3.5 Conceptional Design of the Optimum Systems

Conceptional design regarding the preViqusly selected 3 sys-
tems (CASE-1, -2, -3) is made, and the specifications and layout
of equipment are decided on.

3.5.1 Preconditions

Preconditions for conceptional design as basically the same
as that of II. Plating Industrial Estate. The Conditlions are
shown below.

A. Purchasing expenses for the construction site are excluded.

B. Excluded are water & wastewater plumbing from the dyeing
industrial estate to the central treatment plant, reserve
stocks, works of piling, grouhd reform and remaining soil
disposal in contraction expenses, plumbing from the central
treatment plant to the treatment water discharging terminal,
outside exclusive road development,  gardening, Tfence works,
first stage power supply, ocutside 1ighting works. Heating and
indoor 1lighting works are iIincluded to have the Tacilities
generalized in Korea.

€. Sludge is dehydrated to form dehydrated cakes of 85% water

content, that is delivered out and disposed of as industrial
waste.

D. Wastewater treatment is made by continuoué & automatic opera-
tion.

s

Facilities operate 24 hrs/day.
F. Reclamation of activated carbon is consigned to an outside
company.

G. Power used is 220 V. 50 Hz.

H. Construction period is 2 years.
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3.5.2 S8ystem meeting the exlstling effluent standards (CASE-1)

(1) Conceptional design

Fig. 3.5.1 shows a diagram of CASE-1. Treatment from biological

treatment to coagulation sedimentation is conducted through 4
systems. The conceptional design results is as follows,

A. Sedimentation basin

A-1 Grit chamber

Particles of over 0.2 mm diameter are submerged,

a)

Design condition
Flowing water quantity

A-2Z Pump pit

a)

Design condition

100,000 m3/day

Flow Speed 0.25 m/s
_ Retention time 1 - 2 min.
b) Specifications
"Capacity 56 m°
Shape 2.5 m¥W x 11.2 mL x 2.0 mD
{effective)
Material Reinforced concrete
Quantity 2 gets
¢} Supplementary equipment
* Sludge collector
Type Basket conveyer type
* Rough screen
Type Fixed & hand scratching type
Pitch 100 mm
*» Fine screen
Type Successive rake type
* Pitch 20 mm
* Gate
Type Electricity powered type,

1,000 mm x 1,000 mm
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b)

a)

b)

c)

Flowing water quantity
Retention time
Specifications
Capacity

Shape

Material

Quantity

Supplementary equipment
Pump

Type

Capacity

Electric motor
Quantity

stabilization tank

Design condition
Flowing water quantity

Retention time

Design calculation
Calculation

'Capacity

Specifications
Capaclty

Shape

Material

Quantity

Supplementary equipment
Blower

Aeration rate

Capacity calculation

100,000 m3day
1 - 2 min.

150 m®

10.0 mW x 5.0 ml. x 3.0 mb
RC

1 set

Vertical type mixed flow pump
17.5 mS/min. x 10 mH x 4004
55 kW x 440 V

4 + 2 sets

100,000 m3/day

Average 4,170 m3/h

(max. 6,500 m3/h, min.

2,100 m°/h)

4.5 h

Retention time (RT) is decided on,

referring to current wastewater

flow condition.

100,000 mS/day x 1/24 x 4.5 h
= 18.750 m3

18,750 mS

50 mW x 75 mL x 5 mD(effective)
RC

1 set

0.5 mS/m3.h

18,750 m° x 0.5 m°/m3.h x 1/60 = 156 m°/min.
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C.

Capacity

Electric motor
Quantity

Pump

Capacity calculation

156 Nma/min. x 0.5 kgf/cm2
200 kW x 440 V
1 set

4,170 m3/h x 1/60 x 1.2 = 83.4m%/min. -

Capaclity
Flectric motor
Quantity

10.5 m3.min. X 15 mH
440 V x 37 kW
8 + 4 sgets

Measuring & neutralilzation tank

C-1 Measuring instrument

a)

Specifications
Shape

Material
Quantity

C-2 Neutralization tank

aj)

b)

c)

Design condition

Flowing water quantity
Retention time

Design calculation
Calculation

Capacity

Specifications
Shape

Material
Quantity

Supplementary equipment

Agitator

Type

Rotation
Electric motor
Quantity

Aeration tank

Partial flume
Stalnless steel
2 sets

100,000 m3/day
10 min.

100,000 m°/day x 1/1440 x 10
min. = 694 m°S

5mW x 5 mlL x 5 mD x 3 tanks
RC
2 sets

Vertical propeller blade
300 rpm

15 kW x 440 V

6 sets
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a)

b)

c)

a)

b)

c)

Design condition
Flowing water quantity
BOD load

BOD volumetric load
E/M ratio

Design calculation
Calculation capacity

MLSS concentration

Specifications
Capacity

Shape
Material
Quantity

Supplementary equipment

Blower

0/C load 1.5

Capacity calculation

Type -

Capacity
Flectric motor
Quantity

1st sedimentation tank

Degsign condition
Flowing water quantity
Surface load

Design calculation
Required area

Specifications
Shape

25,000 mS/day x 4 lines
25,000 m3/day x 800 g-BOD/m°
1000 = 7,500 kg-BOD/day

1.1 kg-BOD/m3day

0.2 keg-BOD/kg-MLSS -day

7,500 kg-BOD/day
x 1/1.1 kg-BOD/mS/day
= 6,820 qam3
1.1 kg-BOD/mS3/day
X 1/0.2 kg-BOD/kg-MLSS/day
X 1000 = 5,500 mg/l

7,000 m3
5mW x 35 ml,b. x 5 mH X 8 lines
RC

4 gets

7,500 kg-BOD/day x 1.5 x 1/0.277

X 1/0.2 x 1/1440 = 141 NmS/min.
Turbo blower

36 Nm3/min. x 0.5 kgs/cm2
45 kW x 440 V

(4 x 1) x 4 sets

25,000 mS/day x 4 lines
20 m°/m2/day

25,000 m°/day x 1/20 mY/m2/day
= 1,250 m?

5mW x 32 mL. x 3 mH x 8 lines
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a)

b)

c)

Material
Quantity

Supplementary equipment

Sludge collector (main)
Type
Quantity

Sludge collector {cross)

'.pr e

Quantity
Sludge pump
Type

Capacity
Electric motor
Quantity

Contact aeration tank

Design condition
Flowing water quantity
Retention time

Design calculation
Calculation capacity

Specifications
Surface area
Shape
Material

Quantity

Supplementary equipment

Blower
Aeration rate

RC
4 sets

Chain flight type 5mW x 32 mL
8 X 4 sets

Chain flight type
1.5 mW x 20 mL
2 X 4 sets

Non-clog type :
8.8 m3/min. x 15 kgs/cm2
22 kKW x 440 V

(2 + 1) x 4 sets

25,000 mS/day x 4 sets
4.8 h

25,000 mS/day x 1/24 X 4.8 h
= 5,000 mS

1,280 m?

5 mW x 25 nl, x 5 mH x 8 lines
Tank RC

Contact media

Honoycomb type 500 m°® x 8 lines
PVC product '
Contact media table
Stainless steel product
4 sgets

1 m3/m3/h

5,000 m® x 1 m%/m3/h x 1/60 = 83 Nm3/min.

Type

Turbo blower
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a)

b}

c)

a)

b)

Capacity
Electric motor
Quantity

42 NmS/min. x 0.5 kgf/cmz
45 kW x 440 V
(2 + 1) x 4 sets

Reaction and coagulatlon tank

Design condition
Flowing water quantity
Retention time

Design calculation
Calculation capacity

Specifications
Capacity

Shape

Material

Quantity

Supplementary equipment
Agitator (reaction tank)
Type

Rotation
Electric motor

Quantity

Agitator (coagulation tank)

Type

Rotation
Electric motor
Quantity

. 2nd sedimentation tank

Design condition
Flowing water quantity
Surface load

Design calculation

25,000 m3/day x 4 lines
14 min.

(reactlion tank 7 min.,
coagulation tank 7 min.)

25,000 mS/day x 1/1440

X 14 min. = 243 m3

250 m3
{reaction tank 125 m3.
coagulation tank 125 )

5 mW x 10 ml, x 2.5 mD x 2 tanks

RC
4 sets

Vertical propeller blade
300 rpm

30 kW x 440 V

4 x 2 sets

Vertical paddle blade
60 rpm

22 kW x 440 V

4 x 2 sets

25,000 m3/day X 4 lines
40 m3/m2/day
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c)

a)

b)

Required area

Specifications
Shape

Material
Quantity
Supplementary equipment
Sludge collector
Type

Quantity

Sludge pump

TYpe

Capacity _
Electric motor
Quantity

Sludge thickener

25,000 m3/day x 1/40 m3/m%/day
= 625 m2

29 m¢g x 3 mH
RC
4 sets

‘Rake type sludge collector
4 sets

Horizontal slurry pump
1.2 m%/min. x 1.5 kg‘f/cm2
7.5 kw x 440 V

4 + 1 set

EStimation of producing sludge quantity
SS (120-30) g/m° x 1/1,000 x 100,000 m3/day

= 9,000 kg/day

BOD (300-30) g/m° x 1/1,000 x 30% X 100,000 m3/day

= 8,100 kg/day

Coagulation 100,000 m3/day X 500 ppm x 1/1,000 x 15%

= 7,500 kg/day

Sludge measurement is 2,480 m3/day at the sludge density of

10 kg/m3.

Design condition
Treatment quantity
Surtace load

RT

Sludge concentration
Deslign calculation
Required area

Design calculation

Total 24,800 kg/day

2,460 mS/day

10 m3/m2/day

16 h

3% concentration from 1%

2,480 m3/day x 1/10 m3m2/day
= 246 m?

2,460 m3/day x 1/3 x 1/24

X 18 h = 547 m"
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¢} Specifications
# Sludge collector

Shape : 15 mg x 3 mH
Material : RC
Quantity : 2 sets

d) Supplementary equipment
# Sludge collector

Type : Rake type sludge collector
Quantity ' : 2 sets '

* Sludge pump
Type : Horizontal slurry pump
Capacity : 0.38 m3/min. Xx 15 kgf/cmz
Electric motor : 7.5 kW x 440 V
Quantity : 2 sets

J. Sludge dewatering tank

Dewatering of sludge 1is processed In 3 1lines. Operation
time Is 8 h/day.

J-1 Coagulation tank

a) Desgign condition

Treatment quantity : 820 ms/day (3% sludge
concentration)
Retention time : 3 min.
b) Deslgn calculation
Calculation capacity 820 ms/day x 1/8 h x 1/60
' x 3 min. = 5.1 m3
¢} Specifications
Capacity : 1.73 ms
Shape : 1.5 mg x 1.0 mH
Material ' : RC
Quantity : 3 sets

J-2 Dehydrator

a) Design condition
Treatment capacity 1 24,600 kg/day
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b)

c)

K. Chemicals pouring equipment

Sludge water content
Design calculation

Filtration speed

Dewatered sludge

Specifications
Tyvpe

Material
Quantity

K-1 Sulfuric acld tank

a)

b)

c¢)

Design condition
Pouring quantity

Retention time

Design calculation

Capacity

Specification

Capacity

Shape

Material

Quantity

Supplementary equipment
Sulfuric acid pouring pump
Type :
Capacity

Electric motor

Material

Quantity

% sludge concentration)

24,600 kg/day x 1/8 h/day
= 3075 kg/h

24,600_kg/day X 1/0.15

x 1/1,000 = 164 t

Beltpress type
58
3 sets

pH 11.5 wastewater is neutralized
to ph 7.0, and 0.15 kg/m3 concen-
tration sulfuric acid) is avail-
able,

1 week

100,000 m3/day x 0.15 kg/m°

/ 0.75 / 1.7 x 1/1000 x 2 =
23.6 ms/day

23.8 m3/day'x 6 days = 142 m3

75 mS

5 m¥ x 3 mL x 5 mH

RC acid reslstant finish
2 sets

011 pressure diaphragm type
8.21/min. x 5.0 kgf/cm?

1.5 kW x 440 V

Teflon

2 + 1 sets
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K~-2 PAC tank

a) Design condition
Pouring quantity
Retention time

k) Design calculation
Consumption quantity

Capacity
c¢) Specificatlions
Capacity
Shape
Material
Quantity
.d) Supplementary equipment
* PAC pouring pump ‘
Type
Capacity
Flectric motor
Material
Quantity

K-3 Caustic soda tank

a) Design condition
Pouring quantity
Retention time

b) Pesign calculation
Consumption quantity

Capacity
) Specifications
Capacity
Shape
Material
Quantity
d) Supplementary equipment

500 ppm
1 week

100,000 mS/day x 500 ppm

x 1/1000 x 1i/1.1 x 1/1000 =
44.2 m3/day
44,2 m3/day X 6 days = 265 mS

275 m3 |

5aW x 11 mL x 5 mH

RC acid resistant finish
2 sets

011 pressure diaphragm type
7.71/min. x 5.0 kgf/cm?

1.5 KW x 440 V

Teflon

4 + 1 sets

55 ppm (25% concentration)
1 week

100,000 mS/day x 55 ppm

X 1/1000 x 1/0.25 x 1/1.2

x 1/1000 x 2 = 36.6 mS/day
36.6 mS/day x 6 days = 220 m9

275 mS

5 mW%W x 3 mL x 5 mH

RC alkali resistant finish
2 sets
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# Caustic soda pouring pump
Type
Capacity
Electric motor
Material
Quantity

K~4 A-polymer coagulant tank

a) Design condition

b) Design calculation
Consumption

¢) Specifications
Capacity
Shape
Material
Quantity
d} Supplementary equipment

01l pressure diaphragm type
6.41/min. x 5.0 kgf/cm?

1.5 kW x 440 V

Teflion

4 + 1 sets

Water treatment use 2 ppm
{0.1% concentration)
Dewatering use

0.5% dried solid content

{(0.1% concentration)

Water treatment use
100,000 m3/day x 2 ppm

X 1/1000 = 200 kg/day

Dewatering use

16,500 kg/day x 0.5%

= 82.5 kg/day

282.5 kg/day x 1/0.001
X 1/1000 = 282.5 m°

250 m®

5 mw x 10 mL x 5 mH :
RC chemical resistant finish
2 sets

# A-polymer coagulant tank agitator

Type

Rotation
Electric mot or
Material
Quantity

# A-polymer coagulant pump

{water treatment use)
Type

Vertical propeller blade
300 rpm

30 kW x 440 V

Stainless steel

4 sets

011 pressure diaphragm type

3 — 146



K~-5 K-polymer ccagulant tank

a)

b)

c)

Capaclty
Electric motor
Quantity
(dewatering use)
Type

Capaéity
BElectric motor
Material
Quantity

Design condition
Pouring quantity

Design calculation
Consumption

Specifications

Capacity

Shape

Material

Quantity

Supplementary egquipment

351/min. x 6.0 kegf/cm?
2.2 kw x 440 V
4 + 1 scts

011 pressure diaphragm type
861/min. x 6.0 kgf/cm?
2.2 KW x 440 V

Teflon

2 + 1 sets

Dewatering use .
0.5% dried solid content
(0.2% concentration)

Dewatering use

16,500 kg/day x 0.5%

= 82.5 kg/day

82.5 kg/day x 1/0.002 x 1/1000
= 41.3 m3/day

26 m3

2.3MW x 2.3ML x 5MH

RC chemical resistant finish
2 sets

K-polymer coagulant tank agitator

Type
Rotation

"Electric motor

Material

Quantity _
K-polymer coagulant pump
Type

Capacity

Electric motor

Material

Vertical propeller blade
300 rpm

17.5 KW x 440 V
Stainless steel
2 sets

0il pressure diaphragm type

431/min. x 6.0 kgf/cm2

2.2 kW x 440 V
Teflon
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Quantity : T 2 + 1 sets

Table 3.5.1 shows specifications of _equipment of CASE-1,
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Table 3. 5.1 Specification of Equipmet in CASE-!

No. NAME Q'TY | MATERIAL SPECIFICATION REMARK
1 SEDIMENTATION BASIN 2 RC 2, 5m¥x12m %2, 2n"
SLUDGE COLLECTER 2 SS Busket Conveyor type
ROUGH SCREEN 2 S8 Pich 100mm
FINE SCRERN 2 |ss Pith l0mn
2 POMP PIT 1 RC 100" x5m* ¥ 3m™ . pHIR, LICA
PUMP 4+ 2|FC 17. 5m3/mx 1 0mltx55kK
3 STABILIZATION i e 50m*x75m" x5m" 1.ICA
BLOWER 1 FC 156Nm* /mx0. Skgf/cm® x200KW
- PUMP §+4|FC 10. 5m®/mx 1 5mHx37kW
4 MEASURING INSTRUMENT 2 SUS Partial Flume FiRQ.
5 NEUTRALIZATION TARK 2 RC Sm¥x5mtx5n™x3 tanks pHIRC
AGITATOR R SUS 500rpm x15kW
6 | AERATION TANK 4 RC 5m*x34m*x5m"x81incs DOIR
BLOWER 16 + 4 |FC 36Nm*/mx0. Skgf/em®x45KkW
MEASURING INSTRUMENT | 8 SUS FIRGQ
OUT FLOW GATE 16 ¥ 1000mm x 1000mm
T {1st SEDIMENTATION TANK | 4 RC Sm"x32m"x3n"x81ines
SLUDGE COLLECTOR (M) {32 SS,Rasin | Chain Flight type 5m"x32m“
SLUDGE COLLECTOR (C} | 8 38, Rasin Chain Flight type 1. 5m"x20m"
SLUDGE POMP 8 +4IC 8. 8m® /mx 1 5mix22kY
8 { CONTACT AERATION TANK | 4 RC Sm¥x25m"x5m" x81ines DOIR
* CONTACT MATERIAL 4 PYC 500m*x81ines
BLOWER | 8 +2|FC 42Km® /mx0. Skgf/cn® x5k
g COAGULATION TANK 4 RC 5a*x10m¥x2. 5m¥x2tanks pHIRC
AGITATER (R) 8 SUS 300rpn x 30kW
AGITATOR {C) 8 SUS BOrpm x 22Kkif
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Table 3.5.1 Specification of Lquipmet in CASE-1 (continue)

No. | NAME QTY | MATERIAL SPECIFICATION REMARK
10 | 2nd SEDIMENTATION TaNK | 4 RC 29m ¢ x3m" CODR, pHIR
| SCRAPER e s Rake type 29m

SLURRY PUMP 4+ 1|FC 1. 2m® /mx15milx7. 5K

[t |coNCENTRATING TANK | 2 |Re 15n 6 xin" LICA
SCRAPER 2 |ss Rake type L5m
SLURRY PUMP 2 |re 0. 38n°/mx15mHx7. 5KH

12 | COAGULATION CIAMBER 3 RC L Snexin"

13 {BELT PRESS 3 ss Y3 TKH
VELT CONVEYOR 2 S5, NBR 600m¥x 14n*x1. 5KK
SCREW CONVEYOR i $S 55K
CAKE HOPPER 2 ss 2. Tn*x5m“xbm”

14 | H.S0. TANK 2 RC 5m¥x3n"x5n" LIA
PUMP 2+ 1| Tefton - B.2 8 /mxSkef/cm®xl, k¥

15 | PAC TANK 2 RC 515, 5n*x5m” LIA
PUNP £+ 1| Teflon | 7.78/mxSkgf/cn®xL. Sk

£6 | NaOlf ‘TANK 2 |xre 5m*x3m® x5m" LIA
PUMP 4+ 1]Teflon 6. 4 9 /nx5kgf/cn®x1. 5KW

17 | A-COAGULANT TANK 2 |RC 5m*x L0a"x5m” LIA
AGITATER 4 SUS 300rpm x 30kW
PUMP (W) 4 + 1 |Teflon 35 Q/mxﬁkgf/cmzxz. 2kW
PUMP (S) 2 + 1| Teflon 86 2 /mxSkgf/cn?x2. ZKW

18 | K-COAGULANT TANK 2 |Re 5nx10n"x5n" L1A
AGITATER 2 SUS 300rpm x 17. SkW
PUMP 2+ 1|Teflon | 430 /mxbkgl/en?x1. 5k¥
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(2) Layout

Flg. 3.5.2 shows the layout of CASE-1 treatment facilities.
The site area is 50,700 m? (195 mW x 260 mL).

3.5.3 Advanced treatment system for removal of COD (CASE-2)
(1) Conceptional design

Fig. 3.5.3 shows the systém of CASE-2. CASE-2 treats 80,000
m3/day partially out of the treated water in CASE-1.

Conceptional design for equipment is performed for the
distribution pit after CASE-1 treatment to the mixing tank.

A. Distribution equipment
A-1 Distribution pit

20,000 m°/day and 80,000 m3/day are distributed.
The ftormer is sent to the mixing tank, and the latter is also
sent to the mixing tank after sand filtration and activated
carbon adsorption.

a) Design condition

Flowing water gquantity : 10¢,000 m3/day

) Specifications
Capacity . 6 w3
Shape : 3.0mW x 1.0 mL x 2.0 mD
| | (effective)
Material i RC
Quantity : 1 set

A-2 Coagulation sedimentation tank

a) Design condition

Flowing water quantity : 80,000 m°/day
Retention time : 10 min.
b) Design calculation
Calculation capacity : 80,000 m3/day x 1/1440 x 10
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¢) Specification

Capacity ;600 mS
Shape : 10,0 mW x 12,0 mLL x 5.0 mD
Material : RC
Quantity : 1 set

d) Supplementary equipment

* Pump

Type : Horizountal whirlpool pump
Capacity ‘ i 14 m3/min. X 15 mi
Electric motor t 45 kW x 440 V
Quantity ¢ 4 + 1 set

B. Sand'filtration tank

a) Design condition

Flowing water quantity : 80,000 m3/day
LV ' : 7.0 m/h
SV : 2.0 hl
b) Design calculation _
Required area : 80,000 m®/day x 1/24 x 1/7 m/h
= 476 m? ‘ '
Capacity : "B0O,000 ms/day X 1/24 x 1/2 h~1
= 1687 m°
¢) Specifications
Shape : 10,0 mW x 12.0 mL' x 6.0 mD
(filling height 3.5 m}
Material ‘ : RC
Quantity : 4 sets

C. Activated carbon adsorption tank
C-1 Activated carbon adsorption tank

a) Design condition

Flowing water quantity : 80,000 m3/day
LV ' : 7.0 m/h
sV : 2.0 1
b) Design calculation ] :
Required area : 806,000 m3/day x 1/24 x 1/7 n/h
= 476 m?
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c)

C-2

a)

b)

c)

a)

Capacity

Shape
Type

Material
Quantity

Backwash tank

Design_condition

80,000 m3/day x 1/24 x 1/2 h

= 1667 mS

10.0 mW x 12.0 mLL x 6.0 mD
(filling height 3.5 m)

RC

4 sets

Each tank is backwashed one by one.

Backwash time
Backwash flow
Design calculation

Backwash water quantity:

Specifications
Shape -
Material
Quantity

Supplementary equipments

Backwash pump
Type

Capacity
Electric motor
Quantity
Backwash blower
Type

Capacity
Electric motor
Quantity

Mixing tank

Design condition

Flowing water quantity
Retention time

5.0 min.
86 m3/min.

86 m3/min. x 5 min.
= 430 m3/time

10.0 mW x 10.0 mL x 5.0 mD
RC
1 set

Horizontal whirlpool pump
43 m3/min. x 30 mH
160 kW x 440 V

2 sets

Turbo blower

120 Nm3/min. x 0.5 kgf/cm?
220 kW x 440 V

1 set

100,000 mS/day

T min.
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b) Design calculation
Calculation capacity : 100,000 ms/day X 1/1440
x 7 min. = 486 m°
¢) Specifications .
Shape ¢ 10.0mW x 10.0 wmLL x 5.0 mbP

Material i RC
Quantity : 1 set

Table 3.5.2 shows a list of CASE-2 maln equipment.

(2) Layout
Fig. 3.5.4 shows CASE-2 layout. The site area is 57,200 m°
{220 mW x 2860 mL).

3.5.4 Combination of reclamation system and wastewater
treatment system existing effluent Standards'(CASE 3)

(1) Conceptional design

CASE-3 treatment flow is illustrated in Fig. 3.5.5 CASE-3
treats 20,000 m3/day in CASE-1 treated water. Conceptional design
is done for equipment from the distribution pit to the reclama-
tion tank.

A. Distribution equipment

80,000 m3/day and 20,000 m3/day are distributed.
The former 1s discharged into the sewage treatment plant, while
the latter 1s reclaimed by ozone oxidation, sand flltratlon and
activatéd carbon adsorption.

a) Design condition

Flowing water quantity : 100,000 m3/day
b) Specifications
Capacity : 66 mS
Shape : 3.0mW x 1.0 mL x 2.0 mD
(effective)
Material :. RC
Quantity : 1 set

c) Specifications
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Table 3.5.2 Specification of Equipmet in CASE-2

No. | NAME Q'TY | MATERIAL SPECIPICATION REMARK
1 | SEDIMENTATION BASIN 2 RC 2. 5m*x12m"x2. 2n"
SLUDGE COLLECTER 2 53 Busket Conveyor type
ROUGH SCREEN 2 $s Pich 100nm
FING SCREEN 2 sS Pith 10nm
2 |vuw pit 1 {xe 10m"x5m* x30" pHIR, 1,16A
PUMP 4+21FC 17. 5m3/mx10mlix 55 kK
3 | STABILIZATION t RC 50m*xT5m" x5m" LICA
BLOWER 1 FC 1564n° /mx0. Skgf/cn®x 200k
PUMP 8+ 4|FC 10. 5m® /mx 1 Smitx 37kW
4 | MBASURING INSTRUMENT = | 2 SUS Partial Flume FIRQ
5 | NEUTRALIZATION TANK 2 RC 5m¥x5n"x5n"x3tanks pIlIRC
AGITATOR 6 SUS 500rpm x15kY
6 | AERATION TANK 4 RC 5m"x34m“x5n " x8lines DOIR
BLOWER 16 + 4| FC 36Nm° /mx0. Skgf /cn® A5k
MEASURING INSTRUMENT | 8 SUS FIRQ
OUT FLOW GATE 16 FC 1000mm x 1000nm
T | 1st SEDIMENTATION TANK | 4 RC 5m¥x32m"x3m"x8 lines
SLUDGE COLLECTOR (i) | 32 $S,Rasin | Chain Flight type Sm¥x32m"
" SLUDGE COLLEGTOR {(C) | & S$S,Rasin [ Chain Flight type 1. 5m*x20m"
~ SLUDGE POMP B+ 4}FC 8. 8m° /mx i Snlix 22k
8- | CONTACT AERATION TANK | 4 RC 5n*x25m* x5n" x81ines DOIR
CONTACT MATERIAL 4 PYC 500m°x81ines
BLOWER 8 +2|rC A2N0® /ax0. Skef/cn® x5k
9 | COAGULATION TANK 1 RC 5m¥x10m*x2. 5n"x2tanks pHIRC
AGITATER (R) 8 |sus 300rpn % 30KW
AGITATOR (C) 8 SUS 60rpn x 22K
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Table 3.5.2 Specification of Equi'pmet in CASE-2 (continue)

No. | NAME QTY | MATERIAL SPECIFICATION REMARK

10 | 2nd SEDIMENTATION TANK | 4 RC 29m b x3n" COBR, pHIR
SCRAPER i |ss Rake type 29m
SLURRY PUMP 4+ 1|FC 1. 2n*/mx1 Smifx7. SKW

11 | DISTRIBUTION TANK 1 RC 3n”xin"x2n" FQR

12| c/S TREATMENT TANK 1 |Re 10m¥x1 2" x5n* LIC
PUMP 4+ 1|FC Ldn® /nx 1 SullxA5KK

13 | SAND PILTRATION TANK | 4 RC 10m*x12m* x6m"

14 | A/C ADSORPTION TANK 4 RC 10m¥x12m* x6m™

15 | BACKWASH TANK 1 RC 10m¥x10m"x5m"
PUMP 2 |rc 43m® /nx30mlix LSOKW
BLOWER 1 FC 1208m®/mx0. 5kgf/em®x200kY

16 |MIXING TANK 1 RC 10m*x10m" x5m"®

17 | CONCENTRATING TANK 2 RC 15m x3n® LICA
SCRAPER -2 $$ Rake type 15m
SLURRY PUMP 2 FC 0. 380° /mx15oHxT. 5KN

18| COAGULATION CHAMBER 3 RC 1.5 x1n”

19 |BELT PRESS - 3 $S I 3. TkW
VELT CONVEYOR 2 $S, NBR 600m*x14m*x1. 5K
SCREN CONVEYOR 1 $$ 5. 5KH
CAKE NOPPER 2 $S 2. Tn"x5n*x5n"

20 | HeS0, TANK 2 RC Sk 3m x5n® LIA
PUNP 2+ 1 | Teflon 8.2 0 /nx5kaf/enx1. 5k¥

21 | PAC TANK 2 RC 55, 5™ x5m” LIA
PUMP 4 + | jTeflon ?.T.Q/mx5kgf/cm2x1. 5k

22 | NaOH TANK 2 |re SnVxdmtxsm” LiA
PUMP 4+ 1| Teflon 6.4 9 /mxSkaf /en?x1. Sk
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Table 3.5.2 Specification of Equipmet n CASE-2 {(continue)

‘| Ho. NAME Ty MATER{AL SPECIFICATION REMARK

23 A-COAGULANT TANK 2 RC 5m*x10m*x5m" LIA
AGITATER 4 SUS 300rpm x 30kW
PUMP (W) 4+t |Teflon . .359/mx6kgf/c_mzx2. 2%y
PUMP (S) 24+ 1| Teflon 86 @ /mxbkgf/em®x2. 2kW

24 K-COAGULANT TANK 2 RC sm™x10m" x5m" LIA
AGITATER 2 SUS 300rpm x 17. 5kW
PUMP 2+ 1| Teflon 43 8 /mxbkgf/em®x1. BkW
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Capacity
Shape
Material
Quantity
d) Supplementary eguipment
*» Mist separator
Type
Quantity
+ Heater
Type
Quantity
* O0zone adsorptlion tower
Type

Capacity
Quantity
* Blower
Capacity
Electric motor
Quantity

B-2 0Ozone generator

a) Design condition
Required ozone quantity
Required air quantity

b) Design calculation
Generated ozone

Alr

¢) Specifications
Type
Capacity
Quantity
d}) Supplementary equlpment
* Blower
Type
Capacity

225 mS

5.0 mW x 9.0 mL, x 5.0 mD
RC

1 set

Eliminator type
10 sets

Steam type
10 sets

Activated carbon adsorption

type
4 mg x 15 mH
10 sets

41 Nm3/min. x 0.5 kgf/cm2
45 kW x 440 V
5 sets

4 times as much as COD guantity

1.32 m3—air/min/kg—03/h

80 g-COD/mS x 1/1000 x 20,000
m3/day x 1/24 x 4 = 267 kg-Og/h

267 kg-03/h x 1.82 m°-

air/min./kg-0Og/h = 203 m3/min.

Silent electric discharging type

27 + 5 sets

Turbo blower
41 Nm®/min. x 1.0 kef/cm2
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Electric motor : 150 kW x 440 V

Quantity : 5 sets

# Air cooler
Type : Brine type chilling unit
Quantity : B sets

¥ Dehumidifier
Type : Heating reclamation type

activated alumina adsorption

Quantity : 10 sets

C. Sand filtration

a) Design condition

Flowing water quantity : 20,000 m3/day
LY : 7.0 m/h
SV ¢ 2.0 h™t
b) Design calculation '
Required area : - 20,000 m3/day x 1/24 x 1/7 m/h
: = 119 m?
Capacity : 20,000 mS/day x 1/24 x 1/2h71
= 417 m°
¢) Specifications
Type : 10.0 mW x 12.0 mL x 6.0 mD
(£filling height 3.5 m)
Material : RC
Quantity : 1 set

D. Activated Carbon adsorption tank
D~1 Activated carbon adsorption tank

a) Design condition

Flowing water quantity : 20,000 m3/day
LV : 7.0 m/h
SV . 2.0 nhl
d) Design calculation
Required area : 20,000 m3/day x 1/24 x 1/7 m/h
= 119 m? "
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Capacity

¢) Specifications
Shape

Material
Quantity

" E. Reclamation water tank

a) Design condition
Retention time

b) Pesign calculation
Calculation capacity

¢) Specifications
Capacity
. Shape
Material
d) Supplementary equipment
* Béckwash pump
Type
Capacity
Electric motor
Quantity '
* Backwash blower
Type
Capacity
Electric motor
Quantity

Table 3.5.3 shows a list of main equipment of CASE-3 facili-

ties.

(2) Lavout

Diagram 3.5.6 illustrates the layout of CASE-3 facilities.

20,000 m3/day x 1/24 x 1/2 h™1

= 417 nS

10,0 mW x 12.0 mLb x 6 mD
{filling height 3.5 m)
RC

1. set

5 h

20,000 mS/day x 1/24 x & h
= 2187 m°S

4200 m3
30.0 WW x 28.0 mL.X 5.0 mD
1 set

Horizontal whirlpool pump
43 m°/min. x 30 mi

160 kW x 440 V

2 sets

Turbo blower

220 Nm3/min. x 0.5 kgf/cm?
220 kW x 440 V

1 set

The site area is 57,200 m2 (220 mW x 260 mL).
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Table 3.5.3 Specification of Equipmet in CASE-3

No. NAME Q Ty MATERIAL SPECIFICATION REMARK
I SED]MENTATfON BASIN a RC 2. 5m¥x(2m"x2. 2"
SLUDGE COLLECTER 2 SS Busket Conveyor type
ROUGH SCREEN 2 8§ Pich 100mm
FINE SCREEN 2 53 Pith 10mm
2 PUMP PIT L RC 10m¥x5m"x3m" pHIR, LICA
PP £+ 2% 17. 5m3/mx 1 0mix55 kW
3 STABILIZATION 1 RC 50m™x75m" x5m" LICA
BLOWER i FC 156Nm® /mx0. Skgf/em®x200KW
PUMP B+ 4]|FC 10. 5m*/mx 1 5mllx 3TRY
4 MEASURING.INSTRUMENT 2 SUS Partial Flume FIRQ
5 | NEUTRALIZATION TANK 2 RC Sm¥x5m"x5n"x3tanks pIlIRC
AGITATOR 6 SUS 500rpm x15kN
6 AERATION TANK 4 RC 5m¥x34m"x5m"x81ines DOIR
BLOWER 15 + 4 | FC 364m® /mx0. Skgf/em® x45kW
MEASURING INSTRUMENT | 8 SHS FIRQ
OUT FLOW GATE 16 FC 1000mm x 1000mm
7 Ist SEDIMENTATION TANK { 4 RC Sm¥x32m x3m"x81ines
SLUDGE COLLECTOR (M) |32 35, Rasin Chain Flight type 5mwk32mb
SLUDGE COLLECTOR (C) { 8 SS.Rasin | Chain Flight type 1.5m“x20m"
SLUDGE POMP B+ 4 FC 8. 8m® /myx15mix22kW
8 | CONTACT AERATION TANK | 4 RC Sm¥x25m*x5m" x81ines DOIR
CONTACT MATERIAL 1 PYE 500m®x8)ines
BLOWER 8 +2|rFC 424m® /mx0. Skgf/cn®xA5KW
9 COAGULATION TANK 4 RC Sm¥x 10m¥x2. Sm"x2lanks pllIRC
AGITATER {(R) 8 Sus 300rpm x 30kW
AGITATOR (C) 8 Sus 60rpm x 22k¥
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Table 3.5.3 Specification of Equ_ipmet in CASE-3 (conlinue)

No. | NAME QTY |MATERIAL |  SPECIRICATION REMARK
10 | 2nd SEDIMCNTATION TANK | 4 RC 29 B30 CODR, pHIR
SCRAPER 4 |ss Rake type 29m
SLURRY PUMP 4 +1[FC 1. 2n°/mx15mHx 7. 5kY
11 | DISTRIBUTION TANK 1 RC Bm"'xlm"_me" FQR
12 | OZONE CONTACTOR 1 RC 5m*x9m® x5m" 0s1R
MIST SEPARATOR 10
HEATOR 10
0ZONE ADSORP. TOWER | 10 4ng x3m" ;1R
BLOWER 5 FC 41Mm® /mx0. Skef /en® 45k
13 | OZONE GENERATOR 27 + 5 10kg-05/h 031R
BLOWER 5 FC 41Nm* /mx 1. 0kgf /cn® X 150KH
CHILLER 5
DRYER 10
14 | SAND FILTRATION TANK | 1 RC - 10m"x12n“x6m"
15 | DEOZONIZATER i RC 10n¥x12n"x6n"
16 | RECYCLING WATER TANK. | 1 RC 30m™x28m" x5m"
PUMP 2 FC 43m° /mx 30miix 160KY
BLOWER 1 FC 1208m® /mx0. 5kgf/cm®x200KH
17 | CONCENTRATING TANK 2 RC 15m & x3m" LICA
SCRAPER 2 |ss Rake type 15m
SLURRY PUMP 2 FC 0. 38n°/mx 1 5mlkx7. 5kY
18 | COAGULATION CHAMBER 3 RC L5ngxin"
19 BELT.PRESS 3 S8 3 3. TKW
VELT CONVEYOR 2 85, NBR 600m¥x14m*x1. SkW
SCREW CONVEYOR 1 $8 5, 5K
CAKE 1I0PPER 2 $S 2. Tn*x5m"x5m"
20 | 1180, TANK 2 RC 5m¥x3mt x5m” LIA

3 — 166




Table 3.5.83 Specification of Equipmet in CASE-3 (continue)

No. NAME 7Y | MATERIAL SPECIFICATION REMARK
UM 24 1| Teflon | 829 /nxSkef/cn®x1. 5k¥

21 PAC TANK 2 RC 5m¥x5, EmLxSm‘_' L1A
PUMP 4 + | {Teflon 7.7 2 /mxSkef /en®xl. SkW

22 NaOH TANK 2 RC Sm¥x3nx5m" LIA
piMP 44+ Tefloﬁ 6.452/mx5kgf/cm2x=l. SkW

23 A-COAGULANT TANK 2 RC Sm¥x10m" x5 LIA
AGITATER 4 SUsS 300rpm x 30kW
PUMP (W) 4+ 1§Teflon 35 0 /mxbkal/cm®x2, ZkW
PUMP (S) 2 + 1 ]Teflon 86 2 /mx5kgf/cm®x2, 2kW

24 K-COAGULANT TANK / RC 5m*x10m"x5m" LiA
AGITATER 2 |sus 300rpn x 17. 5K
PumMp 2.+ 1| Teflon 43 & /mx6kgf/cm®x1. SKW
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3.5.5 Combination of reclamation system and advanced treatment
system fTor removal of COD (CASE-4)

The flow sheet and the layout of CASE-4 facilities are shown
respectively in Fig. 5.5.7 and 3.5.8, Table 3.5.4 illustrates
treated water quality in each process CASE-4.

3.5.6 Elimination system for irresolvable substances (CASE-5)

The Diagram and the layout of CASE-5 Tacilities are respec-
tively shown in Diagram 3.5.9 and 3.5.10. Table 3.5.5 illustrates
treated water quality in each process of CASE-5.
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3.8 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.

3.6.1 Construction costs
Calculated construction costs are as fTollows,

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 3.6.1.

3.8.2 Operating Cost

Calculated operating costs are as follows.
CASE-1 9.37 bil Won/year
CASE-2 18.84 bil Won/year
CASE-3 13.54 bil Won/year

Treatment plant working days are assumed to be 300
days/year. .

Breakdowns of chemicals, industrial water, electricity and
sludge treatment in each case are shown in Tables 3.8.2 - 4.
Unit priceé were obtained by referring to research data at the
central treatment plant. In this case, reclamation of activated
carbon 1is supposedly carried out by an outside company so that
only the portion lost in reclamation will be replaced by new
carbon. The activated carbon reclamation cost shown in Tables
3.6.3 - 4 is calculated as the sum of the costs of reclamation
and supplementary replacement with new carbon. The supplementary
replacement quantity is estimated as 5% of the reclamation quan-
tity. The quantity of new carbon supplied is 1,000 kg/day in
CASE-2 and 250kg/day in CASE-3. For the calculation of electric-
ity, the operation rate of each equipment is assumed to be 80%.
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Table 3.6.1 [Items of Construction Cost

{1, 000, 000Won)

ltens GASE-1 CASE-2 CASE-13
Civil and 45,800 54,500 50,000
Architectual Work

Machinerary and fcuipments | 8,200 9,900 20,700
Electrical Work . £, 100 L, 300 1,500
Piping Work .1.500 1,600 1,100
Test Run etec, 300 300 4090

Sub-Total 56, 900 67,600 '74.300
Ovérhead(15%) 8,500 10,100 11,100

Total 65,400 17,1700 85, 400 :
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Table 3.6.2 Cost of Chemieals, Industrial Water,Electricity and Sludge Disposal ( CASE-1 )

“ltenms Consumption Unit Price Cost Cost
[Won/m?] [10?Won/Y]

Chemicals
.50, 30, 090kg/day “63%on/ke 18,96 5. 69
NaOH 10, 980kg/day 140%on/%g 16,35 1,91
PAC 19, 900kg/day 185Won/kg 92;32 27.10
A-Polymer 283kg/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 500m*/day 110%on/m* 0.55 0,17
Flectricity 50.218kW/day 60%on/ ki 30.13 9. 04
Sludge Disposal 164 t/day | 46, 800%on/t 16,75 23.20
Totat 309,32 92.98
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Table 3.6.8 Cost of Chemicals, Industrial Water, Electricity and Sludge Disposal ( CASE-2 )

ftems Consumption Unit Price Cost Cost
(Won/m®) | [10%Hon/Y]

Chemicals
Ha80, 30, 090kg/day 63¥on/ke 18.9%6 5.64
Naoll [0,980kg/day 14%%on/kg 16,35 4. 91
PAC 49,900keg/day 185W0n/kg 92.32 271,170
A-~Polymer 283kg/day 1, 700%on/kg 18.11 14.43
K-Polymer 83kg/day 3,150%on/kg 26.15 7.85
A/C Reclamation 20,000kg/day | 1,02l%on/kg 204.20 61.26
Sub-Total 106.09 154.68
Industrial Water 500m*/day 110%on/n® 0.55 0.11
Blectricity 53, 67T4kW/day 60Won/k¥ | 32,20 9.66
Sludge Disposal 164 t/day | 458, 800Won/t T6.75 23.03
Total 515.59 187.78
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Table 3.6.4 Cost of Chemicals, Industrial Water, Electricity and Sludge Disposal { CASE-3 )

Items Consumption Unit Price Cost Cost
[(Won/m*) | [10%Won/Y]

Chemicals
.50, 30,09%0kg/day 63%on/kg 4. 96 5.69
Naoil 10, 980kg/day 148Won/keg 16,35 1. 81
PAC 49, 900kg/day 185%on/ke 92.32 27.10
A-Polymer 283kg/day I, 700%o0n/kg 48.11 14. 43
K-Polymer 88kg/day | 3,150Won/ke |  26.15 1.85
A/C Reclamation 5,0003g/day 1,021%on/kg 51.05 15.32
Sub-Total 252. 94 15.88
Industrial Water 500m*/day 116¥on/m’ D.535 0.17
Electricity 198, 8i0kW/day 60Won/k¥W 118.09 35.43
Sludge Disposal P64 t/day | 46,800%on/t T6.175 23.20
Total 448,33 134.68
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In each case, the cost of chemicals accounts for more than 50% of
the running cost.

The breakdown of labor costs is shown in the Table 3.6.5.
The calculation of labor cost excludes personnel such as office
workers, malntenance personnel, -etc., who are not directly in-
volved in the operation of the treatment plant. Also, maximum
power systems are employed 1in the treatment plant and further,
labor saving automated systems have been introduced in the.detec—
tion mechanism, control mechanism and in the command processing
function to reduce the number of operating personnel. For every
case, oOne manager, one engineer and two workers constitute the
operator team of the treatment plant and they work on 2
shifts x 3 units x 1 person. This formula is applied for all
three cases. '

The breakdown of running costs is shown in Table 3.8.8.
To comply with the existing wastewater standards, the opérating
cost per treated amount 1s 312 Won/m3 for the CASE-1. TIFor the
CASE-2, to remove higher percentage of €COD, the cost rises to 628
Won/m3 by the addition of 318 Won/ms. Operating cost per re-
claimed amount is 1007 Won/ma.
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Table 3.6.5 Items of Personnel Expenses

Unit Price Workers Personnel
Qualify Expenses Remark
[Won/Y.personl] | [persons] [Won/Y]
Maneger 23.0ﬁ0.000 i 23,000,000
Technician 16,000,000 1 16,000,000
Operater 11,000,000 3 33.600.000. I per.x 3 units
¥ 2 sifts
Total 71,000, 000 '
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3.7 Matters to be Considered for the Determination of the Optimum
System

(1) Treatment of heavy metals

At the selection of the optimum system, it 1s assumed that
wastewater contains no heavy metals such as chrome. It is because
that the number of factories discharging such heavy metals is too
small for Intensive treatment to be economically performed.
The treatment system does not include heavy metal
treatment process in consideration of the above assumption.

{(2) Water reclamation

As shown 1In the previous section, construction costs and
running costs for both advanced treatment and reclamation are
relatiVely expensive when compared with treatment to conform with
existing standard. In Japan, there is a case in which an advanced
treatment of Case-2 level has bheen implemented under wvery tight
wéter quality control, however, in view of the cost, there is no
case where reclamation has been implemented.

in CASE-3, reclaimed water is used only for pre-treatment
before dyeing process (desizing, scouring and bleaching) whose
effect on the product is minimum. Water quality, therefore, is
not necessarily as good as industrial water. It is technically
possible to treat water to the level of pure water; however, it
is not practical in view of extremely high costs for reclamation.
Even for the selected optimum system, reclamation costs are 1007
won/m"> including costs for wastewater treatment, and it is more
than double the total of the present City water cost and waste-
water treatment costs (422 Won/mS).

It 1is too costly for the single industrial estate to plan
and implement the water reclamation project and the due adminis-
trative guidance and appropriate subsidy will be required.

(3} Land Ares

With regard to the selection of the optimum system, it 1is
assumed that the land and its shape can be freely chosen, but, in
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reality, there will be cases where a certain limitation will be
placed on the land area. To cope with such a situation, some
technical notes to reduce land area are provided in the follow-
ing. As shown in the layout of each case, most of the land area
is occupied by the biological treatment tank and the sedimenta-
tion tank is unavoldable. To reduce the size of the biological
treatment tank, various methods are available, including the
following two approaches.

1) To concentrate active sludge to a higher degree.
2) To alter the shape of the tank to a deep aeration type or deep
shaft type.

Method involved in appreoach of 1) above include an entrapped
immobilization of active sludge (microorganism), binding immobi-
“lization, self-immobilization, ete. An immobilization method
using membrane is also being studied in Japan. These immobiliza-
tion methods enable not only the size of the biological treatment
tank to be reduced but also the sedimentation tank to be elimi-
nated. Furthermore, these methods enable the quantity of excess
sludge to be reduced. To make highly concentrated active sludge
method operational, it is necessary to use 1t together with
highly efficient method of oxygen solution, such as aeration with
pure oxygen, e¢tc. The deep shaft type tank of 2) above can also
be used for highly concentrated active sludge method as it has a
higher oxyvgen transfer rate. However, its construction cost is
rather expensive.

(4) Sludge Treatment .

In this instance, it 1s considered that an excess sludge be
consigned to an outside company for disposal at a dumping site
after being dehydrated. In Japan, although the practice of excess
sludge disposal by industrial waste treatment contractors is
widespread, due to the shortage of dumping sites and the in-
creased costs of disposal, some firms which produce large quantl-
ties of excess sludge consign the sludge to the contractor after
first reducing the guantity by burning it at their own plants.
Actual cases of sludge treatment in Japan are also explained in
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section 3.6 of Chapter V.
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4 FFinancial and Economic Analysis

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

(1) Date for base cost estimation

This financial analysls 1s made on a fixed-price basis at the end
of 1992. Thus, all of investment costs are also estimated at the
price level of that time.

{2) Utilization of local currency

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

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

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

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

4.1.3 Plant Construction Cost

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

Table 4.1.1 Construction Cost
Unit: milliion 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 1,854
Total 65,055 77,355 84,940

4.1.4 Preoperational ExXpenses

As preoperational expenses, cost in test runs is estimated. This
cost covers 1Initial charge of utilities and relevant consumables
such as chemicals and spare parts for replacements, which are
reqguired during the test operation. The estimated costs are 345
millioen won for Case 1 and 2, and 460 million won for Case 3.

4.1.5 Interest during Counstruction

Interest during construction 1s calculated on the debt portion of
disbursed capital expenditures (long term loan) for the period
from such disbursement time through the end of completion date of
the plant. The capital expenditures in the debt portion are
assumed to be disbursed at two times équally in each year. The
first half is disbursed at the beginning of the year and the
second half is disbursed at the middle of the year. As a result,
the total amount of interest durlng constructlon is 3,727 million
won for Case 1, 4,431 million for Case 2, and 4,887 million for
Case 3. The 1nterest rate is 7 percent In year.

4.1.6 Total Capltal Requlrements
Total capital'requirements'are shown in Table 4.1.2. Optionally,
the land acquisition cost is included in the table. This cost is

assumed to be 17,160 million won for Case 1 at 42,3800 m? and
19,360 million won for Case 2 and Case 3 at 48,400 mz. These
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amounts are based on the actual purchase price of the dyeing
industrial estate in Ansan City. Unit price 1is set at 400,000

won per mZ.

Table 4.1.2 Total Capital Requirements
Unit: miilion won

Case 1 Case 2 Case 3
Construction cost 65,055 77,355 84,940
Preoperational expenses 345 345 460
Interest during construction 3,727 4,431 4,867
Total (1) 69,127 82,131 90, 267
Land acquisition cost 17,160 19,360 19,360

Total (1l)+Land acquisition cost 86,287 101,491 109}627

4,.1.7 Operating Costs and Expenses

(1) Variable operating cost

This cost covers chemicals, water, utility (electricity) and
disposal cost of sludge are Included. The cost 1s summarized in
Table 4.1.3. Details are discussed in Section 6 of 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

prercent of the construction costs through out the project life
period. The cost is summarized in Table 4.1.3.
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Table 4,1.3 Operating Costs :
Unit: million won

Case 1 Case 2 Case 3
Variable operating cost _
Chemicals 86,057 15,468 7,588
Water o 17 17 L7
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 cost
Labor cost 70 70 70
Maintenance costs 654 TTT . 854
Sub-total : 724 847 924
Total 10,022 19,618 14,392

4.2 Financial Ahalysis
4.2.1 Basic Assumptlions and Premises

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

(1) Project life and plant operation

(a) Project life ; construction period : 2 year

; operating period : 15 years
(b) Implementation body : Non-profit Iindustrial cooperative
(c) Waste water treatment capacity : 30 million w3 per vear
{d} Volume of recyciing water: 6 million m3 per year(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 1982, and no escalation Tactors are
applied.
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{(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) Dépreciation 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, idinterest during construction are amortized for five years
in the declining balance method.

4.2.2 Financial Plan

{1) Debt-Equity ratio

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

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

Unit: million won

ratio Case 1 Case 2 Case 3

-Equity 30% 20,738 24,639 27,080
Debt (long term loan) T0% 48,389 57,491 63,186

(2} Financing sources

A long term loan 1is assumed to be available from the Small and
Medium Industry Promotion Fund through the Ministry of Trade and
Industry. Although the maximum amount of the loan for the this
fund is some 300 - 500 million won, some cases are exceptionally
authorized to remove the ceiling of the loan amount by the govern-
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ment. In fact, "B" Cooperative ( the operator of the waste water
treatment plant at dyeing industrial estate in Ansan City) is al-
lowed to have a loan of 10 billion won from the Fund. Therefore,
in this financlal analysis, all the amount of the loan portion
(70 percent of the total capital requirements ) 1in each case is
assumed to be financed by the FFund.

{(3) Financing terms for long term loan

Financing terms for long term loan are assumed as follows. These
terms are based on the Small and Medium Industry Promotion Fund's
lcan conditions.

Amount of loan : as shown in the above table
Interest rate : 7 percent per year
Grace'period 1 3 years

~Installment period : 5 years

Installment term : equally divided in 5 years

(4) Financing terms for short term loan

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

4.2.3 Method of Financial Analysis
(1} Fixed profitability

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

The rationale in this method is as follows.
(a) Revenue for the_implementation body is only the discharged
fee of waste water from Individual dyeing factories. That is to

say that the profitability of the cooperative depends on the
price level of the fee,
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(b) The price level of discharged fee of waste water 1s not
totally controlled by the government. Therefore, the price level
is not decided as the exogeénous factor.

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

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

(2) Internal Rate of Return (IRR) as applied indicatofs

In this analysis, two types of IRR are applied. One is Financial
Internal Rate of Return on Investment (FIRR0OI) and the other is
Financial Infternal 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 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 capital requirements, revenue, and operating
costs.
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4.2.4 Results of Flnancial Analysis
(1) Projected price of the discharged fee

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

the fee for the case with land acquisition cost are also present-
ed.

Case 1 Case 2 Case 3

FIRROIX 10.00 106.00 10.00
FIRROE 7.80 7.64 7.62
Price of Fee 625 1,000 860
{won per m3)

FIRROI _ 10.00 10.00 10.00
(cases with Land Acquisition Cost)

Price of Fee 690 1,073 933

3

{won per m

According to the interview to "B Cooperative.'the discharged fee
from individual factories is set at 450 won per mS in 1992. When
compared with this price, the projected fee levels in Case 1, 2

and 3 are higher by 40 percent, 120 percent, and 90 percent,
respectively.

(2} Financial projections

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

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

Income statements and Cash Flow Statements are shown in Table

4.2.1 - Table 4.2.3. Production cost statements are shown in
Table 4.2.4 - Table 4.2.6,
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According to the cash flow statements, the implementation body
can retain approximately 8,000 million won per year for Case 1,
9,500 million for Case 2 and 10,500 million for Case 3 respec-
tively from 9th year to 15th year. Therefore, if the levels of
the fee (revenue) can be changed in accordance with "one year
budget" basis, the unit price levels of the fee (per m3) can be
decreased from 8625 to 358 for Case 1, 1,000 to 683 for Case 2,
and 880 to 510 for Case 3, respectively, in 9th - 15th years.

In case that a short term loan is not made, the projection model
of the cash Tlow statements indicates the deficiency of cash in
the 4th - 6th years in all three cases. Thus, if the levels of
fee (revenue) can be changed year by year and can be Increased in
the certain amount, the cash flow shall be balanced. The addi-
tional levels of fTee per w3 are summarized below. According to
this analysis, 1f the fee is Increased to be 645 ( 625 + 20) won
per mS in 4th year of Case 1, the cash flow will be balanced in

the same year, for example.

4th year 5th year 6th year

{(Case 1)
Additional fee (won per mS ) 290 1086 88
{(Case 2)
Additional fee (won per m®) 23 125 104
(Case 3)
Additional fee (won per m3) 26 138 114

Based on the production cost statements, the averages of unit
production cost are 511 won per m3 for Case 1, 864 won per m3 for

Case 2 and 711 won per mS.
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4,.2.5 Ratio Analysis

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

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

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

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

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

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

B.E.R
B.E.P

= ™

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

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

B.R.P = Break Even Point Ratio

FOC = Fixed Operating Cost

vC = Variable Operating Cost

DP = Depreclation and Amortization

3 —202



‘UOM UOTTTIU ST aNUSAIY UDHAT Jwalg JO 1TUf :930f

OL°¥3  89°L  C9°L  89°L 59, §9ci 8974 T9'L  BL°S9  I8-LFD 2R Z91 Gi'SET £RCSET O0DCERT GEEE  LP GV - (§3 otiey '4'1°¢
CeT-Z1 98K'T B2l SERCT  9B¥C1  9EFCT S8Rl 9SW 1 BEECTD BZLAT POV DL CSFE SR LLP 07 .1Z8°9% TRGCST £G1°8 - (uyse)) snuaaay uani yeaig
¥9°E9  GE°BT  TL°0%  BLFZ CE2°9%  6Z°8%  EPUEE PEC9E  06°GF  60°BS  L6°8)  £Z3°3%  §0°66  68°8T1 LE°88l  §9°CSI - (%) oT2®y 4'1°¢
GLGCTL 579°¢  188°%  ®LECF  BYIETY  O0L'C  DBO'D  FOR'Y 96278 €BOCTI SRR wAI YL ¥ESC9T 19277 FIYCLT  0OZ 6T - (11§014) 2nuaazy U7 Heaig

- - - - - - - - 08T 280 8870 L0 ELCD 0 8%°0 2T 85T - oT1ey 93218A0) 20TAIIS 143G
%y g56  SL'6 186 80°5 888 ZE®  18L 8§ ¥0°S gR'E 0L 110 95°%-  00°8- 23l - (%) A1Inbg uo 31joid
POUST  099F  $6°G%  FDGE  9poee 576 20708 08782 OL'PZ LS'81 S0Pl 84§ Z¥°0 k8- b 81- 80 °62- - (%) 2nUSASY SITES UG ITJOIJ
afelaay 0] Al g1 71 11 0 6 8 i g g v g H 1 1-

aviaa

(1 8S®B]) JUB(J 1UsW3IBAI} J)®Y 91§BY SaTIlsvpu] BuTad( IOJ SISATBUY OT}®Y [°7°% 2IqB}

3 —203



‘UCK UCTTTIW ST .80U2A8Y USAT Headg JO 1TU] 930N

86°%8  ¥5L 78 L ¥ol ¥eL 6L ¥l &N L%°89 ¥y oLyl 81°791 86°PE1 18°G61 86 ekl LE'ER  BE'E¥ - (%) ommy 43¢
¥58°61 €922 B9%°E 8827 €987 €977 £9T°7 E9TT  U8G61 EREPY EE9°8Y 88V OV PPL 0P PERIF 110°GE  STCSI - (WS®)) Inuaaay UIAY REIIf
.mp‘mm €Z°61 £9°0% 0L'TE  VI'B%  13°8%  ¥EZE  B¥CIE C 6L°OF  T0°6S 16789 07798  80°BE  ZLCRTI G9'98T 9L -SSI - (%) o13BY 4°3°'¢
L8161 GiL°8  DBT'S 0189 e¥8°L  E9¥°'8  €0L°6  E¥YE0OT 8S0°F1 ROLLl 2L9°0Z 198°SZ GZL6T S10°GE 986 °0F  §GL°OY - (3117014} Snuaady UsAj AwIlg

- - - - - - - - 15°1 eg-p gy 1270 L0 2970 221 267 - o13®y 98BIBAD) DIAXIS 143(
SE°¥ ¥6°6 L6 1§76 606 £g e eL-g 2874 g5 DS 2%8°¢ 0L1 o §57¢- T0°E- B9°L- - (%) 431nbg uo 113044
26°'11  0Z-a% L%  ¥0°97 88°%¥¢ QTP 6LCEZ QL% 28°L1 PR AvQT  S9°Y 10 0°4- 1L°61- L8°0%- - (%> snussay selsg U0 11J01d
Belaay Gl Fi gl i1 11 01 6 8 L 8 g 14 g [ P I-

dvah

(7 ase)) 1UBIJ 1U2WIBal] Ialey 23SeR SoTIIsnpul Buradg 107 sUsAleuy OTIEYy §°7°F 9Iqel

3 —204



“U0s UQIT{TW ST aflaAly U3AF Ywalg 1O 1tUf 210N

LEF8  8¥°L 6% "L 6% "L 8% 'L 8¥ "L 6% L gv 'L §v°69  L9°A¥l- PECEAT L0581 9B°CET PO 8RI FECER  BE°8¥ - - (%> otiey ‘439
099791 €e€°T gE8°T  BEET  €E6°1  EEBCT Q€GBT BE6°T  PEECYT GBOCBE PEECIF 8ye°¥E €50°SS S06°'9% Z0S°IET L81°M1 - - (Yse)) anUaaday UsAg Ymedig
©L°69  DZ°ST  8%°CZ - §%7g3 80°%T  81°8T  8%CEE gpC9t LL8y BE°RS  L8°BY  LUH®  BDC66 B9 91T BEGED L 8ST - - (%) otiey d'i'd
Ly9 81 yeg'y  0I8'S  8¥¥°S  1BL°9  PIZCL  OBECR  LBECE 890721 LIgGl 0LLCLT ZRTEE ¥EG ST 028°'0€ 687 °9E 8LICO¥ - - (313014) InUaAdy usag Y2elg

- - - i - - - - NE-l g9°0 350 L0 [} §9°0 (42! 852 - - 0TizY¥ 83e13A0) IVTAIIG 133
9g "’y £6°6 1L'8 1¢'6 806 £¢°8 £E°8 8L Ge-9 j 2V 88 ¢ 0L (A §9°%-  0D°S-  1§°L- - - (%) £310bg uo 31Ty0Ig
PoCT 8Ly L1°PE  37°€F  0Ble  16°'0f U6  Ge°L?  06gg 9Ll BEBL 867 S g6°8- b °Al- ¥%°32- - - (%) anuaAasy $a[®g U0 3TI0I4

28eieay Gl . 4 g1 2l 1T 01 g g L 9 4 ¥ g 4 1 0 -
JYIA

(€ aSB)) 1UBTJ 3ULWILAI] I2)BY 21SBy SoTIIsnpu| Suradg XOF SISATBUY OTi®Y §°Z°F 91qBL

3—205



4.2,6 Sensitivity Analysis

Sensitivity analysis is conducted 1In two ways. The first one is
to see the variation of the discharged fee (revenue) through
fluctuating the construction cost and the operating cost on
condition that FIRROY keeps at 10 percent. These resulfs are
shown in Table 4.2.10 and Fig.4.2.1. According to the results,
the operating cost is more sensitive than the construction cost
in all three cases.

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

Unit: won per m3
Construction Cost Operating Cost -
{Case 1) :
-20 563 : ‘5569
-10 594 592
0 (Base) 625 625
+10 657 659
+20 688 692
(Case 2)
-20 926 869
-10 963 935
0 (Base) 1,000 1,000
+10 1,037 1,065
+20 1,074 1,131
(Case 3)
-20 778 764
-10 319 812
0 (Base) 860 860
+10 901 208

+20 042 956
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Another way to analyze sensltivity is to see the variation of
FIRROI through fluctuating construction cost, operating cost ang
revenue. The results are shown in Table 4.2.11 and Fig. 4.2.2,
The most sensitive factor to influence FIRROI is the variation of
the revenue {operating income). A ten percent drop in revenue
will cause 3.52%, 4.82%, and 3.71% decrease of FIRROI for Case 1,
Case 2 and Case 3, respectlvely. The increase of the operating
cost also Iinfluences FIRROI in Case 2 in particular.

Table 4.2.11 Sensitivity Analysis (2)

Unit: percent(FIRROTI)

Construction Operating Revenue
Cost Cost

{(Case 1)

~20 13.72 13.42 2.52

-10 11.69 11.74 6.48

0 (Base) 10.00 10.00 10.00

+10 8.55 8.16 13.21

+20 7.30 6.23 16.21
(Case 2)

-20 13.72 15.51 -0.61

-10 11.70 12.85 5.18

0 (Base) 10.00 10.00 10.00

+10 8.56 ' 8.93 14,28

+20 7.31 3.53 18.20
(Case 3)

~20 13.72 13.75 2.07

-10 11.89 - 11.92 6.29

0 (Base) 10.00 - 10.00 10.00

+10 8.56 7.98 13.38

+20 7.31 5.83 16.52
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4.3 Economic Analysis

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

- However, the direct loss or damage to the environment in the

Study Areas and the vicinity is not seen in this project because
this is a conceptional design. As a result, the benefits based on
market wvalues can not been identified qhantitatively'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 Economic Internal Rate
of Return (EIRR) is not calculated.

4.3.1 Generally Applicable Technigques for the Analysis1

Three sets of valuation techniques using market prices, which are
those of straightforward benefit-cost analysis, are used in
common in the economic analysis on the environmental project. The
first one deals with changes in production and the value of
output. The second one 1s the loss of earnings approach. And, the
third one is the opportunity cost approach.

The techniques using changes in productivity are direct. exten-
sions of traditional benéfit—cost analees. Physical changes in
production are valued using market prices for inputs and outputs.
{example: Untreated effluent, with a high BOD content, polluted
waters and then affected the productivity of a downstrecam fish-
ery.)

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

The opportunity cost approach is based on the concept that the
cost of using resources for unpriced or unmarketed purposes can

1.The contents of this sub-section is mainly relied on "Economic
Analysis of the Environmental Tmpacts of Development Projects" by
the Asian Development Bank in 1986.
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be estimated by using the forgone income from other uses of the
resources as a proxy. This approach is a way of the measuring the
"cost of preservation". (example: preserving land for a national
park rather than harvesting its tree fTor timber)

4.3.2 Benefilts of recycling water

In Case 3, 30,000 m® of recycling water 1s annually produced.
This recycling water is the benefit under the change-in-produc-
tion approach, whic¢h is 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 is the benefit for recycling water. Since
the unit cost of water supply is 268 won per mS according to the
data for water production in Inchon area, the total savings
(benefits) amount to 8.05 million won per year although this is
very small compared with the total cost for the treatment plant.
Since recycling water is not produced from Case 1 and Case 2, the
savings for these two cases can not be calculated.

4.3.3 Soclo-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,
s0il and so on in terms of temperature, dissolved oxygen, nutri-
ents, salinity, siltation, solid wastes and so on. These changes
result in ecological changes such as bioclogical 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.
These linkages are shown in Fig. 4.3.1.

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

(a) Fish and other animals in the water near the plating indus-~
trial estate may be contaminated by poisonous heavy metals
and incidence of human disease may be Iincreased through a
food cycle. :

3211



(b) The water suppllies used both by people and by animals may be
contaminated and the cost may be 1ncurred in replacing the
water from other sources.

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

Therefore, the proposed project on the waste water treatment
plant for plating 1industries is highly valuable in terms of
protection of the environment, although a "with-and-without-
project framework™ is not simply applied to this project since
the Korean Government has stringent standards for effluents.
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Note: This diagram is mainly transformed from Table 1 in "Economic Analysis of
the Environmental Impacts of Development Projects” published by ADB in
1986.

Fig. 4.3.1 Linkage between Development Activities and their Consequences
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IV Overall Evaluation

1. Plating Industrial Estate
1.1 Evaluatlon and Problems Concerning the Optimum Systems
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 following character-

istices.

(1) The system can well cope with variable qguantities and
gqualities 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 1s flexible enough to cope
with variable quantities and qualities of wastewater,

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

While the existing system is operated manually for the most
part and hence recquires 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 few
monitoring instruments installed and hence the operation depends
on visual inspection by individual operators. As mentioned be-
fore, this has given rise to various problems. The optimum system
will virtually eliminate such problems.



(4) The layout of the system is very compact.

The layout of equlpment 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.
T00 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 fTactory in the estate uses an ano~
dized aluminum plating method and another uses 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 is why oniy
those factories which have similar manufacturing processes
should be selected in forming an industrial estate. '

(2) FKach factory will take approprilate measures to reduce the
amount wastewater.

For wastewater treatment to be effective, 1t is important
that each factory takes measures to reduce the discharge of
wastewater so that only highly concentrated wastewater flows
into the central treatment plant. Such measures must be
planned before factories start operating and discharging
wastewater.

(3) Various types of wastewater comlng from factories are sepa-
rated from each other according to thelr contents and con-



centration.

As stated before, wastewater discharged by plating factories
is classgified Inteo (1) cyanic, (2) chrome, and (3) acid/alkaline
water. Any wastewater treatment plant is built on the assumption
that incoming wastewater 1is 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
eyanide 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 Analysié in (II) Plating
Industrial Estate" of this report, the proposed optimum system
makes good ecconomic 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 is
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) 1s. considerably
higher than the rate (according to CASE-3 of 4.2.4 of IL, 4,763
Won/ms) calculated for the proposed system.

(2) Running costs are reasonably low {i.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 kéeping running cost to the minimum.
(3) The operation is fully automated.

Because of fully 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.

Howevér. the economic advantages listed above can be real-
i1zed 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 1s, therefore,
important to assign adequate money and workforce to ‘the déily
management and maintenance of the equipment and machinery.

{2) The rate for treatment is set reasonably 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) Wastéwater is appropriately accepted.

In accepting the inflow of'wastewater,_its gquality 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 i1s 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 conslderations 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
ly.

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

Nonetheless, in the case of an industrial complex that is
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 analyzling data gathered from existing
factories of similar type.

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

Whether the central treatment plant works properly depends
‘on every Tactory discharging 1ts 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 tcchnigque concerning wastewater treat-
ment.

(3) Appropriate rate should be charged fTor wastewater treat-
treatment.



As stated in 1.1.2 of this chapter, once a rate is set, it
becomes difficult to change. That 1s why approprlate rate should
be determined in consultation with the factorles prior to
starting the treatment system.

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

Even 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.
50, the inflow of wastewater must be continuously monitored with
instruments, and the ménitored data must be promptly reflected in
the running of the system.

(5) The importance of the technicians and operators of the
wastewater treatment plant should be fully understood and
proper training should be provided.

There is a tendency to attach less importance to the techni-
cians 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 gquality products (treated water which meets certain stand-
ards) must be realized using materials (raw waste water) of
various gqualities. 1In consequénce, the technical standard for
wastewater treatment must be high encugh 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 training must be given.

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

As mentioned in 1.1.2 of this chapter, 1mproper
management/maintenance may hinder even the optimum system from
functioning as planned. .

In order to realize the economic advantages of the system, ex-~
pense should not be spared as far as management/maintenance 1is
concerned. If poSsible, as practiced in a manufacturing process,
periodical maintenance (once or twice a year) should be carried
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out.

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

As mentioned before, wastewater treatment is 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 indispensable. One way te achieve this
may be to establish a committee consisting of the staff of the
treatment plant and the personnel from each fTactory, thus provid-
ing an obportunity 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 nct 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 difficuit to establish cooperative rela-
tions between the two. As 1s the case in the dyeing industrial
estate, it may help if the wastewater treatment plant is managed
by a cooperative association consisting of all the factories,

(2) Entargement 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 gain of each factory will increase.

(3} Technical f{raining for the factories

The factories in the estate are small in scale. Therefore,
although keen to introduce the latest technologies to 1improve
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 existing industrial estate, 1t may be difficult to
implement the suggestions listed above. In case an estate is
nnewly established, however, those 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 unique to the former are described in
detail, other polnts 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

dyeing of synthetic fibers such as polyester is also carried

out). The system has the following characteristics.

(1) The system can well cope with the variable quantities and
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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 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. With the existing system,
too, quite a few monitoring instruments are already installed and
are operatéd 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 1is 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 1s 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 I, 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-degrece treatment system for
COD elements (CASE-2) will make the final sewage plant totally



unnecessary for treating industrial wastes.

Perfect though the system planning may be , 1t 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 engaged In
the dyeing of cotton and only partly in the dyeing of syn-
thetic fibers such as polyester.

Qur survey has shown that the estate has one factory which
carries out leather tanning alongside dyeing. Although the
amount of wasfewater 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 different 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 (oll, fat, protein, etc.) removed from wool, while
waste water of polyester dyeing contains elements (such as ethyl-
ene glycol and terephthal acid) that are resolved 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
to select only those factories which have more or less the same
manufacturing processes,

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

(3) Substances which are hard to process in the central treat-

ment plant are removed from wastewater in advance at the
factory level,
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As'explaihed in {1} above, all substances (for example,
chrome metal) which are hard to process in the central ftreatment
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 1s enormous, the stabi-
lization tapk allows at most a four hour stay of wastewater.
Thus, if a huge amount of wastewater flows into Lthe tank at once,
it becomes imposéible'for the tank to accept all of'it.

S0 long as the conditions listed above are met, the proposed
system offers the best solution to the central treatment of
wastewater in the dyeing industrial complex.

2.1.2. Economic Evaluation and Problems Concerning the System

As stated in 4.2. Fihancial Analysis in "III, Dyeing Indus-
trial Estate" of this report, the proposed optimum system is
evaluated as being fairly economic, 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
the cdurrent system. 8o0,the higher rate for treatment is natural.

{2) The present plant was completed 5 years ago, and it has
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
about 358Won/m° after 9 years. This value is about 80% of the

current rate.

The reason for the proposed optimum system obtaining a fairy
economic evaluation are as follows.
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(1) The treatment capacity is very large,

The proposed system has a treatment capacity of 100,000 m3 a
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 (i.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) Eguipment and machinery should bhe properly managed and main-
tained. '

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

{3) Wastewater should be appropriately accepted.

{4) Measures should be taken to prevent troubles in treatment.
The technical evaluation -is closely related to the economic

one. In general, a technlically excellent system will also 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 II and 2.1 of this chapter), here we will
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limit the explanation to those matters which are unique to the
dyeing industrial estate (those which are already explained in
the section of the plating industrial estate will only be 1list-
ed) .

(1) Adgquate preparatory studies should be cenducted sufficiently.

{2) Hach factory should be well informed about wastewater treat-
ment.

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

At present, the ratés are set in accordance with - quantity
(450 Won/m3), 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
prdportional 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 value 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 monitoring the
incoming waste water.

{4) The inflow of wastewater should be 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
_plént. As mentioned in (3) above, the installation of a continuos
measuring device at each factory will serve this purpose.

(5) The impertance of the technicians and operators of the

wastewater treatment system should be Tully understood and proper
training should be provided.
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(6} Management/maintenance should be meticulously carried out.

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

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

2.3. Other Problems and Suggestions

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 industrial water
and stcam are supplied 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 industrial water and steam, the cooperative of fTactorles may
take charge. The cooperative may take charge of the disposal of
industrial wastes, too. | '

(2) Improvement of positloning of Central Wastewater Treatment

Plant

As 1s stated in section 2.1 of 111 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 1s better than that of water discharged from the sewage
treatment plant. When it 1s considered that these two plants
comprise one system, it is hardly an efficient system. To rectify
this situation, the following approaches shall be considered.

A. As shown 1In section 3.2.2 of III above, by using advanced
treatment cof COD, make the wastewater treatment plant capable

of discharging treated water into public water,

B. Try to balance the loads of both plants by relaxing water
quality standards of the water discharged from the central
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wastewater treatment plant. The hazard for ellmination stand-
ard of sewage in Japan is a useful standard for water quali-
ty. (Refer to Table 3.6 of 1. 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.

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

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

mented under current laws, 1t is worth considering as a fTuture

assignment as it has technical and economic advantages.

{3) Promotion for the reclamation of wastewater

CASE-3 of the optimum system suggesis the reclamatlon of

wastewater. In that case, the cost for regenerated water amounts
to 8860 Won/m3 (see 4.2 of III), which is significantly higher
than c¢ity water or Iindustrial 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 it possible to create an

B.

industrial estate where the water supply 1s inadequate.

Reclamation reduces the discharge of wastewater, with a
consequent reduction in the amount of pollutant discharge

(reduction rate is 20% in CASE-3 of III).
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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, its introductlon should be taken iIinfto account when an
industrial estate is newly created.

3, Summary of FEvaluations

The following is a summary of the evaluations mentioned
above.

{1) Techniecal 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, certaln 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, tThe optimum
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 cur-
rently charged. Nonetheless, taklng into account of the
improvement of treatment and the inflation-adjusted construc-
tion cosis, the optlmum system still makes economic sense,

{3) Proposals
The proposals consist of (1) selection of the optimum sys-
tem, (Z2) management of the 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-
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ly, but most are to be realized in the future. In case an indus-
trial estate is newly created, the proposals may be applied more

thoroughly.
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V. Guidelines for Wastewater Treatment and Reclamation

I. Outliine

The purpcose of preparing these guldelines and their struc-

ture are as follows:
{1) Outline

As has already been shown in II. and III., models were set
for plating and dyeing industrial estates in this Study, and
optimum systems were selected for each'of them. . However,
products and manufacturing processes invelved in both industries
are so diverse that the descriptions in 1I. and Il1I. alone are
not sufficient for the purpose of planning new wastewater treat-
ment and reclamation plants.

As a result, it was decided to prepare more general guide-
lines for use 1in the planning of new wastewater <treatment and
reclamation plants for plating and dyeing industrial estates.

Special consideration is made here to suit the current
situations of the two industries in Korea, while fully utilizing
thé investigation results in II. and III.

(2) Structure

Guidelines are divided into two major parts, covering plat-
ing and dyeing industries, respectively, with matters reiating to
production processes, Wastéwater treatment - and reclamation de-
scribed, and.new.treatment techniques.

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

While these guidellnes are closely related to the selection
of optimum systems, they are also readily available as separate
reference material.



2. Guidelines for the Plating Industry
2.1 Cutline

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

Roughly speaking, the plating industry is classifiéd as
electroplating industry, melt plating industry, plated steel pipe
manufacturing industry and other metal manufacturing industries.
Of them, the electroplating industry is required to take special
care for water and wastewater treatment. In some éases, electro-
plating is done as a part of any other process in a factory in
which metal products are manufactured, and in the others, it is
done by an exclusive enterprise which is engaged mainly in proc-
essing only. The exclusive enterprises works on a brocessing fee
basis and does not manufacture independent products. Therefore,
exclusive enterprises arc located for the convenience of entrust-
ing metal products manufacturing or automobile manufacturing
factories for which they do processing. These exclusive enter-
prises 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. (Reference 1} _

For exclusive enterprises, the construction cost and running
cost for having their own wastewater treatment facilities are an
economically heavy burden. Further, shortage of engineers in
charge of operation and maintenance of these'facilities, and of
shortage or difficult acquirement of construction sites, etc.
impose economically and technically serious problems on them. In
addition, wastewaters and exhaust gases discharged from plating
factories contain much substances which are harmful to the human
health. If the treatment of them has a problem, there may be
serious 1nfluences on the surroundings of the factory. There-

fore, scrupulous care is needed to'prevent poliution. (Reference



2)

From the ViéWpoint as mentioned above, it will be economi-
cally and technically advantageous to collect wastewaters and
exhaust gases from the workshops in the plating industrial estate
and treat them in a central trecatment plant, as compared with
separate treatment by each exclusive enterprise. Moreover, if
exclusive enterprises are gathered in the plating industrial
estate, thec risk of pollution generation may be reducéd from a
plane to a point. This is the reason why the spread of the
plating industrial estate has been strongly desired.

However, the workshops in the plating industrial estate
carry out different kinds of plating ffom each other, and there-
fore, wastewaters discharged from them are also various. There-
fore, it has also been pointed out that new problems unique to
the wastewater treatment of the plating industrial estate should
be liable to occur.

With the foregoing in mind, this chapter for guidelines
describes the basis of plating wastewater treatment, such as main
production processes and wastewaters generated and their quanti-
ty, the measures to be taken in production processes for reducing
pollutant loading, etc., fundamental wastewater treatment tech-
nologies, reclamation technologies, and sludge treatment technol-
ogies, and an introduction of mnew technologies using membrane
separation, together with other points to be cared about.

_In Japan, many pollution problems with plating wastewaters
occurred in the past, but it is wvery rare at present that any
wastewater unable to meet the control 1imits should be finally
dlischarged. This 1is mainly due to technological developments
made by research and development activities on pollution 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
training 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 the wastewater
treatment problems and plating technologies to solve these prob-
lems and to improve the technologies. It is desired that such
testing and reseé,rch organs should also be installed din Korea.



2.2 Main Production Processes and Wastewater Quality
2.2.1 Baslc Processes of Plating

Plating processes are different with the kind of plain
metal, condition of plain metal, kind of plating, kind of plating
liquor, method of plating, purpose of plating, etc.. Moreover, in
the plating factory, the results of each work in the series of
works are observed, and as required by them, some processes are
changed or added. '

The most basic processes are as follows.

Polishing -- cleaning -- water washing -- pickling -- water
washing -- plating -- water washing -- drying -- finishing

In practice, some processes for similar works using similar
chemicals exist, and in many cases, because of the different
purpose of a process, the process is called by a different name.
However, from the vieWpoint of wastewater treatment, the waste-
water quality and conditions of discharge are the considerations
which should be taken into account. Therefore, plating processes
will be described only briefly.

(1) Polishing

Processes before plating are called "pre-treatment”. Pol-
ishing can be done by hand or using a machine. It is carried out
to remove rust.of the plain metal surface enough to ensure a
smooth and bright plated surface. In general, buff polishing by
hand or using a machine is done. This method of polishing uses
an abrasiVe, and the used washiling water is discharged as waste-
water.

Barrel polishing is done mainly by wet type rotary polishing
or vibration barrel polishing, and concentrate polishing liquid
waste and washing water waste are discharged.

(2) Cleaning

Cleaning 1is carried out to remove externally attached con-



taminants such as o0il, dust or dirt, abrasive caught on the plain
'metal surface, etc. In the case of an exclusive enterprise which
works on a processing fee basls, 1t happens frequently that the
part to be plated as Turnished from the entrusting enterprise is
contaminated with oil in the press process or is applied with oil
on the surface for rust prevention. In such a case, cleaning
process is the first process. Roughly Speaking, cleaning 1is
classified as solvent cleaning, alkall cleaning, and electrolysis
in an alkali solution. In recent years, acid cleaning has been
used frequently along with the spread of automatic plating equip-
ment, because rust removal and smut removal can be done simulta-
neously and the contaminants which can hardly be removed by
alkaii cleaning can be removed (smut: non-metal impurity con-
tained in a metal, or insoluble component of a dissimilar metal).
From solvent cleaning, solvent waste is generated. From
alkali cleaning or acid cleaning, cleanling liquid waste after
renewal and washing water waste are discharged as wastewater.

(3) Pickling

Pickling 1s carried out to remove the oxide film on the
piain metal surface and activate the surface, For the activa-
tion, sulfuric acid or hydrochloric acid is generally used sin-
gly. Chemical polishing uses a number of chemicals for the kinds
of plain metals, but in practice, the number is not so large.
Electropolishing 1s a special method except for stainless steel
and has been used rarely in recent years.

From this process, cleanlng liquid waste after renewal and
washing water waste are discharged.

(4) Plating

Plating Iis done mainly by electroplating of copper, nickel,
chrome, zinc or tin. FElectroplating uses electrolysis of a metal
salt solution to form metal films on the cathode. Raking method
and barrel method are available. In the former, the object to be
plated is mounted to the cdthode in the electrdlytic cell, and in



the latter, many and small obJects are rotated In a barrel.
Chemical plating (non-electroplating) uses a reducing agent on
the catalytic active surface to allow complex ions to be reduced
and precipitated as metal. It is indispensable for the manufac-
ture of automobiles, OA apparatus, optical machines, and PCB
substrates,

From this process, plating liguor waste after renewal and

washing water waste are discharged.
(5) Drying

Plated products are washed in chilled water and warm water.
bDrying in the subsequent stage is done in a hot alir. In the case
of small parts, a centrifuge or the like is used.

From this process, chilled water waste and warm watcr waste
are discharged. '

Fig. 2.2.1 shows typical processes for nickel-chrome plat-
ing, Fig. 2.2.2 for zinc plating, Fig. 2.2.3 for PCB substrates
manufacturing, and Fig. 2.2.4 for plating on plastic parts,
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2.2.2 Properties of Plating Wastewaters (Reference 3)

Plating wastewaters are classified roughly into concentrate
wastewater discharged after renewal from each process and dilute
washing wastewater.

The concentrate wastewater |is dischafgéd after renewal of
the bath 1liquor and therefore 1s called "renewal wastewater".
The washing wastewater 1s discharged continuously during the
plating work, and therefore, is called, “continuous wastewater".
The continuous wastewater 1s a dilution of the bath liquor in the
preceding process. It 1s almost the same in composition as the
bath liquor, but its concentration differs with the type of water
Washing. Wastewater treatment 1s done malnly on the continuous
wastewater.

Normally, the bath liquor contains, 1n addition to the main
components of the chemicals used, trace components called "impu-
rity". Morecover, many of these chemicals are changed while being
used due to oxidation by electrolysis, oxidation with air, self-
oxidation of reducing agents, etc. Further, the treatment tank
of each process receives deliveries from the previous process due
to insufficient water washing, substances attached to the dbject
to be piated, substances eluted from the object to be plated,
reverse flows from the exhaust duct, splashes, substances eluted
from the tank, piping, auxiliary apparatus, etc. When examining
the wastewater treatment, it is important to grasp the changes of
wastewater composition with these substances. _

The l1iquor to be used in the plating processes is prepared
by the plating factory for itself in a few cases, but is prepared
by purchasing from manufacturers of plating chemicals in most
cases. '

The manufacturers do clarify the composition of only main
components of chemicals, and therefore, 1t 1s necessary upon
purchase to obtain sufficient information of the components
related to the wastewater treatment, treatability, etc.

(1) Polishing wastewater
Chemicals used for barrel polishing include media, soap,
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activating agent, complex agent, etc, and therefore, it is sig-
nificant to take care in the wastewater treatment. It is advisa-
ble to avoid mixing with general plating wastewater.

Table 2.2.1. shows composition of the chemicals used for wet

type barrel polishing.

Table 2. 2.1. The Composition of Chemicals for Wei Type Barrel Polishing{Reference 3)

Kinds of raw materials | Main harmful c¢ompound Cautious items
Fe Polishing for under | 1 |alumina, arandom, NazP0Q., Naa(0s, activator
plating -

0 | NasP04, ¥a3C0s, sodium, gluconate, soap,
complex compound

Polishing for upper | I {NaaP04, NasCOs, activator

plating
I | Nas{0s, Na=304, soap
In, Al, solder Polishing for upper Na3P0., soap, {complex compound)
plgting

(2) Cleaning wastewater

Alkali cleaning agents which are avallable on the market
contain, in general, several surface activating agents and che-
lating agents added to alkali salts. Low temperature cleaning
agents have high cohcentrations of mixed substances as compared
with high temperature cleaning agents and therefore, require
special care in the treatment.

Moreover} there are deliveries of chrome from Jjigs and
elutes of chrome in the case of electro c¢leaning by anodic or
periodle reverse current (PR) method.

Table 2.2,2., shows harmful components and some points to be
cared about of alkali cleaning agents. Table 2.2.3 shows harmful
components and some points to be cared about of acid cleaning

agents.

(3) Pickling wastewater
Acids for activation produce few problems in the wastewater
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Table 2. 2.2. Harmful Components of Alkali Cleaning Agents(Reference 3)

. Bath Making Time - Renew Time
Type of Cleaning — :
Concentration COD |Concentration COD |{Using Trem
(/1) (ng/1) (&/1) (me/1) | (Month)

Dipcleaning 30 1,453 - 3, 454 10

Dipcleaning 50 269 5 - 5, 550 0.5

Dipeleaning 100 2,140 150 10, 000 12

(-)Electrocleaning 50 481 - 908 4

(-)Electrocleaning 50 4,005 A7 3, 600 3

{PR)Electrocleaning | 50 (ml/1) + 13, 000 71 {ml/1) 11,142 | - 36
NaOlt 50 g/1

. Table 2.2. 3. Harmful Components and Cautious ltems on Acidic Cleaning Agent {Reference §)

Main haraful compourd Cautious items

H2504 {(pH) [ The agent aimed at cleaning more mainly than rust preventatives

Surface active agent (COD) has activator and high COD.

(O Because of disolubed raw material, the liquor becomes high
concentration and debates the activity of acid.

O Activator prevents sedimentation of metal sludge.

14




treatment. Special acids or mixed acids are used with easiiy
shaved steels, speclial alloys or when it is desired to prolong
the activating condition as far as possible.

In the chemical polishing liquor, the plain metal 1is dis-
solved at a considerably high concentration, and therefore,
adequate care is needed in the treatment not only of renewal
wastewater but also of washing wastewater. Some chemical polish-
ing liquors contain an oxidizing agent.which easily generates
oxygen gas, etc. and may cause metal hydroxides in the sedimenta-
tion tank of the wastewater treatment plant to float up.

Especially, 1t is to be noted that any liquor containing
hydrogen peroxide generatés oxygen gas Iin a bursting manner.

Table 2.2.4. shows harmful components and some points to he
cared about of activating acids. Table 2.2.5 shows harmful

components and some points to be cared about of chemical polish-

ing liquors.

Table 2.2. 4. Harmful Components and Cautious Items on Active Acid{(Reference 3)

Main harmful compound Cautious items

12504, HC1 {pH) [ O Take care that it is difficult to move F ioms, it is good to
fiF, HaSiPe (") treat the high concentration wastewater by batch system.
Surface active agent {COD) | O The method using activating agent is used sometimes.

Table 2.2.5. Harmful Components and Cautious Items on Chemical Polishing Liquor{Reference 3)

kinds of raw materials | Main harmful compound Cautious items

Steel C204Hz, Ho02, (COD, 02) | 0, gas often float the sludge because of
acid, BHaF, Ho02  (F, N, 02) H202, decomposition.
{O F can be removed by Ca(OH)z as Cal,.

Cu, Cu alloy H2304, H202 (COD, 02} | (O Same caution above is paid for Hz02.
HNOa, H2504 {(pl,N) (O It is not used for chrom plating.
HaCro0g, Ha804 {Cr,pl} | Take care not to become high Cu
concentration
Aluninium H3P04, HNO3 (P, N, p) | O Take care that concentration of P is high.
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(4) Plating wastewaters
A. Copper plating liquor

a. Copper cyanide plating liquor

This plating liquor has unique features which cannot be
found in other plating liquors, and is used widely. Since it
contains a cyanide, scrupulous care is needed in the wastewater
treatment. Especially, it 1s to be noted that if i1t contacts an
apparatus made of iron material, it dissolves iron little by
little, or if iron 1ion is brought due to insufficient water
washihg in the pretreatment process, it  forms iron-cyanide

- complex ion which is difficult to dissolve.

Table 2.2.6. shows harmful components and some polints to be

cared about of copper cyanlide plating liquors.

Table 2.2.6. llarmful Components and Cautious Items on Copper Cyanide Plating Liquor (Reference 8)

Main harmful ecompound Cautious items

Cu (Cu) | O Take care not to carry in the bath and to separate the chanel,

CH {(c) because it is difficult to decomposit cyanide complex such as Fe.
Surface active agent (COD) Ni. :

(O €0D is not so high (300 ~ 500 mg/1 in normal liguor).

b. Copper sulfate plating liquor
This type of plating 1is highly expected as pollution-free
plating. However, when it is directly applied, the adhesion is
poor. Therefore, it requires pretfeatment_such as copper cyanide
striking, nickel striking or the like. Moreover, bright nickel
~plating, directly applied on the copper sulfate plating, some-
times shows poor adhesion. An effective measure to avoid this is
activation with ammonia persulfate. It is to be noted, however,
that it is difficult to remove hecavy metals in the wastewater,

c¢. Pyrophosphate plating liquor

This type of plating is used freguently as non-cyanide
copper plating or bright copper plating for decoration purpose.
Because of the capability of leveling PCB substrates and of good
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physical properties, it has become popular. However, the liquor
contains much phosphorus and pyrophosphate is oxidized to ortho-
phosphate. Therefore, in recent years, the wastewater treatment
h as become a problem.

Table 2.2.7. shows harmful components and some points to be
cared about of the pyrophosphate plating liquor. '

Table 2.2.7. Harmful Components Cautious Items on Copper Pyrophosphate Plating{Reference 3)

Main harmful compound Cautious items

Cu (Cu) | 1t is difficult to precipitate Cuxs directly. After removing of
H4P+07. orthophsphoric acid P207-3" and P04% by adding Ca®', and ajust pH.

{P) | O The reaction of Ps0;** —» P04 can be promoted by partialy
ammonium ()] heating, anode current density, additive, unproper ammonium.

B. Nickel plating liquor

a. Watt type nickel plating 1liquor

The nickel plating liquor, most frequently used at present,
is the watt type nickel plating liquor added with various agents.
The COD concentration is below 2000 mg/lit. in this case, but
since the liquor is hardly renewed, the value may become abnor-
mally high. Moreover, if nickel cyanide complexes which are

difficult to decompose are produced.

b. The sulfanilic acid nickel plating liquor

The sulfanilic acid nickel plating liguor conftaines a large
quantity of sulfanilic acid but the taken off amount is small
because this liquor lasts long and long time plating as clectrof
casting.

C. Chrome plating liquor _

The chrome plating liquor is elither 6-valent chrome bath
composed mainly of chromic anhydride, or 3-valent chrome bath
compoéed mainly of chrome sulfate (or chrome chloride). Because
of.the color tone, brittleness and difficult plating to large
thicknesses, J3-~valent chrome plating liquor is used still very
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little.
Table 2.2.8.

shows harmful components and some points to be

cared of the chrome platlng liquor.

Table 2. 4. 3.

Harmful Components Cautious items on Chrome Plating Liquor{(Reference 3)

Main harmful compound

Cautious items

Cr (Cr®*, Cr3%)
(Pb)
)
ammonium (N)

(O Take care that excess of reduction agent has a bad influence on
the reaction Cr®* - r3*, o

(O The concentration of fluoride added in chrome piating liquor has
not a influence on wastewater treatment, but take care that one

contained in exchaust gass has a bad influence on plating

() Take care washing of anode, because the anode-side becomes lead
chromate (Cr & Cr®t).

O It is often necessary to remew the liquor that cam easily
dissolve Pb, Zn etc. and has a bad influence as impurities

D. Zinec plating liquor

a. Zinc cyvanide plating liguor

This plating liquor has many advantages as compared with
other plating liquors, and therefore, is used in many fields.
However, it contains cyanide at high concentration and requires
scrupulous care in the wastewater treatment, From the viewpoint
of less pollution, cyanide liquors at medium and low concentra-
tions have become popular.

Table 2.2.9. shows harmful components and some points to be

cared about of the zinec cyanide plating liquor.

Table 2.2.9. Harmful Components and Cautious Items on Zinc:Cyénide Plating Liquor (Reference 3)

Main harmful compound Cauticus items

CN {(CN} | (O Fe disolubed in liquor becomes cyanide complex, ®hen water
Zn (Zn) washing can not be done completely. Do mot ecarry the dipping
Naoll {pH) liquor into the bath parfectly.

additive {COD) | O There is a tendency for low cyanide bath to have high

concentration of COD based on brightening agent, and to have
high concentration of nitrogen.

(O Take care not to depend on power of self-cleaning, because (0D
becomes high concentration.
dissolve Pb, Zn ete. and has a bad influence as impurities.
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b. Zincate plating liquor .

Zinc is only the substance which is a problem in the waste-
water treatment. However, many organic agents are added to
suppress the influence of metal impurities, and therefore, the
COD concentration is generally rather higher.

¢. Acidic zinc plating llquor

Ammonium chloride bath, potassiﬁm chloride bath, sulfate
bath, etc. are available, but for the plating of utensils, ammo-
nium chloride bath is used frequently. Reéently, potassium
chloride bath which is free from the problem of nitrogen'has
attracted attention. Moreover, it is preferable from the view-
point of less pollution that the concentration of zinc metal has
“been progressingly low.

Table 2.2.10. shows h armful components and some points to
be cared of the acidic zinc plating liquor.

_Table 2.2.10. Harmful Components and Cautious Items on Acidic Zine Plating Liquor (Reference 3)

Main harmfu! compound _ : Cautious items
7n {In) | O 1t is difficult for Zn to become hydroxide, if you only thin and
NH4C1 )] make pH adustment the ammonium bath is high concentration of
additive - (COD) nitrogen 1, 000 mg/l.
additive {con} | O €OD of standard liguor is not high concentration, it is no
problem.

‘high concentration of nitrogen.

(O Take care not te depend on power of self-cleaning, because COD
becomes high concentiration.
dissolve Pb, Zn ete. and has a bad influence as impurities.

d. Chromate liquor

Chromating following zinc plating serves to give brightness
for better appearance and to improve corroslon resistance remark-
ably, Rarely, chromating 1is used to prevent discoloration of
aluminum, copper, copper alloy, etc. and to improve corrosion
resistance. Along with the increase in the quantity of work,
zine and 3 -valent chrome are increased, and a method of control
to increase the concentrations of various aclds is carried out.

Table 2.2.11. shows the composition of the chromate liquor.
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Table 2. 2. 11. The Composition of the Chromate Liquor(Reference 3)

&“‘ﬂ\HH\\» Kinds
A B C D E F
Components -
Cr0; ' (&/1) 3 1 10 5 0. 1
H2504 (mg/1) | 0.25 0.2 5 2 §
HNO (mg/1) 2 0.2 2 ~ 20 2 30 ~ 40| 17.5
NH4F {g/1) 2 1~ 2
HF {mg/1) 2
HBF,4 {g/1) 20
con 5 (g/1) 20
NaH:P0- (/1) 0.2

E. Tin plating liquor

Alkaline bath, sulfate bath, fluoroborate bath and neutral
bath are available. Any bath other than alkaline bath is added
with considerable amounts of organic agents, and therefore, the
COD concentration is high. Some baths contain complexing agent,
foaming organic substance, etc. which interfere with wastewater
treatment. Therefore, adequate investigation and appropriéte
addressing are required. TFor post-treatment to tin plating, soda

phosphates are used.

F. Alumite treating liquor

Alumite treatment means an anodic oxidation film treatment
to be applied on aluminum. By electrolysis in a liquid such as
oxalic acid, sulfurie acid or chromic acid with an aluminum plate
as the anode, oxygen is generated and'prodUCes an oxidation film,
which has, although porous, high electric jinsulation, corrosion
resistance and wear resistance, on the aluminum surface. After
corrosion protection by pressurized treatment using super-heated
vapor, this plate is used for tableware and other goods. Fur-
ther, it is colored with organic dyes or inorganic pigments.

G. Chemical plating liquor B
Any chemical plating liquor is added with organic substances
as complexing agent or stabilizing agent for metal ions. In the
wastewater treatment, not only the COD concentration is high, but
also metal séparation ig difficult in many cases. Moreover,




excess complexing agent chelates metal ions in other wastewaters,
making their settling impossible in many cases. Therefbre,
classified wastewater trcatment in necessary, not to speak of,
and it is aiso necessary to take adeguate care at any place where
the treated water is mixed with any other wastewater.

a. Chéemical copper plating liquor

This liquor is used fregquently for decorative plating'of
plastics, and through hole plating of PCB substrates. Complexing
agent is indispensable. Reduding agent frequently used is forma-
lin. The copper concentration to be used is as low as 2-3
mg/lit., but copper treatment cannot be done by dilution and pH
adjustment. The COD value in the concentrate exceeds 1¢,000
meg/lit.. For the treatment of renewal wastewaters, batchwise

method such as thermal decomposition is suited.

h. Chemical nickel plating liquor

This ligquor contains much organic substances and reducing
agents. Therefore;.the COD value is highest among plating 1iq—
uors. A method using soda hypophosphite as reducing agent,
called Ni-P alloy plating, is used in most cases. The COD value
Just after preparation of the hath is as high as 10,000 -~ 30,000
mg/1it.. In the plating liquor for plastics plating, soda hypo-
phosphate is changed to orthophosphate and the COD concentration
in the renewal wastewater reaches 50,000 - 80,000 mg/lit. as
phosphorus.

H. Platihg stripping agent

In case of failure in plating, or for repairing a plated
articlie, it becomes necessary to strip the existing plating.
Plating stripping by electrolytic or chemical method is avail-
able. According to the combination between the metal to be
stripped and the base metal, the composition of the stripping
chemical varies, and there are a variety of KkKinds.

In any of bath electroliytic and chemical methods, basic
components are four such as oxidizing agent, oxidation promoting



agent, base metal dissolution preventing agent, and eluted metal
masking or settling preventing agent.

In many cases, thére are much components of which wastewater
treatment 1is difficult,
chelating exists,

the metal concentrations are high, and

regulring scrupulous care In the wastewater
treatment.
Table 2.2.12 shows an example of the composition of plating

stripping agents.

Table 2.2.12. The Composition of Platiné Stripping Agents(Reference 3)

Stripping Agent Raw material Component
Ni, Co, Cu, Cd Fe, SUS ritro fragrant 60 g/1
NaCN 120~180 g/1
(NaOH 0~ 25 g/1)
i, Co, Cu Fe, SUS, Brass nitro fragrant compound 40 g/1
ethylencdiamine 70 2/1
sulfer compound proper quantity
Ni, Cu, othefs SUS, Al Conc. HNO3 500~1, 000 m1/1
Ni Fe, SUS, Cy, Brass, |H2S04 50~60 vole %.
Al,Zn water 40~50 vole ¥
Ni, o, Ca Cu, Brass H2504 50~100 g/1
nitro fragrant compound 100 g/1
sulfer compound 4 g/l
Ni 7n H2S04 40 w¥(electrolysis)
{1 H3P04 20 w%
H2Cr04g 5 w%(leaving water)
Cu Fe, SUS NaOH 100 g/1
sulfer compound 150 g/1
Cu, Ag, Au Fe, SUS, Ni NaCN 90~150 g/1
NaOH 15 g/1
Cu, Brass Fe, SUS (NH4) 2504 100 g/1
Cu, brass, Zn, Sn Fe, SUS CuzPa07 360 whlelectrolysis)
KaPo07 90 g/1
Cr,Zn Fe, Ki, Cu HCL - §~20 wx %
Cr, Pb, 3n Fe, i, SUS NaOH 100~150 g/l (electrolysis)
Pb, Sn, Pb-Sn Fe, Cu, Brass HBT 4 120 ml/1
202 _ 60 ml/1
Ni, Cu, Cr, Brass, | SUS,Fe nitrie compound 50~100 g/1{etectrolysis)
Cd, Sn soluble amine 30~100 g/1
carboxylic acid 30~100 g/1
alkali halogenide S~ 20 g/1

5 —22




	III. Dyeing Industrial Estate
	3. Determination of the Optimum Systems
	3.5. Conceptional Design of the Optimum Systems
	3.6. Economic Feasibility of the Optimum Systems
	3.7. Matters to be Considered for the Determination of the Optimum Systems

	4. Financial and Economic Analysis
	4.1. Total Capital Requirements and Operating Costs
	4.2. Financial Analysis
	4.3. Economic Analysis


	IV. Overall Evaluation
	1. Plating Industrial Estate
	1.1. Evaluation and Problems Concerning the Optimum Systems
	1.2. Suggestions Regarding the Introduction of the Optimum Systems
	1.3. Other Problems and Suggestions

	2. Dyeing Industrial Estate
	2.1. Evaluation and Problems Concerning the Optimum Systems
	2.2. Suggestions Regarding the Introduction of the Optimum Systems
	2.3. Other Problems and Suggestions

	3. Summary of Evaluations

	V. Guidelines for Wastewater Treatment and Reclamation
	1. Outline
	2. Guidelines for the Plating Industry
	2.1. Outline
	2.2. Main Production Processes and Wastewater Quality



