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Abstract 
The aim of this study was to investigate the 
effects of media type, filter bed depth and 
filtration rate on the filtration performance of 
particle size distribution (PSD) and the 
removal of turbidity. All experiments were 
conducted at Pan-Shin drinking water 
treatment plant. The result shows that the 
filtration performance of raschig ring filter is 
better than that of two floating media filters. 
Using the raschig ring fi lter as the pre-filter, 
the average fi ltrate turbidity of raschig ring 
filter can reach less than 3.0 NTU at filter 
bed depth of 180 cm and filtration rates  
 
(overflow rates) of 50-75 m/d. The overflow 

rate of raschig ring filter is about two times 
of chemical sedimentation but the same as 
sludge blanket sedimentation. In contrast, the 
filtration performance of raschig ring filter is 
poorer than that of conventional dual-media 
(anthracite and sand) filter, when filtration 
rate is controlled at more 100 m/d. Therefore, 
the raschig ring filter can replace with 
conventional chemical sedimentation but 
rapid filter. Moreover, the PSD of filtrate 
indicates that more than 80% of particle size 
is less than 2-5 �m. The total particle count 
and turbidity are well correlated with a R

2= 
value of 0.98, when filtrate turbidity is higher 
than 0.50 NTU.  
 
Keywords: Filtration, raschig ring media 
filter, particle size distribution (PSD) 
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    ���Ü~Ý������Ñ7��
�;ÞcÁÂÃß/012��5àáâ

$��$�ã��ª«G%ä; 3 mm�5 
mm�5 mm� 50.3 %�å´Æ� 1.0È;

/012�89���æÝ���;çè

éßwÌê¸ë89��* 
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    ;��������{|·]^��
�^� !�'jk��ìíîï©
ð

ñ��	
�'cd
"·]
;��ò

F
�ÉÊóô!�õZö÷%ä;

10.6-30.6 NTU� 1.45-11.8 NTU*��2;

øùúûkß�â$ 10 ð%Cb�; 3 
m�ü 3ý��2����	
�'��

ÉÊË�	
�·]
×cd
hþ��

������º�� 40 rpm	
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�¡�=ô
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�(HACH  1900 WPC) �%ä��!�"
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�ö÷; 2-5�m�5-10�m�10-15�m�

15-20�m�20�m ��*h������
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    cd
;��òF
�!�ö÷

18.5-30.6 NTU�QR 22.8 NTU�����
��; 180 cm"�� 50 m/M=�Ý��

�����PF
!�'ål�� 1  
.����� 26Æ=�89/012�"

wÌê�����PF
!�!Ñ"#$

%���� 26-48 Æ=�!�õZö÷%
ä; 1.10-6.21 NTU" 1.80-14.6 NTU&e

�g/012���PF
!�ê'(�

0.45-0.85 NTU*�� 48Æ='��PF

!�QRS�/012��89/012

��wÌê�%ä; 0.69�2.35 " 4.48 
NTU�� GQRS%ä; 96.9�89.3 �

79.2%*efg��� 75 m/M'+,)*

+�, 1�-./012�����!��
 GQRS; 87.9%���jk4�56

7���(72.5-75.0%)�y��ÉÊ-�.
/012���'���j* 

2.�*+,"��-./0123'45 

(1) �67%&89:�';< 
    ��òF
!� 19.1-28.6 NTU�QR

23.3 NTU������ 180 cm�wf��
50-100 m/M���PF
!�õZ�� 2

 .���Æ� 24Æ=������PF


'()w-/�a�� 24-48 Æ=��
�0i��PF
!�0i'12*�, 1

 .�� 50�75�100 m/M'��PF

!�QRS%ä; 1.00�2.78" 3.48 NTU* 

    /012����� 180 cm���;

50 m/M" 75 m/M�!�õZ��#�Õ
�� 3 .�-.�� 75 m/M=����

28 Æ=3ç4!�"#¢56�e�g�
�� 50 m/Mêz7l8�'��PF


!���+,�� 2 .e9*�� 50 �

75 m/M'��PF
!�QRS�%ä;
0.42� 0.87 NTU*��PF
�#�Õf

� 3 .��� 50� 75 m/M'�#�Õ
ö÷%ä; 474-1576:/mL�QRS; 848

:/mL�� 876-10790: /mL�QRS 2834

:/mL�*  

(2) ��=&7%&89:�';< 

    ��òF
!� 24.0-61.0 NTU�QR
36.9 NTU�"�� 50 m/M����� 150

� 180 cmPF
!�õZ�� 4 .�-

.��� 18Æ=����� 150 cm='
��PF
!�!Ñ"#$%��� 40Æ

='!�"� 7.91 NTU�!�QRS;
3.11 NTU*e�g����� 180 cm=�

�� 40 Æ='!�"� 2.12 NTU�!�

QRS; 0.49 NTU*f� 4 .����
150 cm =��#�Õ��� 18Æ=-/

;<"#* 
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(3) -./0123'45 

    b�cd"Z[\]^'EFG%ä
; 60-90" 20-40 m/M�C·]
!�=T

� 5-10 NTU (Kawamura, 1996)*��	

�Z[\]^'>:EFG; 23.0-34.5 m/

M�CQ=\]
!�â?@A; 5.0 NTU

��**+� 2-4 +,7B/012��
������ 180 cm C�� (3EF

G)50-75m/M���PF
!�QRS;
1.00-2.78 NTU�CD//012���'

EFGY;Z[\]^'_`�a�b�

cd\]^'EFGYef* 
3.  !"��-.��3'45 

    \]
:;��òF
�!�ö÷;
1.45-11.8 NTU�QRS; 4.26 NTU��/

012����� 150 " 180 cm C��

50-200 m/M=��� 48Æ='��PF

!�QRS���'�E�� 5  .��

�� 100-200�75" 50 m/M'!�QRS
%ä; 0.88-0.95�0.48-0.52 " 0.25-0.29 

NTU���F?GT� 75 m/M��PF


!�QRSHj?G� 0.50 NTU*f� 5
mnop���� 90cm (tuv 45 cm�

qrs 45cm)���� 200 m/M='!�
QRS; 0.20 NTU�-.mnop��'

��jk4�/012���*/012

�����F��� 75 m/M���Hj'
(��PF
!�T� 0.5 NTU�ÜP


°IÆ�ytJ{|��^* 
4. %&�89:�9>?@'A�B 

    e��� 3 +,'!����#�e

���� 6 .��� 75 m/M'PF
!
����#�Õö÷%ä; 0.45-2.55 NTU

� 876-10790:/mL�C!����#��
���E��e�E� R2

S; 0.98*��

50 m/M'PF
!����#�Õö÷

%ä; 0.31-0.73 NTU(QRS; 0.42 NTU)
� 237-788:/mL�C!����#�'e

�E� R2
S; 0.72�l�� 75 m/M+,

K��¿L�fMT!��S��7��

#�õZli�y5e��lK*���

���7'��PF
���	
�'·

]
���
/�#'#$%Û�-.#

$ 2-5 �m��'�#����#� 80%

��*Hatukai NP��
/'�#�Õ�

#$ 2-5 �m ��;¦�O#$�Õ'õ
Zz:;PQ��
!�RS'�T 

(Hatukai et al., 1997) *  
 
C� �� 

1. /012���cd
=����� 180 
cm C���EFG�50-75 m/M���

PF
!�QRSzT� 3.0 NTU* 
2. /012����� 50-75 m/M�;Z[

·]^EFG 20-40 m/M'Y7 �̀a�

b�cd\]^'EFGYef* 
3. /012�����·]
=���F

T� 75 m/MHj'(��PF
!�Q
RSÆ� 0.5 NTU ���()P
°�

yw}{|��^* 

Î ��
'#$%&-.#$ �JI�µB ��
'�#����#�Y ?@�����
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���e����
��

�@��?�* 

 

DE�F 
���������	
���” ������

����������” �� 15 �����

��	
���� 227-240� !"(1998) 

Hatukai S., Yen B. and Rebhun M., “Particle Counters 
and Size Distribution in System Design for  

Removal of Turbidity by Granular Deep Bed 
Filtration”, Wat. Sci. Tech., 36(4), 225-230 (1997) 

Kawamura S., # Optimisation of Basic 

Water-Treatment Processes$Design and Operation: 

Sedimentation and Filtration % , Jour. Water 

SRT-Aqua, 45(3), 130-142 (1996) 
Ngo H. H. and Vigneswaran S.#Application of  

Floating Media Filter in Water and Waetewater  

Treatment with Contact Flocculation Filtration 
Arrangement”, Wat. Res., 29(9), 2211-2213 (1995) 

Tambo N. and Matsui Y.,#Performance of High 

Capacity Depth Filter%, Jour. Water SRT-Aqua, 

33(2), 96-101 (1984) 
Visvanathan C., Werellagama D. R. I. B. and Aim R. 

B.,#Surface Water Pretreatment Using Floating 

Media Filter, Jour. Environ Engr., ASCE, 122(1), 
25-33 (1996) 

 



 4

  

�

�

� �

� �

� �

� �

� �

� �

� � � � � � � � �

	 
 � �  �� �

�
�

��
��
�

� � � � �

� � � � � � �

� � � � � �

� � � � �

    

�

�

��

��

��

��

��

��

� �� �� �� ��

	 
� �����

�
�
�
�
�
�
�
�

�� �� �

��������

�������

�������

 

&&&&'1 ��()*+,-���./& &&&&&&&&&&&'2&��()*+,-���./&

&&&&&&&&012345&678&92&:5&7;<=& &&&&&&&&&&&&&&&0��������12345&67=&

 

�

����

����

����

����

�����

�����

� �� �� �� ��
�	
����

�
�
�
�
�
�
� µ
�
	


�
�

�
�
�
�
�
�
�
�

�

���

�

���

�

���

�

�
�
�
�
�
�
�

��������������

��������������

������������

������������

�

����

�����

�����

�����

�����

� �� �� �� ��
��	 
���

�
�
�
�
�
�
�
µ
�

	


�
�

�
�
�
�
�
�
�
�

�

�

�

�

�

�

�

�

�

�

�
�
�
�
�
�
�

� �������������

� �������������

� �����������

� �����������

 

&&&&&' >&��*?@AB��()�./012345&67=&&&��������' C&��*?@AB��()�./092:5&7;<=      

�

� � �

� � �

� � �

� � �

� � �

� � �

� � 	

� � 


� � �

�

� � � � � � � � � � � � � � �

�  �� �� �

�
�
�
�
�
�
�
�
	



� � � � � � � ��
 � � � �

� � � � � ��� � � � � � � � �

� � � � ��� � � � � � � � � � �

     

�
�
� � � � � � �

�
�
� � � � � � 	

�

	 � � �


 � � �

� � � �

� � � �

� � � � �

� 	 � � �

� 
 � � �

� � �  � � �  	 	 �  �

� � �� � � �

�
�
�
�

� � � � � � � � � � � �  � � � �

� � � � � � � � � � �  � � � � �

 

&&&&&' :&�DE��+,-��FGH�IJ&&&&&&&&&&&&&&&&&&&' K&+,-��BL?@A�./&

        &0MN-��FGH COPK&QRS=

&&&&&T 3&UV ��������WX&0�Y C4 Z(=&&&&&&&&

��[\&
�D&

]7;^_&

+,-��FGH

0QRS_&

�����&

`a�����&

`aUbc�&

:5&

5OKd&0dKOd=e&

PO>:&04dO>=&

KOC3&0fdOP=&

�����&

`a�����&

`aUbc�&

f:&

PO4K&04fOd=&

:O4f&0f:O5=&

KOC3&0fPO:=&

�����&

:5&

f:&

355&

3O55&0d:Of=&

POf4&044OK=&

>OC4&04:O4=&

&&&&&eghij��kFGH&&&

&&&&0l��mno�PCpq-rstu�vw�xT844y

33 z PK ^8�{=&

 


