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14

GAC

/ GAC

/

GAC

GAC NF

(fouling)

110 rpm (7.5%, Al2O3)

50 ~ 80 mg/L

G 40 sec-1

18.8 ~ 69.8 m3/m2-d

25 cm

35 cm

0.89 0.51 mm

100 ~ 200 m/d

SUS304

25 25 38

cm 4.5 m

35 cm

(OZAT CFS-1, Ozonia, France) 

0.9 ~ 3.5 mg/L 0.56 ~ 4.8

mg/L

(140 cm (L) 140 cm(W) 180 cm
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(H))

pH

( 15.3 cm 500 cm)

p H 9 . 0 0 . 2

100~116 m/hr ( 0.51

0.62 mm)

GAC

GAC 60 cm

(Filtrasorb 820, Calgon) EBCT 4.3 min

GAC/ GAC

35 cm (Filtrasorb 820, Calgon, EBCT 2.5

min) 25 cm ( 0.51 mm)

GAC

62 110 cm

(Filtrasorb 300, Calgon) EBCT

5 ~ 7.1 12.5 ~ 15 min

NF

(nanofiltration) NF

Stages

(pressure vessel) 2 1

3 Elements (size 4040)

FilmTec

NF70 (Dow Chemical) thin-film

composite (TFC) (spiral-

wound) 75%

( GAC )

NF NF

(fouling) NF

UF (ultrafiltration) MF (microfiltration)

UF (Microza UF system, Asahi

Chemical) LGV-5210

(hollow fiber)

PAN (polyacrylonitril)

2.2 m 0.8 mm 1.4

mm 41 m2

MWCO (molecular weight cut off) 

13,000

( outside-in) MF(Microza MF

system, Asahi Chemical)

(hollow fiber) PVDF

(polyvinylidene -fluoride)

outside-in 2.2 m 0.7

mm 1.3 mm 0.1 m

AOC (assimilable

organic carbon) van der Kooij (1)

(Standard Methods) (2)
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1

8 9 10 11 12 13 14

(3)

95% 0.3 NTU

(

/ GAC ) 3 6 7

1 2 4 5

GAC

2 0.5 NTU

GAC /

1 4 5

0.3 NTU

4 94%

1 86%

5 83.3%

2

NF 8 9 10 11 12 13

50

mg/L as CaCO3 5 6

130 mg/L as CaCO3

94 7
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150 mg/L as CaCO3

NF 1 4

250 mg/L as

CaCO3

3 TDS

6 NF 8 9

10 11 12 13

TDS NF

TDS

50 mg/L 94 7

TDS 250 mg/L NF

6 TDS 310 mg/L

TDS ( 340mg/L) 

10 %

GAC

TDS

1~5 TDS

NPDOC( )

NPDOC  

4 NF 8 9

10 11 12 13 NPDOC

8 0.2 mg/L 9 0.4

mg/L

(0.1 mg/L) 14

NPDOC 0.25 mg/L 13

/GAC

NPDOC NF 6

7 7 GAC

NPDOC

7 GAC 6

GAC 2

4 GAC

NPDOC 0.6 mg/L

/ 1

NPDOC 0.75 mg/L GAC

/

/ GAC

3 NPDOC

1 2 4

88 3

88 5 GAC

(TTHM) 

( 5) 2 4

10 TTHM

10 g/L US EPA

TTHM 30 g/L

NF TTHM
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( 3 g/L)

GAC ( 5 g/L)

6 THMFP

8 11 12 THMFP

(CHCl3 3.2 g/L,

CHCl2Br 0.8 g/L, CHClBr2 0.76 g/L,

CHBr3 1.19 g/L) NF

(precursor)

14 THMFP 6 g/L

1 5

THMFP 25 45 g/L

THMFP 80 g/L

45~70% 6

GAC

/

THMFP 2 g/L

THM

0.2~1.0 mg/L

7 1 4 7 12

1

12

( MF+NF )

(NPDOC < 0.1 mg/L)

25 ( 0.1

mg/L) GAC

7 ( 0.2 mg/L)

4 1

0.5 mg/L

8 

AOC

10 11 12 NF

AOC 10 g-C/L (1)

10 AOC

3 g-C/L

AOC

13 NF

AOC 22 g-

C/L NF

13 NF

/GAC ( 14) AOC

15 g-C/L

GAC

AOC
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4 NPDOC

3 TDS



NF

6 AOC

12 g-C/L

1 2 4 5

AOC 113 g-C/L

NPDOC 2 AOC

AOC 24~53 g-C/L

AOC

AOC

2 Flavor Profile

Analysis

12

MF NF 14

MF GAC 

(odor free) 11

MF NF 6

odor free

85.8% 4

89 7 20

( oily ) 6

4

oily 2

MF NF

NF

8 odor free 68%

GAC 7

odor free

GAC 6 7

28.6% odor free

57.1%

3.5

1 4 5 odor

free 6.7~25%

(4)

88 4 15

/ GAC

/ GAC

(RO)

380
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4 3 . 9 %

56.1% 75.8%

RO 58.6

66.6 70.5 76.3 100

0 34.7%

53.7% 64.7% 78.4%

R O

28.2% 21.1% 15.5% 10.3%

35.5% 9.7%

5.5% 3.4%

88 5 18

3 / GAC

6 /

GAC 10 3 UF,NF

4

1 1

11 3

NF

3 6

1. 1 5

GAC

GAC

( 5 ) TDS

2. 6 7

GAC 6

-GAC

-GAC

GAC

6 9

(5)

GAC
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GAC

3. 8 13 NF

NPDOC THMFP

TDS

NF

(fouling)

NF

UF MF

pH

(scaling)

NF

NF

4. 14 MF

-GAC

NF

TDS

GAC

1.

(AOC)

2.

GAC /

GAC

GAC

NPDOC THMFP

TTHM

AOC

3. NF TDS 90 85%

I* 



NPDOC

75% 0.02 NTU

THMFP

AOC

10 g-C/L

NF

NF
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for the Examination of Water and
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Water Regulations : Interim Enhanced

Surface Water Treatment, Federal
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69484, 1998.
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Taste-and-Odor Treatment and Control,

Ed. by Suffet, I.H., Mallevialle, J., and

Kawczynski, E., American Water Works

Association, Denver, Colorado, USA,

1995.
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DHV Water B.V.

DHV Water B.V.

Degremont
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In January of 2001 the Central

Government did assign the Water Resources

Agency and Taiwan Water Corporation to

plan and execute a project to improve the

drinking water quality in the Kaohsiung

metropolitan area, allocating a budget of

NTD 15 billion. The scope of the project

was: firstly, to connect the Nanhwa

Reservoir and Koaping Diversion Weir

through a piping system; secondly, to

relocate the water intake further upstream

toward the Kaoping Diversion Weir; and

thirdly, to implement advanced water

treatment facilities.

Taiwan Water Corporation was placed

in charge of the second and third items of

the project with a budget of NTD 6.038

billion. The second item required the laying

of 15,410 meters of pipe. The third item was

to provide advanced water treatment

facilities in the water treatment plants of

Cheng-ching Lake, Kau-tang and Wong-

kong-yuan with output capacities of 450,000

m3/day, 225,000 m3/day and 36,000

m3/day, respectively. 

The completion of this project

vigorously improves the taste and odour of

the water supply quality in the Kaohsiung

metropolitan area, thus realizing the local

citizens long held aspiration for potable

water. 

The implementation of the advanced

water treatment facilities was commenced

on 11 July 2002 and completed on 31

October 2003. As this project was the first of

its kind in Taiwan, China Engineering

Consultants Inc and DHV Water BV of the

Netherlands were hired as general

consultants in charge of engineering

reviews, supervision of construction, and

commissioning. The advanced technologies

applied to this project, such as pre-

ozonation, post-ozonation, pellet softening

reactors, biological activated carbon (BAC)

filtration, super-fine bubble flotation, ultra-

filtration (UF) and low pressure reverse

osmosis (LPRO), were seen for the first time

in Taiwan water treatment projects, thus

THE PROJECT TO IMPROVE WATER SUPPLY
QUALITY IN THE KAOHSIUNG

METROPOLITAN AREA



I*

marking a new milestone in the water

treatment industry of Taiwan. 

The completion of the advanced water

treatment plant ahead of schedule is

testament to the Central Government s

strongly determined policy to improve the

water supply quality in the Kaohsiung

metropolitan area. Also the highest

appreciation is due to all the governmental

officials, legislators and local dignitaries

who have given such great care, support,

assistance and encouragement during the

construction period. Further appreciation is

also due to the turnkey contractors, China

Ecotek Corporation of China Steel Group in

joint venture with Ondeo Degremont of

France, and Kintech Technology Co., Ltd,

who have put such effort into this project,

and to the staff of Taiwan Water Corporation

for their unswerving dedication to this task.

The inauguration ceremony was greatly

honoured by the presence of President Chen

Shui-bian, conspicuously emphasizing the

Central Government s strong commitment

to this water project. 

By

TAIWAN WATER CORPORATION

Chairman: Chih-yih Chen 

President: Rong-tsang Chen

On the 31st day of October in the year

2003



89 8 5

90 3

( )

83 6

11.3 83

10

25

170
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88 11

1

89

8

2

89 8 5

3 90 3

90 1

82 91

72

74

65

30

130

86 89
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Total Dissolved Solid, TDS

TDS

Evian Perrier

TDS 6

7 TDS

500

300 TDS

500 WHO

500 TDS

1000

TDS 1500
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219 (

100 CMD

1

80 CMD 100

CMD

200 CMD

1,200 ( 3,200 m/m)

1,300

( 2,200 m/m)

80

80

CMD 50

CMD

53.1

3,300

( 2,200 m/m)

( 1,750 m/m)

40 CMD

5,800

( 1,750 m/m)

( 1,200 m/m)

4 CMD 25

CMD

6,700 ( 1,500 m/m)

50 CMD

17,500

HP

500 m3

6,500 HP 5,000 m2

I* 



89 7 90

12 70

51

1 m g / L -

1.47mg/L 0.27mg/L

75%

91 10

40%

91 11

(7)

(7)

8 9

10

:

I*



15

- - Design-

Build-Operate DBO

,

8

,

,

,

,

, ,

,

15 15

,

,

,

,

1

, ,

2

3

4

5

6

7

8

9

10

11

12

13 (

43.8

Ondeo Degremont

1,500,OO0,OO0

1 , 8 3 5 , 9 5 9 , 2 5 9

335,959,259 15

3,461,851,769

5,734,389,639 , 2,272,537,870

:

I* 



45

54

92 10

:

,

2 2

1mg/L 6

15O mg/L

CaC03 160

300 mg/L as CaCO3 228

mg/L 60%

8

,

( )

12min

CT lmg min/L

0.4mg/L

(radical

oxidation) 2.5 3.5mg/L

I*



(polishing process)

14

( ) 2.8 15

,

969,570,OO0 ,

1,343,902,533 , 374,332,533 ,15

2,324,056,360 ,

4 , 1 8 0 , 7 1 9 , 1 6 4 ,

1,856,662,804 ,

(UF)

(Low Pressure Reverse

Osmosis LPRO) UF

LPRO

225,OOO

36,OOO

92 10

:

CO2 NH3

LPRO LPRO

PAC COD

Fe Mn

1 m

3

UF

(Silt Density Index SDI) 1

LPRO LPRO

1bar UF

0.05 m ( 100,000

MWCO)

AOC UF

I* 



AOC UF

PVDF

UF

UF

LPRO

TDS

Flux 96%

L P R O ( S p i r a l

Wound) TFC-PA LPRO

19

12

48%

76 %

LPRO 5.2 bar 9 bar

13

I*



(14)(15)

NaOH

46-50 CMD

1 0 - 2 5

CMD 140mg/L(as

CaCO3)

92 10

1

2000

2

2000

3 8 6 2000

4 2002

5 2002

6 Mineral Waters of the World

www.mineralwater.org

7

DHV Water B.V.

2001

8

1999

9

2001

10

21

2 p46-55 2002

11

I* 



I*

2002

12

2002

13

2000

14

265-280 2003

15
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90.01 92.12

DHV Water BV

( )

( )

( ) 1,500,000,000

( ) ( )

92.10.31

135

( )

1. 

2. 

3. Putsatube 

4. 

5. 

6. 

I* 

*
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8. 

1. 

2. 

3. 

4. /

5. 

6. 

7. 

8. 

9. 

( )

( )

(

)

( )

( )

( )

( )

( )

( )

( )

( )
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1. 30

30

2.

3.

4.

a.

b.

c.

( )

d.

e.

f.

g.

h.

i.

j.

k.

5.

a.

b.

c.

d.

e.

f.

g.

h.

1~4hr

6.

I* 
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DHV

DEGREMONT

(a) 

(b) 

(c) 

(d) (CCTV)

(e)

(f)

A. 

B. 

C. 

D. CCTV

E. 

F. 

A. 

B. 

C. 

D. 

E. 

I* 

*



F. 

G. 

H. 

2 2

1980 m3

6

1.0 ppm 1.5 ppm

................................. 3,900 m3

............. 12 min

............. 10 min

............................... 2.5 ppm

............................... 3.5 ppm

150 ppm CaCO3

160 300 ppm CaCO3

228 ppm

60%

I*
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: 10 ppm 10 ppm

: 10 ppm 5

ppm 

150 ppm CaCO3

85%

D

Pulsatube

............. 405,000 m3/d

............. 486,000 m3/d

8 + 2

50,600m3/d 2,110 m3/hr

8 

............. 8

.................. 4.8 x 4.8 = 23m3

................. 2104 m3/hr

.................. 2525 m3/hr

.................. 91.7 m/hr

.................. 110 m/hr

......................... 6 m

E.B.C.T......................... 4min

(seed material)

70-110 m/hr

30 /m2

( )................ 300 ppm

( )................ 228 ppm

( ).................... 140/145 ppm

...................... 76mg/L

...................... 50mg/L

45500Kg/d 81000kg

I* 



I*

2 3

2800 kg/d

pH

8.5

pH 8

pH

5 ppm

(polishing process)

14 ONDEO

Degremont Carbazur

1 4 0 m 2

10m/hr

( ) 2.80m

15

........................ 19,300 m3/hr

........................ 21,150 m3/hr

.............................. 14

....................... 2

............................... 4.66 m

............................... 16 m

.................. 140 m2

.............................. 10 m3/m2.hr 

................... 2.80m

........................ 25 m/hr

.................. 55 m/hr
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1998 2 4

LPRO

2005 7

UF

SDI 1

96 %

1.

2.

3.

4.

1

(1)

(2)

(3)

I*

*
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1 

1

2

1

2

3

4

1

2

1

2

3

4

5

UF

LPRO

USS304

1

TOC AMMONIA UV

PROMINENT

pH

3

5

6

7

3

6

7

8

9



( ) 

(Ultra-filtration

UF) 

(Low Pressure Reverse

Osmosis LPRO) UF

LPRO

(HCl) pH 6.5

HCO3- CO2

CO2 pH 7.0

UF UF Dead-

end

LPRO

(PLC) 

5 ppm

LPRO COD UF

(100~500 ppm) 

LPRO

Loose RO

Low pressure RO

LPRO ( 4-10

bar) 6

40 2 bar

6 bar

( ) (Flux)

85 %

I*



Specific Flux

UF

LPRO

LRPO

UF

Flux

96 %

LPRO

pH

UF

230 %

LSI 2

TDS AOC TH ( ) 

pH UF

TDS < 250 ppm TH < 150 ppm AOC <

50 g/L pH > 6.5

I* 

�

�

�

�

�

�

�



UF

PAC

1 m
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3

2

1

1

CO2 NH3

HCO3
- H+ CO2

H2O

NH4
+ OH- NH3

H2O

80 

2

SS 20 ppm SS

3

4 COD

COD 30 

50 

1 m

1 8 min

I* 

� � �



2 8 

3 4 8 kg / cm2

UF

Silt Density Index SDI

1 LPRO

LPRO

UF 0.05 m (

100,000 MWCO) MF

UF

MF 0.1 

m

AOC

UF

AOC UF

LPRO

UF PVDF

UF

UF

UF 150 UF

Stack (DS-160) 48 Stack

UF

UF

Stack 45 cm 100 cm (H)

300 cm (L) 100 cm (W) 

595 cm (H)

Stack 2.95 CMH

2.95 48 141.6 CMH

UF 141.6 5 708

CMH/

UF 20 2

UF 1 bar

LPRO

TDS TH

Flux

96 

LPRO Spi ra l

Wound TFC-PA

FRP

I*



I* 

LPRO

1 62 6

2

3

4

700 cm (L) 300 cm

(W) 485 cm (H)

9.6 258 24.4

cm 655.3 cm

7.88 40 20.02

cm 101.6 cm

1 . 1 1 . 2

CMH/

LPRO 437 CMH

L P R O 1 5 . 4

CMH

LPRO 19

12 48

76 

LPRO 5.2 bar 9

bar



Flavor Profile

Analysis, FPA

Assimilable Organic Carbon, AOC

H A A 5 G e o s m i n 2 -

Methylisoborneol 2-MIB

GC/MS IC

ICP

15

5

1 5

AOC HAA5

I*

*



Bromate FPA

TON

FPA

AOC FPA

HAA5 Geosmin 2-

MIB

92 6

GC/MS

I C

ICP

AA

ICP

2

1 4

92 4

92 7

1 GC/MS

23

2 IC 74

3 ICP 28

4

AOC 31

5 FPA 12

FPA AOC

5 6

1

I* 



I*

92 4

92 7

1. 5

2. FPA TON

FPA

3.

Geosmin 2-MIB

4.

1.

-

92 5

2.

- 90 11

3.

- 90 11
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1 (

)6 18 29

44 98
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(

)

(

) 

(

) 

(

) 

(1)

(2)

(3)

(4)

(5)

I*



(1)

(2)

(3)

(4)

(5)

(1)

(2)

(3)

(4 )

(5)

I* 



I*

245,000,000

87 7 1 90 2 13

(

) 90 5

91 2 12

( )

( )

( )

( )

( )

( )

( )

( )



258

82

8 0 m m

65mm 5

I* 

*



I*

11

18

CCTV

1 cm2

29 11

18

74



I* 

PVCP



76

24 ( )

1.

2.

3.

4.

1.

2.

3.

I*

*



30m2~40m2

1.

2.

3.

4.

1.

2.

3.

4.

2

1:9 20

x 20

( )

( : ) 64( )x32( )x5.3

( )

64( )x32( )

2,048 M2

[64( )x5.3( )+ 32( )x5.3

( )]x2

1,018 M2

64( )x32( )x0.2( )

410M3

1.

2,048( ) x61( )+ 1,018 (

)x123( )=250,142

I* 



I*

410( )x151( )=61,910

250,142 +61,910 =312,052

2.

2,048( )x394( )=806,912

3.

806,912 -312,052 =494,860

15,757,000

952,000

7Hp

70%
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1.

2.

3.

50~100ppm

4.
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92 7 9

(

) 19,705

17,292

371,967 391,672

47.26%

15,103

1. 195

2. 13

3. 179

4. 40

5. 94

6. 3,864

7. 6,884

8. 
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12,028

1. 89

2. 47

3. 52

4. 4,309

5. 836

6. 

12,719

12,028

12,719

3,864 4,309

6,884 836
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1970

Dual Water Supply
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91.12.20

Pre-Ozone Contactor Pulsatube

Mediazer V Rapid Filter Pellet Softening Reactor
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Post-Ozone Conitactor and Operation Center
BAC Filter

Ozone Generator LOX Tank

Super-fine bubble Flotation Facility Ultrafilteration(UF)
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Low Pressure Reverse Osmosis(LPRO) Operation Center

Super-fine bubble Flotation Facility Ultrafilteration(UF)

Low Pressure Reverse Osmosis(LPRO) Operation Center
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83.   1.   2,000



82

12345



MEMO



ISO 9002
2600

CHENG JAN METAL INDUSTRY CO.,LTD.

364 TEL:(05)2342468 FAX:(05)2342479





12-2

07 6512166,6512769

07 6518644

17

08 7752277 

08 7750145

HSING NAN CEMENT PRODUCTS CO.,LTD.

500 m/m ~2000 m/m

1350 m/m ~ 3200 m/m





PRODUCED TO CUSTOMER SPECIFICATIONS
GENUINE REPRESENTATIVE

TWO CASE WET LEAF-
WHEEL WATER METER

DD-20

DD-50

Type

DP-13 2 165 95 95 26.44 14 11 31 1 10,000 1.5

DD-13 2 165 97 95 26.44 14 11 31 1 10,000 1.5

DP-20 3 190 105 100 33.25 11 13 35 1 10,000 1.9

DD-20 3 190 107 100 33.25 11 13 35 1 10,000 1.9

DP-25 4 225 105 100 41.91 11 15 35 1 10,000 2.1

DD-25 4 225 107 100 41.91 11 15 35 1 10,000 2.1

DP-40 10 245 137 125 59.62 11 20 45 1 10,000 4.2

DD-40 10 245 137 125 59.62 11 20 45 1 10,000 4.2

DP-50 20 245 154 136 75.18 11 25 65 1 100,000 7.4

DD-50 20 245 154 136 75.18 11 25 65 1 100,000 7.4

Max. Flow
Loss Under

10-Meter Pressure

Size m/m

L

Entrance & Exit Flute
h

m/m

Min.
Indication

L

Max.
Indication

m3

Weight
kgD m/m

Flute Number
flute/inch L m/mH W

Specification

TWO  CASE WET        LEAF-WHEEL  WATER METER (Adjust

Piston Outside) Direct-Reading Accumulative Calator
DDTYPE

DP-20A

Type

DP-13A 165 110 100 25.8 14 14 35 1 10,000 1.4

DD-13A 165 110 100 25.8 14 14 35 0.1 10,000 1.4

DP-20A 190 110 100 33 14 14 35 1 10,000 1.8

DD-20A 190 110 100 33 14 14 35 0.1 10,000 1.8

DP-25A 210 110 100 39 14 14 35 1 10,000 2.1

DD-25A 210 110 100 39 14 14 35 0.1 10,000 2.1

DP-40A 245 145 123 56 11 18 51 1 10,000 3.8

DD-40A 245 145 123 56 11 18 51 0.1 10,000 3.8

Size m/m

L

Entrance & Exit Flute
h

m/m

Min.
Indication

L

Max.
Indication

m3

Weight
kgD m/m

Flute Number
flute/inch L m/mH W

Specification

Type

DP-13A.DD-13A 3 18 40 150 0.2 1.0

Max. Flow Loss
Under 10-Meter

Pressure

Starting
Point

Approximate
Correct Point

Correct Low
Limit Point

Inspected Flow Speed

Small Flow Large Flow

50 300

DP-20A.DD-20A 5 25 60 250 0.3 2.0 50 300

DP-25A.DD-25A 7 35 80 350 0.4 2.5 50 300

DP-40A.DD-40A 20 90 200 1000 0.7 6.0 100 1000

Min. Inspected Quantity of Water

Small Flow Large Flow

Main Capacity & Quality

YI-TZEN PRECISION INSTRUMENT CO., LTD.

32-8, Makou Li, Matou Chen, Tainan Hsien, Taiwan, R.O.C.

Tel:(06)5701277,5701720



1. 100m/m-2600m/m

2. 75m/m-3000m/m

3.

4.

5.U 1000m/m-2600m/m

25

(03)4839540 4839941-2

(03)4838297

1. 500m/m-2000m/m

2. 1350m/m-3000m/m

3. 300m/m-1000m/m

4.

20

(03)3801592 3803592

(03)3805171

ISO 9002 


