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Appendix Table D1  Experimental data of run no.1  

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 10 mg/L 
   : Media size = 3 mm, Media depth = 60 cm  
 
 
 
 
 

1 2 3
0 83 6.97 30 60.0 - - 0.10 0.05 0.10 0.10 - -
30 5 7.16 31 60.0 - - 0.40 0.50 0.20 0.20 - 94.0
60 9 7.02 31 60.0 - - 0.30 0.40 0.20 0.30 - 89.2
90 15 7.33 31.5 60.1 - - 0.30 0.50 0.40 0.20 - 81.9
120 18 7.45 31.8 60.1 - - 0.20 0.50 0.50 0.20 - 78.3
150 15 7.31 31.8 60.1 - - 0.40 0.50 0.50 0.30 - 81.9
180 12 7.29 32 60.1 - - 0.40 0.50 0.50 0.30 - 85.5
240 10 7.25 32 60.1 - - 0.50 0.60 0.60 0.40 - 88.0
300 10 7.26 32 60.1 - - 0.50 0.60 0.60 0.40 - 88.0
360 10 7.21 32 60.1 - - 0.50 0.60 0.60 0.40 - 88.0

∆h 4

(m)
% Tb 

removal
∆h 5

(m)
  Bed Expansion

(cm)  
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 100.7 215.8 18.9 9.2 13.0 13.0 - 13.5
30 0.340 - - 100.7 215.8 38.2 29.3 18.5 18.5 - 26.1
60 0.340 - - 100.7 215.8 33.0 26.2 18.5 22.7 - 25.1
90 0.341 - - 100.7 215.8 33.2 29.4 26.3 18.6 - 26.9
120 0.341 - - 100.7 215.8 27.2 29.5 29.5 18.7 - 26.2
150 0.341 - - 100.7 215.8 38.4 29.5 29.5 22.8 - 30.1
180 0.341 - - 100.7 215.8 38.5 29.6 29.6 22.9 - 30.1
240 0.341 - - 100.7 215.8 43.1 32.4 32.4 26.4 - 33.6
300 0.341 - - 100.7 215.8 43.1 32.4 32.4 26.4 - 33.6
360 0.341 - - 100.7 215.8 43.1 32.4 32.4 26.4 - 33.6

G 5

( S
-1

)

G AVE

( S
-1

)

0.7708
0.7708

0.7708
0.7708

0.7740
0.7740

0.7870
0.7789

0.8039
0.7870

G 3

( S
-1

)

 ө 1

(s)
 ө 2-5

(s)
G 4

( S
-1

)

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

G 1

( S
-1

)

G 2

( S
-1

)
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Appendix Table D2  Experimental data of  run no.2  

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 5 mg/L 
   : Media size  = 3 mm, Media depth = 60 cm  
 
 
 
 
 

1 2 3
0 85 7.26 30.5 60.0 - - 0.20 0.10 0.20 0.10 0.10 -
30 12 7.16 31.5 60.0 - - 0.20 0.10 0.20 0.10 0.20 86.7
60 4 7.14 32.0 60.0 - - 0.10 0.20 0.20 0.20 0.10 95.2
90 4 7.13 32.0 60.0 - - 0.20 0.20 0.20 0.10 0.20 95.2
120 3 7.09 32.0 60.0 - - 0.20 0.20 0.20 0.20 0.10 95.2
150 3 7.15 32.0 60.0 - - 0.20 0.30 0.20 0.20 0.10 96.4
180 2 7.11 32.0 60.0 - - 0.30 0.30 0.30 0.10 0.10 96.4
240 3 7.07 32.5 60.0 - - 0.30 0.40 0.30 0.10 0.10 96.4
300 4 7.08 32.5 60.1 - - 0.30 0.40 0.30 0.10 0.10 96.4
360 4 7.16 32.5 60.1 - - 0.30 0.40 0.30 0.10 0.10 96.4

∆h 5

(m)
∆h 4

(m)
% Tb 

removal
  Bed Expansion

(cm)  
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 100.7 215.8 26.8 13.0 18.4 13.0 13.0 16.9
30 0.340 - - 100.7 215.8 27.1 13.2 18.6 13.2 18.6 18.1
60 0.340 - - 100.7 215.8 19.3 18.7 18.7 18.7 13.2 17.7
90 0.340 - - 100.7 215.8 27.3 18.7 18.7 13.2 18.7 19.3
120 0.340 - - 100.7 215.8 27.3 18.7 18.7 18.7 13.2 19.3
150 0.340 - - 100.7 215.8 27.3 22.9 18.7 18.7 13.2 20.2
180 0.340 - - 100.7 215.8 33.4 22.9 22.9 13.2 13.2 21.1
240 0.340 - - 100.7 215.8 33.6 26.6 23.0 13.3 13.3 22.0
300 0.341 - - 100.7 215.8 33.5 26.6 23.0 13.3 13.3 21.9
360 0.341 - - 100.7 215.8 33.5 26.6 23.0 13.3 13.3 21.9

G 5

( S
-1

)

G AVE

( S
-1

)

G 4

( S
-1

)

0.7630
0.7630

0.7708
0.7630

0.7708
0.7708

0.7708
0.7708

G 3

( S
-1

)

0.7955
0.7789

 ө 1

(s)
 ө 2-5

(s)
Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

G 1

( S
-1

)

G 2

( S
-1

)
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Appendix Table D3  Experimental data of run no.3 
 

 

 
  Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 2.5 mg/L 
   : Media size = 3 mm, Media depth = 60 cm  
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 100.7 215.8 19.1 13.1 18.5 13.1 0.0 15.9
30 0.340 - - 100.7 215.8 19.1 18.6 18.6 13.1 0.0 17.3
60 0.340 - - 100.7 215.8 27.1 18.6 18.6 13.2 0.0 19.4
90 0.340 - - 100.7 215.8 27.1 18.6 18.6 16.1 0.0 20.1
120 0.340 - - 100.7 215.8 27.2 18.7 18.7 18.7 0.0 20.8
150 0.340 - - 100.7 215.8 27.2 18.7 18.7 18.7 0.0 20.8
180 0.340 - - 100.7 215.8 27.3 18.7 18.7 18.7 0.0 20.8
240 0.341 - - 100.7 215.8 36.0 20.9 20.9 13.2 9.3 20.1
300 0.341 - - 100.7 215.8 36.2 21.0 21.0 13.3 9.4 20.2
360 0.341 - - 100.7 215.8 36.2 21.0 21.0 13.3 9.4 20.2
420 0.341 - - 100.7 215.8 36.2 21.0 21.0 13.3 9.4 20.2
480 0.341 - - 100.7 215.8 36.2 21.0 21.0 13.3 9.4 20.2

G 5

( S
-1

)

G AVE

( S
-1

)

0.7630

0.7630
0.7630

0.7708
0.7708

0.7740
0.7740

0.7789
0.7789

G 4

( S
-1

)

0.7870
0.7838

 ө 1

(s)
 ө 2-5

(s)
G 1

( S
-1

)

G 2

( S
-1

)

G 3

( S
-1

)

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

0.7630

1 2 3
0 83 6.98 31 60.00 - - 0.10 0.10 0.20 0.10 0.00 -
30 11 7.06 31.2 60.00 - - 0.10 0.20 0.20 0.10 0.00 86.7
60 4 6.96 31.5 60.05 - - 0.20 0.20 0.20 0.10 0.00 95.2
90 4 7.11 31.5 60.05 - - 0.20 0.20 0.20 0.15 0.00 95.2
120 4 7.09 31.8 60.05 - - 0.20 0.20 0.20 0.20 0.00 95.2
150 3 7.16 31.8 60.05 - - 0.20 0.20 0.20 0.20 0.00 96.4
180 3 7.18 32 60.05 - - 0.20 0.20 0.20 0.20 0.00 96.4
240 3 7.25 32 60.10 - - 0.35 0.25 0.25 0.10 0.05 96.4
300 3 7.26 32.5 60.10 - - 0.35 0.25 0.25 0.10 0.05 96.4
360 3 7.22 32.5 60.10 - - 0.35 0.25 0.25 0.10 0.05 96.4
420 3 7.18 32.5 60.10 - - 0.35 0.25 0.25 0.10 0.05 96.4
480 3 7.23 32.5 60.10 - - 0.35 0.25 0.25 0.10 0.05 96.4

∆h 4

(m)
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)

∆h 5

(m)
% Tb 

removal
  Bed Expansion

(cm)  
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
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Appendix Table D4  Experimental data of run no.4 

 

 
Conditions: Hydraulic rate = 5 m3/m2-h, Dose of PACl = 40 mg/L 
   : Media size = 3 mm, Media depth = 60 cm 
 
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 50.4 108.0 37.5 36.3 40.5 36.3 31.4 36.4
30 0.340 - - 50.4 108.0 53.1 40.5 40.5 40.5 28.7 40.7
60 0.340 - - 50.4 108.0 53.4 48.2 51.6 44.6 28.8 45.3
90 0.341 - - 50.4 108.0 65.9 58.2 52.0 45.0 39.0 52.0
120 0.341 - - 50.4 108.0 65.9 66.3 58.2 48.7 41.1 56.0
150 0.341 - - 50.4 108.0 85.1 63.7 61.0 61.0 36.8 61.5
180 0.341 - - 50.4 108.0 76.1 71.2 63.7 61.0 36.8 61.8
240 0.341 - - 50.4 108.0 76.5 76.2 71.6 64.0 37.0 65.1
300 0.341 - - 50.4 108.0 83.9 83.1 76.6 61.6 41.6 69.4
360 0.341 - - 50.4 108.0 70.2 87.2 83.1 61.6 41.6 68.7

0.7789
0.7708
0.7708

0.7870
0.7870

0.7870
0.7870

0.8127
0.8039

G 3

( S
-1

)

G 4

( S
-1

)

0.8127

 ө 2-5

(s)
G 1

( S
-1

)

G 2

( S
-1

)

G 5

( S
-1

)

G AVE

( S
-1

)

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)

1 2 3
0 81 7.43 29.5 60.0 - - 0.20 0.40 0.50 0.40 0.30 -
30 6 7.23 29.5 60.0 - - 0.40 0.50 0.50 0.50 0.25 92.6
60 11 7.25 30.0 60.0 - - 0.40 0.70 0.80 0.60 0.25 86.4
90 22 7.26 31.0 60.2 - - 0.60 1.00 0.80 0.60 0.45 72.8
120 24 7.22 31.0 60.2 - - 0.60 1.30 1.00 0.70 0.50 70.4
150 29 7.19 31.0 60.2 - - 1.00 1.20 1.10 1.10 0.40 64.2
180 30 7.24 31.0 60.2 - - 0.80 1.50 1.20 1.10 0.40 63.0
240 30 7.23 31.5 60.2 - - 0.80 1.70 1.50 1.20 0.40 63.0
300 31 7.27 32.0 60.2 - - 1.00 2.00 1.70 1.10 0.50 61.7
360 29 7.22 32.0 60.2 - - 0.70 2.20 2.00 1.10 0.50 64.2

∆h 5

(m)
% Tb 

removal
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
∆h 4

(m)
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)

  Bed Expansion
(cm)  
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Appendix Table D5  Experimental data of run no.5 

 

 
Conditions: Hydraulic rate = 5 m3/m2-h , Dose of PACl = 10 mg/L 
   : Media size = 3 mm, Media depth = 60 cm 
 
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 50.4 108.0 38.3 26.2 26.2 26.2 22.7 27.9
30 0.340 - - 50.4 108.0 27.2 32.2 26.3 37.2 26.3 29.9
60 0.341 - - 50.4 108.0 27.2 32.2 37.2 32.2 26.3 31.0
90 0.341 - - 50.4 108.0 38.3 41.4 37.0 32.0 26.2 35.0
120 0.341 - - 50.4 108.0 54.2 41.4 41.4 32.0 32.0 40.2
150 0.341 - - 50.4 108.0 46.9 52.3 41.4 41.4 26.2 41.6
180 0.341 - - 50.4 108.0 54.4 52.5 45.5 41.5 26.3 44.1
240 0.341 - - 50.4 108.0 54.4 58.8 45.6 49.2 32.2 48.0
300 0.341 - - 50.4 108.0 60.9 72.0 55.8 55.8 26.3 54.2
360 0.341 - - 50.4 108.0 71.7 69.6 58.8 55.8 32.2 57.60.7708

0.7724
0.7708

0.7789

0.7708
0.7789

0.7708

0.7789
0.7708

G 5

( S
-1

)

0.7789

G AVE

( S
-1

)

 ө 2-5

(s)
G 1

( S
-1

)

G 2

( S
-1

)

G 3

( S
-1

)

G 4

( S
-1

)

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)

1 2 3
0 84 7.06 31.5 60.0 - - 0.20 0.20 0.20 0.20 0.15 -
30 4 6.92 32.0 60.0 - - 0.10 0.30 0.20 0.40 0.20 95.2
60 4 6.94 32.0 60.1 - - 0.10 0.30 0.40 0.30 0.20 95.2
90 5 6.97 31.5 60.1 - - 0.20 0.50 0.40 0.30 0.20 94.0
120 8 7.01 31.5 60.1 - - 0.40 0.50 0.50 0.30 0.30 90.5
150 11 7.04 31.5 60.1 - - 0.30 0.80 0.50 0.50 0.20 86.9
180 10 7.03 31.9 60.1 - - 0.40 0.80 0.60 0.50 0.20 88.1
240 21 6.98 32.0 60.1 - - 0.40 1.00 0.60 0.70 0.30 75.0
300 22 7.04 32.0 60.1 - - 0.50 1.50 0.90 0.90 0.20 73.8
360 21 7.03 32.0 60.1 - - 0.70 1.40 1.00 0.90 0.30 75.0

∆h 4

(m)
∆h 5

(m)
% Tb 

removal
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)

∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
  Bed Expansion

(cm)  
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Appendix Table D6  Experimental data of run no.6 

 

 
Conditions: Hydraulic rate = 5 m3/m2-h, Dose of  PACl = 5 mg/L 
   : Media size = 3 mm, Media depth = 60 cm 
 
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 50.4 108.0 27.2 18.6 32.2 26.3 26.3 26.1
30 0.340 - - 50.4 108.0 27.2 37.2 26.3 26.3 26.3 28.7
60 0.340 - - 50.4 108.0 38.9 37.5 26.5 32.5 26.5 32.4
90 0.340 - - 50.4 108.0 47.4 45.8 32.4 32.4 18.7 35.4
120 0.340 - - 50.4 108.0 55.1 42.1 32.6 37.6 18.8 37.2
150 0.340 - - 50.4 108.0 55.2 49.9 49.9 0.0 18.8 34.7
180 0.340 - - 50.4 108.0 67.4 46.1 49.8 26.6 32.6 44.5
240 0.341 - - 50.4 108.0 61.8 59.7 50.0 42.2 26.7 48.1
300 0.341 - - 50.4 108.0 67.7 65.4 53.4 42.2 42.2 54.2
360 0.341 - - 50.4 108.0 78.2 68.1 59.7 53.4 32.7 58.4

0.7475
0.7475

0.7551
0.7475

0.7708

G 5

( S
-1

)

0.7551
0.7520

0.7582
0.7630

G 2

( S
-1

)

G 3

( S
-1

)

G 4

( S
-1

)

0.7708

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)
G AVE

( S
-1

)

 ө 2-5

(s)
G 1

( S
-1

)

1 2 3
0 81 7.05 32.0 60.0 - - 0.10 0.10 0.30 0.20 0.20 -
30 4 7.09 32.0 60.0 - - 0.10 0.40 0.20 0.20 0.20 95.1
60 2 7.11 32.8 60.0 - - 0.20 0.40 0.20 0.30 0.20 97.5
90 4 7.16 32.5 60.0 - - 0.30 0.60 0.30 0.30 0.10 95.1
120 4 7.14 33.0 60.0 - - 0.40 0.50 0.30 0.40 0.10 95.1
150 4 7.17 33.2 60.0 - - 0.40 0.70 0.70 0.00 0.10 95.1
180 5 7.14 33.0 60.0 - - 0.60 0.60 0.70 0.20 0.30 93.8
240 15 7.15 33.5 60.1 - - 0.50 1.00 0.70 0.50 0.20 81.5
300 15 7.11 33.5 60.1 - - 0.60 1.20 0.80 0.50 0.50 81.5
360 16 7.13 33.5 60.1 - - 0.80 1.30 1.00 0.80 0.30 80.2

∆h 5

(m)
% Tb 

removal
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
∆h 4

(m)
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)

  Bed Expansion
(cm)  
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Appendix Table D7  Experimental data of run no.7 
 

 

Conditions: Hydraulic rate = 5 m3/m2-h, Dose of PACl = 2.5 mg/L 
   : Media size = 3 mm, Media depth = 60 cm 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 50.4 108.0 37.9 18.3 18.3 31.7 25.9 26.4
30 0.340 - - 50.4 108.0 37.9 25.9 31.7 25.9 25.9 29.5
60 0.340 - - 50.4 108.0 38.9 37.5 37.5 32.5 18.8 33.0
90 0.340 - - 50.4 108.0 47.6 32.5 42.0 26.5 18.8 33.5
120 0.340 - - 50.4 108.0 47.6 37.5 37.5 26.5 26.5 35.1
150 0.341 - - 50.4 108.0 47.4 41.8 32.4 32.4 32.4 37.3
180 0.341 - - 50.4 108.0 54.4 41.6 41.6 37.2 26.3 40.2
240 0.341 - - 50.4 108.0 47.6 49.7 32.5 46.0 26.6 40.5
300 0.341 - - 50.4 108.0 61.6 49.8 46.1 32.6 32.6 44.5
360 0.341 - - 50.4 108.0 61.6 51.5 51.5 37.6 32.6 47.0
420 0.341 - - 50.4 108.0 67.4 56.4 49.8 46.07 18.8 47.7
480 0.341 - - 50.4 108.0 61.8 62.6 50 44.29 29.9 49.7
540 0.341 - - 50.4 108.0 67.4 59.4 53.1 42.02 26.6 49.7

0.7475
0.7551

0.7536

0.7708
0.7551

0.7536

0.7630

0.7582
0.7582

0.7536

0.7955
0.7955

G 5

( S
-1

)

0.7582

G AVE

( S
-1

)

 ө 2-5

(s)
G 1

( S
-1

)

G 2

( S
-1

)

G 3

( S
-1

)

G 4

( S
-1

)

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)

1 2 3
0 82 7.23 30.5 60.0 - - 0.20 0.10 0.10 0.30 0.20 -
30 5 7.39 30.5 60.0 - - 0.20 0.20 0.30 0.20 0.20 93.9
60 5 7.41 32.8 60.0 - - 0.20 0.40 0.40 0.30 0.10 93.9
90 5 7.36 32.8 60.0 - - 0.30 0.30 0.50 0.20 0.10 93.9
120 5 7.32 32.8 60.0 - - 0.30 0.40 0.40 0.20 0.20 93.9
150 14 7.35 32.5 60.1 - - 0.30 0.50 0.30 0.30 0.30 82.9
180 6 7.38 32.0 60.1 - - 0.40 0.50 0.50 0.40 0.20 92.7
240 5 7.39 33.0 60.1 - - 0.30 0.70 0.30 0.60 0.20 93.9
300 8 7.42 33.1 60.1 - - 0.50 0.70 0.60 0.30 0.30 90.2
360 8 7.45 33.1 60.1 - - 0.50 0.75 0.75 0.40 0.30 90.2
420 8 7.38 33.1 60.1 0.60 0.90 0.70 0.60 0.10 90.2
480 8 7.33 33.5 60.1 0.50 1.10 0.70 0.55 0.25 90.2
540 8 7.31 33.0 60.1 0.60 1.00 0.80 0.50 0.20 90.2

∆h 4

(m)
∆h 5

(m)
% Tb 

removal
  Bed Expansion

(cm)  
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)
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Appendix Table D8  Experimental data of run no.8 

 
 
 
 
 
 

1 2 3
0 81 7.38 30.0 60.0 - - 0.10 0.30 0.20 0.30 0.10 -
60 11 7.32 31.5 60.0 - - 0.10 0.30 0.30 0.30 0.20 86.1
120 9 7.29 32.0 60.0 - - 0.10 0.40 0.30 0.30 0.10 88.6
180 9 7.26 32.0 60.0 - - 0.10 0.50 0.40 0.30 0.20 88.6
240 10 7.24 32.0 60.0 - - 0.20 0.50 0.40 0.40 0.10 87.3
300 10 7.21 31.5 60.0 - - 0.20 0.50 0.50 0.40 0.10 87.3
360 11 7.25 31.5 60.0 - - 0.20 0.60 0.50 0.50 0.30 86.1
420 10 7.27 31.0 60.0 - - 0.30 0.40 0.40 0.50 0.20 88.0
480 12 7.33 31.2 60.0 - - 0.20 0.50 0.40 0.70 0.20 85.5
540 10 7.31 31.5 60.0 - - 0.20 0.60 0.50 0.60 0.20 88.0
600 11 7.35 32.0 60.1 - - 0.20 0.70 0.40 0.80 0.20 86.7
660 15 7.29 32.0 60.1 - - 0.30 0.80 0.50 0.80 0.20 81.9
720 17 7.22 32.0 60.1 - - 0.30 0.90 0.60 0.80 0.30 79.5
780 16 7.24 32.8 60.1 - - 0.30 1.00 0.80 0.80 0.30 80.7
840 14 7.25 31.0 60.1 - - 0.40 0.90 0.60 0.60 0.30 83.1
900 15 7.27 31.2 60.1 - - 0.40 0.90 0.60 0.80 0.30 81.9
960 16 7.22 31.5 60.1 - - 0.40 1.00 0.70 0.80 0.40 80.7
1020 19 7.21 32.0 60.1 - - 0.60 1.10 0.70 0.70 0.30 77.1
1080 37 7.19 32.0 60.2 - - 0.60 1.10 1.00 0.80 0.20 55.4
1140 15 7.26 32.0 60.2 - - 0.60 1.30 0.90 0.80 0.30 81.9
1200 18 7.22 32.2 60.2 - - 0.60 1.40 0.90 0.90 0.30 78.3
1260 14 7.29 32.5 60.2 - - 0.60 1.40 1.10 0.90 0.10 83.1
1320 17 7.33 32.5 60.2 - - 0.70 1.50 1.20 0.90 0.20 79.5
1380 13 7.30 32.0 60.2 - - 0.80 1.60 1.10 1.10 0.30 84.3
1440 17 7.28 31.5 60.2 - - 0.90 1.70 1.20 0.90 0.50 79.5
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Appendix Table D8  Experimental data of run no.8 (Cont’d) 

 
Conditions: Hydraulic rate = 5 m3/m2-h, Dose of PACl = 1.25 mg/L 
   : Media size = 3 mm, Media depth = 60 cm 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 50.4 108.0 26.7 31.6 25.8 31.6 18.2 26.8
60 0.340 - - 50.4 108.0 27.1 32.1 32.1 32.1 26.2 29.9
120 0.340 - - 50.4 108.0 27.2 37.2 32.2 32.2 18.6 29.5
180 0.340 - - 50.4 108.0 27.2 41.6 37.2 32.2 26.3 32.9
240 0.340 - - 50.4 108.0 38.5 41.6 37.2 37.2 18.6 34.6
300 0.340 - - 50.4 108.0 38.3 41.4 41.4 37.0 18.5 35.3
360 0.340 - - 50.4 108.0 38.3 45.4 41.4 41.4 32.1 39.7
420 0.340 - - 50.4 108.0 46.7 36.8 36.8 41.2 26.1 37.5
480 0.340 - - 50.4 108.0 38.2 41.3 36.9 48.8 26.1 38.3
540 0.340 - - 50.4 108.0 38.3 45.4 41.4 45.4 26.2 39.3
600 0.341 - - 50.4 108.0 38.5 49.2 37.2 52.6 26.3 40.8
660 0.341 - - 50.4 108.0 47.2 52.6 41.6 52.6 26.3 44.0
720 0.341 - - 50.4 108.0 47.2 55.8 45.6 52.6 32.2 46.7
780 0.341 - - 50.4 108.0 47.5 59.3 53.0 53.0 32.5 49.1
840 0.341 - - 50.4 108.0 53.9 55.2 45.1 45.1 31.9 46.2
900 0.341 - - 50.4 108.0 54.0 55.3 45.2 52.2 31.9 47.7
960 0.341 - - 50.4 108.0 54.2 58.5 48.9 52.3 37.0 50.2
1020 0.341 - - 50.4 108.0 66.7 61.7 49.2 49.2 32.2 51.8
1080 0.341 - - 50.4 108.0 66.6 61.6 58.8 52.6 26.3 53.2
1140 0.341 - - 50.4 108.0 66.6 67.0 55.7 52.6 32.2 54.8
1200 0.341 - - 50.4 108.0 66.7 69.6 55.8 55.8 32.2 56.0
1260 0.341 - - 50.4 108.0 67.0 69.9 61.9 56.0 18.7 54.7
1320 0.341 - - 50.4 108.0 72.3 72.3 64.7 56.0 26.4 58.4
1380 0.341 - - 50.4 108.0 76.9 74.3 61.6 61.6 32.2 61.3
1440 0.341 - - 50.4 108.0 81.2 76.2 64.0 55.5 41.3 63.60.7789
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Appendix Table D9  Experimental data of run no.9 

 

 
Conditions: Hydraulic rate = 10 m3/m2-h, Dose of PACl = 40 mg/L 
   : Media size = 3 mm, Media depth = 60 cm 
 
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 25.2 53.9 53.4 57.7 51.6 51.6 44.7 51.8
30 0.340 - - 25.2 53.9 76.4 69.0 63.9 104.3 73.8 77.5
60 0.340 - - 25.2 53.9 85.5 97.8 90.5 73.9 94.2 88.4
90 0.340 - - 25.2 53.9 101.2 107.8 78.4 110.9 64.0 92.5
120 0.340 - - 25.2 53.9 85.5 116.9 97.8 64.0 78.4 88.5
150 0.340 - - 25.2 53.9 85.8 114.3 98.1 78.6 69.4 89.2
180 0.341 - - 25.2 53.9 85.7 117.0 97.9 78.5 69.2 89.7
240 0.341 - - 25.2 53.9 85.7 128.2 90.7 58.5 69.2 86.5
300 0.342 - - 25.2 53.9 54.1 119.7 45.3 69.1 73.9 72.4
360 0.343 - - 25.2 53.9 85.9 120.3 58.7 64.3 69.4 79.7
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Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)

1 2 3
0 83 6.97 30.0 60.0 - - 0.20 0.50 0.40 0.40 0.30 -
30 19 7.41 31.0 60.0 - - 0.40 0.70 0.60 1.60 0.80 77.1
60 26 7.43 31.2 60.0 - - 0.50 1.40 1.20 0.80 1.30 68.7
90 32 7.38 31.2 60.0 - - 0.70 1.70 0.90 1.80 0.60 61.4
120 35 7.36 31.2 60.0 - - 0.50 2.00 1.40 0.60 0.90 57.8
150 37 7.38 31.5 60.0 - - 0.50 1.90 1.40 0.90 0.70 55.4
180 34 7.35 31.5 60.2 - - 0.50 2.00 1.40 0.90 0.70 59.0
240 41 7.28 31.5 60.2 - - 0.50 2.40 1.20 0.50 0.70 50.6
300 54 7.27 31.5 60.4 - - 0.20 2.10 0.30 0.70 0.80 34.9
360 56 7.31 32.0 60.5 - - 0.50 2.10 0.50 0.60 0.70 32.5

∆h 5

(m)
% Tb 

removal
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
∆h 4

(m)
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)

  Bed Expansion
(cm)  



  
94

Appendix Table D10  Experimental data of run no.10 

 

 
Conditions: Hydraulic rate = 10 m3/m2-h, Dose of PACl = 10 mg/L 
   : Media size = 3 mm, Media depth = 60 cm 
 
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 25.2 53.9 67.5 46.1 53.3 65.2 46.1 55.6
30 0.340 - - 25.2 53.9 55.0 65.1 59.4 53.1 59.4 58.4
60 0.340 - - 25.2 53.9 67.4 75.2 53.1 59.4 59.4 62.9
90 0.340 - - 25.2 53.9 67.5 92.2 70.4 59.5 53.3 68.6
120 0.341 - - 25.2 53.9 77.7 95.7 65.0 53.1 65.0 71.3
150 0.341 - - 25.2 53.9 77.7 109.5 70.2 65.0 65.0 77.5
180 0.341 - - 25.2 53.9 94.9 121.3 64.8 74.9 64.8 84.1
240 0.341 - - 25.2 53.9 102.5 118.4 79.4 74.9 70.0 89.0
300 0.341 - - 25.2 53.9 95.1 115.6 83.9 75.0 79.6 89.8
360 0.341 - - 25.2 53.9 86.6 109.1 83.7 83.7 83.7 89.40.7614
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Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)

1 2 3
0 79 7.45 33.0 60.0 - - 0.30 0.30 0.40 0.60 0.30 -
30 12 7.32 32.8 60.0 - - 0.20 0.60 0.50 0.40 0.50 84.8
60 16 7.36 32.8 60.0 - - 0.30 0.80 0.40 0.50 0.50 79.7
90 16 7.37 33.0 60.0 - - 0.30 1.20 0.70 0.50 0.40 79.7
120 16 7.34 32.8 60.1 - - 0.40 1.30 0.60 0.40 0.60 79.7
150 19 7.28 32.8 60.1 - - 0.40 1.70 0.70 0.60 0.60 75.9
180 23 7.25 32.5 60.1 - - 0.60 2.10 0.60 0.80 0.60 70.9
240 29 7.27 32.5 60.1 - - 0.70 2.00 0.90 0.80 0.70 63.3
300 28 7.32 32.8 60.2 - - 0.60 1.90 1.00 0.80 0.90 64.6
360 29 7.34 32.6 60.2 - - 0.50 1.70 1.00 1.00 1.00 63.3
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Appendix Table D11  Experimental data of run no.11 

 

 
Conditions: Hydraulic rate = m3/m2-h, Dose of PACl = 5 mg/L 
   : Media size = 3 mm, Media depth = 60 cm 
 
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 25.2 53.9 38.2 63.9 52.2 52.2 36.9 48.7
30 0.340 - - 25.2 53.9 66.8 64.6 58.9 58.9 37.3 57.3
60 0.340 - - 25.2 53.9 77.2 79.1 69.7 58.9 45.6 66.1
90 0.340 - - 25.2 53.9 86.3 91.4 74.6 59.0 45.7 71.4
120 0.340 - - 25.2 53.9 86.7 95.5 74.9 59.2 37.5 70.8
150 0.340 - - 25.2 53.9 95.0 99.1 79.5 64.9 59.2 79.5
180 0.340 - - 25.2 53.9 109.7 102.6 79.5 70.1 70.1 86.4
240 0.341 - - 25.2 53.9 102.7 112.5 79.6 59.3 65.0 83.8
300 0.341 - - 25.2 53.9 95.1 112.5 79.6 65.0 70.2 84.5
360 0.341 - - 25.2 53.9 77.7 112.5 79.6 65.0 91.9 85.3
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1 2 3
0 82 6.92 31.0 60.0 - - 0.10 0.60 0.40 0.40 0.20 -
30 7 6.98 32.0 60.0 - - 0.30 0.60 0.50 0.50 0.20 91.5
60 9 7.04 32.0 60.0 - - 0.40 0.90 0.70 0.50 0.30 89.0
90 15 7.03 32.1 60.0 - - 0.50 1.20 0.80 0.50 0.30 81.7
120 18 7.05 32.5 60.0 - - 0.50 1.30 0.80 0.50 0.20 78.0
150 22 7.08 32.5 60.0 - - 0.60 1.40 0.90 0.60 0.50 73.2
180 25 7.11 32.5 60.0 - - 0.80 1.50 0.90 0.70 0.70 69.5
240 28 7.14 32.8 60.2 - - 0.70 1.80 0.90 0.50 0.60 65.9
300 29 7.17 32.8 60.2 - - 0.60 1.80 0.90 0.60 0.70 64.6
360 28 7.15 32.8 60.2 - - 0.40 1.80 0.90 0.60 1.20 65.9
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Appendix Table D12  Experimental data of run no.12 
 

 

Conditions: Hydraulic rate = 10 m3/m2-h, Dose of PACl = 2.5 mg/L 
   : Media size = 3 mm, Media depth = 60 cm 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 25.2 53.9 54.0 69.0 63.9 69.0 36.9 58.6
30 0.340 - - 25.2 53.9 77.2 74.5 69.7 74.5 45.6 68.3
60 0.340 - - 25.2 53.9 86.3 69.7 69.7 69.7 52.7 69.6
90 0.340 - - 25.2 53.9 77.2 69.8 74.6 74.6 52.8 69.8
120 0.340 - - 25.2 53.9 67.2 79.5 74.9 74.9 45.9 68.5
150 0.340 - - 25.2 53.9 87.2 79.9 79.9 75.3 53.3 75.1
180 0.340 - - 25.2 53.9 77.8 88.1 88.1 75.2 53.1 76.5
240 0.340 - - 25.2 53.9 95.5 106.5 92.2 88.3 53.3 87.2
300 0.341 - - 25.2 53.9 95.1 99.3 91.9 91.9 59.3 87.5
360 0.341 - - 25.2 53.9 84.3 99.8 96.4 85.4 68.2 86.8
420 0.343 - - 25.2 53.9 76.0 93.6 93.6 86.1 73.4 84.50.7870
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Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1
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1 2 3
0 79 7.31 31.0 60.0 - - 0.20 0.70 0.60 0.70 0.20 -
30 17 7.18 32.0 60.0 - - 0.40 0.80 0.70 0.80 0.30 78.5
60 11 7.24 32.0 60.0 - - 0.50 0.70 0.70 0.70 0.40 86.1
90 11 7.29 32.2 60.0 - - 0.40 0.70 0.80 0.80 0.40 86.1
120 13 7.25 32.5 60.0 - - 0.30 0.90 0.80 0.80 0.30 83.5
150 13 7.23 33.0 60.0 - - 0.50 0.90 0.90 0.80 0.40 83.5
180 13 7.17 32.8 60.0 - - 0.40 1.10 1.10 0.80 0.40 83.5
240 17 7.22 33.0 60.0 - - 0.60 1.60 1.20 1.10 0.40 78.5
300 21 7.26 32.8 60.2 - - 0.60 1.40 1.20 1.20 0.50 73.4
360 21 7.23 30.0 60.2 - - 0.50 1.50 1.40 1.10 0.70 73.4
420 22 7.25 31.0 60.6 - - 0.40 1.30 1.30 1.10 0.80 72.2
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Appendix Table D13 Experimental data of run no.13 

 

 
Conditions: Hydraulic rate = 10 m3/m2-h, Dose of PACl = 1.25 mg/L 
   : Media size = 3 mm, Media depth = 60 cm 
  
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 25.2 53.9 38.2 63.9 63.9 58.3 52.2 55.3
30 0.340 - - 25.2 53.9 66.3 58.4 58.4 69.1 90.5 68.6
60 0.340 - - 25.2 53.9 66.1 52.2 69.0 52.2 45.2 56.9
90 0.340 - - 25.2 53.9 66.1 69.0 63.9 52.2 36.9 57.6
120 0.341 - - 25.2 53.9 76.4 69.0 63.9 69.0 45.2 64.7
150 0.341 - - 25.2 53.9 66.4 69.2 74.0 69.2 45.3 64.8
180 0.341 - - 25.2 53.9 76.6 69.2 69.2 74.0 52.3 68.3
240 0.341 - - 25.2 53.9 76.6 78.5 69.2 74.0 52.3 70.2
300 0.341 - - 25.2 53.9 76.6 78.5 78.5 78.5 52.3 72.9
360 0.341 - - 25.2 53.9 86.1 78.9 83.2 74.4 58.8 76.3
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Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)

1 2 3
0 82 7.32 31.0 60.0 - - 0.10 0.60 0.60 0.50 0.40 -
30 28 7.10 31.2 60.0 - - 0.30 0.50 0.50 0.70 1.20 65.9
60 22 7.16 31.0 60.0 - - 0.30 0.40 0.70 0.40 0.30 73.2
90 21 7.14 31.0 60.0 - - 0.30 0.70 0.60 0.40 0.20 74.4
120 29 7.12 31.2 60.2 - - 0.40 0.70 0.60 0.70 0.30 64.6
150 26 7.18 31.5 60.2 - - 0.30 0.70 0.80 0.70 0.30 68.3
180 23 7.23 31.5 60.2 - - 0.40 0.70 0.70 0.80 0.40 72.0
240 26 7.24 31.5 60.2 - - 0.40 0.90 0.70 0.80 0.40 68.3
300 25 7.21 31.5 60.2 - - 0.40 0.90 0.90 0.90 0.40 69.5
360 26 7.24 32.0 60.2 - - 0.50 0.90 1.00 0.80 0.50 68.3
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Appendix Table D14 Experimental data of run no.14 

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of  PACl = 2.5 mg/L. 
   : Media size = 6 mm, Media depth = 30 cm 
  
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.360 - - 100.7 215.8 12.8 8.7 12.3 - - 11.3
30 0.360 - - 100.7 215.8 12.9 8.8 8.8 - - 10.1
60 0.360 - - 100.7 215.8 12.9 8.8 12.5 - - 11.4
90 0.360 - - 100.7 215.8 18.3 12.5 8.9 - - 13.2
120 0.360 - - 100.7 215.8 18.4 12.6 8.9 - - 13.3
150 0.360 - - 100.7 215.8 18.4 12.6 8.9 - - 13.3
180 0.360 - - 100.7 215.8 13.1 9.0 17.9 - - 13.3
240 0.360 - - 100.7 215.8 13.1 9.0 17.9 - - 13.3
300 0.360 - - 100.7 215.8 13.1 9.0 17.9 - - 13.3
360 0.360 - - 100.7 215.8 13.1 9.0 17.9 - - 13.30.7870
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Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)

1 2 3
0 86 6.98 28.5 30 - - 0.05 0.05 0.10 - - -
30 23 7.31 29.2 30 - - 0.05 0.05 0.05 - - 73.3
60 14 7.26 29.5 30 - - 0.05 0.05 0.10 - - 83.7
90 11 7.24 30.0 30 - - 0.10 0.10 0.05 - - 87.2
120 10 7.18 30.5 30 - - 0.10 0.10 0.05 - - 88.4
150 9 7.15 30.5 30 - - 0.10 0.10 0.05 - - 89.5
180 12 7.17 31.0 30 - - 0.05 0.05 0.20 - - 86.0
240 11 7.19 31.0 30 - - 0.05 0.05 0.20 - - 87.2
300 10 7.23 31.0 30 - - 0.05 0.05 0.20 - - 88.4
360 10 7.26 31.0 30 - - 0.05 0.05 0.20 - - 88.4
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Appendix Table D15 Experimental data of run no.15 

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 2.5 mg/L. 
   : Media size = 6 mm, Media depth = 60 cm 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.360 - - 100.7 215.8 18.1 12.4 8.8 8.8 - 12.0
30 0.360 - - 100.7 215.8 18.2 8.8 8.8 8.8 - 11.1
60 0.360 - - 100.7 215.8 18.2 8.8 8.8 8.8 - 11.2
90 0.360 - - 100.7 215.8 18.3 8.9 12.5 12.5 - 13.1
120 0.360 - - 100.7 215.8 18.3 8.9 12.5 12.5 - 13.1
150 0.360 - - 100.7 215.8 18.4 12.6 12.6 12.6 - 14.0
180 0.360 - - 100.7 215.8 18.4 12.6 12.6 12.6 - 14.0
240 0.360 - - 100.7 215.8 18.4 12.6 12.6 12.6 - 14.0
300 0.360 - - 100.7 215.8 18.4 12.6 12.6 12.6 - 14.0
360 0.360 - - 100.7 215.8 18.4 12.6 12.6 12.6 - 14.0
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1 2 3
0 85 7.12 29.0 60 - - 0.10 0.10 0.05 0.05 - -
30 13 7.01 29.3 60 - - 0.10 0.05 0.05 0.05 - 84.7
60 10 7.03 29.5 60 - - 0.10 0.05 0.05 0.05 - 88.2
90 8 6.97 30.0 60 - - 0.10 0.05 0.10 0.10 - 90.6
120 7 6.99 30.0 60 - - 0.10 0.05 0.10 0.10 - 91.8
150 8 7.04 30.3 60 - - 0.10 0.10 0.10 0.10 - 90.6
180 7 7.06 30.3 60 - - 0.10 0.10 0.10 0.10 - 91.8
240 8 7.03 30.3 60 - - 0.10 0.10 0.10 0.10 - 90.6
300 7 7.01 30.3 60 - - 0.10 0.10 0.10 0.10 - 91.8
360 7 7.04 30.3 60 - - 0.10 0.10 0.10 0.10 - 91.8

∆h 5

(m)
% Tb 

removal
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
∆h 4

(m)
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)

  Bed Expansion
(cm)  
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Appendix Table D16  Experimental data of run no.16 

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 2.5 mg/L. 
  : Media size = 3 mm, Media depth = 30 cm 
  
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 100.7 215.8 19.1 13.0 13.0 13.0 - 14.5
30 0.340 - - 100.7 215.8 19.0 18.3 13.0 13.0 - 15.8
60 0.340 - - 100.7 215.8 19.0 18.4 13.0 13.0 - 15.9
90 0.340 - - 100.7 215.8 19.1 18.4 13.0 13.0 - 15.9
120 0.340 - - 100.7 215.8 19.1 22.6 13.0 13.0 - 16.9
150 0.340 - - 100.7 215.8 33.0 18.4 13.0 13.0 - 19.4
180 0.340 - - 100.7 215.8 38.2 22.6 13.0 13.0 - 21.7
240 0.340 - - 100.7 215.8 38.2 22.6 13.0 13.0 - 21.7
300 0.340 - - 100.7 215.8 38.2 22.6 13.0 13.0 - 21.7
360 0.340 - - 100.7 215.8 38.2 22.6 13.0 13.0 - 21.70.7870

0.7870
0.7870

0.7870

0.7904
0.7870

0.7870

0.7870
0.7955

G 5

( S
-1

)

0.7870

G AVE

( S
-1

)

 ө 2-5

(s)
G 1

( S
-1

)

G 2

( S
-1

)

G 3

( S
-1

)

G 4

( S
-1

)

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)

1 2 3
0 88 7.45 31.0 30 - - 0.10 0.10 0.10 0.10 - -
30 15 7.22 30.5 30 - - 0.10 0.20 0.10 0.10 - 83.0
60 12 7.24 30.8 30 - - 0.10 0.20 0.10 0.10 - 86.4
90 8 7.23 31.0 30 - - 0.10 0.20 0.10 0.10 - 90.9
120 6 7.28 31.0 30 - - 0.10 0.30 0.10 0.10 - 93.2
150 6 7.26 31.0 30 - - 0.30 0.20 0.10 0.10 - 93.2
180 6 7.21 31.0 30 - - 0.40 0.30 0.10 0.10 - 93.2
240 6 7.18 31.0 30 - - 0.40 0.30 0.10 0.10 - 93.2
300 5 7.16 31.0 30 - - 0.40 0.30 0.10 0.10 - 94.3
360 5 7.23 31.0 30 - - 0.40 0.30 0.10 0.10 - 94.3

∆h 4

(m)
∆h 5

(m)
% Tb 

removal
  Bed Expansion

(cm)  
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)
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Appendix Table D17 Experimental data of run no.17 

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 2.5 mg/L. 
   : Media size = 3 mm, Media depth = 60 cm 
 
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 - - 100.7 215.8 18.7 12.8 18.0 12.8 0.0 12.4
30 0.340 - - 100.7 215.8 19.0 18.4 18.4 13.0 0.0 13.8
60 0.340 - - 100.7 215.8 19.1 18.4 18.4 13.0 13.0 16.4
90 0.340 - - 100.7 215.8 19.1 18.4 18.4 13.0 13.0 16.4
120 0.340 - - 100.7 215.8 19.1 18.5 18.5 13.1 13.1 16.4
150 0.340 - - 100.7 215.8 19.1 18.5 18.5 0.0 18.5 14.9
180 0.340 - - 100.7 215.8 33.3 22.8 18.6 18.6 18.6 22.4
240 0.340 - - 100.7 215.8 33.3 22.8 18.6 18.6 18.6 22.4
300 0.340 - - 100.7 215.8 33.3 22.8 18.6 18.6 18.6 22.4
360 0.340 - - 100.7 215.8 33.3 22.8 18.6 18.6 18.6 22.4

0.7740
0.7740

0.7740
0.7740

0.7904

G 5

( S
-1

)

0.7838
0.7838

0.7870
0.7870

G 2

( S
-1

)

G 3

( S
-1

)

G 4

( S
-1

)

0.8214

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)
G AVE

( S
-1

)

 ө 2-5

(s)
G 1

( S
-1

)

1 2 3
0 81 7.21 29 60 - - 0.10 0.10 0.20 0.10 0.00 -
30 26 7.02 30.8 60 - - 0.10 0.20 0.20 0.10 0.00 67.9
60 5 7.05 31 60 - - 0.10 0.20 0.20 0.10 0.10 93.8
90 5 7.03 31 60 - - 0.10 0.20 0.20 0.10 0.10 93.8
120 4 7.07 31.2 60 - - 0.10 0.20 0.20 0.10 0.10 95.1
150 3 7.06 31.2 60 - - 0.10 0.20 0.20 0.00 0.20 96.3
180 3 7.13 31.8 60 - - 0.30 0.30 0.20 0.20 0.20 96.3
240 3 7.14 31.8 60 - - 0.30 0.30 0.20 0.20 0.20 96.3
300 2 7.16 31.8 60 - - 0.30 0.30 0.20 0.20 0.20 97.5
360 2 7.09 31.8 60 - - 0.30 0.30 0.20 0.20 0.20 97.5

∆h 5

(m)
% Tb 

removal
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
∆h 4

(m)
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)

  Bed Expansion
(cm)  
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Appendix Table D18 Experimental data of run no.18 

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 2.5 mg/L. 
   : Media size = 10 mm, Media depth = 30 cm 
 
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.400 - - 100.7 215.8 12.3 8.4 11.9 - - 10.8
30 0.400 - - 100.7 215.8 12.3 8.4 8.4 - - 9.7
60 0.400 - - 100.7 215.8 12.4 8.5 8.5 - - 9.8
90 0.400 - - 100.7 215.8 12.4 8.5 8.5 - - 9.8
120 0.400 - - 100.7 215.8 12.4 8.5 8.5 - - 9.8
150 0.400 - - 100.7 215.8 12.4 8.5 12.0 - - 11.0
180 0.400 - - 100.7 215.8 12.5 8.5 12.1 - - 11.0
240 0.400 - - 100.7 215.8 12.5 8.5 12.1 - - 11.0
300 0.400 - - 100.7 215.8 12.5 8.5 12.1 - - 11.0
360 0.400 - - 100.7 215.8 12.5 8.5 12.1 - - 11.00.7789

0.7789
0.7789

0.7904

0.7950
0.7904

0.7789

0.8074
0.8039

G 5

( S
-1

)

0.7904

G AVE

( S
-1

)

 ө 2-5

(s)
G 1

( S
-1

)

G 2

( S
-1

)

G 3

( S
-1

)

G 4

( S
-1

)

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)

1 2 3
0 87 7.03 29.8 30 - - 0.05 0.05 0.10 - - -
30 50 7.34 30.0 30 - - 0.05 0.05 0.05 - - 42.5
60 26 7.35 30.3 30 - - 0.05 0.05 0.05 - - 73.5
90 26 7.29 30.8 30 - - 0.05 0.05 0.05 - - 73.5
120 25 7.31 30.8 30 - - 0.05 0.05 0.05 - - 74.5
150 25 7.33 30.8 30 - - 0.05 0.05 0.10 - - 74.5
180 21 7.34 31.0 30 - - 0.05 0.05 0.10 - - 78.6
240 21 7.28 31.0 30 - - 0.05 0.05 0.10 - - 78.6
300 21 7.26 31.0 30 - - 0.05 0.05 0.10 - - 78.6
360 21 7.27 31.0 30 - - 0.05 0.05 0.10 - - 78.6

∆h 4

(m)
∆h 5

(m)
% Tb 

removal
  Bed Expansion

(cm)  
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)
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Appendix Table D19 Experimental data of run no.19 

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 2.5 mg/L. 
   : Media size = 10 mm, Media depth = 60 cm 
 
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.400 - - 100.7 215.8 12.2 8.4 11.8 0.0 0.0 6.5
30 0.400 - - 100.7 215.8 12.4 8.5 12.0 0.0 0.0 6.6
60 0.400 - - 100.7 215.8 12.4 8.5 12.0 0.0 0.0 6.6
90 0.400 - - 100.7 215.8 12.4 8.5 12.0 0.0 0.0 6.6
120 0.400 - - 100.7 215.8 17.6 12.0 12.0 0.0 0.0 8.3
150 0.400 - - 100.7 215.8 17.6 12.0 12.0 0.0 0.0 8.3
180 0.400 - - 100.7 215.8 12.5 8.5 12.1 12.1 12.1 11.5
240 0.400 - - 100.7 215.8 12.5 8.5 12.1 12.1 12.1 11.5
300 0.400 - - 100.7 215.8 12.5 8.5 12.1 12.1 12.1 11.5
360 0.400 - - 100.7 215.8 12.5 8.5 12.1 12.1 12.1 11.5

0.7789
0.7789

0.7789
0.7789

0.7955

G 5

( S
-1

)

0.7870
0.7838

0.7870
0.7870

G 2

( S
-1

)

G 3

( S
-1

)

G 4

( S
-1

)

0.8127

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)
G AVE

( S
-1

)

 ө 2-5

(s)
G 1

( S
-1

)

1 2 3
0 87 7.41 29.5 60 - - 0.05 0.05 0.10 0.00 0.00 -
30 18 7.26 30.5 60 - - 0.05 0.05 0.10 0.00 0.00 79.3
60 14 7.29 31 60 - - 0.05 0.05 0.10 0.00 0.00 83.9
90 13 7.23 31 60 - - 0.05 0.05 0.10 0.00 0.00 85.1
120 12 7.27 31 60 - - 0.10 0.10 0.10 0.00 0.00 86.2
150 12 7.24 31.2 60 - - 0.10 0.10 0.10 0.00 0.00 86.2
180 10 7.25 31.5 60 - - 0.05 0.05 0.10 0.10 0.10 88.5
240 11 7.28 31.5 60 - - 0.05 0.05 0.10 0.10 0.10 87.4
300 10 7.21 31.5 60 - - 0.05 0.05 0.10 0.10 0.10 88.5
360 10 7.25 31.5 60 - - 0.05 0.05 0.10 0.10 0.10 88.5

∆h 5

(m)
% Tb 

removal
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
∆h 4

(m)
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)

  Bed Expansion
(cm)  
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Appendix Table D20  Experimental data of run no.20 

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 2.5 mg/L. 

  : Media size = 6 mm, Media depth = 15 cm at top layer. 
   : Media size = 10 mm, Media depth = 15 cm at bottom layer 
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.360 0.400 - 100.7 215.8 13.2 0.0 8.6 - - 7.3
30 0.360 0.400 - 100.7 215.8 18.7 8.8 8.6 - - 12.0
60 0.360 0.400 - 100.7 215.8 18.7 8.8 8.6 - - 12.0
90 0.360 0.400 - 100.7 215.8 18.7 12.4 8.6 - - 13.2
120 0.360 0.400 - 100.7 215.8 18.7 12.4 8.6 - - 13.2
150 0.360 0.400 - 100.7 215.8 18.7 12.5 8.6 - - 13.3
180 0.360 0.400 - 100.7 215.8 18.7 12.5 8.6 - - 13.3
240 0.360 0.400 - 100.7 215.8 18.7 12.5 8.6 - - 13.3
300 0.360 0.400 - 100.7 215.8 18.7 12.5 8.6 - - 13.3
360 0.360 0.400 - 100.7 215.8 18.7 12.5 8.6 - - 13.30.7708

0.7708
0.7708

0.7708

0.7740
0.7740

0.7708

0.7740
0.7708

G 5

( S
-1

)

0.7740

G AVE

( S
-1

)

 ө 2-5

(s)
G 1

( S
-1

)

G 2

( S
-1

)

G 3

( S
-1

)

G 4

( S
-1

)

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)

1 2 3
0 85 6.95 31.8 15 15 - 0.05 0.00 0.05 - - -
30 45 7.16 32.0 15 15 - 0.10 0.05 0.05 - - 47.1
60 27 7.18 31.8 15 15 - 0.10 0.05 0.05 - - 70.7
90 14 7.15 31.8 15 15 - 0.10 0.10 0.05 - - 84.8
120 16 7.19 31.8 15 15 - 0.10 0.10 0.05 - - 82.6
150 15 7.14 32.0 15 15 - 0.10 0.10 0.05 - - 83.7
180 13 7.07 32.0 15 15 - 0.10 0.10 0.05 - - 85.9
240 15 7.06 32.0 15 15 - 0.10 0.10 0.05 - - 83.7
300 13 7.11 32.0 15 15 - 0.10 0.10 0.05 - - 85.9
360 14 7.13 32.0 15 15 - 0.10 0.10 0.05 - - 84.8

∆h 4

(m)
∆h 5

(m)
% Tb 

removal
  Bed Expansion

(cm)  
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)
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Appendix Table D21  Experimental data of run no.21 

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 2.5 mg/L. 

  : Media size = 6 mm, Media depth = 30 cm at top layer. 
   : Media size = 10 mm, Media depth = 30 cm at bottom layer 
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.360 0.400 - 100.7 215.8 12.8 8.7 8.5 8.3 8.3 9.3
30 0.360 0.400 - 100.7 215.8 18.3 12.5 8.6 8.4 8.4 11.3
60 0.360 0.400 - 100.7 215.8 18.5 12.6 8.7 8.5 8.5 11.4
90 0.360 0.400 - 100.7 215.8 18.6 12.7 12.4 8.5 8.5 12.1
120 0.360 0.400 - 100.7 215.8 18.6 12.7 12.4 12.1 12.1 13.6
150 0.360 0.400 - 100.7 215.8 18.7 12.8 12.4 12.1 12.1 13.6
180 0.360 0.400 - 100.7 215.8 18.7 12.8 12.4 12.1 12.1 13.6
240 0.360 0.400 - 100.7 215.8 18.7 12.8 12.4 12.1 12.1 13.6
300 0.360 0.400 - 100.7 215.8 18.7 12.8 12.4 12.1 12.1 13.6
360 0.360 0.400 - 100.7 215.8 18.7 12.8 12.4 12.1 12.1 13.6

0.7757
0.7757

0.7757
0.7757

0.8039

G 5

( S
-1

)

0.7821
0.7757

0.7904
0.7821

G 2

( S
-1

)

G 3

( S
-1

)

G 4

( S
-1

)

0.8250

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)
G AVE

( S
-1

)

 ө 2-5

(s)
G 1

( S
-1

)

1 2 3
0 87 7.44 28.8 30 30 - 0.05 0.05 0.05 0.05 0.05 -
30 16 7.33 30.0 30 30 - 0.10 0.10 0.05 0.05 0.05 81.6
60 14 7.42 30.8 30 30 - 0.10 0.10 0.05 0.05 0.05 83.9
90 13 7.95 31.3 30 30 - 0.10 0.10 0.10 0.05 0.05 85.1
120 14 7.24 31.3 30 30 - 0.10 0.10 0.10 0.10 0.10 83.9
150 11 7.13 31.7 30 30 - 0.10 0.10 0.10 0.10 0.10 87.4
180 9 7.03 31.7 30 30 - 0.10 0.10 0.10 0.10 0.10 89.7
240 9 7.26 31.7 30 30 - 0.10 0.10 0.10 0.10 0.10 89.7
300 8 7.20 31.7 30 30 - 0.10 0.10 0.10 0.10 0.10 90.8
360 8 7.23 31.7 30 30 - 0.10 0.10 0.10 0.10 0.10 90.8

∆h 5

(m)
% Tb 

removal
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
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(m)
Time
( min )

Tb 
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pH Temp
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  Bed Expansion
(cm)  
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Appendix Table D22  Experimental data of run no.22 

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 2.5 mg/L. 

  : Media size = 3 mm, Media depth = 15 cm at top layer. 
   : Media size = 6 mm, Media depth = 15 cm at bottom layer 
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 0.360 - 100.7 215.8 19.0 12.8 12.6 - - 14.8
30 0.340 0.360 - 100.7 215.8 19.0 12.8 12.6 - - 14.8
60 0.340 0.360 - 100.7 215.8 19.1 12.9 12.7 - - 14.9
90 0.340 0.360 - 100.7 215.8 19.2 13.0 12.8 - - 15.0
120 0.340 0.360 - 100.7 215.8 19.1 12.9 12.7 - - 14.9
150 0.340 0.360 - 100.7 215.8 19.2 12.9 18.0 - - 16.7
180 0.340 0.360 - 100.7 215.8 19.1 12.9 17.9 - - 16.6
240 0.340 0.360 - 100.7 215.8 19.1 12.9 17.9 - - 16.6
300 0.340 0.360 - 100.7 215.8 19.1 12.9 17.9 - - 16.6
360 0.340 0.360 - 100.7 215.8 19.1 12.9 17.9 - - 16.60.7838

0.7838
0.7838

0.7773

0.7838
0.7740

0.7838

0.7920
0.7900

G 5

( S
-1

)

0.7773

G AVE

( S
-1

)

 ө 2-5

(s)
G 1

( S
-1

)

G 2

( S
-1

)

G 3

( S
-1

)

G 4

( S
-1

)

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)

1 2 3
0 84 7.42 30.7 15 15 - 0.10 0.10 0.10 - - -
30 17 7.39 30.8 15 15 - 0.10 0.10 0.10 - - 79.8
60 13 7.43 31.2 15 15 - 0.10 0.10 0.10 - - 84.5
90 12 7.46 31.8 15 15 - 0.10 0.10 0.10 - - 85.7
120 13 7.35 31.6 15 15 - 0.10 0.10 0.10 - - 84.5
150 12 7.31 31.6 15 15 - 0.10 0.10 0.20 - - 85.7
180 11 7.34 31.2 15 15 - 0.10 0.10 0.20 - - 86.9
240 9 7.27 31.2 15 15 - 0.10 0.10 0.20 - - 89.3
300 9 7.80 31.2 15 15 - 0.10 0.10 0.20 - - 89.3
360 9 7.30 31.2 15 15 - 0.10 0.10 0.20 - - 89.3

∆h 4

(m)
∆h 5

(m)
% Tb 

removal
  Bed Expansion

(cm.)  
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
Time
( min )

Tb 
(NTU)

pH Temp
( 0C)
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Appendix Table D23  Experimental data of run no.23 

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 2.5 mg/L. 

  : Media size = 3 mm, Media depth = 30 cm at top layer. 
   : Media size = 6 mm, Media depth = 30 cm at bottom layer 
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 0.360 - 100.7 215.8 18.8 12.8 12.6 12.5 12.5 13.8
30 0.340 0.360 - 100.7 215.8 19.0 18.3 12.8 12.6 12.6 15.1
60 0.340 0.360 - 100.7 215.8 19.0 18.4 12.8 12.6 12.6 15.1
90 0.340 0.360 - 100.7 215.8 19.0 18.4 12.8 12.6 12.6 15.1
120 0.340 0.360 - 100.7 215.8 19.1 18.5 18.2 17.9 12.7 17.3
150 0.340 0.360 - 100.7 215.8 19.1 18.5 18.2 18.0 12.7 17.3
180 0.340 0.360 - 100.7 215.8 19.1 18.5 18.2 18.0 12.7 17.3
240 0.340 0.360 - 100.7 215.8 19.1 18.5 18.2 18.0 12.7 17.3
300 0.340 0.360 - 100.7 215.8 19.1 18.5 18.2 18.0 12.7 17.3
360 0.340 0.360 - 100.7 215.8 19.1 18.5 18.2 18.0 12.7 17.3

0.7821
0.7821

0.7821
0.7821

0.7955

G 5

( S
-1

)

0.7854
0.7821

0.7920
0.7900

G 2

( S
-1

)

G 3

( S
-1

)

G 4

( S
-1

)

0.8144

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)
G AVE

( S
-1

)

 ө 2-5

(s)
G 1

( S
-1

)

1 2 3
0 85 7.28 29.4 30 30 - 0.10 0.10 0.10 0.10 0.10 -
30 14 7.38 30.5 30 30 - 0.10 0.20 0.10 0.10 0.10 84.1
60 8 7.18 30.7 30 30 - 0.10 0.20 0.10 0.10 0.10 90.9
90 6 7.17 30.8 30 30 - 0.10 0.20 0.10 0.10 0.10 93.2
120 7 7.15 31.1 30 30 - 0.10 0.20 0.20 0.20 0.10 92.0
150 5 7.14 31.3 30 30 - 0.10 0.20 0.20 0.20 0.10 94.3
180 6 7.21 31.3 30 30 - 0.10 0.20 0.20 0.20 0.10 93.2
240 5 7.21 31.3 30 30 - 0.10 0.20 0.20 0.20 0.10 94.3
300 6 7.19 31.3 30 30 - 0.10 0.20 0.20 0.20 0.10 93.2
360 5 7.19 31.3 30 30 - 0.10 0.20 0.20 0.20 0.10 94.3

∆h 5

(m)
% Tb 

removal
∆h 1

(m)
∆h 2

(m)
∆h 3

(m)
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Appendix Table D24  Experimental data of run no.24 

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 2.5 mg/L. 

  : Media size = 3 mm, Media depth = 15 cm at top layer. 
   : Media size = 10 mm, Media depth = 15 cm at bottom layer 
 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 0.400 - 100.7 215.8 13.0 8.5 8.2 8.2 - 9.5
30 0.340 0.400 - 100.7 215.8 18.5 17.1 11.7 11.7 - 14.7
60 0.340 0.400 - 100.7 215.8 18.6 12.2 11.7 11.7 - 13.5
90 0.340 0.400 - 100.7 215.8 26.3 12.2 11.7 11.7 - 15.5
120 0.340 0.400 - 100.7 215.8 26.4 12.2 11.8 11.8 - 15.6
150 0.340 0.400 - 100.7 215.8 26.4 17.3 11.8 11.8 - 16.8
180 0.340 0.400 - 100.7 215.8 26.6 17.4 11.8 11.8 - 16.9
240 0.340 0.400 - 100.7 215.8 26.6 17.4 11.8 11.8 - 16.9
300 0.340 0.400 - 100.7 215.8 26.6 17.4 11.8 11.8 - 16.9
360 0.340 0.400 - 100.7 215.8 26.6 17.4 11.8 11.8 - 16.90.8127

0.8127
0.8127

0.8197

0.8286
0.8268

0.8127

0.8469
0.8358

G 5

( S
-1

)

0.8197

G AVE

( S
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)

 ө 2-5

(s)
G 1

( S
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)

G 2

( S
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)

G 3

( S
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)

G 4

( S
-1

)

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)

1 2 3
0 85 7.73 27.6 15 15 - 0.05 0.05 0.05 0.05 - -
30 51 7.35 28.2 15 15 - 0.10 0.20 0.10 0.10 - 40.0
60 13 7.3 28.6 15 15 - 0.10 0.10 0.10 0.10 - 84.7
90 11 7.23 28.7 15 15 - 0.20 0.10 0.10 0.10 - 87.1
120 12 7.13 29.1 15 15 - 0.20 0.10 0.10 0.10 - 85.9
150 11 7.21 29.1 15 15 - 0.20 0.20 0.10 0.10 - 87.1
180 11 7.17 29.5 15 15 - 0.20 0.20 0.10 0.10 - 87.1
240 11 7.39 29.5 15 15 - 0.20 0.20 0.10 0.10 - 87.1
300 11 7.22 29.5 15 15 - 0.20 0.20 0.10 0.10 - 87.1
360 11 7.13 29.5 15 15 - 0.20 0.20 0.10 0.10 - 87.1
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Appendix Table D25  Experimental data of run no.25 

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of  PACl = 2.5 mg/L. 

  : Media size = 3 mm, Media depth = 30 cm at top layer. 
   : Media size = 10 mm, Media depth = 30 cm at bottom layer 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 0.400 - 100.7 215.8 18.6 18.0 12.2 11.7 8.3 13.8
30 0.340 0.400 - 100.7 215.8 18.8 18.2 12.3 11.9 11.9 14.6
60 0.340 0.400 - 100.7 215.8 18.8 22.3 12.3 11.9 11.9 15.4
90 0.340 0.400 - 100.7 215.8 18.9 18.2 12.3 11.9 11.9 14.6
120 0.340 0.400 - 100.7 215.8 18.9 18.2 12.4 11.9 11.9 14.7
150 0.340 0.400 - 100.7 215.8 26.7 25.8 12.3 11.9 11.9 17.7
180 0.340 0.400 - 100.7 215.8 26.7 25.8 12.3 11.9 11.9 17.7
240 0.340 0.400 - 100.7 215.8 26.7 25.8 12.3 11.9 11.9 17.7
300 0.340 0.400 - 100.7 215.8 26.7 25.8 12.3 11.9 11.9 17.7
360 0.340 0.400 - 100.7 215.8 26.7 25.8 12.3 11.9 11.9 17.7
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0.8268

Time
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Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)
G AVE

( S
-1

)

 ө 2-5

(s)
G 1

( S
-1

)

1 2 3
0 82 6.86 28.7 30 30 - 0.10 0.20 0.10 0.10 0.05 -
30 16 7.20 29.7 30 30 - 0.10 0.20 0.10 0.10 0.10 80.5
60 15 7.15 29.8 30 30 - 0.10 0.30 0.10 0.10 0.10 81.7
90 8 7.29 29.9 30 30 - 0.10 0.20 0.10 0.10 0.10 90.2
120 7 7.30 30.0 30 30 - 0.10 0.20 0.10 0.10 0.10 91.5
150 7 7.43 29.9 30 30 - 0.20 0.40 0.10 0.10 0.10 91.5
180 6 7.67 29.9 30 30 - 0.20 0.40 0.10 0.10 0.10 92.7
240 6 7.59 29.9 30 30 - 0.20 0.40 0.10 0.10 0.10 92.7
300 6 7.50 29.9 30 30 - 0.20 0.40 0.10 0.10 0.10 92.7
360 6 7.44 29.9 30 30 - 0.20 0.40 0.10 0.10 0.10 92.7
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Appendix Table D26  Experimental data of run no.26 

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 2.5 mg/L. 

  : Media size = 3 mm, Media depth = 10 cm at top layer. 
  : Media size = 6 mm, Media depth = 10 cm at medium layer. 

   : Media size = 10 mm, Media depth = 10 cm at bottom layer 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 0.360 0.400 100.7 215.8 18.6 11.5 11.7 - - 14.0
30 0.340 0.360 0.400 100.7 215.8 18.8 11.6 11.8 - - 14.1
60 0.340 0.360 0.400 100.7 215.8 18.8 16.5 11.9 - - 15.7
90 0.340 0.360 0.400 100.7 215.8 18.8 16.5 11.9 - - 15.7
120 0.340 0.360 0.400 100.7 215.8 18.9 16.5 11.9 - - 15.8
150 0.340 0.360 0.400 100.7 215.8 18.9 16.5 11.9 - - 15.8
180 0.340 0.360 0.400 100.7 215.8 18.9 16.5 11.9 - - 15.8
240 0.340 0.360 0.400 100.7 215.8 18.9 16.5 11.9 - - 15.8
300 0.340 0.360 0.400 100.7 215.8 18.9 16.5 11.9 - - 15.8
360 0.340 0.360 0.400 100.7 215.8 18.9 16.5 11.9 - - 15.80.8057

0.8057
0.8057

0.8057

0.8092
0.8074

0.8057

0.8268
0.8144
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Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)

 ө 1

(s)

1 2 3
0 86 7.41 28.7 10 10 10 0.10 0.10 0.10 - - -
30 18 7.17 29.4 10 10 10 0.10 0.10 0.10 - - 79.1
60 17 7.27 29.7 10 10 10 0.10 0.20 0.10 - - 80.2
90 18 7.31 29.8 10 10 10 0.10 0.20 0.10 - - 79.1
120 15 7.23 29.9 10 10 10 0.10 0.20 0.10 - - 82.6
150 13 7.23 29.9 10 10 10 0.10 0.20 0.10 - - 84.9
180 13 7.23 29.9 10 10 10 0.10 0.20 0.10 - - 84.9
240 12 7.28 29.9 10 10 10 0.10 0.20 0.10 - - 86.0
300 11 7.21 29.9 10 10 10 0.10 0.20 0.10 - - 87.2
360 12 7.20 29.9 10 10 10 0.10 0.20 0.10 - - 86.0
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Appendix Table D27 Experimental data of run no.27 

 

 
Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACl = 2.5 mg/L. 

  : Media size = 3 mm, Media depth = 20 cm at top layer. 
  : Media size = 6 mm, Media depth = 20 cm at medium layer. 

   : Media size = 10 mm, Media depth = 20 cm at bottom layer 
 
 
 

 Top
layer

Medium
layer

Bottom
layer

0 0.340 0.360 0.400 100.7 215.8 18.6 12.5 12.3 10.7 11.7 13.2
30 0.340 0.360 0.400 100.7 215.8 18.9 12.7 12.5 10.9 11.9 13.4
60 0.340 0.360 0.400 100.7 215.8 26.8 18.0 12.6 10.9 8.4 15.3
90 0.340 0.360 0.400 100.7 215.8 26.8 18.0 12.6 10.9 8.4 15.3
120 0.340 0.360 0.400 100.7 215.8 26.8 18.1 12.6 11.0 8.5 15.4
150 0.340 0.360 0.400 100.7 215.8 30.0 18.1 12.6 11.0 8.5 16.0
180 0.340 0.360 0.400 100.7 215.8 30.0 18.1 12.6 11.0 8.5 16.0
240 0.340 0.360 0.400 100.7 215.8 30.0 18.1 12.6 11.0 8.5 16.0
300 0.340 0.360 0.400 100.7 215.8 30.0 18.1 12.6 11.0 8.5 16.0
360 0.340 0.360 0.400 100.7 215.8 30.0 18.1 12.6 11.0 8.5 16.0

0.7940
0.7940

0.7940
0.7940

0.8057

G 5

( S
-1

)

0.7950
0.7950

0.7990
0.7990

G 2

( S
-1

)

G 3

( S
-1

)

G 4

( S
-1

)

0.8322

Time
(min)

Porosity of media (f ) 10-6*ע
(m2/s)
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)

 ө 2-5

(s)
G 1

( S
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)

1 2 3
0 85 7.33 28.7 20 20 20 0.10 0.10 0.10 0.10 0.10 -
30 11 7.14 29.4 20 20 20 0.10 0.10 0.10 0.10 0.10 87.1
60 10 7.27 29.7 20 20 20 0.20 0.20 0.10 0.10 0.05 88.2
90 9 7.26 29.8 20 20 20 0.20 0.20 0.10 0.10 0.05 89.4
120 10 7.29 29.9 20 20 20 0.20 0.20 0.10 0.10 0.05 88.2
150 8 7.28 29.9 20 20 20 0.25 0.20 0.10 0.10 0.05 90.6
180 7 7.29 29.9 20 20 20 0.25 0.20 0.10 0.10 0.05 91.8
240 8 7.23 29.9 20 20 20 0.25 0.20 0.10 0.10 0.05 90.6
300 8 7.26 29.9 20 20 20 0.25 0.20 0.10 0.10 0.05 90.6
360 8 7.05 29.9 20 20 20 0.25 0.20 0.10 0.10 0.05 90.6
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APPENDIX  E 

FLOC SIZE DISTRIBUTION 
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APPENDIX  F 

IMAGE PROCESSING STEPS 
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Appendix Figure F1  Image processing steps 
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Appendix Figure F2  Image processing steps (cont’d) 
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Appendix Figure F3  Image processing steps (cont’d) 
 
 
 
 

 
 
 
 


