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ABSTRACT 

 

This study is aimed to investigate the efficiency of treating raw water supply 

from Sri-Trang reservoir by the contact flocculation filtration using single and dual media filter 

with the total height of 70 cm. in the transparent acrylic column of 10 cm. in diameter.  The 

effects of raw water turbidity and filtration rate on single media filtration and the effect of raw 

water turbidity and media proportion on dual media filtration were determined. The operating cost 

of this system was compared to the contact flocculation filtration and rapid sand filtration system 

of The Prince of Songkla University.  

The result of Jar-Test with raw water sample collected during September 2007- 

May 2008 showed that the optimum alum dose for water coagulation was 20 mg/L which    

corresponds with that from synthetic raw water. 

The efficiency of single media filtration was studied with the variation of 

synthetic raw water turbidity (10, 20 and 30 NTU) and filtration rate (5, 10 and 15 m3/m2-hr.). We 

found from the results that the filter operated with synthetic raw water  of 10 NTU turbidity and 

using 10 m3/m2-hr. of filtration rate had longest filter run time by 14.57±0.55 hr and yielded 

highest water production at the rate of 1,136.20±42.95 L/cycle. The effluent water turbidity was 

2.15±0.94 NTU lower than maximum standard value set by Provincial Waterworks Authority  

(5 NTU). After that the experiments used raw water sample from Sri-Trang reservoir were 

conducted, and the filtration rate was controlled at 10 m3/m2-hr. The result showed that the 

contact flocculation filtration with single media filter could reduce raw water turbidity from 
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10.14±0.52 NTU to 2.49±0.19 NTU and yielded the filter run time by 15.32±1.03 hr with water 

production rate of 1,195.20±80.91 L/cycle  

For the contact flocculation filtration using dual media filter (sand and 

anthracite) the experiments were conducted with 10 m3/m2-hr of filtration rate. The filtration 

using synthetic raw water at 10 NTU of turbidity and 1.3 for anthracite and sand proportion 

yielded longest filter run time by 26.60±0.52 hr and highest water production rate of 

2,074.80±40.53 L/cycle. But it was found that the media filter proportion had an effect on water 

effluent turbidity. The filter that uses anthracite higher than sand media proportion could remove 

turbidity in raw water better than that use lower anthracite proportion. When the optimum media 

proportion, 1.3 (anthracite: sand) was applied for treating raw water supply from Sri-Trang 

reservoir, the result was found that dual media filter operated with 10 m3/m2-hr of filtration rate 

could treat turbidity in raw water efficiency as same as the result obtained from the experiments 

conducted with synthetic raw water. The average effluent water turbidity was 1.79±1.31 NTU. 

The filtration could be operated until 25.22±1.04 hr and yielded water production rate of 

1,967.43±81.25 L/cycle. 

Therefore both of the contact flocculation filtration using single and dual media 

filter could treat raw water supply from Sri-Trang reservoir to meet the water supply quality 

standard of Provincial Waterworks Authority. However the dual media filter yielded longer filter 

run time and higher water production than single media filter. In addition, the operating cost of 

rapid sand filtration of The Prince of Songkla University 0.94 Baht/m3 was lower than that of 

contact flocculation filtration 1.04 Baht/m3. 
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1.2.3.1  

1.2.3.1.1 (aluminum sulfate, Al2(SO4)3.14.3H2O) 
594.4 65.3, 71, 78.8  100 
10 20  30 (   

, 2536) Kawamura (1976) 

( , 2542) 
6.0-7.8 (  , 2543) 

 (CaSO4) ( , 2542) 
 

   Al2 (SO4)3   Al+3 + 3SO4
-2 

                                           H2O    H+ + OH- 

2 Al+3 + 6 OH-  2 Al (OH)3 

OH- 
OH- 

pH  

   Al2 (SO4)3 + 3 Ca (HCO3)2  2 Al (OH)3 + 3 CaSO4 + 6 CO2 

     Al2 (SO4)3 + 6 NaHCO3    2 Al (OH)3 + 3 Na2SO4 + 6 CO2 

  Al2 (SO4)3 + 3 Na2CO3 + 3 H2O              2 Al (OH)3 + 3 CO2 

  Al2 (SO4)3 + 6 NaOH                         2 Al (OH)3 + 3 Na2SO4 

  Al2 (SO4)3 + 3 Ca (OH)2               2 Al (OH)3 + 3 CaSO4 
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1 ./  0.50 ./  
CaCO3 0.33 ./  85  CaO 

0.39 ./   95 Ca (OH)2 0.54 ./
Na2CO3  

1.2.3.1.2  (FeCl3)  

162.2 74.4 536  100 
0 100 

3.5-6.5  8.5   

1.2.3.1.3  (Fe2 (SO4)3) 
399.9 

300  100 20 
3.5-7.0 9.0  

1.2.3.1.4 (polyaluminum chloride, PAC)  
   Aln(OH)mCl3n-m 

 
 

   1. 
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 5-10 

   4.  
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1.2.4.2.  
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 ( , 2542) 

 

1.2.5 

(suspended solid) 

 

 (filter media)   

 1-1 (  , 2543) 
  . .1949 

 (effluent) 

  

 (total suspended solid) 

 (biochemical oxygen- 

demand) 

  

 (  , 2542) 

(  , 2535)   
 

 1-1   
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       50  
     1  1,000 
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  2 

 

 

(headloss) 

  
(  , 2536) 
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and Stumm (1969) 
 

 
2  (transport) 
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1.2.7.1  (transport mechanism)  

2  1-3 
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(brownian diffusion) 

1  (interception) 

( , 2542) (size distribution) 
 1-4  

1 
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 (interception) 
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(adsorption)  

(charge neutralization) 

 (direct filtration) 

 1-5 
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 Yao et al, 1971 )   

 

 
 

 1-3   

:  , 2542  



 

 

12 

 
 

 1-4   

      

: Yao et al, 1971  

 

 
 

 1-5  
:  , 2542  

 

 

  



 

 

13 

2-3 

 

( ) 

( , 2542) 

  

Detachment mechanism 

 (Ives, 1970)  
 

1.2.8  (filter media)  
 

 
  

  
1.2.8.1  
1.2.8.1.1  (effective size, E.S.) 
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 E.S.  

 (particle size variation) 

1.2.8.1.2  (uniformity coefficient, U.C.) 

  60 

  40 

  U.C. 

 1.0  E.S.  U.C. 

  (gravity filter)   

E.S. 0.3  0.5 .  U.C.  1.7  Pressure Filter 

 E.S. 0.5  0.6  U.C.  1.7 (  , 2543) 

1.2.8.2   (filter media) 

1.2.8.2.1   

  

2.6  0.5 . ( , 2542)  

  

 (limestone)  

 (  , 2543) 

 24 

 5 ( , 2548) 
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 E.S.   U.C.  

 0-2 NTU  

   

 20.3-25.4 .  
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( , 2543) 

 

1.2.9 4  

1.2.9.1 - (single media downflow filter) 

Strainer 

(void) 

(high solid loading) 

 1-6  

 1-7 

(  , 2543)  1-8 

( ) 

( , 2542) 
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 1-6  

:  , 2542 

 

 
 

 1-7  

:  , 2542 
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 1-8  

:  , 2542 

 

1.2.9.2 -  (single media upflow filter) 

 1-9 

 
 

 1-9  

:  , 2542 
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1.2.9.3 -  (mixed media downflow filter) 

(  , 

2543)  1.5 
1 .  2.6 0.5 .

 (garnet sand) 3.8 
0.3 . 4.5 0.3 . 

( , 2542) 

 

1.2.9.4 -   (dual media biflow filter) 
2 

Ultra high rate filter 

 

1.2.10  

1.2.10.1  

 (  , 2543) 

Bio 

filter 3 
0.8-1.2 . ./ . .- . Pre filter  0.4-0.8 . ./ . .- . 

0.1-0.2 . ./ . .- . 

Pre filter 
1.2.10.2  
4-50 . ./ . .- . 
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 2  

1.2.10.2.1 (direct filtration) 

. 
 

4-25 . / . .- .  
. 

(rapid mixing) 
(destabilization) 

2-10 ./  
15 ./  

(coagulant aid) 
Cationic Polymer ( ) 

1.2.10.2.2 
( , 2542) 

 

1.2.11  (Direct filtration and Contact flocculation 

filtration) 

 

( , 2542) 
(Culp, 1977) 
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(Adin and Rebhun, 1974) 

  1-10  
 

 
 

  1-10    (a)  

                       (b) (c)  

 : Metcalf and Eddy, 1991 

 

1.2.11.1  

  
3 

(Metcalf and Eddy, 1991) 

(  , 2543) 
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(Metcalf and  Eddy, 1991) NGO and Vigneswaran (1995)  

 (polypropylene) 

  
 

1.2.11.2  

1.2.11.2.1  

   
 

(  , 2542) 10 NTU  
(  , 2531) 30 NTU  (Adin and Rebhun, 

1974) 100-200 NTU (Culp, 1977) 

0-10 NTU 1-15 
0-1000  (McCormick and King, 1982)  

   1.2.11.2.2  

 

( , 2542) 
 (2515) 

5 NTU 40 



 

 

22 

(Hudson, 1965) 4.8  
. ./ . .- . (Kawamura, 1975) 

1 
(Ngo and Vigneswaran, 1995) 

20 ./
 (Hutchison ,1976)  (2542)  
 2-10 ./  

15 ./  

1.2.11.2.3  

( , 2542)   

(  , 

2543)  Schulz Okun (1984) 

 (Dual media)  
Culp (1977) 2  

3 4  

Tebbutt (1971)  
0.5-1.0 .  1.0-2.5 . 30.0 . 

  Tchobanoglous and Schroeder (1985) 
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33.0 . 
(Shea et al, 1971)   

1.2.11.2.4  

2.5-20.0 . ./ . .- .  
12.5 . ./ . .- . (Culp, 1977) 

 5-8 . ./ . .- . (Ngo and Vigneswaran, 1995)  Tachapattaworakul (2001) 
3 5, 7.5 10 . ./ . .- . 

5 . ./ . .- .  (2531) 
10 NTU 10 . ./ . .- . 

Sweeney (1974) 
20 . ./ . .- . 10  

. ./ . .- .  Madeesuksatid (1994) 

7.5  12.5 . ./ . .- . 
7.3 . ./ . .- . (Kugelman, 1976)   

1.2.11.2.5  

Tachapattaworakul (2001 ) 3   

 

55:45 (2541) 2 
60:20, 50:30  40:40 

1 . ./ . .- .  50:30  
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1.2.11.2.6 

 

( , 2542)  Adin Rebhun (1974) 

 20 . ./ . .- . 

  5-10  . ./ . .- . (Shea  et al, 1971) 
 Grutsch et al (1977) 

 
1.2.12   

(  , 2536) 

2   
( , 2542)  

1.2.12.1  

(porosity) 

0.6-0.7   
0.7 30-40 (Amirtharajah, 1978)  
1.2.12.2 



 

 

25 

1 2   
1.2-24. . ./ . .- . 

1.2.12.3   
3-4 

10-16 . ./ . .-   
Medesuksatid (1994) 

303.9 kPa 3 20 . ./ . .- . 12  Ngo 

Vigneswaran (1995) 35-70 kPa 

2 6 / . .- 5  
Tachapattaworakul (2001 ) 73 . ./ . .- .
2 39 . ./ . .- . 5   

1.2.12.4  
2-3 2-3 

(  , 2536) 
 1-2 

 1-3 

 
 1-2   

 
                                  

( . ./ . .- )  

 

(sand)      1.8-2.0 

(anthracite and sand)     0.8-1.2 

(anthracite  sand  and  garnet  or  ilmenite)  0.8-1.2 

 

:  , 2536 
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 1-3   
 

 Uniformity         

          ( .)     coefficient             

                                                                                            ( . ./ . .- )  ( . ./ . .- )  

Sand            1.0         1.4      0.4     13.1  

                1.4          1.4     0.6     19.7 

                  2.1         1.3       0.8     26.2 

Anthracite            1.1       1.7     0.2    6.6  

                           1.3         1.4     0.4    13.1 

                           2.0         1.5      0.6    19.7 

:  , 2536 

 

1.2.13   

             

 

 

  

 

 

 

 ( , 2551) 
 1-4  
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1-4   
 
                                                                       

1. 5 . ./ . .- .  1. 10 . ./ . .- . 
2.  2.  

    

3.  3.  

  

12 .   

 24 . 
               

       
4.  4.  

    
 
1.3   

1. 
 

  2. 
( )   

  3. 

 
 
1.4  
  1. 

  2.  

    

  3. 
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1.5  

 

Optimum condition 

 (Single media sand filter)   
(Dual media: anthracite and sand filter) 
(In-Depth Filtration)  ( )  ( )  

(

) 75 . 5 NTU 
35 0-70 0 kPa 2  

39 . ./ . .- . 5  
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(jar test) 

                                                                                                 
-  

( , ) 
-  

(5, 10, 15 . ./ . .- .) 
-  

(10, 20, 30 NTU)  
-  

( )  
(1.3, 0.7, 0.4) 

 

 

 

Contact 

Flocculation 

Filtration 
( ) 

   

   
   

Contact Flocculation 

Filtration 

( ) 

 

Optimum condition 

( ) 
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2 
 

 
 
2.1   
 
 2.1.1  

   -    0.5 .  1.5 
2.65  2-1 

   -    1.0 .  
1.4  1.5  2-2 

 

 
 

 2-1 ( ) 
 

 
 

 2-2 ( ) 
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2.1.2   

 -  (Stock alum solution) 1000 

1 1 
 -    

 - H2SO4 0.02  N 
 - Na2CO3 
 - Methyl orange   

 
2.2  

2.2.1 Jar tester   
2.2.2 Turbidity meter HACH 2100N    
2.2.3 Conductivity meter YSI 3200 

2.2.4 pH meter HACH Sessions 1  

2.2.5 Spectrophotometer spectronic unicam Genesys 10 UV 

2.2.6   

2.2.7  (submersible pump) 

2.2.8 (air compresser) 
2.2.9 Peristaltic Pump 
2.2.10 

2.2.11 500 2 
2.2.12 DEEP BED FILTER COLUMN W 5 

Laboratory scale  Model 2-3 
 2-4    

2.2.12.1  

2.2.12.1.1  78.5 . . 
70 . (A)  

2.2.12.1.2 350 2  B1 

B2 

2.2.12.1.3 Flow meter 

0.5-5.0  (C) 
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2.2.12.1.4 Flow controller Flow meter 

(D) 

2.2.12.1.5 (E) 
2.2.12.1.6 Manometers 38  

75 . (F) 
2.2.12.1.7 Air compressor (G)  

2.2.12.2  DEEP BED FILTER COLUMN W 5 
2  

 

2.2.12.2.1 

2, 5, 6 

9 1, 3, 4, 7 8 

 

   2.2.12.2.2  

G  350-700 kPa 2 39 . ./ . .- .
5  1, 5, 7  8 2, 3, 4, 6  9 
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 2-3  DEEP BED FILTER COLUMN W 5 
 

 
 

 2-4 DEEP BED FILTER COLUMN W 5 

WATER SUPPLY 

TANK (B1) 
PUMP  (E) 

  FLOW METER 

            C 

  AIR RELEASE 

RAW  WATER 

TANK (B2) 

 SAMPLE 

 FLOW CONTROLLER 

   DRAIN 

    

MANOMETER 

10 mm GLASS BEADS 

(Granular filter media) 

      DRAIN 
  A 

  D 

air  compressor 

 

  G 

  F 

  3 

 1 

  4 

  2 

  5 

  8   9 

  7   6 
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2.3  
2.3.1 

    2550 

2551 9 
Standard Methods for The Examination of Water and Wastewater.20th  

(APHA, AWWA and WEF, 1998)  2-1 

 

 2-1 

 
           /                                     

 

      pH meter HACH Sessions 1         Standard method 4500-H+ B 

     Turbidity Meter  HACH 2100N        Standard method 2130 B 
     Conductivity Meter YSI 3200         Standard method 2510B 

     Titration method          Standard method 2320B 

UV-254     Spectrophotometer  spectronic unicam        Standard method 5910B 

   Genesys 10 UV 

 
2.3.2  

2.3.2.1. (stock alum solution) 1000 

(Al2 (SO4)3.14H2O) 1 1  

2.3.2 2. 

 C1V1 = C2V2 ( 10, 20, 30, 40 50 ./ ) 
 

2.3.3  (jar test) 

( ) ( ) 
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2.3.3.1. 

1 6 1 
 

2.3.3.2.
0, 10, 20, 30, 40 50 ./

2.3.3.3. 100 1 
30 20   2-5 

2.3.3.4. 
5 30  1  

2.3.3.5. 1 

6  

2.3.3.6.  

 

 

 
 

 2-5 
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2.3.3  

      
 

2.3.3.1 
2.3.3.1.1  

                 10, 20 30 NTU 

70 . 5, 10 
15 . ./ . .- . 

 

2.3.3.2  
2.3.3.2.1  

2.3.3.1.1 
 1.3, 0.7 0.4  

 

2.3.4  

      2.3.4.1  

10, 20 30 NTU 
70 . 5, 10 15  

. ./ . .- . 3 3 
5, 10, 30 60  

 ( , , , , UV-254 

) ( ) 75 .
5 NTU 

 Optimum condition  

2.3.4.2 
10, 20 30 NTU 

3.4.1.1 
1.3, 0.7 0.4  3 3 

5, 10, 30  60  

 ( , , , ,  
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 UV-254) ( ) 

75 . 5 NTU 
Optimum condition 

 

 

2.3.5 
  

2.3.5.1  Surface Loading Rate 
  

2.3.5.2 
2-2   

 

2-2 -  
                        
  

  
1. 

 

2.  

1.  

2.  

3.  

 

2.4  
  SPSS version 11 for Windows (Statistical Package 

for Social Sciences) 

2.4.1 

2.4.1  Kruskal  Wallis One way 

analysis One  way ANOVA  

 2.4.2 
( Moment Correlation) 

(Stepwise Multiple Regression Analysis)  
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3 

 
 
3.1 
  

   
UV-254  2550 2551 

 11.0 2.4 NTU ( 5.5-18.2 NTU) 

(2551 ) (2552 )  
  

6-14 NTU 2.6-4.3 NTU   
7.4±0.1 (  7.2-7.67)  

 (2548) (2552) 
 7.1-7.5 6.7-7.2  

29 .5±0.3 C ( 28.8-30.2 C)  
(2551) 29.2-29.8 C 

  15.85±1.2 mg/L as CaCO3  
( 13.5- 19.5 mg/L as CaCO3)

 (2552) - 2551 
30.-33.5 mg/L as CaCO3   

 76.9±4.5 µS/cm ( 69.3-87.0 µS/cm)   

(2551) 
 70.0-77.0 µS/cm  UV-254  

0.3 cm-1 ( 0.2-0.3 cm-1)  
(2551)  UV-254 0.2 cm-1  3-1 (

) 
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 3-1  

 

                                      UV-254 

                                 (NTU)                            ( C)           (mg/L as CaCO3)       (µS/cm)      (cm-1) 
14.2±3.1         7.3±0.0             29.5±0.4            15.5±1.6             72.9±5.6            0.2±0.0 

             10.2±0.3         7.4±0.1             29.2±0.6            17.0 ±3.5            73.9±2.2            0.3±0.0 

      9.5±1.8         7.4±0.1             29.4±0.1            16.4±1.0             76.2±5.2            0.3±0.0 

          9.7±2.7         7.5±0.1             29.4±0.3            15.0±1.3             74.6±2.1            0.3±0.0 

           7.7±2.7         7.2±0.0             29.4±0.2             16.0±0.7             74.9±0.8           0.3±0.0 

       11.5±1.4         7.2±0.0             29.4±0.3             16.1±0.4             83.7±4.6           0.2±0.0 

                 12.0±0.7         7.3±0.1             29.2±0.0             16.9±0.1             81.8±0.7           0.2±0.0 
            11.5±1.0         7.5±0.1             29.6±0.2             15.9±0.5             78.0±3.3           0.3±0.0 

        11.4±0.7         7.4±0.2             30.0±0.2             15.2±0.6             80.0±4.1           0.2±0.0 
* - 2550, - 2551 
 
3.2  

  3.2.1 

 
4  14.2 3.1 NTU 

 7.3 0 29.5 0.4 C 15.5 1.6 
mg/L as CaCO3   72.9 5.6 µS/cm  UV-254 0.2 cm-1  

 

10, 20, 30, 40  50 ./    20 ./  

30 5 NTU (
, 2552 )   

   UV-254  
3-2 ( ) 

 (2549)  
 20 ./  

  
 1.1 0.1 NTU (  3-1) 
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3-2  4 20 ./  

  

 

 

     6.3±0.1    - 

     29.3±0.8   C 

    11.6 2.5   mg/L as CaCO3 

82.2 3.9   µS/cm 

UV-254     0.04±0.0    cm-1 

 

 

 
 

 3-1  

   

  3.2.2 

11.2-18.2 NTU  

 20 ./   

0

3

6

9

12

15

18

0 10 20 30

( ./ )

(N
TU

)
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  10, 20 30 NTU 

10, 20, 30, 40  
50 ./  

  
  

3-3 ( )
20 ./  

 0.8 0.0, 1.5 0.1 3.0 0.1 NTU 

(  3-2) 

 

3-3   3 20 ./   
 

      (NTU) 
          10        20        30  

     6.9±0.0  6.9±0.0  6.9±0.0  

  ( C)    28.9±1.0 29.0±0.7 28.8±0.6  

 (mg/L as CaCO3)  10.1 0.3  11.1 0.9 10.8 1.0 

 (µS/cm)   192.4 4.0  195.6 3.6 196.7 1.3  
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 3-2  

   

    
 

  30 ./   

1 ./   0.5 ./   CaCO3 

 
 ( , 2542) Benefiled,  et al 

(1982)  
 

 
(restabilization) 

(Black and Hannah, 1961) 
6 . 0-7 . 8  

(  , 2543)  (2552)  

0

5

10

15

20

25

30

35

0 10 20 30

( ./ )

(N
TU

)
10 NTU 20 NTU 30 NTU
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 20 ./  
  

 
3.3  (Single media sand filter) 

3.3.1  

 20 ./  
  

 20 ./  
70 .  10, 20 30 NTU 

5, 10 15 . ./ . .- .  
 (  

) 75 . 5  NTU 
    3.3.1.1 

 

(Tuepker et al, 1968 and Cleasby et al, 1963) 
 

( , 2542) 

 detachment mechanism  
Ives (1969) 

(in-depth filtration) Ives (1980) 
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75 . 5 NTU   
( , 2552 ) 

 10, 20 30 NTU 5 . ./ . .- . 
 10 NTU 

 20 30 NTU  2.3±0.9, 

3.4±0.6 4.4±0.2 NTU 16.1±0.2, 13.7±0.6 

10.8±0.7 .  3-3  
630.5±11.2, 536.9±26.5 422.5±28.2   

 10, 20 30 NTU 

10 15 . ./ . .- .  
10 NTU  

 20 30 NTU 
3-4 (  3-4 3-5)  (2542) 

McCormick and King (1982) 

0-10 NTU Vigneswaran et al (1983) 
5-10 NTU  
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3-4    
                                                  
 

                              
(m3/m2-hr)        (NTU)                       (NTU)                         ( .)                         ( ) 
                                  S.D.                S.D.                     S.D. 

   10  2.3 0.9      16.1        0.2  630.5        11.2 

5  20  3.4 0.6      13.7        0.6       536.9        26.5        

30  4.4 0.2      10.8        0.7       422.5        28.2 

 

10  2.1 0.9      14.5        0.5  1,136.2     42.9 

10  20  3.2 0.7      11.6        0.7       904.8        54.6  

30  4.1 0.4      7.5       0.6       585.0    48.7 

               

10  2.1 0.9      8.7       0.5       1,044.0     63.4 

15  20  3.5 0.6      6.9       0.5       832.0    66.0         

30  4.7 0.1      4.8        0.6  584.00    79.9  

 

 
 

 3-3 5 . ./ . .- .  

0

1

2
3

4

5

6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

( .)

(N
TU

)

10 NTU 20 NTU 30 NTU
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 3-4  10 . ./ . .- .  
 

 
 

 3-5 15 . ./ . .- .  
    

    
3 

10 NTU 

20 30 NTU (P 0.05) 

0
1
2
3
4
5
6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

( .)

(N
TU

)

10 NTU 20 NTU 30 NTU

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8 9

( .)

(N
TU

)

10 NTU 20 NTU 30 NTU
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2.2±0.2, 3.4±0.1 4.4±0.3 NTU 

10, 20 30 NTU 3-5  
 

3-5    
 

                           (NTU) 

 (NTU)   N Mean S.D. Mean Rank Chi-Square df  Sig     

 10  9 2.2a 0.2 5.0  23.1  2         0.000 

20  9 3.4b 0.1 14.0 

         30          9 4.4c 0.3 23.0 

Total         27 3.3 0.9 

   a,b,c  (P 0.05) 

       

   
3 
 10 20 NTU  

13.1±3.4 10.7±3.0 . 
10 20 NTU 

 30 NTU (P 0.05) 
7.7±2.6 . 3-6   

 

3-6    
 

                                                 ( .) 
 (NTU) N Mean S.D.         Mean Rank          Chi-Square      df     Sig 

10  9 13.1a 3.4         19.8          10.0       2   0.007 

20  9 10.7a 3.0         14.1 

30          9 7.7b 2.6         8.0 

Total         27 10.5 3.7 
 a,b   (P 0.05) 
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(P 0.05) 10 20 30 NTU 

936.9±236.4, 757.9±174.5 530.5±94.6  3-7  
 

3-7      
 

                                                    ( ) 

 (NTU) N Mean     S.D.                 Mean Rank    Chi-Square   df    Sig 

      10  9 936.9a     236.4  20.4            12.8               2   0.002 

         20  9 757.9b     174.5  14.5 

         30          9 530.5c     94.6  7.0 

Total         27 741.7     240.9 

   a,b,c  (P 0.05) 

 

   3.3.1.2 
  5, 10 

15 . ./ . .- .  
 (Cleasby et al, 1963) 

5 10 . ./ . .- . 
15 . ./ . .- . 

  Ngo and Vigneswaran (1995) 

 

 
(Madeesuksatid, 1994)  
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Ives (1969)  10 NTU 

 10 . ./ . .- . 
 15  5 . ./ . .- .  2.1±0.9, 

2.1±0.9  2.3±0.9 NTU  14.5±0.5, 8.7±0.5 
16.1±0.2 .  3-6 
1,136.2±42.9, 1,044±63.4 630.5±11.2   

 20 30 NTU  -
 10 . ./ . .- . 

 
 5 15 . ./ . .- . (  3-7  3-8) ( 3-4)  

Sweeney (1974) 
10 . ./ . .- . Tate et al  (1977)  

 15 . ./ . .- . 
1 5 

3   Ngo and Vigneswaran 

(1995) 5-8 
. ./ . .- . Jung and Savage (1974) -

5-17 . ./ . .- .  
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 3-6   (  
     10 NTU)  
 

 
 

 3-7   (  
                                 20 NTU) 
 

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

( .)

(N
TU

)

5 . ./ . .- . 10 . ./ . .- . 15 . ./ . .- .

0
1
2
3
4
5
6

1 2 3 4 5 6 7 8 9 10 11 12 13 14

( .)

(N
TU

)

5 . ./ . .- . 10 . ./ . .- . 15 . ./ . .- .
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 3-8   (  

                                 30 NTU) 

 

   3 

  10 . ./ . .- . 
 5 15 . ./ . .- . 

3.1±0.8, 3.4±0.9 3.4±1.1 NTU 

3-8 
 

3-8    
 

                      (NTU) 

 (m3/m2-hr) N Mean S.D.  Mean Rank          Chi-Square       df      Sig 

5  9 3.4ns 0.9  14.8          1.0               2      0.601 

         10  9 3.1ns 0.8  11.8 

         15          9 3.4ns 1.1  15.2 

Total         27 3.3 0.9 

   ns  (P 0.05)            

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8 9 10 11

( .)

(N
TU

)

5 . ./ . .- . 10 . ./ . .- . 15 . ./ . .- .
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 5 10 . ./ . .- .  

13.5±2.3 11.2±3.1 . 
 15 . ./ . .- . 

6.8±1.7 . 5 10 . ./ . .- . 
(P 0.05)  

(Cleasby et al, 1963)  3-9  
 

3-9  

 

                     ( .) 
 (m3/m2-hr) N Mean S.D.     Mean Rank      Chi-Square    df        Sig         

  5  9 13.5a 2.3      20.4    14.7           2        0.001 

         10  9 11.2a 3.1      15.2 

         15          9 6.8b 1.7      6.2 

Total         27 10.5 3.7 

   a,b  (P 0.05) 

 

   

3 
 10 15 . ./ . .- . 

875.3±243.4, 820.0±208.4  
5 . ./ . .- . 529.9±92.4 

 (P 0.05) 3-10  
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3-10  

 

                      ( ) 
 (m3/m2-hr) N Mean      S.D.              Mean Rank    Chi-Square     df     Sig 

  5  9 529.9a       92.4  6.9         10.8              2    0.004 

10  9 875.3b       243.4 18.2 

         15          9 820.0b       208.4 16.7 

Total         27 741.7       240.9 

   a,b  (P 0.05) 

    

   3.3.1.3  (
Product Moment Correlation)  (Stepwise Multiple Regression Analysis) 
   

( , 2545) 

 

   

0.01 
  

( 3-11) 
   

0.01   
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  3-11 
 

3-11  

 

                     

                                      (NTU)                              ( .)             ( ) 
           Pearson                          Pearson                            Pearson 

       Correlation     Sig           Correlation     Sig            Correlation     Sig 

 (NTU)   0.953**        0.000         -0.606**       0.001          -0.702**      0.000 

(m3/m2-hr)             0.025            0.903         -0.757**       0.000           0.501**      0.008 
** 0.01 

 

 
0.05 1 

 (R2) 0.909 Adjust R2 0.905 

90.9  90.5  

( 3-12) 
 

 

(Y1) = 1.166+0.110 (X1) 

     

     X1 =  (NTU) 

     Y1 =  (NTU) 
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3-12  

                          

  

                                       R         R2        Adjust R2        t          Sig. 

                                                      B        S.D.     Beta             
 (NTU)   0.953   0.909      0.905       0.110   0.007     0.953      15.769*  0.000 

           1.166   0.150                    7.773*    0.000 
* 0.05 

 

  
(R2) 0.573 Adjust R2 0.556  

57.3 
55.6 

(R2) 0.940 Adjust R2 0.935  
94.0 

 93.5  

  
 ( 3-13) 

 

 

(Y2)  = 22.715-0.271 (X1) - 0.676 (X2) 

 

     X1 =  (NTU) 

     X2 =  (m3/m2-hr) 

     Y2 =  ( .) 
 

 

 



 56 

3-13   
                           
  

                                       R          R2       Adjust R2            t          Sig. 

                                                     B         S.D.       Beta             
(m3/m2-hr)             0.757    0.573    0.556      -0.676    0.044     -0.757   -15.184*  0.000 

(NTU)   0.970    0.940    0.935      -0.271    0.022     -0.606   -12.162*  0.000 
          22.715   0.655                    34.685* 0.000 

* 0.05 

 

  
(R2) 0.492 Adjust R2  

49.2 
47.2 
(R2) 0.743 Adjust R2 0.722  

74.3 
72.2  

  
(

3-14)  
 

(Y3)   = 858.133-20.320 (X1) + 29.003 (X2) 

 

     X1 =  (NTU) 

     X2 =  (m3/m2-hr) 

     Y3 =  ( ) 
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3-14   
                          

  

                                        R         R2      Adjust  R2            t           Sig. 

                                                      B        S.D.      Beta             
 (NTU)   0.702    0.492     0.472     -20.320   2.996    -0.702   -6.783*   0.000 

(m3/m2-hr)             0.862    0.743     0.722      29.003   5.991      0.501    4.841*   0.000 

         858.133  88.186                 9.731*   0.000 

* 0.05 

 
  10 NTU 

20 30 NTU 

 
 5 NTU 

10 NTU 

  
20 30 NTU  

 5, 10 15 . ./ . .-
. 

3   
10 . ./ . .- . 

 5 15 
. ./ . .- .  

  
  10 . ./ . .- .  

 Madeesuksatid (1994) 

7.5  12.5 . ./ . .- .  
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Adin and Rebhun (1974) 

 5-10 . ./ . .- .   
       

       3.3.2  

  2550 
 10.1 0.5 NTU  

 20 ./   
  20 ./   

 9.68, 10.03, 10.71 

NTU  10 . ./ . .- . 
 70 . 

 
 ( ) 75 . 

5 NTU  

 

 (Ngo and Vigneswaran, 

1995)  detachment mechanism 

 

detachment mechanism (Ives, 1969 and 

Tuepker et al, 1968)  

 

 
5 NTU 

2.4±0.1 NTU 15.3±1.0 . 
1,195.2±80.9   3-15  (  3-9)  
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-    
 

16 .1±7.7 NTU 

3.1±0.9 NTU 

1.4±0.5 NTU 2  12 .  
( , 2548) 

 
3-15    

                           
  

          

(m3/m2-hr)        (NTU)              (NTU)                    ( .)             ( )       
        9.6   2.5      16.3             1,273.0         

10                   10.0          2.6      15.4             1,201.2          

                   10.7          2.2      14.2             1,111.5  

 

 
 3-9 10 . ./ . .- .  

0

1

2

3

4

5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

( .)

(N
TU

)

9.68 NTU 10.03 NTU 10.71 NTU
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  10.1±0.5 NTU 10 . ./ . .- .  

 

   
 
3.4  (Dual  media: anthracite and sand   filter) 
 3.4.1 

 
 

10, 20 30 NTU 

  10 . ./ . .- . 
   

10 . ./ . .- . : 
 1.3, 0.7 0.4  10, 20  30 NTU 

   
( ) 75 . 
5  NTU  

3.4.1.1 

  
 

 

 (Jung and Savage, 1974) 
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 detachment mechanism  

 Sundarakumar (1996) 

 
75 . 5 NTU  

 10, 20 30 
NTU :  1.3 

 10 NTU 

 20  30 NTU 1.7 ±1.4, 1.8±1.2 

2.0±0.9 NTU  26.6±0.5, 23.8±0.4 20.6±0.4 . 
 3-10  

2,074.8±40.5, 1,861.6±38.4 1,609.4±38.4  
10, 20 30 NTU :

 0.7 0.4  10 NTU 

 
 20 30 NTU 3-16 

(  3-11 3-12) (2531) 
10 NTU  

Kawamura (1991) 15 NTU 
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3-16    
                              
 

                 
                                   (NTU)                 (NTU)                        ( .)            ( ) 
                            S.D.              S.D.                  S.D. 

10       1.7           1.4         26.6         0.5            2,074.8     40.5 

1.3                   20       1.8           1.2         23.8         0.4    1,861.6     38.4  

30       2.0           0.9         20.6         0.4    1,609.4     38.4  

 

                                   10       1.9           1.3         22.9         0.4     1,791.4     32.4                 

0.7           20       2.1           1.1         18.8         0.7     1,469.0     56.4  

30       2.9           0.7         14.4         0.5     1,123.2     41.2 

 

                                 10       2.0           1.1         16.1         0.9     1,260.5     70.6  

0.4                         20       2.6           1.1         11.3         0.9     881.9        73.5  

                   30       3.3           0.6         8.8           0.5     692.9        39.4                 
 

 
 

 3-10  1.3  

0

1

2

3

4

5

1 3 5 7 9 11 13 15 17 19 21 23 25 27
( .)

(N
TU

)

10 NTU 20 NTU 30 NTU
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3-11 0.7 

 

 
 

 3-12 0.4 
 

  

 

0
1

2
3

4
5

6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

( .)

(N
TU

)

10 NTU 20 NTU 30 NTU

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

( .)

(N
TU

)

10 NTU 20 NTU 30 NTU
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 3 

10 NTU 

20 NTU 1.9±0.1, 2.2±0.5 NTU 

 
 10 30 NTU  10 NTU 

30 NTU 

2.8±0.6 NTU (P 0.05) 
3-17 

 

3-17    
 

                        (NTU) 

 (NTU) N         Mean S.D.      Mean Rank    Chi-Square    df      Sig 

      10  9 1.9a 0.1  9.3          8.1                 2     0.017 

20  9 2.2a 0.5          12.8 

         30          9 2.8b 0.6          19.8 

Total         27 2.3 0.6 

   a,b  (P 0.05) 

 

   3 

10 20 NTU 21.9±4.6 17.9±5.5 
.  20 NTU 

30 NTU 
 10 

NTU 30 NTU  
10 NTU 

30 NTU 14.6±5.1 . 
(P 0.05) 3-18 
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 3-18     
 

                                                   ( .) 
 (NTU) N Mean S.D.          Mean Rank    Chi-Square    df      Sig  

     10  9 21.9a 4.6      19.0          7.2                 2     0.027 

20  9 17.9ac 5.5      13.9 

         30          9 14.6bc 5.1        9.0 

Total         27 18.1 5.7 

   a,ac,bc  (P 0.05) 

 

    
10 NTU 

 20 NTU 1,708.8±360.6 1,404.1±429.9  
20 NTU 

30 NTU 
 10 NTU 

30 NTU 10 
NTU 30 NTU 

1,141.8±398.5  (P 0.05) 3-19 

 

3-19    
 

                                                   ( ) 

 (NTU) N  Mean        S.D.  Mean Rank   Chi-Square   df    Sig 

10  9 1,708.8a     360.6   19.0          7.2    2    0.027 

         20  9 1,404.1ac    429.9   13.9 

         30          9 1,141.8bc    398.5   9.0 

Total         27 1,418.3      448.9 

   a,ac,bc  (P 0.05) 
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   3.4.1.2 

 3 1.3, 0.7 0.4   

 

 (Sundarakumar,1996) 

Tchobanoglous (1985) 

33 . McCormick and King (1982) 

2 ( )  
2.04  

 
1.3, 0.7 0.4  10 NTU 

1.3 

0.7 0.4 
1.7±1.4, 1.9±1.3 2.0±1.1 NTU 

26.6±0.5, 22.9±0.4 16.1±0.9 .  3-13 
2,074.8±40.5,1,791.4±32.4  1,260.5±70.6   

 20 30 NTU 

1.3 

 
 0.7 

0.4 3-16 (  3-14 3-15)  
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 3-13   
       (  10 NTU) 

 

 
 3-14   

                                  ( 20 NTU) 
                                      
 

0
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( .)
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TU

)
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 3-15   
      ( 30 NTU) 
                                         

   3 

 1.3 

  

0.7 1.8±0.2 2.3±0.5 NTU 

 0.7 

 0.4 

 
 1.3  0.4 

 1.3 

 0.4 

2.7±0.6 NTU (P 0.05) 3-20 
 

 

 

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

( .)

(N
TU

)

1.3 0.7 0.4
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3-20    
 

         (NTU) 

   N Mean    S.D.         Mean Rank   Chi-Square      df      Sig    

         1.3  9 1.8a    0.2     7.7         10.0      2    0.006 

0.7  9 2.3ac    0.5     14.6 

        0.4          9 2.7bc    0.6     19.6 

Total  27 2.3    0.6 

   a,ac,bc  (P 0.05) 

 

   

(P 0.05)  

1.3 0.7 0.4  23.7±2.6, 18.7±3.7 12.0±3.2 
. 3-21  

 

3-21   
    

          ( .) 
   N Mean    S.D.        Mean Rank   Chi-Square     df     Sig         

1.3  9 23.7a    2.6         21.9   18.1                2      0.000 

0.7  9 18.7b    3.7         14.0 

         0.4          9 12.0c    3.2         6.0 

Total  27 18.1    5.7 

   a,b,c  (P 0.05) 
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(P 0.05)  1.3 0.7 0.4 

1,848.6±204.5, 1,461.2±291.9 945.0±256.0 
 3-22  

 

3-22    
 

                   ( ) 
   N  Mean         S.D.                Mean Rank    Chi-Square   df    Sig  

        1.3       9 1,848.6a    204.5    21.9             18.1      2    0.000 

        0.7       9 1,461.2b    291.9    14.0 

        0.4       9 945.0c       256.1    6.0 

      Total  27 1,418.2     448.9 

   a,b,c  (P 0.05) 

 

   3.4.1.3 
  

   

 

   
 

0.01 
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0.01  

( 3-23) 

 

3-23   

           

  

                     

                           (NTU)                            ( .)            ( ) 
            Pearson                         Pearson                            Pearson 

         Correlation   Sig           Correlation     Sig            Correlation    Sig 

 (NTU)    0.595**        0.001         -0.525**      0.005          -0.525**     0.005 

         0.595**        0.001         -0.838**      0.000         -0.837**      0.000 
** 0.01 

 

 
 (R2) 0.355 Adjust R2 0.329 

35.5 
32.9 
(R2) 0.708 Adjust R2 

0.684  
70.8 68.4 
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 ( 3-24) 
 

 

(Y1)  = 0.566+ 0.04361 (X1) + 0.437 (X2) 

      

     X1 =  (NTU) 

     X2 =  

     Y1 = (NTU) 
     

3-24   

                      
  

                           R          R2       Adjust R2      t          Sig. 

                                                      B         S.D.       Beta             
           0.595   0.355      0.329     0.437      0.081     0.595     5.402*  0.000 

 (NTU)    0.842    0.708      0.684    0.04361   0.008    0.595      5.395*  0.000 
          0.566      0.238                   2.378*  0.026 

* 0.05 

 

  
(R2) 0.702 Adjust R2 0.690 

70 .2 
69.0 

(R2) 0.977 Adjust R2 0.975
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97.7 97.5 

  

( 3-25) 
 

 

(Y2)  = 37.051 - 0.364 (X1) -5.803 (X2) 

      

     X1=  (NTU) 

     X2=  

     Y2= ( .) 
   

3-25   
                            
  

                           R         R2     Adjust R2           t          Sig. 

                                                   B         S.D.       Beta             
                 0.838    0.702    0.690    -5.803   0.214     -0.838    -27.112*  0.000 

 (NTU)    0.988    0.977    0.975   -0.364    0.021      -0.525    -16.984*  0.000 
                                                                          37.051   0.630                     58.804*  0.000 

* 0.05 

 

 
(R2) 0.701 Adjust R2 0.689 

70 .1 
68.9 
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(R2) 0.977 Adjust R2 0.975
 

97.7 97.5 

 
  

 ( 3-25) 

 

(Y3)  = 2,888.859 - 28.353 (X1) -451.752 (X2) 

 

     X1=  (NTU) 

     X2=  

     Y3= ( ) 
 

3-26   
                           

  

                                    R         R2      Adjust R2                t          Sig. 

                                                 B             S.D.       Beta             
                0.837    0.701   0.689      -451.752   16.647   -0.837  -27.138* 0.000 

 (NTU)  0.989     0.977   0.975     -28.353      1.665    -0.525   -17.032* 0.000 
   2,888.859  49.006               58.949*  0.000 

* 0.05 

 

 
10 NTU 20 30 NTU 
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 5 NTU 

10 NTU    
20 

30 NTU  

1.3, 

0.7 0.4 

 1.3 
 

 0.7 0.4  

  
  

1.3  
(2540)   0.3 0.6 

 
 

3.4.2  

2551 
 11.5 0.8 NTU  

 1.3 
 5 NTU 

 0.7 0.4 

10.8, 11.5 12.4 NTU 
 1.3 

  ( ) 
75 . 5 NTU 
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5 NTU 
1.7±1.3 NTU 25.2±1.0 . 

1,967.4±81.2  3-27 (  3-16) 
 

3-27  
 

  

    
                                (NTU)                  (NTU)                       ( .)                             ( ) 

           10.8              1.5                                 26.3               2,051.4 

1.3                                11.5            1.8                            25.1                             1,961.7 

                        12.4            2.1                  24.2                             1,889.2      
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 3-16   
    

   
 

1.3   

   
 

3.5   
 

  3.5.1 
 
  

 
20 ./  2   

 
100 . ./ .

0

1

2

3

4

5

1 3 5 7 9 11 13 15 17 19 21 23 25

( .)

(N
TU

)

10.80 NTU 11.50 NTU 12.41 NTU
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10 20 /  3-4 

 ( , 2548)  

(Adin and Rebhun, 

1974)  20 ./  
 10 . ./ . .- . 70 . 

 3-28  

 

3-28  
                    

                          
 

               ( )       ( ) 
 

1. Surface Loading Rate 8.3 . ./ . - .     1. Surface Loading Rate 10 . ./ . .- . 

2. 0.55-0.80 .           2.   0.5 . 
       1.0 . 
3. 2,400 . ./             3. 1.8 . ./  

4. 2            4.  

5. 20 /            5. 20 /  

6. 10 ./            6. *   
7.  7.        

 

                                          

*  
1 ./  0.5 ./   CaCO3 

 15.85±1.2 mg/L as CaCO3 
  30 ./   
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0.33 / . . 0.6 / . . 
0.018 / . . 0.40 / . .  

0.60 / . . 0.04 / . .  
 

3-29  

                    

     
                  ( )                       ( ) 

                           
                    ( / . .)                                              ( / . .) 
1.           0.330            1.        0.40            

      2   

2. 0.60    -              2. 0.60 -  

3.            0.018   5 3.         0.04           3       
                                                                     

                 0.94*   -                              1.04* -         
 

* 
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4 

 
 
4.1   
   

 2550 2551   
11.0 2.4 NTU  7.4±0.1  29.5±0.3 C 

15.8±1.2 mg/L as CaCO3  76.9±4.5 µS/cm UV-254  
 0.3 cm-1   

 
4.2 

15.5 1.68 15.06 1.97 mg/L as CaCO3 

30 ./
 

1 ./ 0.50 ./
CaCO3 ( , 2542)  

10, 20, 30, 40 50 ./   
20 /   

 

4.3  

10, 20 30 NTU 5, 10 

15 . ./ . .- .  10 NTU  

10 . ./ . ./ . 
2.1±0.9 NTU 14.5±0.5 . 

1,136.2±42.9  
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10.1±0.5 NTU 

2.4±0.1 NTU 15.3±1.0 . 
1,195.2±80.9   

 

4.4  

10, 20 30 NTU 

:  1.3, 0.7, 0.4 

10 NTU : 
 1.3 1.7±1.4 NTU 

26.6±0.5 . 
2,074.8 ±40.5   

11.5±0.8 NTU 

1.7±1.3 NTU 25.2±1.0 . 
1,967.4±81.2   

 
4.5   
   

10, 20 30 NTU 

2.31±0.6 NTU 

18.17±5.7 . 
1,418.3±448.9 

3.3±0.9 NTU 10.5±3.7 . 
741.7±240.9   

 
 
 
 
 



 82 

4.6  

 

  Surface Loading Rate 8.3 . ./ . - .  
20 / 2 

 Surface Loading Rate 10 . ./ . - . 20 /
1 

 

 

 
 

 
 

   1. 
  

   2.  
 

   3.  

   4. -
 

   5. 
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. 2549. . . 

 

. 2535. .  2. :  
. 

 

.  2536.  .  1.  : . 

 

.  2542.  .  1.  : .  

 

. 2540. . 
 

. 

 

. 2543. . 3.  : 

( - ). 

 

  . 2552. 

. -   
7 21-22 2552. 

 

. 2546. . 
. 6: 27-33. 
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. 2551. : 

. Env 4/2550 

 . 

 

.  2531.  . -
 .  

 

. 2548. 
. -

.  -   
. 

 

. 2515 . . -
. 

 

.  2542. 1.  3.  : 

.  

 

  .  2542. 2.  3. : 

.  

 

. 2545 . SPSS for Windows .  
4. . 

 

. 2530. .   
. . 
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-1 9 (  2550  2551) 
 

                                                   

UV-254 
       (NTU)      ( C)  (mg/L as CaCO3)      (µS/cm)       (cm-1) 

14 2550   18.2  7.4  28.8         16.5        81.2         0.2 
16 2550   12.4  7.2  29.8         14.5        77.3         0.2  
17 2550   15.0  7.3  29.8         13.7        69.7         0.3 
20 2550   11.2  7.2  29.7         17.3        69.3         0.2 
8 2550      10.0  7.5  29.7         19.5        75.5         0.3 

27 2550    10.5  7.3  28.8         14.5        72.3         0.2 

5 2550   11.0  7.2  29.6         16.2        82.2         0.2 

20  2550   7.5  7.6  29.5         17.5        74.5         0.3 

26 2550   10.0  7.4  29.3         15.5        72.1         0.3 

7  2550    13.0  7.5  29.7         14.5        75.0         0.3 

10 2550    9.6  7.4  29.5         15.5        72.4         0.3 

12  2550   10.0  7.5  29.8         14.6        75.5         0.3 
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-1 ( ) 9 ( 2550  2551) 
 

                                                   

UV-254 
       (NTU)      ( C)  (mg/L as CaCO3)      (µS/cm)       (cm-1) 

23 2550    10.7  7.6  29.4         13.5        77.6         0.3 

28 2550    5.5  7.3  28.8         17.2        72.6         0.2 

2 2551    5.8  7.2  29.2         16.5        75.5         0.3  

5 2551    9.7  7.2  29.6         15.5        74.3         0.3 

4  2551   12.5  7.2  29.2         16.4        80.4         0.2 

21  2551   10.5  7.2  29.7         15.8        87.0         0.2 

10  2551    11.5  7.2  29.2         17.0        81.3         0.2 

21  2551    12.5  7.4  29.3         16.8        82.4         0.3 

2  2551    12.4  7.4  29.5         15.8        73.6         0.3 

5 2551    10.8  7.5  29.7         16.3        78.8         0.3 

9 2551    11.5  7.4  29.3         15.5        82.3         0.3 

15 2551    10.2  7.6  29.4         15.2        78.5         0.3 

18 2551    13.1  7.5  29.8         16.3        74.6         0.3 

21 2551    11.3  7.3  30.1         16.5        80.5         0.3 
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-1 ( ) 9 ( 2550  2551) 
 

                                                   

UV-254 
       (NTU)       ( C)  (mg/L as CaCO3)      (µS/cm)       (cm-1) 

4 2551   12.2  7.4  30.2         15.8        81.3        0.2 

9  2551   11.4  7.6  30.1         14.5        75.4       0.2 

18 2551   10.7  7.2  29.8         15.4        83.3        0.2 
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 -1 4  

 

                                                   

               UV-254

        (mg/L)   (NTU)                 ( C)  (mg/L as CaCO3)    (µS/cm)     (cm-1) 

14 2550 0.0   11.5         6.8   28.8  16.5   81.5  0.2 

10.0   3.1                6.5   28.8  16.0   81.9  0.0 
   20.0   1.0         6.3   28.8  12.0   86.1  0.0 

   30.0   1.4         6.2   28.6  10.5   90.0  0.1 

   40.0   2.0         5.6   28.6  9.0   93.9  0.1 

   50.0   2.3         5.2   28.8  6.0   98.1  0.1 

 

16 2550 0.0   14.3         6.5   29.5  14.3   73.6  0.2 

10.0   1.8         6.2   29.8  12.0   75.3  0.1 
   20.0   1.1         6.2   29.9  9.0   79.5  0.0 

   30.0   1.3         5.9   29.8  7.0   84.2  0.1 

40.0   1.7         5.6   29.7  5.0   88.3  0.2 

50.0   1.9         5.1   29.8  3.5   93.5  0.2 
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-1 ( ) 4  

 

                                                   

               UV-254

        (mg/L)   (NTU)                 ( C)  (mg/L as CaCO3)    (µS/cm)     (cm-1) 

17 2550 0.0   10.4         6.8   29.8  13.5   73.6  0.2 

10.0   2.2         6.7   30.0  12.5   76.1  0.0 
   20.0   1.2         6.5   30.2  10.5   78.3  0.0 

   30.0   1.5         6.3   29.9  7.0   84.4  0.0 

   40.0   1.6         6.0   29.9  5.0   88.7  0.1 

   50.0   1.8         5.7   30.0  3.5   92.5  0.1 

 

20 2550 0.0   15.6         7.0   29.6  16.5   75.6  0.2 

10.0   2.8         6.7   28.5  16.0   82.9  0.0 
   20.0   1.3         6.4   28.5  15.0   85.2  0.0 

   30.0   1.6         6.2   28.4  14.5   88.3  0.1 

   40.0   2.1         5.4   28.6  12.0   93.2  0.1 

   50.0   2.5         5.2   28.5  9.0   96.6  0.1 

 
 



 

 98 

-2 (3 2550)       
 

                                                   

                             

     (NTU)                         (mg/L)  (NTU)       ( C)              (mg/L as CaCO3)                    (µS/cm)      

10.0    0.0   9.7  7.1  29.1  13.5   186.7  

10.0   1.0  6.8  29.1  12.0   187.6  
    20.0   0.8  6.1  29.2  10.0   189.9  

    30.0   1.2  5.7  29.5  8.0   192.8  

    40.0   1.7  5.3  29.5  5.0   196.4  

    50.0   2.4  5.1  29.6  4.0   198.3  

 

20.0    0.0   19.7  7.4  27.9  12.8   191.6   

    10.0   2.4  6.9  27.9  12.0   197.8 

    20.0   1.6  6.1  28.2  11.8   193.4 

    30.0   1.9  5.5  28.2  8.5   196.7 

    40.0   2.4  5.3  28.2  3.5   198.2 

    50.0   2.8  5.2  27.8  3.0   194.1 
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-2 ( ) (3 2550)       
 

                                                   

                             

     (NTU)                         (mg/L)  (NTU)       ( C)              (mg/L as CaCO3)                    (µS/cm)      

30.0    0.0   29.7  7.1  27.8  13.5   191.5 

10.0   3.5  6.9  29.3  13.0   192.6 
    20.0   3.0  6.3  29.5  10.5   195.8 

    30.0   3.4  5.5  29.5  8.5   198.4 

    40.0   3.8  5.2  29.8  5.5   202.5 

    50.0   3.9  5.1  29.8  3.5   195.7 
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-3 (4 2550)       
 

                                                   

                             

     (NTU)                         (mg/L)  (NTU)       ( C)              (mg/L as CaCO3)                    (µS/cm)      

10.0    0.0   9.6  7.2  29.8  14.2   186.7 

10.0   1.0  6.9  29.8  13.0   188.5 
    20.0   0.9  6.2  29.8  10.5   190.2 

    30.0   1.2  5.9  29.9  8.5   193.3 

    40.0   1.7  5.7  29.8  4.5   196.7 

    50.0   2.0  5.3  29.7  3.5   197.8 

 

20.0    0.0   19.6  7.3  29.3  16.2   188.5 

    10.0   2.3  6.8  29.2  14.5   190.4 

    20.0   1.4  6.2  29.2  11.5   193.6 

    30.0   1.6  5.8  29.3  9.5   195.7 

    40.0   1.8  5.5  29.3  8.0   198.3 

    50.0   2.1  5.2  29.3  6.5   199.7 
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-3 ( ) (4 2550)     
 

                                                   

                             

     (NTU)                         (mg/L)  (NTU)       ( C)              (mg/L as CaCO3)                    (µS/cm)      

30.0    0.0   29.8  7.0  29.1  15.8   192.5 
    10.0   3.2  6.9  29.3  14.5   194.7 

20.0   3.0  6.1  29.5  12.0   196.3 

    30.0   3.5  5.8  29.5  9.5   198.6 

    40.0   3.7  5.6  29.5  8.0   193.6 

    50.0   3.8  5.3  29.5  6.0   190.8 
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-4  (5 2550)       
 

                                                   

                             

     (NTU)                         (mg/L)  (NTU)       ( C)              (mg/L as CaCO3)                    (µS/cm)      

10.0    0.0   9.8  7.0  27.5  12.5   191.6 

10.0   1.0  6.9  27.5  11.5   194.6 
    20.0   0.8  6.1  27.9  9.8   197.1 

    30.0   1.2  5.7  27.8  8.5   198.3 

    40.0   1.4  5.4  27.8  6.0   199.2 

    50.0   1.8  5.3  27.8  5.5   201.3 

 

20.0    0.0   19.8  7.1  29.5  11.7   193.2 

    10.0   2.3  6.9  29.5  11.0   196.6 

    20.0   1.4  6.0  29.7  10.0   199.8 

    30.0   1.7  5.7  29.5  8.0   201.2 

    40.0   2.0  5.5  29.6  5.0   195.5 

    50.0   2.3  5.2  29.4  4.5   193.7 
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-4 ( ) (5 2550)       
 

                                                   

                             

     (NTU)                         (mg/L)  (NTU)       ( C)              (mg/L as CaCO3)                    (µS/cm)      

30.0    0.0   29.8  7.2  29.5  12.7   193.7 
    10.0   3.7  6.9  29.7  12.0   195.4 

20.0   3.2  6.4  29.7  11.0   198.2 

    30.0   3.4  5.7  29.9  8.5   195.3 

    40.0   3.7  5.4  29.5  7.0   192.4 

    50.0   3.8  5.2  29.5  6.0   197.2 
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(m3/m2-hr) 

 

(NTU) 

 

(NTU) 

   1            2           3       

S.D.  

( .) 
   1            2           3 

 S.D.  
( / .) 

      1                   2                 3 

 S.D. 

5 10 2.4 2.5 2.0 2.3 0.9 16.0 16.5 16.0 16.1 0.2 624.0 643.5 624.0 630.5 11.25 

20 3.3 3.5 3.4 3.4 0.6 14.0 14.3 13.0 13.7 0.6 546.0 557.7 507.0 536.9 26.54 

30 4.0 4.6 4.7 4.4 0.2 11.3 10.0 11.2 10.8 0.7 440.7 390.0 436.8 422.5 28.21 

10 10 2.6 1.9 1.8 2.1 0.9 15.2 14.3 14.2 14.5 0.5 1,185.6 1,115.4 1,107.6 1,136.2 42.95 

20 3.2 3.3 3.0 3.2 0.7 12.4 11.3 11.1 11.6 0.7 967.2 881.4 865.8 904.8 54.60 

30 4.3 3.9 3.9 4.1 0.4 8.2 7.3 7.0 7.5 0.6 639.6 569.4 546.0 585.0 48.71 

15 10 2.4 1.9 2.1 2.1 0.9 8.3 8.5 9.3 8.7 0.5 996.0 1,020.0 1,116.0 1,044.0 63.49 

20 3.3 3.6 3.5 3.5 0.6 6.3 7.2 7.3 6.9 0.5 756.0 864.0 876.0 832.0 66.09 

30 4.4 4.9 4.8 4.7 0.1 5.2 5.3 4.1 4.8 0.6 624.0 636.0 492.0 584.0 79.90 
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(NTU) 

 

(NTU) 

   1            2           3       

S.D.  

( .) 
   1            2           3 

 S.D.  
( / .) 

      1                   2                 3 

 S.D. 

1.3 10 1.7 1.8 1.6 1.7 1.4 27.2 26.3 26.3 26.6 0.5 2,121.6 2,051.4 2,051.4 2,074.8 40.5 

20 1.8 1.5 2.0 1.8 1.2 23.3 24.1 24.2 23.8 0.4 1,817.4 1,879.8 1,887.6 1,861.6 38.4 

30 2.1 1.8 2.1 2.0 0.9 20.4 21.2 20.3 20.6 0.4 1,591.2 1,653.6 1,583.4 1,609.4 38.4 

0.7 10 2.0 1.8 2.0 1.9 1.3 22.5 23.3 23.1 22.9 0.4 1,755.0 1,817.4 1,801.8 1,791.4 32.4 

20 1.9 2.6 1.7 2.1 1.1 19.2 18.0 19.3 18.8 0.7 1,497.6 1,404.0 1,505.4 1,469.0 56.4 

30 3.4 2.5 2.6 2.9 0.7 15.0 14.0 14.2 14.40 0.5 1,170.0 1,092.0 1,107.6 1,123.2 41.2 

0.4 10 1.9 1.8 2.3 2.0 1.1 15.2 17.0 16.2 16.1 0.9 1,185.6 1,326.0 1,269.8 1,260.5 70.6 

20 2.9 2.2 2.8 2.6 1.1 10.3 11.4 12.2 11.3 0.9 804.9 889.2 951.6 881.9 73.5 

30 3.4 3.2 3.4 3.3 0.6 9.1 9.2 8.3 8.8 0.5 713.7 717.6 647.4 692.9 39.4 
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(NTU) 

 

N 

 

Mean 

 

Std. 

Deviation 

 

Std. Error  

95% Confidence Interval for Mean  

Minimum 

 

Maximum 

 

Chi 

Square  

 

df 

 

Sig. Lower Bound Upper Bound 

10.00 

20.00 

30.00 

Total 

9 

9 

9 

27 

2.2389 

3.4000 

4.4289 

3.3559 

.28799 

.19300 

.38440 

.95580 

.09600 

.06433 

.12813 

.18394 

2.0175 

3.2516 

4.1334 

2.9778 

2.4603 

3.5484 

4.7244 

3.7340 

1.87 

3.02 

3.92 

1.87 

2.64 

3.68 

4.90 

4.90 

23.150 2 .000 
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 Mean Difference Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

10.00                        20.00 

                                 30.00 

-1.1611* 

-2.1900* 

.14088 

.14088 

.000 

.000 

-1.4519 

-2.4808 

-.8703 

-1.8992 

20.00                        10.00 

                                 30.00 

1.1611* 

-1.0289* 

.14088 

.14088 

.000 

.000 

.8703 

-1.3197 

1.4519 

-.7381 

30.00                        10.00 

                                 20.00 

2.1900* 

1.0289* 

.14088 

.14088 

.000 

.000 

1.8992 

.7381 

2.4808 

1.3197 

  * The mean difference is significant at the .05 level 
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(NTU) 

 

N 

 

Mean 

 

Std. 

Deviation 

 

Std. Error  

95% Confidence Interval for Mean  

Minimum 

 

Maximum 

 

Chi 

Square  

 

df 

 

Sig. Lower Bound Upper Bound 

10.00 

20.00 

30.00 

Total 

9 

9 

9 

27 

13.1444 

10.7667 

7.7333 

10.5481 

3.42896 

3.07571 

2.65424 

3.71332 

1.14299 

1.02524 

.88475 

.71463 

10.5087 

8.4025 

5.6931 

9.0792 

15.7802 

13.1309 

9.7736 

12.0171 

8.30 

6.30 

4.10 

4.10 

16.50 

14.30 

11.30 

16.50 

10.020 2 .007 
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 Mean Difference Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

10.00                        20.00 

                                 30.00 

2.3778 

5.4111* 

1.44691 

1.44691 

.113 

.001 

-.6085 

2.4248 

5.3640 

8.3974 

20.00                        10.00 

                                 30.00 

-2.3778 

3.0333* 

1.44691 

1.44691 

.113 

.047 

-5.3640 

.0471 

.6085 

6.0196 

30.00                        10.00 

                                 20.00 

-5.4111* 

-3.0333* 

1.44691 

1.44691 

.001 

.047 

-8.3974 

-6.0196 

-2.4248 

-.0471 

* The mean difference is significant at the .05 level 
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(NTU) 

 

N 

 

Mean 

 

Std. 

Deviation 

 

Std. Error  

95% Confidence Interval for Mean  

Minimum 

 

Maximum 

 

Chi 

Square  

 

df 

 

Sig. Lower Bound Upper Bound 

10.00 

20.00 

30.00 

Total 

9 

9 

9 

27 

936.9000 

757.9000 

530.5000 

741.7667 

236.43816 

174.58595 

94.60114 

240.94360 

78.81272 

58.19532 

31.53371 

46.36962 

755.1575 

623.7014 

457.7831 

646.4526 

1118.6425 

892.0986 

603.2169 

837.0808 

624.00 

507.00 

390.00 

390.00 

1185.60 

967.20 

639.60 

1185.60 

12.878 2 .002 
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 Mean Difference Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

10.00                        20.00 

                                 30.00 

179.0000* 

406.4000* 

84.03378 

84.03378 

.044 

.000 

5.5628 

232.9628 

352.4372 

579.8372 

20.00                        10.00 

                                 30.00 

-179.0000* 

227.4000* 

84.03378 

84.03378 

.044 

.012 

-352.4372 

53.9628 

-5.5628 

400.8372 

30.00                        10.00 

                                 20.00 

-406.4000* 

-227.4000* 

84.03378 

84.03378 

.000 

.012 

-579.8372 

-400.8372 

-232.9628 

-53.9628 

* The mean difference is significant at the .05 level 
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N 

 

Mean 

 

Std. 

Deviation 

 

Std. Error  

95% Confidence Interval for Mean  

Minimum 

 

Maximum 

 

Chi 

Square  

 

df 

 

Sig. Lower Bound Upper Bound 

5.00 

10.00 

15.00 

Total 

9 

9 

9 

27 

3.4333 

3.1444 

3.4900 

3.3559 

.94254 

.87403 

1.11331 

.95580 

.31418 

.29134 

.37110 

.18394 

2.7088 

2.4726 

2.6342 

2.9778 

4.1578 

3.8163 

4.3458 

3.7340 

2.08 

1.87 

1.99 

1.87 

4.73 

4.35 

4.90 

4.90 

1.017 2 .601 

 

 

 

 

 

 

 

 

 

 



 

 115 

-8   
 

 Mean Difference Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

5.00                          10.00 

                                 15.00 

.2889 

-.0344 

.46814 

.46814 

.543 

.942 

-.6773 

-1.0006 

1.2551 

.9317 

10.00                         5.00 

                15.00 

-.2889 

-.3233 

.46814 

.46814 

.543 

.496 

-1.2551 

-1.2895 

.6773 

.6429 

15.00                         5.00 

                                 10.00 

.0344 

.3233 

.46814 

.46814 

.942 

.496 

-.9317 

-.6429 

1.0006 

1.2895 

* The mean difference is significant at the .05 level 
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N 

 

Mean 

 

Std. 

Deviation 

 

Std. Error  

95% Confidence Interval for Mean  

Minimum 

 

Maximum 

 

Chi 

Square  

 

df 

 

Sig. Lower Bound Upper Bound 

5.00 

10.00 

15.00 

Total 

9 

9 

9 

27 

13.5889 

11.2222 

6.8333 

10.5481 

2.37036 

3.12081 

1.73710 

3.71332 

.79012 

1.04027 

.57903 

.71463 

11.7669 

8.8234 

5.4981 

9.0792 

15.4109 

13.6211 

8.1686 

12.0171 

10.00 

7.00 

4.10 

4.10 

16.50 

15.20 

9.30 

16.50 

14.703 2 .001 
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 Mean Difference Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

5.00                          10.00 

                                 15.00 

2.3667 

6.7556* 

1.16668 

1.16668 

.054 

.000 

-.0413 

4.3476 

4.7746 

9.1635 

10.00                         5.00 

                15.00 

-2.3667 

4.3889* 

1.16668 

1.16668 

.054 

.001 

-4.7746 

1.9810 

.0413 

6.7968 

15.00                         5.00 

                                 10.00 

-6.7556* 

-4.3889* 

1.16668 

1.16668 

.000 

.001 

-9.1635 

-6.7968 

-4.3476 

-1.9810 

* The mean difference is significant at the .05 level 
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N 

 

Mean 

 

Std. 

Deviation 

 

Std. Error  

95% Confidence Interval for Mean  

Minimum 

 

Maximum 

 

Chi 

Square  

 

df 

 

Sig. Lower Bound Upper Bound 

5.00 

10.00 

15.00 

Total 

9 

9 

9 

27 

529.9667 

875.3333 

820.0000 

741.7667 

92.44408 

243.42305 

208.45143 

240.94360 

30.81469 

81.14102 

69.48381 

46.36962 

458.9079 

688.2218 

659.7700 

646.4526 

601.0255 

1062.4449 

980.2300 

837.0808 

390.00 

546.00 

492.00 

390.00 

643.50 

1185.60 

1116.00 

1185.60 

10.845 2 .004 
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 Mean Difference Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

5.00                          10.00 

                                 15.00 

-345.3667* 

-290.0333* 

90.77962 

90.77962 

.001 

.004 

-532.7266 

-477.3933 

-158.0067 

-102.6734 

10.00                         5.00 

                15.00 

345.3667* 

55.3333 

90.77962 

90.77962 

.001 

.548 

158.0067 

-132.0266 

532.7266 

242.6933 

15.00                         5.00 

                                 10.00 

290.0333* 

-55.3333 

90.77962 

90.77962 

.004 

.548 

102.6734 

-242.6933 

477.3933 

132.0266 

* The mean difference is significant at the .05 level 
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          Pearson Correlation 

    Sig. (2-tailed) 

                          N 

1 

. 
27 

.000 

1.000 

27 

.953** 

.000 

27 

-.606** 

.001 

27 

-.702** 

.000 

27 

        Pearson Correlation 

    Sig. (2-tailed) 

                         N 

.000 

1.000 

27 

1 

. 

27 

.025 

.903 

27 

-.757** 

.000 

27 

.501** 

.008 

27 

           Pearson Correlation 

    Sig. (2-tailed) 

                         N 

.953** 

.000 

27 

.025 

.903 

27 

1 

. 
27 

-.593** 

.001 

27 

-.708** 

.000 

27 

         Pearson Correlation 

          Sig. (2-tailed) 

                         N 

-.606** 

.001 

27 

-.757** 

.000 

27 

-.593** 

.001 

27 

1 

. 
27 

.134 

.504 

27 

        Pearson Correlation 

          Sig. (2-tailed) 

                         N 

-.702** 

.000 

27 

.501** 

.008 

27 

-.708** 

.000 

27 

.134 

.504 

27 

1 

. 
27 
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Model Summary 

 
Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .953a .909 .905 .29460 

a. Predictors: (Constant),  

 

Coefficientsa 
 

Model 

  

Unstandardized Coefficients Standardized Coefficients t Sig. 

B Std. Error Beta 

1                (Constant) 

         

1.166 

.110 

.150 

.007 

 

.953 

7.773 

15.769 

.000 

.000 

   a. Dependent Variable: 
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Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate 

1 

2 

.757a 

.970b 

.573 

.940 

.556 

.935 

2.47498 

.94379 

a. Predictors: (Constant),  

b. Predictors: (Constant), ,  

 

Coefficientsa 
 

Model 

  

Unstandardized Coefficients Standardized Coefficients t Sig. 

B Std. Error Beta 

1      (Constant) 

         

17.304 

-.676 

1.260 

.117 

 

-.757 

13.731 

-5.790 

.000 

.000 

2      (Constant) 

         

         

22.715 

-.676 

-.271 

.655 

.044 

.022 

 

-.757 

-.606 

34.685 

-15.184 

-12.162 

.000 

.000 

.000 

   a. Dependent Variable: 
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Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate 

1 

2 

.702a 

.862b 

.492 

.743 

.472 

.722 

175.06284 

127.08887 

a. Predictors: (Constant),  

b. Predictors: (Constant), ,  

 

Coefficientsa 
 

Model 

  

Unstandardized Coefficients Standardized Coefficients t Sig. 

B Std. Error Beta 

1      (Constant) 

         

1148.167 

-20.320 

89.138 

4.126 

 

-.702 

12.881 

-4.925 

.000 

.000 

2      (Constant) 

         

         

858.133 

-20.320 

29.003 

88.186 

2.996 

5.991 

 

-.702 

.501 

9.731 

-6.783 

4.841 

.000 

.000 

.000 

   a. Dependent Variable:  
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(NTU) 

 

N 

 

Mean 

 

Std. 

Deviation 

 

Std. Error  

95% Confidence Interval for Mean  

Minimum 

 

Maximum 

 

Chi 

Square  

 

df 

 

Sig. Lower Bound Upper Bound 

10.00 

20.00 

30.00 

Total 

9 

9 

9 

27 

1.9300 

2.2022 

2.8022 

2.3115 

.18735 

.50860 

.68408 

.61012 

.06245 

.16953 

.22803 

.11742 

1.7860 

1.8113 

2.2764 

2.0701 

2.0740 

2.5932 

3.3281 

2.5528 

1.67 

1.52 

1.81 

1.52 

2.31 

2.96 

3.52 

3.52 

8.172 2 .017 
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 Mean Difference Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

10.00                        20.00 

                                 30.00 

-.2722 

-.8722* 

.23754 

.23754 

.263 

.001 

-.7625 

-1.3625 

.2180 

-.3820 

20.00                        10.00 

                                 30.00 

.2722 

-.6000* 

.23754 

.23754 

.263 

.019 

-.2180 

-1.0903 

.7625 

-.1097 

30.00                        10.00 

                                 20.00 

.8722* 

.6000* 

.23754 

.23754 

.001 

.019 

.3820 

.1097 

1.3625 

1.0903 

* The mean difference is significant at the .05 level 
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(NTU) 

 

N 

 

Mean 

 

Std. 

Deviation 

 

Std. Error  

95% Confidence Interval for Mean  

Minimum 

 

Maximum 

 

Chi 

Square  

 

df 

 

Sig. Lower Bound Upper Bound 

10.00 

20.00 

30.00 

Total 

9 

9 

9 

27 

21.9089 

17.9800 

14.6389 

18.1759 

4.62404 

5.53860 

5.11015 

5.76370 

1.54135 

1.84620 

1.70338 

1.10923 

18.3545 

13.7227 

10.7109 

15.8959 

25.4632 

22.2373 

18.5669 

20.4560 

15.20 

10.32 

8.30 

8.30 

27.20 

24.20 

21.20 

27.20 

7.228 2 .027 
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 Mean Difference Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

10.00                        20.00 

                                 30.00 

3.9289 

7.2700* 

2.40634 

2.40634 

.116 

.006 

-1.0376 

2.3036 

8.8953 

12.2364 

20.00                        10.00 

                                 30.00 

-3.9289 

3.3411 

2.40634 

2.40634 

.116 

.178 

-8.8953 

-1.6253 

1.0376 

8.3076 

30.00                        10.00 

                                 20.00 

-7.2700* 

-3.3411 

2.40634 

2.40634 

.006 

.178 

-12.2364 

-8.3076 

-2.3036 

1.6253 

* The mean difference is significant at the .05 level 
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(NTU) 

 

N 

 

Mean 

 

Std. 

Deviation 

 

Std. Error  

95% Confidence Interval for Mean  

Minimum 

 

Maximum 

 

Chi 

Square  

 

df 

 

Sig. Lower Bound Upper Bound 

10.00 

20.00 

30.00 

Total 

9 

9 

9 

27 

1708.889 

1404.173 

1141.833 

1418.299 

360.68091 

429.93176 

398.59153 

448.93616 

120.2270 

143.3106 

132.8638 

86.39780 

1431.6450 

1073.6985 

835.4488 

1240.7053 

1986.1328 

1734.6481 

1448.2179 

1595.8917 

1185.60 

804.96 

647.40 

647.40 

2121.60 

1887.60 

1653.60 

2121.60 

7.228 2 .027 
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 Mean Difference Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

10.00                        20.00 

                                 30.00 

304.7156 

567.0556* 

187.3415 

187.3415 

.117 

.006 

-81.9383 

180.4017 

691.3694 

953.7094 

20.00                        10.00 

                                 30.00 

-304.7156 

262.3400 

187.3415 

187.3415 

.117 

.174 

-691.3694 

-124.3138 

81.9383 

648.9938 

30.00                        10.00 

                                 20.00 

-567.0556* 

-262.3400 

187.3415 

187.3415 

.006 

.174 

-953.7094 

-648.9938 

-180.4017 

124.3138 

* The mean difference is significant at the .05 level 
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N 

 

Mean 

 

Std. 

Deviation 

 

Std. Error  

95% Confidence Interval for Mean  

Minimum 

 

Maximum 

 

Chi 

Square  

 

df 

 

Sig. Lower Bound Upper Bound 

1.3 

0.7 

0.4 

Total 

9 

9 

9 

27 

1.8667 

2.3278 

2.7400 

2.3115 

.21656 

.55686 

.65065 

.61012 

.07219 

.18562 

.21688 

.11742 

1.7002 

1.8997 

2.2399 

2.0701 

2.0331 

2.7558 

3.2401 

2.5528 

1.52 

1.77 

1.87 

1.52 

2.17 

3.49 

3.52 

3.52 

10.088 2 .006 
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Mean Difference Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

1.3                            0.7 

                                 0.4 

-.4611 

-.8733* 

.24042 

.24042 

.067 

.001 

-.9573 

-1.3695 

.0351 

-.3771 

0.7                            1.3 

                                 0.4 

.4611 

-.4122 

.24042 

.24042 

.067 

.099 

-.0351 

-.9084 

.9573 

.0840 

0.4                            1.3 

                                 0.7 

.8733* 

.4122 

.24042 

.24042 

.001 

.099 

.3771 

-.0840 

1.3695 

.9084 

* The mean difference is significant at the .05 level 
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N 

 

Mean 

 

Std. 

Deviation 

 

Std. Error  

95% Confidence Interval for Mean  

Minimum 

 

Maximum 

 

Chi 

Square  

 

df 

 

Sig. Lower Bound Upper Bound 

1.3 

0.7 

0.4 

Total 

9 

9 

9 

27 

23.7000 

18.7333 

12.0944 

18.1759 

2.62298 

3.74299 

3.28468 

5.76370 

.87433 

1.24766 

1.09489 

1.10923 

21.6838 

15.8562 

9.5696 

15.8959 

25.7162 

21.6105 

14.6193 

20.4560 

21.30 

14.00 

8.30 

8.30 

27.20 

23.30 

17.00 

27.20 

18.171 2 0.000 
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 Mean Difference Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

1.3                            0.7 

                                 0.4 

4.9667* 

11.6056* 

1.53186 

1.53186 

.003 

.000 

1.8051 

8.4439 

8.1283 

14.7672 

0.7                            1.3 

                                 0.4 

-4.9667* 

6.6389* 

1.53186 

1.53186 

.003 

.000 

-8.1283 

3.4773 

-1.8051 

9.8005 

0.4                            1.3 

                                 0.7 

-11.6056* 

-6.6389* 

1.53186 

1.53186 

.000 

.000 

-14.7672 

-9.8005 

-8.4439 

-3.4773 

* The mean difference is significant at the .05 level 
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N 

 

Mean 

 

Std. 

Deviation 

 

Std. Error  

95% Confidence Interval for Mean  

Minimum 

 

Maximum 

 

Chi 

Square  

 

df 

 

Sig. Lower Bound Upper Bound 

1.3 

0.7 

0.4 

Total 

9 

9 

9 

27 

1848.600 

1461.200 

945.0956 

1418.299 

204.59208 

291.95349 

256.19546 

448.93616 

68.19736 

97.31783 

85.39849 

86.39780 

1691.3366 

1236.7847 

748.1663 

1240.7053 

2005.8634 

1685.6153 

1142.0248 

1595.8917 

1583.40 

1092.00 

647.40 

647.40 

2121.60 

1817.40 

1326.00 

2121.60 

18.171 2 .000 
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 Mean Difference Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

1.3                            0.7 

                                 0.4 

387.4000* 

903.5044* 

119.4837 

119.4837 

.003 

.000 

140.7977 

656.9022 

634.0023 

1150.1067 

0.7                            1.3 

                                 0.4 

-387.400* 

516.1044* 

119.4837 

119.4837 

.003 

.000 

-634.0023 

269.5022 

-140.7977 

762.7067 

0.4                            1.3 

                                 0.7 

-903.5044* 

-516.1044* 

119.4837 

119.4837 

.000 

.000 

-1150.1067 

-762.7067 

-656.9022 

-269.5022 

* The mean difference is significant at the .05 level 
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          Pearson Correlation 

    Sig. (2-tailed) 

                          N 

1 

. 
27 

.000 

1.000 

27 

.595** 

.001 

27 

-.525** 

.005 

27 

-.525** 

.005 

27 

         Pearson Correlation 

          Sig. (2-tailed) 

                         N 

.000 

1.000 

27 

1 

. 

27 

.595** 

.001 

27 

-.838** 

.000 

27 

-.837** 

.000 

27 

           Pearson Correlation 

    Sig. (2-tailed) 

                         N 

.595** 

.001 

27 

.595** 

.001 

27 

1 

. 
27 

-.829** 

.000 

27 

-.829** 

.000 

27 

         Pearson Correlation 

          Sig. (2-tailed) 

                         N 

-.525** 

.005 

27 

-.838** 

.000 

27 

-.829** 

.000 

27 

1 

. 
27 

1.000** 

.000 

27 

        Pearson Correlation 

          Sig. (2-tailed) 

                         N 

-.525** 

.005 

27 

-.837** 

.000 

27 

-.829** 

.000 

27 

1.000** 

.000 

27 

1 

. 
27 
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Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate 

1 

2 

.595a 

.842b 

.355 

.708 

.329 

.684 

.49985 

.34296 

a. Predictors: (Constant),  

b. Predictors: (Constant), ,  

 

Coefficientsa 
 

Model 

  

Unstandardized Coefficients Standardized Coefficients t Sig. 

B Std. Error Beta 

1      (Constant) 

        

1.438 

.437 

.255 

.118 

 

.595 

5.651 

3.706 

.000 

.001 

2      (Constant) 

        

         

.566 

.437 

4.361E-02 

.238 

.081 

.008 

 

.595 

.595 

2.978 

5.402 

5.395 

.026 

.000 

.000 

   a. Dependent Variable: 
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Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate 

1 

2 

.838a 

.988b 

.702 

.977 

.690 

.975 

3.21016 

.90805 

a. Predictors: (Constant), 

b. Predictors: (Constant), ,  

 

Coefficientsa 
 

Model 

  

Unstandardized Coefficients Standardized Coefficients t Sig. 

B Std. Error Beta 

1      (Constant) 

        

29.781 

-5.803 

1.635 

.757 

 

-.838 

18.220 

-7.669 

.000 

.000 

2      (Constant) 

         

         

37.051 

-5.803 

-.364 

.630 

.214 

.021 

 

-.838 

-.525 

58.804 

-27.112 

-16.984 

.000 

.000 

.000 

   a. Dependent Variable: 
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Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate 

1 

2 

.837a 

.989b 

.701 

.977 

.689 

.975 

250.33532 

70.62526 

a. Predictors: (Constant),  

b. Predictors: (Constant), ,  

 

Coefficientsa 
 

Model 

  

Unstandardized Coefficients Standardized Coefficients t Sig. 

B Std. Error Beta 

1      (Constant) 

        

2321.803 

-451.752 

127.465 

59.005 

 

-.837 

18.215 

-7.656 

.000 

.000 

2      (Constant) 

        
        

2888.859 

-451.752 

-28.353 

49.006 

16.647 

1.665 

 

-.837 

-.525 

58.949 

-27.138 

-17.032 

.000 

.000 

.000 

   a. Dependent Variable:  
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