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Fig. 2.1 The sizes of impurities and their separation methods 
 

89ò�MwÆò�Q½Æ 1Áñ pqòH!!"

È>qÄ½

ÉÆIÊ© �¹)¸NÀ¹xKà

KqMN £Í®

¸¹º�»¼½§�"B Ë�ß¹ì

10-5m 10-4m 10-3m

{½¾�RO�Ý stwx

£wx

Ý
�
R
.
g
h

���
wx�MF�Ý

��wx�UF�Ý

Ì�qÍ?±I"B Îó"B

�


�
-
º
"

"B�

1�Ì 10-9m 10-8m 10-7m 10-6m
Size 

Soluble Colloid Suspended solid 

C
om

po
ne

nt
s 

in
 t

he
 r

aw
 w

at
er

 
Sc

op
e 

of
 

ap
pl

ic
at

io
n 

Sand filtration 

MF: Microfiltration 

UF: ultrafiltration 

NF/RO 

Sand particles

Algae, protists 

Bacteria 

Cryptosporidium

E.coli 

Virus 

Trihalomethane precursor 

Pesticides,  Fulvic acid,
 Humic acid

Inorganic ions 
Nitrate 

Sediment 

Large-pore size 
membrane  



Chapter 2                   Application status and challenges of membrane filtration 

9 

1¬­wxÝ�Large-pore size membrane��¬­V 2 μm ²��Ý�
����¹)¸NÀ¹xKàÆ�Ï¨©IGH!"�ð��Z¦�j

%Ð�Ì�� �
wx�MF�Ý�á´%¬­V1�*��'���
çÑÒVþÌ*��#;�ÝwxCÓ�1������V��� �

��¬­V1�*�·�Jþ)óB4@ñ�KqMN�ð���)*

��'��ÔÕ)H�#:��Ï¨©IGH!"�i�ð��5�j

%*� 1) �

V�W!�[��ab�

ÝÖB�×Æ*M�ëN�À¹���Ø§¹!½)��È¾ÙÚ�

Ð$�=>Ý4�Æ�ìMQ§Kà�Æ�u¼½)��*éQ��N

�Ð$�È>Ý#1°Ì�� ����Ý��Û�I�ÝaÜ�ÝÞ�

>ßz���XK¹½Yàá��A¦ÏI)��IæMIVz)$%

:��}��5#;$%â·��� 2) Table 2.1 #�XlÝãxäë
M�MN�D³ 3) Ï¨©IGHIJ!"�	
)ð��Z¦#�å

êæW�� 1980 Ñè'��ç1�� 1993 Ñ�'�
þ��}�3�

�#ËDVîï$� �Ñ���Ýwx�è×�ÌN¸éK½Vh

�&��#;��100,000m3/day �êF�1��}�3#ÖËDÌ�ë
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Table 2.1 Characteristics of membranes for drinking water treatment3) 
(Classification based on the water for the membrane module JWRC standard) 

 Large-pore size
membrane 

Microfiltration 
�MF�  

Ultrafiltration 
�UF�  

Standard ì í  AMST - 004 AMST - 001 
Nominal pore size About 2 μm More than 0.01 μm 0.01 μm or less 
Molecular weight 
cut off � � About 1,000 ~ 

300,000 

Material ì î  PS, PVDF, CE, 
others 

PE, PAN, PP, PS, PVA, CE, 
PVDF, PTFE, PVP, others 

C, CA, PAN, PES, 
PS, PVC, PVDF, 

others 

Module 
Hollow fiber 

type membrane, 
others 

Hollow fiber type membrane, Monolith type, 
Spiral wound type, Tubular type 

Flat sheet type, others 
ì 1 JWRC standard 
ì 2 Organic membrane�  
  C: Cellulose,  CA: Cellulose acetate,  PE: Polyethylene, 
  PAN: Polyacrylonitri le,  PES: Polyether sulfone,   
  PP: Polypropylene, PS: Polysulfone, PVA: Polyvinyl alcohol,   
  PVC: Polyvinyl chloride,  PVDF: Polyvinylidene fluoride,  
  PTFE: Polytetrafluoroethylene, PVP: Polyvinylpyrrolidone 
 Inorganic membrane�  

CE: ceramic 
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�

Table 2.2 The number and capacity of membrane applications 

based on different prefectures in Japan7)
�

Prefectures 
Number 

of 
facilities 

Facility 
capacity 
[m3/day] 

Prefectures
Number 

of 
facilities 

Facility 
capacity 
[m3/day] 

Hokkaido 50 56,383 Shiga 15 22,128
Aomori 5 20,739 Kyoto 34 18,866
Iwate 35 12,878 Osaka 5 21,218
Miyagi 17 7,148 Hyogo 69 137,577
Akita 28 24,710 Nara 17 10,872
Yamagata 17 6,365 Wakayama 31 29,792
Fukushima 19 58,387 Tottori 7 81,872
Tochigi 9 37,800 Shimane 37 27,474
Gunma 6 4,935 Okayama 9 3,603
Saitama 4 17,268 Hiroshima 15 21,212
Chiba 3 326 Yamaguchi 7 4,248
Tokyo 21 132,369 Tokushima 4 1,361
Kanagawa 15 187,711 Kagawa 1 100
Niigata 29 12,471 Ehime 38 164,242
Toyama 5 224 Kochi 4 3,576
Ishikawa 7 22,800 Fukushima 8 59,000
Fukui 28 64,423 Saga 8 66,779
Yamanashi 28 16,315 Nagasaki 11 61,784
Naganao 43 23,622 Kumamoto 11 4,205
Gifu 49 39,731 Oita 19 31,935
Shizuoka 4 10,244 Miyazaki 8 9,542
Aichi 19 19,731 Kagoshima 6 12,841
Mie 25 18,565 Okinawa 3 810

 Total 833 1,590,182
 
�

�
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2005 Ñ�7#��*:;<��æçV�Ej%*����§Ñ�7
�aÌ��1��Ýwx�èËD¢qÍéq½#;�Ö��"F��

� �

����V1�)Ýwx}�����Table 2.3 #D³;b#BC`
7DEd�`F}�3�MFGÈ>Ý�171,070 m3/day�H�d�IJ}
�3�UFG=>Ý�80,000 m3/day�KF7�ç¤`}�3�MFGÈ>Ý�
51,900 m3/day )�V�� 8� �

�

Table 2.3 Large-scale membrane filtration facilities in Japan8) 

Business entity name Plant name Water 
source 

Membrane 
 type 

Facility 
capacity 
[m3/day] 

Yokohama 
waterworks bureau Kawai Surface 

water 
MF 

(ceramic) 171,070 

Tottori  
waterworks bureau Eyama Subsoil 

water UF 80,000 

Hino district Water 
management office Hinogawa Surface 

water 
MF 

(ceramic) 51,900 

Sasebo  
waterworks bureau Hokubu Surface 

water 
MF 

(ceramic) 50,600 

Tokyo 
waterworks bureau Kinuta Subsoil 

water MF 43,956 

Tokyo 
waterworks bureau Kinutashita Subsoil 

water MF 43,956 

Matsuyama public 
enterprises stations Kakitsubata Ground 

water MF 38,900 

Matsuyama public 
enterprises stations Takaikanda Ground 

water MF 32,600 

Toyooka water and 
sewerage part Sano Ground 

water MF 30,000 

 
�

�

�

� �



Chapter 2                   Application status and challenges of membrane filtration 

17 

��j��� pv�r<�

Table 2.4 #L.#:��1��Ýwx���Dj� 9) �

2010 Ñè#D$%'��150,000 m3/day �êF�1��}�3�M
NV�Ej%*� ç1���DEd`F}�3V­�"��� �

�

Table 2.4 Major membrane filtration applications in the world9)�

No Country  
name 

Facility 
capacity 
[m3/day] 

Membrane
type Water source Operation 

year 

1 Azerbaijan 520,000 UF Surface water 2013 
2 Canada 401,000 UF Lake water 2014 
3 Canada 378,000 UF Lake water 2011 
3 America 378,000 UF Surface water 2008 
5 Canada 363,000 UF Lake water 2007 
6 Australia 313,000 UF unknown 2010 
7 China 300,000 MF Surface water 2011 
8 Singapore 272,000 UF Lake water 2003 
9 America 265,000 UF unknown 2005 

10 Russia 250,000 UF Surface water 2010 
11 Spain 227,000 UF Surface water 2009 
12 America 208,000 UF Lake water 2006 
12 Spain 208,000 UF Surface water 2010 
14 America 189,000 UF Surface water 2005 
14 America 189,000 UF Reservoir water 2008 
16 England 188,000 UF unknown 2000 
17 Australia 180,000 UF unknown 2010 
18 Japan 171,070 MF Surface water 2014 
19 England 162,000 UF unknown 2001 
20 China 150,000 UF unknown 2010 
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1-3)

4-7) 8)

PACl
0.1 μm
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pH

G t
G=30-1375 s-1 t=1.5-600 sec
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Table 4.1 

DOC 3.9 2.3 1.0 mg/L
DOC 68 11.0 2.7 

mg/L
9)

Table 4.1 Kiso River raw water quality during the study period  

Item Ave Max Min Number of 
samples 

pH  7.2 8.3 6.5 90 

Turbidity  degree 5.8 68 0.5 95 

Color  degree  2.6 11 0.6 93 

Total - Fe  mg/L 0.15 1.4 0.02 90 

Soluble - Fe  mg/L 0.03 0.18 <0.01  89 

Total - Mn  mg/L 0.017 0.08 0.004 90 

Soluble - M n  mg/L 0.003 0.014 0.001 89 

Total - Al  mg/L 0.17 1.5 0.04 95 

Soluble - Al mg/L 0.03 0.26 0.01 91 

TOC mg/L 1.9 4.2 0.6 93 

DOC mg/L 1.1 2.7 0.5 88 

UV260  l/5cm  0.141 0.446 0.058 94 
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Fig. 4.1 3

5 Table 4.2 
1

5

5

 

PACl;  54 %, Al2O3 10.0 %
20 mg/L

G s-1

t sec

TMP Transmembrane pressure 100 kPa
kPa/d

pH PACl pH
6.8 10)
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Fig. 4.1 Experiment unit 
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Table 4.2  Membrane specifications 

Parameter Ceramic MF 
Nominal pore size 0.1 �m 
Length / Diameter 1m / 0.03m 
Channels per membrane 55 
Channel diameter 2.5 mm 
Membrane area 0.43 m2 

Pure water flux 45 m/d  
(at 25ºC, 100kPa) 
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Table 4.3 
Table 4.4 2006

8 25 –2008 4 28 18
Run 1-Run 18

30 3 A, B, C
G=30-1375 s-1 t=1.5-600 sec

G t
G t 2,060-180,000

Gt

Table 4.3 Experiment conditions 

Coagulant dosage 20 mg/L (as PACl) 
Coagulation tank pH 6.8 (controlled) 

G value [s-1] 30, 100, 110, 300, 400, 500, 600, 1375 
Rotation speed [rpm] 40 - 500 

Mixing time, t [s] 1.5, 2.5, 30, 40, 45, 48, 60, 100, 300, 600 

Gt value [-] 
2060, 3440, 9000, 15000, 18000, 28800, 30000, 40000, 50000, 55000, 

61875, 66000, 82500, 90000, 123750, 180000 
Membrane filtration flux 

[m3/m2/d] 
4.0 

Physical cleaning Combined backwash (<0.5MPa) and air flushing (<0.2MPa) 
Physical cleaning interval 3 hours 
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Table 4.4 Transmembrane pressure (TMP) development for all filtration runs 

Run 
No. 

Series 
No. 

G
value 
[s-1] 

Mixing 
time, t 
[sec] 

Gt value 
[-] 

TMP 
increase rate 

[kPa/d] 

Relative 
TMP increase 

rate [-] * 
Run period 

1 A 110 600 66000 1.01  2006/8/25-9/25 
1 C 300 600 180000 1.32 1.31 2006/8/25-9/25 
2 A 110 600 66000 2.53  2006/10/6-10/26 
2 B 300 300 90000 2.75 1.10 2006/10/6-10/26 
2 C 1375 90 123750 3.17 1.25 2006/10/6-10/26 
3 A 110 600 66000 2.53  2006/10/26-11/30 
3 C 1375 40 55000 3.33 1.32 2006/10/26-11/30 
4 A 110 600 66000 1.43  2006/11/30-12/21 
4 B 1375 2.5 3438 1.98 1.38 2006/11/30-12/21 
4 C 1375 60 82500 1.14 0.80 2006/11/30-12/21 
5 A 110 600 66000 1.43  2007/1/12-2/7 
5 B 1375 60 82500 1.14 0.80 2007/1/12-2/7 
5 C 1375 48 66000 1.43 1.00 2007/1/12-2/7 
6 A 110 600 66000 1.74  2007/2/7-3/5 
6 B 1375 45 61875 2.55 1.47 2007/2/7-3/5 
6 C 1375 48 66000 1.78 1.02 2007/2/7-3/5 
7 A 110 600 66000 1.16  2007/3/9-4/12 
7 B 1375 48 66000 1.10 0.95 2007/3/9-4/12 
8 A 110 600 66000 3.70  2007/4/12-5/7 
8 B 300 30 9000 4.80 1.30 2007/4/12-5/7 
8 C 600 48 28800 2.90 0.78 2007/4/12-5/7 
9 A 110 600 66000 1.06  2007/5/16-6/5 
9 B 1375 1.5 2060 2.24 2.11 2007/5/16-6/5 
9 C 1375 60 82500 1.10 1.04 2007/5/16-6/5 

10 A 110 600 66000 3.60  2007/6/22-7/25 
10 B 600 30 18000 2.43 0.68 2007/6/22-7/25 
11 A 110 600 66000 2.90  2007/7/27-8/23 
11 C 500 30 15000 3.50 1.21 2007/7/27-8/23 
12 A 110 600 66000 3.40  2007/8/23-9/14 
12 B 500 30 15000 3.80 1.14 2007/8/23-9/14 
12 C 100 500 50000 3.05 0.90 2007/8/23-9/14 
13 A 110 600 66000 1.64  2007/9/14-10/17 
13 B 300 100 30000 1.23 0.75 2007/9/14-10/17 
13 C 500 60 30000 1.30 0.79 2007/9/14-10/17 
14 A 110 600 66000 3.07  2007/10/17-11/13 
14 B 100 500 50000 2.76 0.90 2007/10/17-11/13 
14 C 500 100 50000 1.68 0.55 2007/10/17-11/13 
15 A 110 600 66000 1.51  2007/11/26-12/26 
15 B 300 600 180000 1.37 0.91 2007/11/26-12/26 
15 C 400 100 40000 1.08 0.72 2007/11/26-12/26 
16 A 110 600 66000 0.89  2008/1/8-2/8 
16 B 30 600 18000 0.77 0.87 2008/1/8-2/8 
16 C 400 100 40000 0.86 0.97 2008/1/8-2/8 
17 A 110 600 66000 2.01  2008/2/12-3/3 
17 B 30 600 18000 1.65 0.82 2008/2/12-3/3 
17 C 400 100 40000 1.67 0.83 2008/2/12-3/3 
18 A 110 600 66000 2.92  2008/4/1-4/28 
18 C 400 100 40000 2.80 0.96 2008/4/1-4/28 
* Relative TMP increase rate is the rate difference when the TMP increase rate of the reference series A in 

each filtration run is assumed as “1”, which equals to the ratio of the TMP increase rate of series B and/or C 
to that of the reference series A in each filtration run.  
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G=110 s-1, t=600 sec
A

A
G

11)

� =1.0×103 kg/m3, 20ºC
C: (=1.5) 
ai: i  (m2) 
vi: i (m/s) 
�: (=1.0×10-3 kg/m s, 20ºC) 
V: (m3) 

9)

V
vaiC

G ii

�
�

2
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G t
TMP Table 4.4 Run4

Run8/ A Run16 A
3.7 0.89 kPa/day Table 4.1 

B C
A

Table 4.4 Fig. 4.2 
Gt

G 100-200 s-1 t 60 - 
300 sec 11) 6,000-60,000 Gt

Fig 4.2
20,000-50,000 Gt

Gt 10,000
Run 4/B

G=1375 s-1, t=2.5 sec Run 9/B G=1375 s-1, t=1.5 sec
Table 4.4

2 G=1375 s-1

2.5 1.5 sec
1.38

2.11

Li PACl
NOM

G 660 s-1 0.1-5.0 �m
30
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300 sec pH5.5
5 μm NOM

UV260/Al DOC/Al
13)

Run 16/B G
G=30 s-1 600 sec

0.87
Gt 18,000 Gt
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Fig. 4.2 Optimum coagulation range for membrane filtration 
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Gt

Fig. 4.3 Gt 66,000 G=110 s-1, t=600 sec A Gt
36,000 G=300 s-1, t=120 sec C

pH TMP
4 m3/m2/d 180 min

20 mg/L 10 % PACl
Gt 36,000 G=300 s-1, t=120 sec

C Gt 66,000 G=110 s-1, t=600 sec
A 9 23

3 2  
Table 4.5 TOC

UV260
Al Gt 36,000 G=300 s-1, t=120 sec C

Gt 66,000 G=110 s-1, t=600 sec A
Gt

20,000-50,000 Gt
UV260

C

Thomas
12)

G
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Fig. 4.3 Membrane filtration performance in the optimum coagulation range
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Table 4.5 Water quality before and after filtration
(Samples of 2008/09/21) 

 unit Raw 
water

Series A 
filtrate 

Series C
filtrate 

pH - 7.2 7.1 7.0 
Temperature �C 15.0 14.0 14.0 

Turbidity mg/L 9.0 <0.1 <0.1 
Color degree 2.6 0.9 0.7 

Total Fe mg/L 0.12 <0.01 <0.01 
Soluble Fe mg/L 0.03 - - 
Total Mn mg/L 0.012 0.002 0.002 

Soluble Mn mg/L 0.001 - - 
Total Al mg/L 0.10 0.03 0.01 

Soluble Al mg/L 0.01 - - 
TOC mg/L 2.4 0.7 0.7 
DOC mg/L 1.1 - - 

UV260 1/5cm 0.151 0.063 0.060 

G value s-1 - 110 300 
Mixing time sec - 600 120 
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pH TMP
Fig. 4.4 20 mg/L PACl
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Fig. 4.4 Membrane filtration performance under varied pH 

Filtrate average quality values: 
Series A  Series C 

DOC (mg/L) 0.7     0.7  
UV260 (1/5cm) :  0.052   0.049
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2 Fig. 4.5 
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Fig. 4.5 Membrane filtration performance when coagulant dosage was reduced 
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������ ��Y��

��23#:��H�IÎ����·��B°U� 2012 Ñ 2 0'�
2013 Ñ 2 0#ª$� Table 5.1 #�B°U�>�D³ H�ó���
9-24 ��gh� [j�ïè 16.1 ��áâ¦Qúj%*� ï��
H� pH ��7.4-8.8 �gh� [jïè 8.1 ��$� !k'�jk
#'�% pH 8.5 �êF�e�V���ìM¦¹/#;�stI�ÇC
VÎ"Ì�� ?±I=>Á©�DOC��#k�Ej�jkÇC³�
�Z�Dj� UV260 ��#k�Ej�jkÇC³��Z�Dj� 
{´"B��� 2-»uMqvwM�ÄëM�BC 2-MIB��  < 1-375 
ng/L �gh� [�xyÄNQ½�  < 1-825 ng/L �gh� [j� 
��@ñ� 150-47,000 CFU/L �gh� [�pq� 4,040-59,700 
cell/mL � [j���@ñ;�pqVS*��V��'��$� ï
��É$j� ��j�o� ��!"#�� Table 5.6 #D³;b#jk#p
q*V�Ej�  
):��B°U���%y�¤ 16)#&�%ª$� ?@)�¤�

����o� �y[�mn#Dj�  
�

� �
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Table 5.1  Raw water quality (Feb. 2013 – Feb. 2012�  

Analysis item Ave Max Min 
Number 

of 
samples 

p�  �  8.0 8.8 7.4 20 

Turbidity degree 16.1 24.0 5.1 20 

Color degree 6.9 12.0 3.0 20 

Total - Fe mg/L 0.41 0.96 0.11 20 

Soluble - Fe mg/L 0.03 0.06 <0.01 20 

Total - Mn mg/L 0.105 0.280 0.040 20 

Soluble - Mn mg/L 0.010 0.039 <0.005 20 

Total - Al mg/L 0.39 0.78 0.08 20 

Soluble - Al mg/L 0.05 0.12 0.02 20 

TOC mg/L 3.3 3.8 2.9 20 

DOC mg/L 3.2 3.6 2.8 20 

UV260 cm- 1 0.079 0.105 0.055 20 

THMFPs mg/L 0.092 0.131 0.070 20 

THMs mg/L <0.001 <0.001 <0.001 20 

Chlorine demand mg/L 4.8 6.6 3.8 17 

Ammonia nitrogen mg/L 0.09 0.17 0.04 17 

Nitrate nitrogen mg/L 0.30 0.81 0.02 16 

2-MIB ng/L 108 375 <1 122 

Geosmin ng/L 30 141 <1 122 
Number of  
general bacteria CFU/mL 5,700 47,000 150 20 

E.coli NPN/100mL 14 61 <1 19 

Total algae count cell/mL 25,400 59,700 4,040 43 
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����j� �����

V�W� f�h)(��

st/ÜD�:;<st pH #;�=>"ð������	¿³�

�·x'ëßN¸�
�j� x'ëßN¸#l*�H�� 2013 Ñ 2
0 23 ç#��j�Ö���� �����H��B��pH 8.2�DOC 
3.2 mg/L�UV260 0.063 cm-1�ó� 18 ��ìM¦¹� 86.7 mg-CaCO3/L�
pq*  51,750 cell/mL ��$� st/�À¹¨�ìMQ§Kà  
�PACl; Al2O3 10.0 %, ¨ �  54 %��Ðlj� 
y� pH �<]j
)*H����'�·(�Æ� pH 7.0 #<]j�st�
�j�  
x'ëßN¼ë�Û1�ª1��Ö��l*�¢éN�� 2000 mL

Øë¦# 1000 mL�H��D��PACl�ÜD�  0, 40, 70, 100, 150, 200, 
300 mg/L as PACl #)�;b#�Ej��±#cd�Ðîj� cd
st��G b  123 s-1#% 5 °Ò� ¡cd�G b 28 s-1#% 10 °Ò�
)¡cd�ª*�­�É� 10 °Ò*rj%�­��Õi�5+¬­    
0.1 �m �þ�*éQ��Ý�&Ì 100 mm, �¯ 30 mm��Ýwxj�
UV260 � TOC �,új�  

-î.� Ýwx
y�r�

Ýwx
y�r� Fig. 5.2 #D³ 
y�r��pH <]��¨©�
���st/0��§��:;<Ýwx��'�;¾Ì�� pH <]
����0.2 %(�Æ�1$¦#�Ej%�stÉ� pH V 6.8 #)�
;b#«`<]j� ̈ ©�����Ýwx�
�ÁÂ¨©��V 0.5 
mg/L ��#ö÷Ì��;b#+,¨©Æ»¸¹Kà�?ä�==¨©
�� 10 %��l*�§¨©�j%  2.0-6.0 mg/L �gh�ÜDj� ï
��H��¨©���eÒ��¨©��� 5 °�st/0� 2 °�R
7 °Ò�j� st/0���st/�PACl��ÜD�ª*�
ys
t#.�%ÜD�� 0, 60, 80, 100 mg/L as PACl �j� st/0��
�/È�iq������¯¾�Z¦�j� ¡cd�iª$� c

dst� G b 88-670 s-1�cdeÒ 2 °�j� ):�1�rVst�
����t1�#/0))¡cd��÷$%*)*���Ýãxäë

M@��Ïst#a*����¯¾V2hÌ�����¯¾3ªV-

0�)�'���� 17)  

y#�W4£W¯��Ýwx�r� 3 �5l6j� ë����

úCr!�Í�½Í������120 min l�ú�¦)"�|}�{C
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"�|}3ª��Ýwx��"�|}��#7·�0.5 MPa ��ú�
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��·�9I#³��1 eÒe���Õ���9%:#°å��� 
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����o� �y[�mn�

Table 5.2 :;< Table 5.3 #���%y�¤ 16)#&�%ª$��B

,ú]Z�,úH��Dj�  
?±I¾°�wx����i½¢½�ìMQ§Kà�>�q��

No.5C�ìÍË½ß�� 110 mm��DOC �� 0.45 μm PVDF »½ô÷½
�LM¼ë�Q¹Àìiq÷�N -HV PVDF - 0.45 μm��UV260 ��    
1 μm¢éN?öw@�GLûq�½N����Þ¹½x!LN� 25 mm�
�Ðlj� ¨©0Sr�+,¨©Æ»¸¹Kà�Ví�ÜD���

Ej�Ö���A 20B� 16 eÒC.Ì(�­�É�DPD ä³%9�
)Dä��Ej��EÌ(%ÁÂ¨©�,ú��X>2 , Á¨uy�
¦ë  CRP-1000�j� ­j%�¨©ÜD��FåÁÂ¨©�)��
¸j��;�ÁÂ¨©�j% 0.1 mg/L �)�¨©ÜDr�¨©0Sr
�j%S·� pq*��Gp��¹)¸p�HIJp�K>p�K

Lp�Mp�NëY÷»p�Lp*�ÈR�aj� ,ú���%y

¤ 16)#&�%�YM¼MìM!OÍ  1 %�ãúj�P�.QD�Né
qÍ¢éN��ï)R#r*% 30 °*rÉ�
¬��r�}J��Ä
¹½pN , BX-50��l*%'�j�!"*�R*j�  

� �
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Table 5.2 Water quality measurement items and principles (1) 

� ¡�  ¢£  [�mn  -tu  � Yu  [�¤¥  

pH �  ¦�(  
§¨n  ©ª  

¦�(§¨�«¬§¨0

�­�®¯°§¨±�²

O §£³0�   

´µDKK 
HM-60G 

¶%  %  ·[¸�  
¹§¹%n  ©ª  º»¹¼ ,º»¹¼ +½#

¹¼�«  

¾¿E�  
SEP-PT-706
D 

À%  %  ½#¹  
� n  

1500×g, 
15[ÁÂ[Ã  

���ÄÀÅsªÄÆÀ

�Ç%0ÈÉ� 390nmÊ
Ë�C¹%�ÌÍ�   

Î	§À  
Water 
Analyzer 
2000N 

Total - Fe 
(ÏÐ ) mg/L ÑÒ�n  ÓÔ�Ì  

ÕÖ[×  

Ø<�ª6�­Ù0Ú�

ÛÜqÝÞß~EªÈà

�á¹G%0�   

âã  
ICPS-7510 

Soluble - Fe 
(ä×åÐ ) mg/L ÑÒ�n  No.5CÝ"#æ  

ÓÔÕÖ[×  çè  çè  

Total - Mn 
(ÏÜ~¦~ ) mg/L ÑÒ�n  ÓÔ�Ì  

ÕÖ[×  çè  çè  

Soluble - Mn 
(ä×åÜ~¦~ ) mg/L ÑÒ�n  No.5CÝ"#æ  

ÓÔÕÖ[×  çè  çè  

Total - Al 
(Ïéi�ê|* ) mg/L ÑÒ�n  ÓÔ�Ì  

ÕÖ[×  çè  çè  

Soluble - Al 
(ä×å  
éi�ê|* ) 

mg/L ÑÒ�n  No.5CÝ"#æ  
ÓÔÕÖ[×  çè  çè  

TOC(�ëB8 ) mg/L ìíÔEn  7Ô�î pH0 2
Ç%  

ìíÔE -ï[ºð  
ñvò¦([�n  

âã  
TOC-V CPH

DOC 
(ä×å�ëB8 ) mg/L ìíÔEn  

0.45�m"#æÈ
7Ô�î pH0 2
Ç%  

çè  çè  

óvòC¹  
(E260) 

260nm, 
5ôõö  C¹¹%n  1�m¦�(÷ø

"ùÝ"#  
É � 260nm � C ¹ % 0
50mm�iÝ�   

âã  
UV-1650PC

�}úûüý~  
²�þ  mg/L 

�­Ù0 pH7.0±2���ª�µ
78Ô��}|*0�Õª6

��0�� 20BÝ	;^5È24

±æ��Ã�
78 1-2mg/L
�ª6��0��Ù��  

�Þéi�����(�

h(�Ý] Ì��®¯

6 � � Ù 0 60B Ý � �
ªÈ�����^56�

��[0�   

[HS] 
GERSTEL  
MPS2XL 
[GC/MS] 
Agilent 
7890A(GC)
+ 
5975C(MS) 

�}úûüý~  mg/L 
pH� � 2� Å  Ì � � 7 Ô
(1+10)0Õ�Èé(�i�~Ô
��}|*0�Õ  

�­ÙZ����[0He
¦(Ý�hfªî���

 s!ªÈ���Ú"�

# $ æ È Õ Ö % D ª î

GC/MS�î�   

[PT]Tekmar
4000J+ 
AQUAauto7
0 
[GC/MS] 
âã  
GC/MS-QP 
2010 
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Table 5.3 Water quality measurement items and principles (2) 

� ¡�  ¢£  [�mn  -tu  � Yu  [�¤¥  

78&'¼  mg/L 
( � ( « À

n  

� µ 7 8 Ô

� � } | *

0 U ) � *

® + Ý � Õ

ª 6 � � 0

� � 20 B Ý
�   
 ± 	

;^5  

� 
±	;æ�DPD
Ù,���-.Ù0�

ÕªáÀ^5�
78

0� ªÈ78*®+

��
780Úû��

ª6/ÌÍ78&'¼

0'P  

�Xë0  
�7  
12�3h  

CRP-1000 

4E�Þß~  mg/L 
Þ ß ~ � û

Ü � � � z

n  

0.2�mü ~ 5
� ~ z 6 i

ýhÝ"#  

[Ã3�*Ý�­Z�

Þß~U�[0[ÃÈ

óv789C:;!<

Ý�   

DIONEX  
ICS-1000 

48Ô  mg/L 

Þ ß ~ � û

Ü � � � z

� = ( � 3

�*  
C¹¹%n  

0.2�mü ~ 5
� ~ z 6 i

ýhÝ"#  

[Ã3�*Ý�­Z�

48ÔÞß~0[ÃÈ

=(�3�*�ÌÍ¾

4EÞß~�ªîóv

9C¹%0�   

DIONEX  
ICS-2000 

2-MIB ng/L 
�hf>��

�Ú  
?Ò /�@n  

é ( � i �

~ Ô � � }

|*�Õ  

�­ÙZ����[0

He¦(Ý�hfªî�
�� s!ªÈ���

Ú"�#$æÈÕÖ%

DªîGC/MS�î�   

[PT] 
Tekmar 
PT5000J+ 
AQUAauto70 
[GC/MS] 
âã  
GC/MS-QP 
2010 

f2ß(�~  ng/L 
�hf>��

�Ú  
?Ò /�@n  

çè  çè  çè  

ABCD  CFU/mL
EFGH  
IJn  

K & � ; O

} ~ Ô 7 -

. ä Ù Ý L

M  

E F G H I J 0 � s

îÈ 36±1BÈ 24±2
±
ÝNMIO�ÌÍ�   

P~Qh  
Þ~Rg  

Shýh  
 MIR-552 

\TD  MPN/mL
S U8  
VyIJn  çè  

MMO-MUGIJ0�s
îÈ 36±1BÈ 26±2
±
ÝIOªWXYn�Ì

Í�   

çè  

��Y  cell/mL 

Z Ê [ ò ®

Í ( � Þ �

¦�(n  
(ZÊn ) 

� i ý i é

i \ ] � �

î^   

¹F_@`ab�ÌÍ

c�  Ú�~��~0
dY  

ß}~�(   
_@`  
(£�³¤¥Ê )
BX-50 

� �
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��j��� ./g*®+�./ hi �Ì �ë�jkl�mn�

st/ÜD��st pH #;�=>"ð�����'(³��·�

x'ëßN¸É�st��*éQ��Ý�Ýwxj� ­��>� Fig. 
5.3 #Dj�  
��DS#�st/�PACl�ÜD��aj���TS� 0.1 �m *é

Q��Ý�wxj� UV260�UTS��TOC�VTS��aj� �f
W�Ö#st/ÜD���E#a$%�­������bV!�³�

V�!���È*�  TOC ;� UV260 ��V}X��$� ï��s
t pH���#I*%��st/ÜD� 300 mg/L as PACl�3È�ð��
stÉ� pH VY 8.5-6.7 �gh��$�st pH <]È�3È#á´
%�stÉ� pH VY 7.1-6.3 �gh��$�st pH <]=�3È�
�V  TOC � UV260 �bVþÌ�)$%*� �����Q½B�;
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�
Table 5.4 Concentration changes of organic matter 

     before and after membrane filtration 
 DOC  [mg/L] UV260  [cm-1] 

Ave Standard 
deviation Ave Standard 

deviation 

Raw water 3.2 0.16 0.082 0.002 

System A filtrate 
(Pre-Cl2 0mg/L) 2.3 0.08 0.052 0.001 

System B filtrate 
(Pre-Cl2  2mg/L) 2.4 0.05 0.046 0.001 

System C filtrate 
(Pre-Cl2 4mg/L) 2.3 0.08 0.042 0.001 
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�

Table 5.6 Water quality analysis results 
             (Water samples of December 12, 2012)�

 Raw water 

Filtrate 

System A
PACl 60 
[mg/L] 

System B
PACl 80 
[mg/L] 

System C 
PACl 100 

[mg/L] 

Color [degree] 3 <1 <1 <1 

Fe   [mg/L] 0.15 <0.01 <0.01 <0.01 

Al   [mg/L] 0.57 0.03 0.02 0.03 

Mn   [mg/L] 0.12 0.032 0.032 0.032 

TOC  [mg/L] 2.9 1.9 1.8 1.8 

UV260 [cm- 1] 0.055 0.025 0.024 0.024 

�

Table 5.6 # Fig. 5.7 #Dj�Ýwx
y� 2012 Ñ 12 0 12 ç#:
���B°U�>�D³  
st/ÜD���E��TOC�UV260 VÇCj%:��-ø{¦Ý

�XK¹½Y"B�µ¶� ,Ì(�  
8P�23#:*%Ö�¨©§��4Ýwx�#ÁÂ¨©V	�Ì

����#;�Ý��µ¶ 18) �st§��#;�Ý��µ¶ 13)VÔ

ÕÌ�%*�  
���¨©#;�§��#;$%�p³VvwÌ�'<{"B��

�VÎ"Ì��V�$}�
y�'(j�¨©ÜD��stC���

H�
�'<{���xyÄNQ½�< 1-141 ng/L, 2-MIB�< 1-375 ng/L�
#á´���§¨©��É�Ýwx�
�'<{"B������ï

�i�j%*)'$��xyÄNQ½�< 1-86 ng/L, 2-MIB�< 1-240 
ng/L� ï��$}�¨©ÜD��stC#;��xy!¾"����
Ýwx�
��¸¹º�»¼½��� 0.008-0.032 mg/L gh#���
H�¸¹º�»¼½!¾æ  0.070-0.131 mg/L #�j�Ýwx���
0.051-0.092 mg/L �gh�§¨©���!¾j�¸¹º�»¼½r�+
�&b���$�  
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�B°U� 2010 Ñ 7 0'� 2012 Ñ 12 0#'�% 51 }
��­�

�>� Table 6.1 #�B°U�>�D³ ï���B°U� 5.2.4� �
B°U�¤�Jj��¤�ª$�  
H�ó���9-24 ��gh� [j�ïè 15.9 ��áâ¦Qúj%

*� ï��pH ��7.4-8.8 �gh� [jïè 8.1 ����!�'�
j�#'�%�8.0 �êF%*� ?±I=>Á©�DOC��#��E
j�j�ÇC³��Z�Dj� ��QÂß��#�#�Ej�j�

#ÇC³��Z�Dj� {´"B��� 2-»uMqvwM�ÄëM
�BC 2-MIB �³����< 1-375 ng/L �gh� [�xyÄNQ½
�< 1-825 ng/L �gh� [j� ï��{�"qÄ½� 0.17-0.42 mg/L
�gh� [j�  
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� �  
Table 6.1 Raw water quality�

Analysis item 

December 2012 - July 2010 

Ave Max Min 
Number 

of 
samples 

pH �  8.0 8.8 7.4 51 

Turbidity degree 15.9 24.0 5.1 51 

Color degree 6.9 12.0 3.0 51 

Total - Fe mg/L 0.36 0.96 0.07 51 

Soluble - Fe mg/L 0.03 0.07 <0.01 51 

Total - Mn mg/L 0.088 0.280 0.040 51 

Soluble - Mn mg/L 0.009 0.039 <0.005 51 

Total - Al mg/L 0.32 0.78 0.05 51 

Soluble - Al mg/L 0.04 0.12 0.01 51 

TOC mg/L 3.3 4.3 2.7 51 

DOC mg/L 3.2 4.1 2.5 51 

UV260 cm- 1 0.400 0.527 0.277 51 

THMFPs mg/L 0.094 0.131 0.074 51 

THMs mg/L <0.001 0.014 <0.001 51 

Chlorine demand mg/L 5.4 9.9 3.2 51 

Bromide ion mg/L 0.28 0.42 0.17 51 

Bromic acid mg/L <0.001 <0.001 <0.001 51 

2-MIB ng/L 76 375 <1 208 

Geosmin ng/L 45 825 <1 208 
Number of  
general bacteria CFU/mL 5,800 47,000 70 51 

E.coli NPN/100mL 21 140 <1 51 

Total algae count cell/mL 23,300 44,700 4,040 51 

�
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Table 6.2 Experiment conditions�
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NaClO dose for 
pre-chlorination 2 - 5 [mg/L] 

Powdered activated 
carbon dose 
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Coagulant dose 
(as PACl-10%) 60 [mg/L] 

Membrane filtration 
flux 2 - 3 [m3/m2/d] 

Physical cleaning 
time intervals 60 - 120 [min] 

Physical cleaning 
Pressure 

Combined backwash < 500 [kPa] 
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Air blow:< 200 [kPa] 
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a#D³;b#�xyÄNQ½�2-MIB �{´"BB����?±
I=>Á©�DOC��¸¹º�»¼½!¾æ�1�)ð�V¿·���
�B¹N�ÖÇ!�Ì��  
���67_IÁ�J6�=>#;$%�?±I=>Á©�DOC�

4¸¹º�»¼½§�"BÆ#�³���>^4ÂÃÜùV�Ej�

'��"F%*�  
� �

Table 6.3 Water quality before and after treatment 

Analysis item 

March 8, 2012 

Raw water
pre-chlorination 

3.5mg/L 
filtrate 

S-PAC dose 
25 mg/L 
filtrate 

DOC mg/L 3.0 1.9 0.5 

UV260 cm- 1 0.367 0.134 0.028 

THMs mg/L <0.001 0.008 <0.001 

THMFPs mg/L 0.092 0.064 0.017 

Geosmin ng/L 77 76 <1 

2-MIB ng/L 240 230 <1 
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LR�)� ­��123���ç1�èa¦)efg��Y���

mno�Ío�#pq��¸)é½¸��rj�Ý§���j%¨©

���st��:;<J6Á��lj�3È�{´�§�"B�ð�

Iæ�'(j� �U(%�ÝIæ}~�Z¦#9���Ej"�|

}�ªb�A¦z�{|�CEB�Chemical enhanced backwashing��R
lj�3È�Ý����ZÖüýj�  

� �
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v��� ��mn�

v����� �����


y31��E 5 F#Dj���7�«Ç�ª�X��1�`}�
3@#
y)é½¸��rj�  
����� ��������*�*  

v����� ��Y��

H���¡¢� ¡wxÞNßà#klÌ�%*�mno�Ío�

�Ö��Wn'�1$¦#��j%Ðlj� ��H���B°U�

>�2013 Ñ 2 0�2014 Ñ 11 0�� Table 7.1 #D³ ):��B°U
���%y�¤ 19)#&�%,új�  
H� pH �ïè 8.2�H�ó��ïè 19.1 ��E��ïè 6.9 ��

�$� ��i½¢½�ìMQ§Kà�ïè���­��� 0.34 mg/L�
0.093 mg/L�0.27 mg/L ��$� ìM¦¹�� 75.9 mg-CaCO3/L ��
$� ï��DOC � 3.3 mg/L�UV260 � 0.079 cm-1�{�"qÄ½�

0.28 mg/L ��$�  
ï��Table 7.1 #J¬j%*)*Vì½ã§ì°Ê©� 0.1 mg/L�

ÉÆ°Ê©� 0.4 mg/L ��$� ¸¹º�»¼½!¾æ�THMFPs�
� 0.098 mg/L ��;¾"B�����Mà 38 %�xô�ã���»¼
½ 24 %�ô�ãx���»¼½ 35 %�ô�ã�Mà 3 %��$� )
:����;¾"B��
��Q½BÆ�=>"B��x/�¨©V

C.j%!¾Ì��­�!¾r�H�
�{©qÄ½��#���}

���ÔÕÌ�%*� 20) Table 7.1 #D³;b#H�
#{�"qÄ
½V+ï����!¾Ì�4³*�"F��� {´"B� 2-MIB �
88 ng/L�xyÄNQ½� 29 ng/L ��$� ��@ñ� 10,700 CFU/mL�
pq�*� 32,400 cell/mL ��$�  
�����B°U�>'��123#�j�H��IÎ����¦

)�X�Y#á´%�óB�=>"B�¦Ø{"B����')�:

��ìM¦¹/#;�stI�ÇC4pq#;�}���yvV�!

j4³*�B����"F���  
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Table 7.1 Raw water quality (November 2014 - February 2013) 

Item Ave Max Min 
Number 

of 
samples 

pH �  8.2 9.0 7.8 21 

Turbidity degree 19.1 35.9 8.4 21 

Color degree 6.9 10.6 3.0 21 

Total - Fe mg/L 0.34 0.63 0.12 21 

Total - Mn mg/L 0.093 0.160 0.019 21 

Total - Al mg/L 0.27 0.53 0.09 21 

M-alkalinity mg/L 75.9 97.5 57.1 21 

TOC mg/L 4.0 4.8 3.1 21 

DOC mg/L 3.3 3.8 2.7 21 

UV260 cm- 1 0.079 0.098 0.063 21 

Bromide ion mg/L 0.28 0.28 0.02 20 

THMFPs mg/L 0.098 0.154 0.068 61 

Chloroform % 38          
Dibromochloromethane % 24          
Bromodichloromethane % 35          
Bromoform % 3          

THMs mg/L <0.001       61 

Chlorine demand mg/L 3.3 6.7 0.9 19 

2-MIB ng/L 88 835 <1 152 

Geosmin ng/L 29 222 <1 152 
Number of  
general bacteria CFU/mL 10,700 110,000 45 20 

Chlorophyll  a  mg/L 0.0752 0.1080 0.0424 20 

Total algae count cell/mL 32,400 58,810 5,770 46 
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yst� Table 7.2 #�Ýwx
y�r�s­�� Fig. 7.1 #D
³ 
y#�W4£ò¯��Ýwx�r� 3 �5Ðlj� A �5

�System A��8Ô 14)������§¨©���st���Ýwx�

���ÝwxI:;<�Bð�I�áâ���5�j� B �5

�System B��{´:;<¸¹º�»¼½�THMs�§�"B�ð��
Z¦#J6ÁÂÃ���EF�st���Ýwx���ª$� ï��

C �5�System C��§¨©���ªU��st���Ýwx���
ª*������l*#;��Bð�I�áâj� ï��ÝwxC

Ó���5�ÖÝ�XK¹½Y�E¡Ì(��·�8Ô 14)�23�>

� 2 Ó� 4 m3/m2/d �j� ):�8Ô 14)�23�>'�pq+=�

Y��Ý�XK¹½Yµ¶#§¨©��V/0�)�V�B�C �5�
§¨©���Rlj%*)*���Ý�XK¹½Yµ¶=>VÔÕÌ

�%*��A¦z�{|�CEB� 22)�Rlj�  

y�r��pH <]��¨©�A �5�ï��J6Á�B �5��

��ªb����st//0�ªbst/0��Ý��À½)�*é

Q��ÝãxäëM�"�|}��'�)�Ýwx�r�;¾Ì�� 

pH <]����0.2 %(�Æ�1$¦#�Ej%�stÉ pH V 6.6 #
)�;b#«`<]j� A �5�§¨©+st+Ýwx��§¨©Ü
D���+,¨©Æ»¸¹Kà�?ä�==¨©�� 10 %��l*%�
Ýwx�
�ÁÂ¨©��V 0.5 mg/L ��#ö÷Ì��;b# 2-6 
mg/L �ª$� ï��J6Á��
 S-PAC�����¦#ÐlÌ�%
*�67_IÁ�ó®_IÁ�ïèÍ­ 10 �m�� 1.0 g-dry/L �Né
¹ëÎ#<]j�É�Øë¨�êJ6�ò°¯>�°F±J��

SC100/32A��Ðlj%ïèÍ­ 1 �m #J6�j�
yst# j�
10�20�25 mg-dry/L #)�;b#�Ej�  
  



Chapter 7       Membrane filtration combined with chemical enhanced backwashing 
 

101 

�

�

Fig. 7.1 Experiment system 

Table 7.2 Experiment conditions 

Membrane filtration conditions System A System B System C 

NaClO dose for pre-chlorination 2 - 6 
[mg-Cl2/L] Not applicable 

Super-powdered  
activated carbon dose 

not 
applicable 

10, 20, 25 
[mg-dry-C/L] 

not 
applicable 

G  value of coagulation 339 � � � � � � � � � � � � [s-1] 

Mixing time, t  120  � � � � � � � � � � � � � [s] 

Coagulant dose 60 � � � � [mg/L (as PACl)] 

Membrane filtration flux  4 � � � � � � [m3/m2/d] 

Physical cleaning time intervals 60 (Backwashing) � � [min] 

Physical cleaning Pressure Combined backwash <500 [kPa], and, 
Air blow <200 [kPa] 

Chemical enhanced backwashing 
 (CEB) Intervals 

not 
applicable 

1, 4, 12, 56, 84 
 [Physical cleaning intervals] 
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 w
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A �5#:��H��¨©���eÒ�  ��� 300 sec�st/0
� 120 sec �ÈR 420 sec �j� ï��B �5#:��H��J67
_IÁ����eÒ���� 300 sec�st/0�� 120 sec �ÈR 420 
sec �j� st/�À¹¨�ìMQ§Kà�PACl;Al2O3 10 %�  ¨ 
�  54 %��Ðlj� PACl �ÜD��E 5 F�23�>'�  60 mg/L 
as PACl ��st/0���/È�iq������¯¾�Z¦�j�
 ¡cd�ª$� st Gt b��E 5 F�23�>'� G²339 s-1�

t²120 sec � 40,500 �j� 14) ­�Å�
yst� Table 7.2 #D³
-���� ):�)¡cd�ª$%*)*���ÝãxäëM@�

�Ïst#a$%����¯¾V2hÌ���·����¯¾3ªV

-0�)�'���� 23)  
ë����úCr!�Í�½Í����60 min l�ú�¦)"�|

}�{C|}��«`�
�j� Ý���ÝãxäëM�H�'��

+'�#�rj��çR�P1��Ýwx�'�ñ+'�#�rj��
çR�P2��R,Ì���ç���j%S·� "�|}��"�|
}��#Ýwx��1úr³ÂÉ�500 kPa ��ú��E�j�Ýwx
�''�H�'�{CÌ(�{�ò{C|}�Ýwx*M@�ã¯"

�E�ñ´ 200 kPa �8j�³�ìô�ë�ª$�  
�A¦z�{|�CEB�#��ÝIæ}~��·9�|}�Ðlj

%*��Æ�+,¨©Æ»¸¹Kà�?ä�l*� �Æ�È>I�

�XK¹½Y"B�ð���+,¨©Æ»¸¹Kà�?ä�=>I�

�XK¹½Y"B�ð��Z¦#Ðlj�  
� �
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v���o� �y[�mn�

?±I¾°�wx����i½¢½�ìMQ§Kà�>�q���5C
�¢éN?öw@�ìÍË½ß�� 110 mm��DOC �� 0.45 μm �
PVDF »½ô÷½�LM¼ë�Q¹Àìiq÷�N -HV PVDF-0.45 μm��
UV260 �� 1 μm �¢éN?öw@�GL ûq�½N����Þ¹½x
!LN� 25 mm��Ðlj� ¨©0Sr��+,¨©Æ»¸¹Kà
�Ví�ÜD���Ej�A 20B� 16 eÒC.Ì(�É�DPD ä³
%9�)Dä��Ej�EÌ(%ÁÂ¨©�,ú��X>2�Á¨u

y�¦ëCRP-1000�j�¨©ÜD��FåÁÂ¨©�)��¸��ª
¾jÁÂ¨©�j% 0.1 mg/L #)�¨©ÜDr�¨©0Sr�j%S
·�  
pq*���%y¤ 19)#&�%�YM¼MìM!OÍ 1 %�ãúj�

P�.QD�NéqÍ¢éN��ïR#r*% 30 °*rÉ�
¬��
r�}J��Ä¹½pN�BX-50��l*%'�jR*j� pq�
R*#����ðÎ³��¸� 100 μm &V 1 X
�Unit��´µ� 1
�V 1 X
�j� pq�*� Total algae count���Gp¶
� Cyanophyceae�� � ¹ ) ¸ p ¶ � Cryptophyceae�� H I J p ¶
�Dinophyceae��K>p¶�Chrysophyceae��Mp¶�Bacillariophyceae��
NëY÷»p¶�Euglenophyceae��Lp¶�Chlorophyceae��ÈR�
aj�  
):��B°U]Z��E 5 F#Dj�]Z�W£#ª$�  
����o� �y[�¡����Ì��*  

� �
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v�j� ef�Kb�

v�j��� !³o�p� mn�

X�Y� ���Z[$\]�

2013 Ñ 2 0'� 2014 Ñ 11 0�Ä½éq½R,#;�H�ó�:;
< pH � [� Fig. 7.2 #�pq�R,*:;<Ä½éq½R,#;
�H��A� [� Fig. 7.3 #Dj� pq*�k`i`V����
!#����F%*�Mp·�Bacillariophyceae��¸¹ 10,000 cell/mL
²�� [j%*�V��AÇC�#D$� 2013 Ñ 11 0'� q#
�Ej% 40,000 cell/mL #3j� ���Gp¶�Cyanophyceae��
5,000-10,000 cell/mL � [j%*�  
�5Ò#:��Ý�XK¹½Y�Z�l*�	¿³��·"�|}

É��AºØÝ���TMP�� Fig. 7.4 #Dj� �
 Pause �»ç
#;�1$
y�»P���� A �5�System A��Ý����¼� B�
C �5�System B, C��Ý���Dj%*� A �5�§¨©+st+
Ýwx��Ý����
]�� 2013 Ñ 10 0ï�Qúj%*�V�11
0#D$%'���Ò���j���½j*Ý���j��±#
y

�ÏÐj� ­�É� 2-3 ¾0�Ý���j� ):���j�*é
Q��Ý��Æ?ä�0.01 mol/L��+,¨©Æ»¸¹Kà�?ä�3000 
mg-Cl2/L�#­���#1úeÒ½�³�9�|}#;��º�¾x
CÓ�}~Ì(%Ï�
y#�j� B �5�J6Á +st+Ýwx
+CEB, �
t�� C �5�st+Ýwx+CEB, �
\��"�|}�
�A¦z�{|�}*� 2013 Ñ 2 0 20 ç;�  12 }# 1 }� 56 }#
1 }� 84 }# 1 }�Ò[�fÀ%*$� B, C �5�Ö#Ý��� 7
0 1 ç'��Ej 9 0 2 ç# 100 kPa #3j� ­���Ý���}
~Ì(��· CEB �(��"�|} 1 }l#i¿j� ­��>�Ý
��VÇCj�ÝIæ�}~������	¿j� }~É�12, 4, 12 
}�"�|}}*�i¿j� $*%Ý�����H�V"�|}�

CEB �Ò[�fÀ���#;�Ö�'�	¿³��·�2014 Ñ 5 0#
A, B, C ��5�ÖÝ��j�"�|}� CEB �Ò[� 12 }# 1 }#
ãúj%
y�ÏÐj� ­��>�2014 Ñ 11 0ï�Qúj�Ýw
xI�	¿³���V��� ):�2013 Ñ 8 0�WÑ 11 0�2014
Ñ 5 0�Mpq����Ý�����#r1IV<���pq«¬4
pqV!�³�=>"VÝ��#����F%*���VÀU��  
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-î.�Ý§����A¦z�{|#;��XK¹½Yµ¶=>�

8P�Ý�XK¹½Yµ¶#r³�23�=>V���ÔÕÌ�%

*����§¨©��#;�Ýwx�
��ÁÂ¨©�	� 11,24)4Ý

§st�� 25-27)V�� ����A¦z�{|�CEB��-%�"�
|}��ð���)*�XK¹½Y"B�9�Ðl#;$%ð�j%

*� 1
y���A �5� C �5��XK¹½Yµ¶3ª�j%�
­���§¨©+st���st��+�A¦z�{|�Rlj%*� 
���k�á´���Ý�����'# C �5��VÇ* ���¨
©Ðlr'�Ý�XK¹½Yµ¶=>�"F���§¨©�Rlj�

A �5�ïèÜD�� 4 mg/L ��1 ç�Ðlr#�Á³��  3.5 g�
�0.6 L/min×4 mg/L×1440 min��)��#�j��A¦z�{|�CEB�
�Rlj� C �5��RØ)"�|}��A¦z�{|�CEB��Ò
[� 12 }# 1 }�j���� 1 ç���Y 0.3 g�150 mg/L×2L��)
$� 1
y��Ýwx§Ê�st/ÜD�V�ú�60 mg/L as PACl�
����·�st/#;��XK¹½Y"B�deV�ú�"F���

Ý�XK¹½Yµ¶=>V:*���A¦z�{|�CEB�����
"F��� Ì�#��A¦z�{|�CEB��¨©ÐlrV 1/10 B
C#)����9�×�«!�����VU'$�  

-\.�ËqÄÀ¹ië�¿`�

E 2 F�K´���Ñ�S��23"V MF/UF Ý�XK¹½Y�H
��j%fgj%*� LC-OCD�Liquid chromatography-Organic Carbon 
Detector�#;�=>"�°®r°a�%i�  
):�<=�123�Ýwx
y�Ò�2013 Ñ 2 0 -2014 Ñ 11 0�

�
���)'$�V�ÝwxIVáâ¦Qúj%*�!k���V

	¿Ì�%*�jk���� 2015Ñ 110� 2016Ñ 20#ª$� Fig. 
7.5 #��i¸Yéà�>��Table 7.3 #±U�>�D³  
±U�>VD³;b#�DOC :;<�Q½��ViU�)*#Ö'

'U���ÝwxI���V	¿Ì�%*�jk�ËqÄÀ¹ië�

�V�Ej%*� ������pq*�E#;��ËqÄÀ¹ië

��#����F%*�øæIVD�Ì��  
�

�

� �
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v�j��� !"#�y�p� mn�

V�W�AB�y¡��

Fig. 7.6 #=>"�fW��� TOC �¿`�D³ Ýwx�
#Á
9j� TOC ��A, C �5�W²���J6Á���ª$%*� B �
5V
ÖÇ��­�b�J6ÁÜD�#Â9j%*� ):�J¬�

ù­j%*�V�A, B, C ³´%��5�ó����@ñ�1Áñ)�
�Îó"B����#ð�Ì�%*�  

V�W��}úûüý~²�þ�

Ýwx����ð�V-j*¸¹º�»¼½!¾æ�THMFPs��¿
`� Fig. 7.7 #D³ ):�A �5�Ýwx��§¨©���!¾j
�¸¹º�»¼½r�+�&b��� H� THMFPs � 2013 Ñ 2 0'
� 8 0#'�%�Ej�9 0B9!�³��Z�Dj� Ýwx�

� THMFPs ����§¨©�st���ª$%*� A �5V
Ö:��
+#:*��st���i� C �5��$� Ýwx�
� THMFPs
��� A, B ,C *����5�ÖH����i`#Â9j%*� M
# B �5� THMFPs �ð�IV½·%:*��V	¿Ì�� ���
>;��xy!¾"�!¾¹N����¦#
U�%*�;b#§¨

©���ªb��#;$%�E³���V	¿Ì��   

VjW�x4y�y�

z{|"B��I��� 2-MIB � [� Fig. 7.8 #D³ H�
�
2-MIB ��pÃ#'�%�%#:�)��#k�Ç�)$� J6Á
���ª$%*� B �5�ð�I��THMFPs �W£#�U·%:��
W���ð�=>V:*��V	¿Ì�� j'j�{´��VÇC

³� 6 0 -11 0#:*%�J6ÁÜD�� 10 mg/L #CÀ��Ýwx�

� 2-MIB �Á9�	¿j� ���·�{´ð�I�Qú¦#�I
#��%#J6Á� 25 mg/L ²�ÜD³�/0V���"F���  
):�A �5��§¨©���p³vw#;$%¦Ø{"B���

VÎ" 17)Ì��V�#kÇ����ð*%H����êF����È

'$� j'j�§��Vst�i� C�5��H� 2-MIB�� 50 ng/L
BC���#�Ýwx�
� 2-MIB ��VH��êF���V	¿Ì
�� ��H���pqV�rwx��#;$%Ýwx*M@�� 

Ì���#�8=i�ç#;�p³Äq#;�{´"BV��Ì��
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