description Replacement of the Winch Use of the drainage

Type Dyeing Machine with from indirect cooling
the Jet Type : as the Washing Water -

Total Amount of Reduction 600-700 m3/day

"That is, the realizable amount of wastewater quantity reduc-
tion is about 30 % of the make-up water quantity.

3.3 Determination of the Optimum Wastewater Treatment System

The most effective systems are studied on and selected
concerning 2 systems for wastewater treatment (treatment meeting
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the exlsting standards, high reduction of COD).
3.3.1 System meeting the existing effluent (CASE-1)
(1) Treatment water quality

Table 3.3.1 shows the effluent standards and planned values
of treated water quality. The effluent standards shall be effec-
tive from January 1, 1996, and, planned values of treated water
quality are set based on the standards.

(2) Treatment system

There is no particular treatment for dyeing wastewater. The
status quo tells that factories are coping with the situation by
combining of conventional treatment technologies, depending on a
wastewater condition and the effluent standards.

There are various kinds of pollutants in dyeing wastewater.
When they are classified into organic substances, the former is
more problematic in preserving the environment. Therefore, any
measure effective to remove organic substances can be basically
applied to treat wastewater.

But dyeing wastewater, differing from wastewater of other
industries, contains irresolvable organic matters. _ '

The existing treatments mainly conducted at present fbr
dyeing wastewater are biological aerobiec treatment, presented by
activated sludge treatment separation by sedimentation & floata-
tion using coagulant, activated carbon adsorption, and chemical
oxidization with ozone. Generally, biological treatment is con-
ducted for removing BOD, and othér treatments are for removing
CCeD and colouring materials. '

Fig. 3.3.1 shows a flowchart of a.selected treatment system.
The functions of main equipments is as follows,

* Screen To remove large substances such as tex-
tile rubbish, cloth pieces. out of S8S

* Grit chamber To remove medium-sized substances such
as textile rabbish, sahd.-out of S8

# Stabilization tank To standardize wastewater infloﬁ and
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Table 3.3 1, Quality of Treated Water in CASE-1

{ Design Criteria )

ltems Effiuent Design

Standafds Criteria

pH o[- 5.8~8.6 5.8~8.6
.BOD [mg/ 21 <80 30
cop [mg/ 2] €90 80
S8 [ng/ 2] <80 50
n-Hexane (ng/ 2] <10
Color [deg.] <400 400
Temparaure [C] <40 ) <40
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quality

# Neutralization tank For pH adjustment

# Activated sludge tank For biological removal of soluble
BOD, COD and colleidal BOD, COD

# 1st sedimentation

tank For removal of coagulated excess sludge
# Contact aeration For biological removal of soluble BOD,
_ COD and collioidal BOD, COD materials
*» Coagulation tank For coagulation of soluble and colloidal
C0b
* 2nd sedimentation
tank For removal of coagulated COD by sedi-
mentation
* Belt press For dehydration of sludge

For treatment cost reduction, pollutants are removed to the
utmost by biologlical treatment. Accordingly, the bilological
treatment is composed of two steps — activated sludge and con-
tact aeration Coagulation sedimentation set after blological
treatment is aimed at better separation of solid and liquid, and
iess coagulant consumption.

3.3.2 High reduction of COD (CASE-2)
(1) Treatment water quality

Table 3.3.2 illustrates the effluent standards (effective
from January 1, 1996) in regard to the industrial estate's
terminal wastewater treatment plant in Korea and the planned
values of treated water quality. The planned values in this
system are set on the assumption that the central treatment plant
should be upgarded to a terminal wastewater treatment facilities.

(2) Treatment system

This treatment method consists of a combination of CASE-1
treatment facilities and advanced treatment water facilities Tfor
COD removal in order to partly remove treat water from CASE-1
treatment fFfacilities.Treated water quantity from the advanced
treatment facilities is 80,000 m3/day and is mixed with un-
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Table 3.8.2. Quality of Treated Water in CASE-2

{ Design Criteria )

[tenms Effluent Design
Standards Criteria
pll -] 5.8~8.6 | 5.8~8.6
.BOD {mg/ 2] <30 20
cop  [mg/ 0] <40 40
35S | [mg/ 2] <30 20
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treated water of 20,000 m3/day to be discharged. Activated carbon
adsorption is chosen for advanced removal of COD from an economi-
cal point of view.

Fig, 3.3.2 11llustrates a flowchart of the treatment system.

3.4 Determination of the optimum reclamation system

The most suitable system is examined and selected regarding
standard system in reclamation (wastewater treatment -— conform-
ing to current drainage standard).

(1) Reélaimed water quantity

Reclaimed water is used in pretreatment process of dyeing
(desizing, scouring, bleaching and marcerizing process), which
supposedly has comparatively less influence on products. Based on
the data from 13 factories having water consumption data in each
process out of 15 factories in Ansan City Dyeing Industrial
Estate, water consumption ratio in pretreatment process to the
whole water consumption is calculated, and reclaimed water quan-
tity is estimated. The total water consumption 1n pretreatment
process hy 13 factories is 4,800 m3/day. that shares about 26% of
the whole consumption of 18,500 m3/day. Reclaimed water guantity
set is 20% (20,000 m3/day) of the whole water consumption.

(2} Reclaimed water quality

There is no case in Japan where reclaimed water from dyeing
wastewater is again used for factory processing water. But stud-
ies are being conducted on what process and on influences that
reclaimed water may give to products, when used in production
process.

_ Reclaimed water quality herein is set as per Table 3.4.1,
referring to the results of tests conducted by NAGASAWA (Brochure
1). And, the quality of water treated is set equivalent to CASE-1
(Table 3.3.1).

(3) Treatment system
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Table 3.4.1. Quality of Reclaimed Water in CASE-3

{ Design Criteria )

[tems | Design
Criteria
pli (-1 6.7T~17.4
Turbidity {deg.] <5
CoD {mg/ 2] <10
$S {mg/ 2] < 2




Fig. 3.4.1 shows a Tlowchart of the treatment system. Water
reclaimed after CASE-~1 treatment 1s 20,000 m3/day only. Reclama-
tion process is the_combination of ozone oxidation and actlvated

carbon adsorption. _
Ozone oxidatlion tends to oxidate the following by cholce;

1) Compound of unsaturated bond olefine and acetylenc
2) Aromatic monocyclic and condensed ring compound
3} Carbon-nitrogen double bond compound

4) Amine, sulfide
5) Compound including oxygen of alcohol, ether and aldehyde

Ozone oxidation 1s herein applied to decompose these highly
activated compounds so that reclaimed water may least affect
prodicts. However, by ozone oxidation alone, it ig difficult to
completely resolve organic substances into carbonic gas and
water, and the treatment costs much. For this reason, activated
carbon adsorption is used for the final process of water reclama-

tion.
3.5 Economic Feasibility of the Optimum System

Construction costs, operation costs and other related costs
are calculated for the above-mentioned 3 systems (CASE-1, -2, -3)

on a trial basis.
3.5.1 Construction costs
Calculated construction costs are as follows.

CASE-1 65.4 bil Won
CASE-2 77.7 bil Won
CASE-3 85.4 bil Won

Based on the Korean prices as of February, 1992. Each break-
down is shown in Table 3.5.1.
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3.5.2 Operating

Calculated
CASE-1 9.
CASE-2 18.
CASE-3 13.
Treatment
days/year.

Breakdowns of chemicals,

Cost

operating costs are as follows.

37 bil Won/yvear
84 bhil Won/year
54 bll Won/year

plant working days

are assumed to bhe 300

industrial water,

electricity and

sludge treatment in each case are shown in Tables 3.5.2 - 4.

Table 3.5.1. ltems of Construction Cost
(1,000,000%Won)
Items CASE-1 CASE-2 CASE-3
Civil and 45,800 54,500 50,000
Architectual Work
Machinerary and Bquipments 8,200 9,900 20,700
Electrical Work 1,100 1,300 1,500

Piping Work 1,500 1, 600 1,100
Test Run etc. 300 300 400
Sub-Total 56,200 67, 600 74,300
Overhead(15%) -8, 800 10;100 11,100
Total 65,400 77. 700 85,400
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Table 3.5.2. items of Running Cost (CASE~1)

Items Consumption Unit Price Cost Cost
[Won/m>] | {10%¥on/Y]
Chemicals

HgSOg 30,090kg/day b3¥on/kg 18.96 5.69
NaOH 10, 980kg/day 149%on/kg 16.35 4.91
PAC 49, 900ke/day 135¥on/kg 92.32 27.70
A-Polymer 283ke/day 1, 700Won/kg 48.11 14.43
K-Polymer 83kg/day | 3,150Won/kg | 26.15 7.85
Sub-Total 201.89 60. 57
Industrial Water 500m3/day t10¥on/n® 0.55 0.17
Electricity 50,218kW/day 60%on/k¥ 30.13 9.04
Sludge Disposal 164 t/day | 46, 800%on/t T6.175 23.20
Total 309.32 92.98




Table 3.3%.3.

Items of Running Cost (CASE-2)
Itews Consumption Unit Price Cost Cost
[Won/m®] | [10%Won/Y]

Chemicals
HaS04 30,090kg/day 63%on/kg 18. 96 5.69
NaOH 10, 980kg/day 14%Won/ke 16. 35 4.91
PAC 49,900kg/day 185¥Won/kg 92.32 27.170
A-Polymer 283kg/day 1, 700%Won/ke 48.11 14. 43
K-Polymer 83kg/day 3,150%on/kg 26.15 7.85
A/C Reclamation 20,000kg/day 1,021¥%on/ke 204. 20 61.26
Sub-Total 406.09 154.68
Indusirial Water 500n°/day 110%on/n? 0.55 0. 17
Electricity 53, 674kW/day 60%¥on/k¥ 32. 20 §.66
Studge bDisposal 164 t/day dﬁ,BOOWon/i 16. 15 23.03
Total 515.59 187.78




Items of Running Cost (CASE-3)

Table 8.5.4.
ltems Consumption Unit Price Cost Cosl
[Won/m31 | [10%Won/Y}

Chemical; N
H2S04 30,090kg/day 63Won/kg 18.96. 5.69
NaOH 10, 980kg/day 149%on/kg 16.35 4. 91
PAC 49, %00kg/day 18%Won/kg 92.32 21. 10
A-Polymer 283kg/day 1, 700%¥on/kg 48.11 14. 43
K-Polymer 83kg/day 3,150Won/keg 26.15 T.85
A/C Reclamation 5,000kg/day 1,021Won/ke 531.05 15,32
Sub-Total 252.94 75. 88
Industrial Water 500n°/day 110Won/n3 0.55 0.17
Electricity 196, 810kW/day 60%on/k¥ 118.09 35. 43
Sludge Disposal 164 t/day | 46, 800Won/t 76.758 23. 20
Total 448.13 134. 68




4 Financial and Economic Analysis
4.1 Total Capltal Requirements and Operating Costs
4.1.1 Construction Cost and Total Capital Requirements

Construction cost and total capital requirements are summarized
below., Optionally, the land acquisition cost is included in the
table. This cost is assumed to be 17,160 million won fTor Case 1
at 42,900 m? and 19,360 million won TfTor Case 2 and Case 3 at
48,400 m2. These amounts are based on the actual purchase price
of the dyeing industrial estate In Ansan. Unit price is set at

400,000 won per m?.

Table 4.1.1 Construction Cost
Unit: million won

Case 1 Case 2 Case 3
Civil and architectural work 52,642 62,643 57,470
Machinery and equipments 9,425 11,379 23,792
Electrical work 1,264 1,494 1,724
Piping work 1,724 1,839 1,954
Total 65,055 771,355 84,940

Table 4.1.2 Total Capital Requirements
Unit: million won

Case 1 Case 2 Case 3
Construction cost 85,055 TT,355 84,940
Preoperational expenses 345 345 460
Interest during construction 3,727 4,431 4,867
Total (1) 69,127 82,131 a0, 267
Land acquisition cost 17,160 19,360 19,360

Total (1)+Land acquisition cost 86,287 101,491 109,827




4.1.2 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 1n
Table 4.1.3. Details are discussed in Chapter 3.

(2) Fixed operating cost

Fixed operating cost consists of labor cost and maintenance
cost, Labor cost is assumed to be 70 million won per year for
each case. Details are shown in Chapter 3.

On the other hand, annual maintenance cost 1s estimated as 1.0
percent of the construction costs through out the project 1ife
period. The cost is summarized in Table 4.1.3.

Table 4.1.3 Operating Costs
Unit: million won

Case 1 Case 2 Case 3
Variable operating costs .
Chemicals 6,057 15,468 7,588
Water ' 17 17 17
Utility {electricity) 904 966 3,543
Disposal cost of sludge 2,320 2,320 2,320
Sub-total 9,298 18,771 13,468
Fixed operating costs
Labor cost 70 70 70
Maintenance costs 654 TT7 854
Sub-total T24 847 924

Total 10,022 19,618 14,392

4,2 Financial Analysis
4.2.1 Basic Assumptlions and Premises

- For the purpose of the financial calculations, the following
basic¢ premises are applied.
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{1) Project 1ife and plant operation

(a) Prbject 1ife ; construction periocd : 2 vear

i operating period : 15 years
(b) Implementation body : Non-profit industrial cooperative
(c) Waste water treatment capaéity : 30 million m® per year
(d) Volume of recycling water: 6 million m© per ycar(Case 3)
(e} Annual operating days : 300 days

(f) Annual operating hours : 7,200 hours (24 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. '
(3) Corporate income tax
Corporate income tax will be imposed at a rate of 10 % of taxable
income. This preferential rate is provided to an operator of
environment protection facilities under the regulation.
(4) Depreciation and amortization
Depreciable assets are assumed to be depreciate as follows.

(a} Mode : Declining balance method

{b} Period : 15 wyears

{¢) Salvage value : 10 percent

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

4.2.2 Financial Plan
Total capital requlrements 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 is assumed to be 70 percent of them.
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Unit: million won

ratio Case 1 Case 2 Case 3

Equity _ 30% 20,738 24,839 27,080
Debt (long term loan) T0% 48,389 57,491 63,186

Total 100% 69,127 82,131 90,267

4.2.3 Method of Financial Analysis
(1) Fixed profitability

In this financial analysis, emphasis is 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 (FIRRQI) is viable. This means the price level of the
fee is calculated in order to attain the target FIRROI. The
applied rate is 10 percent.

(2) Internal Rate of Return (iRR) as applied indicators

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

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

FIRROE, on the other hand, indicates the profitability of invest-
ed own funds (equity) in'the project. Thus, this rate depends on
financing conditions {interest, repayment amount and so on) as
well as the total caplital requirements, revenue, and operating
costs,

4.2.4 Results of Financial Analysis

The levels of the discharged fee in order to attain the target
FIRROTI (10.0 %) for three cases are shown below. The levels of



the fee for the case with land acqulisition cost are also
prescnted.

Case 1 Case 2 Case 3
FIRROI 10.00 10.00 10.00
FIRROE T.60 - T7.864 T.682
Price of Fee 525 1,000 860
(won per m3)
FIRROI 10.00 10.00 10.00
(cases with Land Acquisition Cost)
Price of Fee 6590 1,073 933

(won per m3)

4,3 Economic Analysis

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

However, the direct loss or damage to the envirconment in the
Study Areas and the vicinity is not seen in thls project because
this is a conceptional design. As a result, the benefits based on
market values can not been identified guantitatively except
recycling water produced in Case 3. In_this economic analysis,
therefore, the introduction of geherally applicable methods,
the benefits of recycling water in Case 3 and the gualitative
socio-economic impacts are discussed. The Economic Internal Rate
of Return (EIRR) 1is not calculated.

4.3.1 Generally Applicable Techniques for the Ana1y3151

Three sets of valuation techniques using market prices, which are
those of straightforward benefit-cost analysis, are used in

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 1986,



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 1ls the loss of earnings approach. And, the
third one is the opportunlty cost approach.

4.3.2 Benefits of recycling water
In Case 3, 6 million mS of recycling water is annually produced.
This recycling water is the benefit under the change-in-produc-
tion approach, which is discussed before. The bencfits from the
recycling water are calculated based on the alternative resource
saved by avoiding the needs to provide clean water (presumably
least costly). This 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 1s 805 won per m3 according to the
data for water production in Ansan area, the total savings
(benefits) amount to 1,828 million won per year although this is
very small compared with the total cost for the treatment rlant.
Since recycling water is not produced from Case 1 and Case 2, the
savings for these two cases can not be calculated.

4.3.3 Sbcio—economic Impact Consideration

Industrial development (such as dyeing industrial estate) in
general tends to cause the damage to the environment through the
linkages. The development causes physical changes in water, air,
soil and so on in terms of temperature, dissolved oxygen, nutri-
ents, salinity, siltation, solid wastes and so on. These changes
result 1In ecological changes such as biological displacement,
change in Species composition, lowered species diversity, repro-
duction failure, and so on. Then, these have the socio-economic
consequences such as reduced incomes for fishermen and farmers
- through the reduction of the productivity, increased underemploy-
ment and unemployment, and increased incidence of human disease.

Therefore, the proposed project on the waste water treatment
plant for dyeing industries is highly valuable in terms of pro-
tection 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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IV Overall Evaluation

1. Plating Industrial Estate
1.1 . Evaluation and Problems Concerning the Optimum Systoms
1.1.1 Technical Evaluation and Problems Concerning the System

The proposed optimum system is intended to perform complete
treatment of wastewater produced in the industrial estate of
electroplating factories. The system has the Tollowing character-
istics,

(1) The system' can well cope with variable aquantities and
qualities of the expected wastewater.

The stabilization tank has an adequate capacity for any
amounts of water coming from the estate. Furthermore, all compo-
nents of the treatment process are made with certain capacity
- margins. Thus, the'system as a whole is flexible enough to cope
with variable quantities and gualities of wastewater.

(2) The_operation of the system is fully automated.

- While the existing system is operated manually for the most
part and hence regquires many operators, the operation of the
proposed optimum system is fully automated so that the number of
operators can be reduced greatly.

(3) The system is equipped with an adequate number of monitoring
instruments.

Monitoring instruments installed at each stage of the opti-
mum system allow the operator to check water quality and opera-
tional state of the stage concerned. The existing system has Tew
monitoring'instruments installed and hence the operation depends
on visuval inspection by individual operators. As mentioned be-
fore, this has gilven rise to various problems. The optimum system



will virtually eliminate such problems,
(4) The layout of the system is very compact.

The layout of equipment and machinery of the proposed system
is designed for easy operation and minimum space requirement
As a result, the space necessary for the optimum system (approx.
700 mz) is only marginally larger than that of the existing
system, while the operation is much improVed compared with the

existing system.

Perfect though the system planning may be, it cannot realize
its functions unless the assumptions for the planning are met, In
planning the system, the following assumptions are made:

(1) The factories in the industrial estate use electroplating.

Our survey shows that one Tactory iun the estate uses an ano-
dized aluminum plating method and another wuses a chemical
plating method. Wastewater from those two. factories, however,
accounts for only marginal percentage of the whole waste-
water, so it does not affect the treatment of wastewater.

Even at the same stage, the agents used for chemical plating
are different from those used in electroplating,'and'they pro-
duce very different type of waste water. That 1is why only
those factories which have simlliar - manufacdturing processes
should be selected in forming an industrial estate. -

(2) Each factory will take appropriate measures to reduce the

amount wastewater.

For wastewater treatment to be effective, it 1s important
that each factory takes measures to reduce the discharge of
wastewater so that only highly concentrated wastewater flows
into the «central <freatment plant. Such measures must Dbe
planned before factories start cperating and discharging
wastewater. ' '



(3) vVarious types of wastewater coming from factories are sepa-
rated From cach other according to their contents and con-
centration.

As stated before, wastewater discharged by plating factories
is classified into (1)'cyanic, {(2) chrome, and (3) acid/alkaline
water. Any wastewater treatment plant is bui]t_on the agssumption
that incoming wastewater 1s separated based in accordance with
classification. Unless wastewater being thus separated,in this
way, the treatment would become impossible. Moreover, if cyanic
water and acid/alkaline water are mixed, extremely poisonous
cyanide gas may be produced. The separation, therefore, must be
rigorously applied.

With the above assumption being met, the proposed system
offers the best solution to the central treatment of wastewater

in the industrial estate.
1.1.2. Economic Evaluation and Problems of Concerning the Systems

As stated in "(4.2) Financial Analysis in (II) Plating
industrial Estate” of this report, the proposed optimum  system
makes good economic sense. The reasons for this judgment are as
follows:

{1} The rate for the treatment is high enough.

- Disposal of wastewater produced by plating factories 1is
difficult, and it is very dangerous if discharged into a river or
sea without any treatment. For this reason, a relatively high
. rate may be charged for its treatment. The rate set by the law
(i.e.legal rates for subcontracting the disposal) is considerably
higher than the rate (according to CASE-3 of 4.2.4 of TI, 4,763
Won/m3) calculated for the proposed system.

(2) Running costs are reasonably low (l.e. consumption of elec-
tric power and chemicals is low).

Because of the high capacity required, the construction cost
of the pro-posed system will be higher than the existing system.



In return, thanks to the installation of many Instruments, opera-
tion and management is made much easier. As a result the proposed
system eliminates unnecessary consumption of power and chemicals,

thus keeping running cost to the minimum.

(3) The operation is fully automated.

Because of fuilly automated operation, labor cost neceSsary_
for running the system may greatly be reduced. The proposed
system can be run by two operators, whereas the existing system

requires six.

Howéver. the econonmic advantages listed above can be real-
ized only if the following conditions are met.

{1) Equipment and machinery are properly managed and maintained.

To realize the economic advantages of the system, it must be
maintained and operated in good condition. It is, therefore,
important to assign adequate money and workforce to the daily
management and maintenance of the equipment and machinery.

(2} The rate for treatment is set reasconably high.
The cost for wastewater treatment may differ greatly depend-

ing on water's qualities (contents, concentration, etc.). So, it
is important to charge appropriate rates for each type of water.

(3) Wastewater is appropriately accepted.

In accepting the inflow of wastewater, its quality and quan-
tity must be measured to determine the rate. If water is beyond
the treatment capacity of the system, refusal of inflow may be
necessary in order to keep the system running economically.

(4) Measures are taken to prevent troubles in treatment

Even if Step (3) above is taken, some factories may, - inad
vertently or intentionally, still discharge prohibited waste



water, which may put the system in disorder. Apart from
technical measures to be taken in such cases, some provision
should be made to punish the factory concerned, such as refusal
of further inflow of wastewater, high amount of a fine, and the
like.

‘The technical evaluation is closely related to the economic
one. In general, a technically excellent system will also have an
excellent economic evaluation. The proposed system is the very

example of this.

1.2. Suggestions Regarding the Introduction of the Optimum Sys-
tems

_ Since consliderations in introducing the optimum system are
already explained (see II and 1.1 of this chapter), we will make
some more suggestions briefly.

(1) Adequate preparatory studies should be conducted sufficient
1y.

Before constructing the central treatment plant; its basic
design conditions must be established properly by carefully
studying expected amounts and gqualities of wastewater.

Neonetheless, in the case of an industrial complex that 1is
vet to be constructed, there are no data available to study. In
such a case, as shown in this report, estimate must be made as
accurately as possible by analyzing data gathered from existing
factories of similar type.

(2) Each factory should be well informed aboutl wastewater treat-
ment. '

Whether the central treatment plant works properly depends
on every factory discharging its wastewater as planned. In other
words, each factory must take wastewater treatment into account
in its production activities. To serve this purpose, the central
treatment plant should make the utmost effort to improve each
factory's knowledge and technique concerning wastewater treat-



ment .

(3) Appropriate rate should be charged for wastewater treat-

Lreaitment.

As stated in 1.1.2 of this chapter, once a rate is set, it
becomes difficult to change. That is why appropriate rate should
be determined in consultation with the factories prior to
starting the treatment system.

(4) The inflow of wastewater should be monitored constantly.

Fven a well-planned wastewater treatment system (with
appropriate rates) may not bring the expected effects. if the
amounts and qualities of incoming wastewater are not monitored.
So, the inflow of wastewater must be continuously monitored with
instruments, and the monitored data must be promptly reflected in
the running of the system.

(56) The importance of the techniclans and operators of the
wastewater treatment plant should be fully understood and
propéer training should be provided.

There is a tendency to attach less importance to the techni-
clans and operators working for waste water treatment than those
working in a manufacturing process. However, in the manufacturing
process, production is carried out using materials with more or
less the same quality. In contrast, In wastewater treatment, a
high quality products (treated water which meets. certain stand-
ards) must be realized using materials (raw waste water) of
various qualities. In consequence, the technical standard for
wastewater treatment must be high enough to cope with the wide
variation of quantities and qualities of discharged water. For
this reason, competent technicianS'and operators must be assigned
to the treatment plant, and sufficient tralning must be given.

(6) Management/maintenance should be meticulously carried out.

As mentioned in 1.1.2 - of this chapter, improper



management/maintenance may hinder even the optimum syétem from
functioning as planned. _

In ordetr to realize the economic advantages of the system, ex-
pense should not be spared as far as management/maintenance is
concerned. If possible, as practiced in a manufacturing process,
periodical maintenance (once or twice a year) should be carried

out.

(7) Cooperative relations should be established between the
wastewater treatment plant and the factories.

As mentioned before, wastewater treatment 1s closely related
to a manufacturing process. To keep the treatment system running
in good condition, cooperative relations between the treatment
plant and each factory is indispensahle. One way to achieve this
may be to establish a committee consisting cf the staff of the
treatment plant and the personnel from each factory, thus provid-
ing an opportunity to discuss matters of mutual interest and

exchange information.

(8) The treatment plant should participate in some way in the
manufacturing process of each factory.

The treatment plant should not 1limit its responsibility to
the treatment of wastewater, but should actively participate
in the manufacturing process from the standpoint of wastewater
treatment. Thus, the treatment plant should not hesitate to give
advice, if any, for improving the manufacturing process of each
factory.

1.3, Other Problems and Suggestions

The following are problems and suggestions concerning
matters other than wastewater treatment.

(1) Managing structure of the industrial estate

At present, the relationship between the central wastewater
treatment plant and each factory is that of a landlord and its



tenant, which makes it difficult to establish cooperative relta-
tions between the two. As 1s the case in the dyeing industrial
estate, it may help 1f the wastewater trecatment plant is managed
by a cooperative association consisting of all the factories.

(2} Enlargement of Jjoint work by the industrial estate

At present, wastewater and exhaust gas disposal (using
scrubbers for gas disposal) are the only joint project of the es-
tate. By extending joint projects to the supply of utilities
(industrial water, cooling water, steam, etc;) and the disposal
of industrial wastes, the management of the estate will become
more stable and the galn of each factory wlll increase.

(3) Technical training for the factories

The factories in the estate are small in scale. Therefore,
although keen to introduce the latest technologies to improve
manufacturing methods, they have little means. It may help a lot
if a technical center is established in the estate to give appro-
priate guidance and training to each factory.

In the existiﬁg industrial estate, it may be difficult to
implement the suggestions listed above. In case an estafe is
newly established, however, Athose suggestions should be taken

into consideration.

2. Dyeing Industrial Estate
2.1. Evaluation and Problems Concerning the Optimum Systems

The evaluation and problems concerning the dyeing industrial
estate are basically the same as those concerning the plating
industrial estate shown in 1. of this chapter. In the following,
only those points that are unlque to the former are described in
detail, other points which are the same as in the plating estate
being only listed. '



2.1.1. Technical Evaluation and Problems Concerning the System

The proposed optimum system is intended to perform complete
treatment of wastewater produced in dyeing factories (where
dyveing of synthetic fibers such as polyester is alsgso carricd
out). The system has the following characteristics.

(1) The system can well cope with the variable quantities and
qualities of the expected wastewater.

(2} The operation of the system is fully automated.

While the existing system has not been automated completely
and hence requires many operators, the operation of the proposed
optimum system is fully automated so that the number of operators
can be greatly reduced.

(3) The system 1s equipped with an adequate number of monitoring
instruments. :

Mohitoring instruments installed at each stage of the opti-
mum syStem allow the operator to check water quality and opera-
tional state of thg stage concerned. With the existing system,
too, quite a few monitoring instruments are already installed and
are operated from a control room. The proposed system, however,
gives'greater consideration to the instrumentation.

(4) The layout of the system is designed to allow sufficient
space for each component.

At present, owing to the narrowness of the building site,
and as a result of the extension work, equipment and machinery of
the existing system are placed too close to each other. In con-
trast, the layout of the proposed optimum system is spacious
enough to allow easy operation. The building site for the pro-
posed system is consequently larger than the existing one. The
present site is too small to accommodate a system which is ex-
pected to treat 100,000 m3 of waste water a day.



(5) The system makes the final sewage treatment plant redundant.

Currently, water discharged from the central treatment plant
is sent to the final sewage plant run by the municipal government
of Ansan, As mentioned in 1.2 of 1, however, this sewage plant is
not working properly. The proposed system is designed to make
treated water purer, so that the final sewage plant will become
redundant. In particular, the high~degree treatment system for
COD clements (CASE-2) will make the final sewage plant totally
unnecessary Tor treating industrial wastes.

Perfect though the system planning may be , it cannot make
full use of its functions unless the assumptions for the planning
are met. In planning the system, the following assumptions are

made :

(1) The estate consists of factories which are mostly éngaged in
the dyeing of cotton and only partly in the dyveing of syn-
thetic fibers such as polyester.

Our survey has shown that the estate has one factory which
carries out leather tanning alongside dyeing. Although the
amount of wastewater from this factory is very small, a tiny
amount of chrome metal contained in it has an obiouse adverse
effect on the operation of the central treatment plant. The
existence of a factory of a dlfferent nature clearly affects the
whole system.

Among the dyeing factories themselves, those which conduct
the dyeing of wool or polyester produce a different type of
wastewater from the those which are engaged in the dyeing of
cotton., Wastewater coming from the wool dyeing factories contains
substances (oil, fat, protein, etc.) removed from wool, while
waste water of polyester dyeing contains elements (such as ethy1~
ene glycol and terephthal ac1d) that are resoclved from polyester
when the marcerization method is applied. The treatment of the
former is not very difficult, but the latter cannot be removed by
the biological treatment alone. See the example shown in. 3.4.3
(11) of chapter 5 _

In creating an industrial estate, therefore, it is important
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to select only those factories which have more or less the samc
manufacturing processes.

(2) Each factory will take appropriate measures to reduce the
amount of wastewatler.

{3) Substances which are hard to process in the central treat-
ment plant are removed from wastewater 1in advance at the:
factory level.

As explaiﬁed in (1) above, all substances (for example,
chrome metal) which are hard to process in the central treatment
plant must be removed in advance by the factory concerned.

{(4) Amounts and qualities of waste water do not fluctuate great-
ly.

As mentioned before, the proposed system is designed to cope
with a wide range of amounts and qualities of wastewater. None-
theless, since the amount to be processed is enormous, the stabi-
lization tank allows at most a four hour stay of wastewater.
Thus, if a huge amount of wastewater flows into the tank at once,
it becomes impossible for the tank to accept all of it.

S50 long as the conditions listed above are met, the propoéed
system offers the best solution to the central treatment of
wastewater in the dyeing industrial complex.

2.1.2. Economic Evaluation ahd Problems Concerning the System

As stated in 4.2. Financial Analysis in "II1I, Dyeing Indus-
trial Estate" of this report, the propesed optimum system is
evaluated as being fairly economlc, although the rate for treat-
ment will be higher than the current one (about 1.4 times in

CASE-1). The reasons for this evaluation are as follows:

(1) The proposed optimum system is improved system compared with
fthe current system. So,the higher rate for treatment is natural.

{2) The present plant was completed 5 years ago, and it has
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already been depreciated to some extent.
On other hand, this study is made on the assumption that the
treatment plant is newly constructed.

(3} In this study, in CASE-1 ,the treatment rate will be drop to
ahout 358W0n/m3'after 9 wyears. This wvalue 1is about 80% of the

current rate.

The reason for the proposed optimum system cobhtaining a fairy
economic evaluation are as follows.

(1) The treatment capacity is very large.

3 a

The proposed system has a treatment capacity of 100,000 m
day, which ranks among the top class as a treatment system for
industrial wastewater. Scale merit relative to the construction
costs is considerable. That is one of the reasons why the pro-

posed system makes good economic sense.

{2) Running costs ares reasonably low (1.e. consumption of elec-
tric power and chemicals is low).

(3) The operation is fully automated.

Because of the fully automated operation, the number of
operators necessary for running the system can be greatly re-
duced. The proposed_system can be run by three operators, whereas

the existing system requires around six.

However, the economic advantages listed above can be real-
ized only if the following conditions are met.

(1) Equipment and machinery should be properly managed and main-
tained.

(2) The rate for treatment shouid be set appropriately.

(3) Wastewater should be appropriately accepted.
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(4) Measures should be taken to prevent troubles in treatment.

The technical evaluation is closely related to the economic
one. In general, a technically excellent system will alsc have an
excellent economic evaluation. The proposed system is the very
example of this.

2.2. Suggestions Regarding the Introduction of the Optimum ' Sys-
tems '

Since considerations in introducing the optimum system are
already explained (see'il and 2.1 of this chapter), here we will
1imit the explanation to those matters which are unigue to the
dyeing industrial estate (those which are already explained in
the section of the plating industrial estate will only be list-
ed).

(1) Adgquate preparatory studies should be conducted sufficiently.

(2) Each factory should be well informed about wastewater treat-
ment.

(3) Appropriate rates should be charged for wastewater treat-
' ment.

At present, the rates are set in accordance with quantity
{450 Won/mS), an extra rate being charged only when the pH ex-
ceeds 11. And yet, besides pH, the COD value and color have
significant effects on the actual cost of treatment. These two
factors should also be reflected in the rates.

The degrees of color are hard to measure, but are roughly
proportional to COD values. Therefore, the COD value may be
regarded as a practical criterion of water quality for determin-
ing the treatment rate. The pH value and COD wvalue can be meas-
ured and recorded continuously by installing appropriate measur-
ing devices at each factory. These values, if they are sent to
the central treatment plant through a remote device, are useful
not only for determining the rates, but also for monltoring the
incoming waste water.

4—13



{4) The Inflow of wastewater should bec monitored constantly.

With the existing system, the qualities of wastewater dis-
charged to the central treatment plant are measured reasonably
well. Monitoring of the qualities of incoming wastewater is an
indispensable factor for the efficiency of the central treatment
plant. As mentioned in (3) above, the installation of a continuos
measuring device at each factory will serve this purpose.

(5) The importance of the technicians and operators of the
wastewater treatment system should be fully understood and proper

training should be provided.
(6) Management/maintenance should be meticulously carried out.

(7) Cooperative relations should be established between the waste
treatment plant and the factories.

{8) The treatment plant should participate in some way in the

manufacturing process of each factory.
2.3. Other Problems and Suggesilons

The following are problems and suggestions concerning
matters other than wastewater treatment.

{1) Managing structure of the industrial estate

In the dyeing industrial estate, at present, wastewater
treatment is conducted by the cooperative, but ihdustrial water
ahd steam are supplled by the city of Ansan and the Industrial
Estate Corporation respectively. In constructing a new industri-
al estate, if there are no organizations to Supply utilities such
as 1industrial water and steam, the cooperative of TfTactories may
take charge. The cooperative may take charge of the disposal of

industrial wastes, too.

(2) Improvement of posiftioning of Central Wastewater Treatment
‘Plant '
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As is stated in section 2.1 of III above, the present cen-
tral wastewater treatment plant is positioned as a pre-treatment
plant for the sewage treatment plant. However the actual water
quality is better than that of water discharged from the sewage
treatment plant. When it is considered that these two plants
comprise one system, it is hardly an efflcient system. To rectify
this situatlion, the following approaches shall be considered.

A. As shown in section 3.2.2 of 111 above, by usling advanced
treatment of COD, make the wastewater treatment plant capable
of discharging treated water intc public water.

B. Try to balance the loads of both plants by relaxing water
quality standards of the water discharged from the central
wastewater treatment plant. The hazard for elimination stand-
ard of sewage in Japan is a useful standard for water quali-
ty. (Refer to Table 3.6 of Y. Introduction)

These approaches have the following advantages and disadvan-

tages.

A. Advantage: It enables to plan a wastewater treatment plant
regardless of the existing sewage treatment plant. There is
no sewage charge

Disadvantage: Treatment cost is expensive {refer to CASE-2 of
Optimum System). Capacity of the existing sewage treatment
plant is wasted.

B. Advantage: Central wastewater treatment plant operation
becomes easier and cost of the existing sewage treatment
plant capacity can be used effectively. _
Disadvantage: Present effluent standard can not be satisfied.
A modification of the legal regulations is required.

Although as explained in B. this approach can not be imple-

mented under current laws, it is worth considering as a future
assignment as if has technical and economic advantages.
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(3) Promotion for the reclamation of wastewater

CASE-3 of the optimum system suggests the reclamation of
wastewater. In that case, the cost for regenerated water amounts
to 860 Won/m3 (see 4.2 of III), which is significantly higher
than city water or industrial water. However, the effects of
water reclamation cannot be measured with an economic rule alone.
It may bring about the following benefits.

A. Reclamation of wastewater makes 1t possible to create an
industrial estate where the water supply 1s inadequate.

B. Reclamation reduces the discharge of wastewater, with a
consequent reduction in the amount of pollutant discharge
(reduction rate is 20% in CASE-3 of IIT). '

C. Where ground water 1s used, the reclamation of wastewater
prevents land subsidence caused by excessive pumping

_ Since the reclamation of wastewater brings about such bene-
fits, 1its introduction should be taken into account when an
industrial estate 1s newly created.

3. Summary of Evaluations

The following is a summary of the evaluations mentioned
above,

{1) Technical evaluation

For both the plating and dyeing industrial eStates, the
optimum system offers a perfect solution to the problems of the
existing systems. As stated many times, however, in order to make
full use of the advantages of the optimum system, certain assump-
tions that are made for the planning of the systems must be met.

{2) Economic evaluation

A. In the case of the plating industrial estate, the optimum
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system make good economic sense, partly because the rates can
be reasonably high. Here too, however, the assumptions must
be met.

B. In the case of the dyeing industrial estate, the optimum
system requires higher rates for treatment than those éur—
rently charged. Nonetheless, taking inte account of the
improvement of treatment and the inflation-adjusted construc-
tion costs, the optimum system still makes economic sense.

(3) Proposals

The proposals consist of (1) selection of the optimum sys-
tem, (2) management of fhe industrial estate, and (3) enlargement
of the activities of the industrial estate. Some of these propos-
als can be applied to the existing industrial estates immediate-
ly, but most are to be realized in the Tuture. In case an indus-
trial estate 1s newly created, the proposals may be applied more
thoroughly.
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V. Guidelines for Wastewater Treatment and Reclamation
1. Outline

The purpose of prepafing'these guidelines and their
organization are as follows:

As has already béen shown in II. and III1., models
were set for plating and dyeing industrial industrial es-
tates In this Study, and optimum systems were selected for
cach of them. However, products and manufacturing processes
involved in both industries are so diverse that the descrip-
tions in I1. and II1. alone are not sufficient for the
purpose of planning new wastewater treatment and reclamation
plants.

As a result, it was decided to prepare more general
guidelines for use in the planning of new wastewater treat-
ment and reclamation plants for plating and dyeing industri-
al estates.

Special consideration is made here to suit the cur-
rent situations of the two industries in Korea, while fully
utilizing the investigation results in 11I. and III.

(2) Oréanization

Guidelines are divided into two major parts, cover-
ing plating and dyeing industries, respectively, with mat-
ters relating to production processes and wastewater treat-
ment and reclamation described along with new treatment
technlques

One of the special features of these guidelines is
emphasis on production processes and wastewater reclamation,
subjects rarely explained in detail 1in traditional similar
guidelines.

While these guideljnes are closely related to the
selection of optimum systems, they are also readily avail-
able as separate reference material.



2. Metal Plating Industry

Plating coats the surface of any object to be plated with
metal films Tor the purpose of decoration, corrosion resistance,
heat resistance or wear resistance. It is used for the produts
and parts widely ranging from automobiles, electric cars, TV
sets, radio sets, cameras and electronic apparatus to personal
decorations and accessories. _

Roughly speaking, the plating industry is classified as
electroplating industry, melt plating industry, plated'steel pipe
manufacturing industry and other metal manufacturing industries.
Of them, the electroplating induétry is required to take special
care for water and wastewater treatment. In Some cases, electro-
plating is done as a part of any other process in a factory in
which metal products are manufactured, and in the othres it is
sone by an exclusive enterprise which is engaged mainly in pro-
cessing only. The exclusive enterprises works on a processing
fee basis and does not manufacture independent products. There-
fore, exclusive enterprises are located for the convenience of
entrusting metal products manufacturing or automobile manufactur-
ing factories fTor which they do processing. These exclusive
enterprosés are very small in scale, but their number is very
large as compared with the number of large-scale factories for
which they do processing.

For exclusive énterprises, the construction cost and
running cost for having their own wastewater treatment facilities
are an economically heavy burden. Further, shortage of englneers
in charge of operation and maintenance of these facilities, and
of shortage or difficult acquirement of construction sites, etc.
impose economically and technically seriohs'problems on them. In
addition, wastewater and exhaust gases discharged from plating
factories contaln much substances which are harmful to the human
health, If the treatment of them has a problem, there may be
serious influences on the surrcundings of the factory. There-
fore, scrupulous care is needed to prevent pollution.

From the viewpolnt as mentioned above, it will be econom-
ically and technlcally advantageous to collect wastewater and
exhaust gases from the workshops In the plating industrial estate



and treat them in a central treatment plant, as compared with
separate treatment by each exclusive enterprise. Moreover, 1f
exclusive enterprises are gathered in the plating 1ndustr1a1
estate, the risk of pollution generation may be reduced from a
plane to a point. This i1s the reason why the spread of the
plating industrial estate has been strongly desired.

However, the workshops in the plating industrial estate
carry out diferent Kkinds of plating from each other, and there-
fore, it has also been pointed out that new problems unigue to
the wastewater treatment of the plating industrial estate should
be 1iable to occur.

With the foregoing in mind, this chapter for guldelines
describes the basis of plating wastewater treatment, such as main
production processes and wastewaters generated and thier qunati-
ty, the measures to be taken in producticn pfocesses for reducing
polutant loading, etec., fundamental wastewater treatment tech-
nologies, reclamation technologiesm and sludge tretment technol-
Ogies, and an introduction of new technologlies using membrane
separation, together with other points to be cared about.

In Japan, many pollution problems with plating wastewa-
ters occured in the past, but it is very rare at present that
any wastewater unable to meet the control limits should be final-
ly discharged. This 1s mainly due to technological -developments
made by research and development activitles on polliution control
technologies at government and local government testing insti-
tutes and laboratories, and also by environmental eguipment
enterprises’ activities. On the other hand, devoted guidance and
tralning activities of technical staff of local government re-
search organizations and non-profit foundations directed for
plating enterprises for a long time have also been effective.
Since the wastewater treatment for plating factories is deeply
related with the plating technology, the employees of plating
enterprises have consulted with the staff about 1the watewater
tretment problems and plating technologies to solve these prob-
lems and Improve the technologies. It is desired that such
testing and research organs should also be installed in Korea.



3. Dyeing Industry

IFeatures of the dyelng industry and its waste water are as fol-
lows.

(1) Majority of the business is entrusted processing assignee so
that they can hardly change the processing process independently.

(2) Small processing lot causes wilde fluctuation in‘;l day and
also the season and the fashion causes wide seasonal fluctuation.

(3) Most of the processing process reguires chemical
treatment.

(4) The process uses a variety of chemicals such as dye, pigment,
acid, alkali, oxidizer, reductant, gizing agent surface active
agent, solvent, metalllc chloride which have all different chemi-
cal properties.

(5) Waste water is colored by dye, pigment and impurities in
fibers.

(6) pH of the total waste water 1s unstable for the irregular
continuation of the acid and alkaline operation process.

(7) Residue of casein and lanolin, sizing agent and surface
active agent raise BOD, COD level of waste water and make it
effervescent.

(8) Chloride concentration in waste water is high because various
chlorides are used in the process.

(9) The concentration of phenol and n-hexane extract in waste
water is high because of the solvent.

(10) The level of BOD, COD and n-hexane extracts In the waste
water is high because of the loss of oll an desizing agent in the
process of fiber manufacturing, spinning and weaving.

(11) SS concentration of the waste water is high beczuse of the
loss of flocks and so on.



(12) Main process is conducted mostly batchwise and it intermit-
tently discharges high-contaminated waste water. Consequently
amount and guality of waste water fluctuate widely and i1t is
difficult to grasp the water quality because of the mutual chemi-
cal action among chemicals.

Thus treatment of waste water of dyeing industry is more diffi-
cult than that of the other manufacturers' and combination of
several treatment process is required for the sufficient treat-
ment. Dyeing industry which is water-oriented industry discharges
huge amount of waste water. For the above mentioned reasons, the
waste water treatment in dyeing industry requires massive capital
investment and operation cost which constitute significant burden
for the management.

The following part summarizes the features of dyeing industry and
describes the guideline to implement the economic wasté water
treatment and the reclamation.
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