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Badger Zenner

A B

max

Badger

0.28 bar Zenner

0.7 bar A 0.8 bar B

0.94 bar ISO

OIML 1bar

1. YOKOGAWA

ISO

OIML
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ISO C

D

3.

ISO C

65 B

88 B

4. max

Badger 0.28 bar Zenner

0.7 A 0.8 bar B

0.94 bar ISO

OIML 1bar

5.

41.6 L/min

2 0 5 0

L/min

1. CNS 561 B 6020

1996 1

2. CNS 562 B 6021

1996 1
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3. CNS 565 B 7014

1996 1

4. International Organization for Standardi-

zation (ISO), Measurement of Water flow

in Closed Conduits -- Meters for Cold

Potable Water (ISO 4064/I) Part I:

Specifications (1993).

5. International Organization for Standardi-

zation (ISO), Measurement of Water flow

in Closed Conduits --Meters for Cold

Potable Water (ISO 4064/III) Part III: Test

Methods and equipment (1983).

6. International of Legal Metrology (ORGA-

NISATION INTERNATIONALE DE

METRO- LOGIE LEGALE, OIML),

Water meters intended for the metering of

cold potable water, Part 1: Metrological

and technical requirements, OIML-R49-1

(2000).

7. International of Legal Metrology (ORGA-

NISATION INTERNATIONALE DE

METRO- LOGIE LEGALE, OIML),

Water meters intended for the metering of

cold potable water, Part 2: Test methods,

OIML-R49 (2001).
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(UCLA)

2



TON

the Metropolitan Water

District of Southern California, MWDSC

1 9 8 1

Flavor Profile Analysis, FPA

TON 1 FPA

FPA

F P A

Standard Methods Method 2170 Flavor

Profile Analysis 2 19 Edition, 1995

3

4

5 0 0 m l
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1.

2.

3.

4.



200ml 45

1

0 T

2 4 6 8 10 12 0 

T

2-12

FPA

Weber-

Fechner Law 1 4

=K’ log 1

K ’ = O l f a c t o r y

Response Constant of the Odorant

W-F Law

Rashash et al.

1996

S= A logC B 2

S= C=

A= B=

FPA 2

10

FPA

UPSIT

10

I&

1 FPA



40

30

30min

14

40
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ASTM

E679-91 Standard practice for determination

of odor and taste thresholds by a forced-

choice ascending concentration series

method of limits 5

A B C

30

2-MIB Hexanal

NaOCl
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2-MIB Hexanal

2

13

13

40

30

D - l i m o n e n e

benzaldehyde trans,2-cis,6-

nonadienal geosmin 

2-MIB dimethyl sulfide

methylmethacrylate 

chlorine 

45

4 8 12
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45

Hexanal 2-MIB 

trans,2-cis,6-nonadienal 

trans,2-

cis,6-nonadienal

4

6 trans,2-cis,6-nonadienal
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moderate strong

4 8 12

2 6 10

2-MIB
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0 4 8 12

0 4
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3 3
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UCLA Dr. Suffet

trimethylamine

45

UCLA Professor I. H. Mel

Suffet FPA

4 5 Professor Suffet

UCLA

International Water Association

Off-flavor in aqueous

environment

FPA
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Profesor Suffet

geosmin

2-MIB

Proffer Suffet

FPA

FPA

FPA

1. Mallevialle, J., and Suffet, I.H. (1987)

Identification and Treatment of Taste and

Odors in Drinking Water, American Water

Works Association Research Foundation

and Lyonnaise des Eaux, Denver, CO,

USA.

I&

4 Professor Suffet 5 



2. APHA, AWWA, and WPCF. (1995)

Standard Methods for the Examination of

Water and Wastewater, 19th ed,

Washington, D.C., USA

3. American Water Works Association

(AWWA) (1993) Flavor Profile Analysis:

Screening and Training of Panelists,

Denver, CO, USA.

4.Suffet, I.H., Mallevialle, J., and

Kawczynski, E. (1995) Advances in Taste-

and-Odor Treatment and Control.

American Water Works Association

Research Foundation and Lyonnaise des

Eaux, Denver, CO, USA.

5.American Society of Testing and Materials

(ASTM) (1991) ASTM E679-91 Standard

Practice for Determination of Odor and

Taste Thresholds by a Forced-Choice

Ascending Concentration Series Method

of Limits, Philadelphia, PA,USA.
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e l e c t r o d i a l y s i s

r e v e r s a l E D R

electrodialysis ED

EDR

70%

90%

International Desalination

Association, IDA

TDS

multi-stage flash distillation

reverse osmosis RO

3

1997

IDA

360,000CMD 1988

600,000 CMD 450,000 CMD

1

EDR

I&

1.

2.
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EDR

EDR

RO EDR RO

>95%

EDR EDR RO

SiO2

EDR

RO silt

density index, SDI RO SDI5<5

EDR SDI5<15

EDR RO

1

UF EDR RO

EDR 150

8m3/d

RO EDR 2 3

R O

85~90% 6

70~75% RO
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80~90%

100 S/cm EDR 85%

80%

EDR

EDR RO

EDR RO

2

EDR

1,000-2,000
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S/cm

printed circuit board

PCB EDR

RO

EDR

3

3 

EDR ED

60% 3

ED

PCB

PCB

3,000 S/cm EDR

100L/hr 30

70%
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COD: 80 mg/L TOC:

25mg/L 3,500 S/cm

TOC<4 mg/L < 500 S/cm

3

BioNET

EDR

4

410~520 S/cm TOC 20

mg/L

RO EDR

UF UF EDR

15

UF

EDR UF 

TOC< 20 mg/L < 500

S/cm

EDR EDR

5 5

300 S/cm COD 90 mg/L

BioNET

4 60~80% COD

COD 20 mg/L

EDR

5

BioNET

EDR

EDR 400 S/cm

4. PCB
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: 1

2

32 41 3

4

EDR

EDR

1.

25 2 , 30-36.

1999

2.

2003

3.

2001

4.

BioNET

17

4 , 30-36. 1998

5.

2003
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2003 8

CTGPC

6

1994

1946

50

40

1986

1989

412

40 80

1989

1992 4 3 12

I&

1.

2.

3.
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1993 7

11

17 2009

2003 8

135m 4

193

45,000CMS

CTGPC

40

175m 393

I&
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1 m 175 156
m 145 135
m 155 140
m 175
m 480.4
m3 393
m3 221.5

Km2 1084

2
m 185
m 175
m 2309.47

3
MW 18200 3600
MW 4900 700
KW.h 846.8

MW 700
26

4
m 280 34 5

5
m 120 18 3.5

6 24.5 1992
84.41 1992

7 m3 10283
m3 3198
m3 2794
t 48.30
t 25.65

17
11

8 900.9 1993 5
500.9 1993 5
400 1993 5
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221.5

1870

1820

846.8

4000

1000

5000 35 37

3000

5000

5.3

23

90 7 9

145

6 9 61

84

145

10

1 7 5



16

4 142

4

VI

VII

100

284 30

64 3.4

14000

19400

60m

1997 11 8

6442

2113 180 220

1607

2722 128-180
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200 113

5

2800

0.5

2.5

1

7

282

135

26

122.2 12.4

113

3000

26 70

BV EDF

600 1.1
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2300

1500

44

47 26

632

2 11 116

1599 2.45

824.25 9.22

3560

84.41

130

400

17

1800

1992

4 2.5

30 1996

2002 7

110

12

15.6 14.8

I&



10

302

158

175

131

296 458

30

28.5

200

I& 
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162 176.6

157 170

116 290.5

1241

7.2

142

64

30

1150km

651 91

490 40

65

180

500

5000 1800

1.
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2.

130

3.

25

4.

5.

450

6.

1.

911

2.

3.



1

1996 (International

Water Association IWA)

IWA s Distribution Division

(Task force)

1. (Real) (Apparent)

2.

Water Losses Task Force

I&

1.

2.

3.

4.



IWA

Manual of Best

Practice

Performance Indicators for Water

Supply Services 2

1

2

3

1

2 W a t e r

Balance

3

1

4
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2 IWA

I WA B e s t

Practice terminology

IWA

2

1 2

IWA

(Water Abstracted):

(Water Produced ):

(Water

Imported and Exported):

System Input

Volume

Authorised Consumption

/

1

Water Losses

= 

IWSA IWA

Unaccounted-for Water

Real Losses

I& 
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*

** IWA Unaccounted -for-Water(UFW)

Non-Revenue Water (NRW)

1. A

2. D C E

3. A E E

4. D C

5. C B

6. A B B

7. D C

8. B C C

9. / /

8 C



Apparent Losses

Non-Revenue Water

2

night flow

12

2

5

1,3

IWA

2

2

/

2

9

I& 



A c t i v e

Leakage Control, ALC

2 E

2 Fi36

3

2 F i 3 7

3 2

7
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3. Lambert A., Brown T.G., Takizawa M.,
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Indicators for Real Losses from Water

Supply Systems. AQUA,Dec 1999.
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Bursts and Background Estimates
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