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APPENDIX 2 

DETERMINATION OF RELATIVE DENSITY 

According to A.S.T.M. Part 19 (1977) 

The method required the following components: 

(i) 10 g clean dry sample 

(ii) stoppered bottle of capacity 50 mL 

(iii) distilled water at 20° + 2°C 

(iv) balance with a sensitivity of 0.001 g 

The procedure was as follows: 

(i) The bottle with stopper was cleaned thoroughly, dried 

and then weighed to the nearest 0.001 g. 

Let the weight be w j . 

(ii) Approximately 10 g cf dry sample was added to the 

bottle and the stopper was replaced. The combined 

weight of the sample and the stoppered bottle was 

determined to the nearest 0.001 g. 

Let the weight be w 2 • 

(iii) The bottle with the sample was then filled with 

distilled water, the stopper was replaced and excess 

water on the outside of the bottle was wiped. The 

outside of the bottle was dried and subsequently the 

total weight was determined to the nearest 0 .C0I g. 

Let the weight be W 3 . 

(iv) Both the sample and the water were removed from the 

bottle and the bottle was rinsed with distilled water. 

The bottle was then refilled with distilled water and 
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the stopper replaced. The excess water was removed 

as in (iii) and the weight of the stoppered bottle 

filled with distilled water was determined to the 

nearest 0.001 g. 

Let the weight be W i , . 

w 2 - W j 

Relative density of the sample = -. r -. r 
J . * ( W i - W i ) - ( w 3 - w 2 ) 
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APPENDIX 3 

Description Table 

Results of Filter run 1 3.1 

Results of Filter run 2 3.2 

Results of Filter run 3 3.3 

Results of Filter run 4 3.4 

Results of Filter run 5 3.5 

Results of Filter run 6 3.6 

Results of Filter run 7 3.7 

Results of Filter run 8 3.8 

Results of Filter run 9 3.9 

Results of Filter run 10 3.10 

Results of Filter run 11 3.11 

Results of Filter run 12 3.12 

Results of Filter run 13 3.13 

Results of Filter run 14 3.14 

Results of Filter run 15 3.15 

Results of Filter run 16 3.16 

Results of Filter run 17 3.17 

Results of Filter run 18 3.18 

Description Table 

Results of Filter run 19 3.19 

Results of Filter run 20 3.20 

Results of Filter run 21 3.21 

Results of Filter run 22 3.22 

Results of Filter run 23 3.23 

Results of Filter run 24 3.24 

Results of Filter run 25 3.25 

Results of Filter run 26 3.26 

Results of Filter run 27 3.27 

Results of Filter run 31 3.2S 

Results of Filter runs 
32A and 32= 3.29 

Results of Filter runs 
33A ani 332 3.30 

Results of Filter runs 
34A and 343 3.31 

Results of Filter runs 
35A tc 35D 3.32 

Results of Filter runs 

36A to 36C 3.33 

Result:; of Filter run 37C 3.34 

Results of Filter runs 
38A to 3SC 3.35 

Tubular data for filter runs 1 to 27 and 31 to 39 



TABLE A3.1 Results of filter run 1 

Rate of f i l t r a t i o n 

Depth of medium = 74.5 cm Effective size 

Porosity = 93.3% Uniformity coefficient 

Type of medium = rice hull ash Depth of graded gravel 

1.0 m 3 / m 2 h 

0.135 mm 

2.96 

0.2 m 

Influent turbidity range = 3 0 - 6 0 FTU 

P H 

Temperature 

= 6.95 - 7.1 

= 14 - 18 C 

Time 

(h) 

Water Turbidity 
FTU 

Influent Filtrate 

Head loss cm of water 

Tappings 1-3 1 - 4 1 - 5 1 - 1 0 

Dist. from 
surface 4 .5 cm 9.5 cm 14.5 cm 74.5 cm 

1 - 1 1 

Total loss 
94.5 cm 

pH 

Influent Filtrate 
O J 

o 

0 

3 

•,.'/'< 

20.0 

2 3.0 

27.0 

4 3. 75 

47.0 

4.6 

9.0 

"I r.. 0 

16.0 

31.0 

32.0 

50.0 

50.0 

3.2 

2.9 

4.9 

5.2 

5.0 

5.4 

6.1 

6.2 

1.2 

1.3 

1.5 

1.9 

2.1 

2.2 

3.4 

3.5 

2.9 

3.1 

3. 3 

3.9 

4.2 

4.5 

6.6 

6.8 

3.8 

3.9 

4 .1 

4.7 

5.1 

5.4 

7.5 

7.7 

7.0 

.7.0 

7.3 

7.9 

8.2 

8.6 

10.3 

10.9 

7.7 

7.7 

7.9 

8.7 

9.0 

9.3 

11.4 

11.6 

7.0 7.0 

7.1 

7.05 
(Cont'd) 



TABLE A3.1 (Cont'd) 

51.0 

53.5 

68. 0 

99.25 

116.0 

110.75 

12 3.0 

126.2 5 

14D.0 

14 2. 7'-. 

14 8. 0 

164.0 

167.0 

171.25 

50.0 

50.0 

50.0 

55.0 

50.0 

50.0 

60.0 

55.0 

50.0 

55 .0 

55.0 

55.0 

50.0 

55.0 

60.0 

6.3 

6.4 

6.7 

6.6 

6.4 

6.1 

6.2 

5.7 

5.5 

5.2 

5.6 

5.2 

5.0 

5.4 

5.0 

4.8 

3.8 

4.4 

5.2 

5.8 

7.0 

7.5 

8.0 

8.3 

8.5 

8.8 

9.3 

9.6 

10.0 

10.9 

11.2 

11.6 

7.2 

3.1 

9.6 

10.5 

12.7 

13.6 

14.6 

15.4 

15.9 

16.4 

18.1 

.18.0 

20.0 

23.1 

23.9 

25.4 

8.1 

9.1 

10.5 

11.3 

13.6 

14.6 

15.5 

16.3 

16.7 

17.3 

18.9 

19.7 

20.9 

24.0 

24.8 

26.3 

11.0 

12.2 

13.6 

14.4 

16.5 

17.6 

18.3 

19.2 

19.5 

20.1 

21.7 

22.5 

22.9 

26.9 

27.8 

29.2 

11.8 

12.8 

14.2 

15.1 

17.2 

18.4 

19.0 

19.9 

20.3 

20.8 

22. 3 

23.2 

23.6 

27.6 

28.5 

29.9 

7.0 

7.05 

7.05 7.05 

7.05 

o 

7.1 

(Cont'd) 

7.1 



TABLE A3.1 (Cont'd) 

188 .25 

190.25 

196,0 

212 .0 

214.25 

219.25 

222.0 

2 35.0 

24 3.0 

2 59. 5 

2(>H. 0 

?.H.'i.25 

286.25 

291.0 

307.25 

315.0 

65. C 

55.0 

50.0 

50.0 

60.0 

60.0 

60.0 

45.0 

50.0 

(>(). 0 

!.I0 . 0 

60.0 

50.0 

50.0 

55.0 

5.3 

4.8 

4.3 

5.3 

4.3 

4.8 

4.7 

5.2 

4.7 

5.4 

4 .9 

5.4 

5.2 

4.8 

4.8 

4.4 

12.5 

12.8 

13.2 

13.7 

14.2 

14.2 

14. 3 

14.7 

15.1 

15.9 

16.1 

16.5 

16.6 

16.0 

17.3 

17.0 

29.0 

30. 3 

31.2 

33.8 

34.9 

35.5 

36.0 

37.9 

39.9 

43.3 

44.9 

49.4 

50.1 

50.5 

56.6 

57.7 

30.0 

31.2 

32.1 

34.6 

35.9 

36.5 

37.0 

38.8 

40.9 

44.0 

45.9 

51.3 

51.2 

51.8 

57.8 

58.9 

33.0 

34.1 

35.2 

37.9 

39.0 

39.7 

40.0 

42.0 

43.6 

47.0 

49.0 

53.7 

54.5 

54.8 

61.1 

62.1 

33.7 

34.9 

35.9 

38.7 

39.7 

40.4 

40.8 

42.7 

44.2 

47.7 

49.7 

54.4 

55.2 

55.5 

61.7 

62.7 

7.0 

7.0 

7.1 

7.0 

7.0 

7.1 

o 

7.1 
(Cont'd) 

7.1 



TABLE A3.1 (Cont'd) 

331.25 

334.25 

338.75 

341.25 

356.0 

350.75 

364.5 

384.75 

387.5 

3'.)0. 5 

4 04 . O 

4.1.1.. 0 

42 7.75 

452.0 

454.75 

50.0 

55.0 

50.0 

55. 0 

55.0 

60.0 

55 .0 

45.0 

50.0 

55.0 

50.0 

50 .0 

4 5.0 

40.0 

40.0 

4. 3 

3.2 

3.9 

3.6 

4.4 

3.9 

3.9 

2.2 

4.3 

3.5 

4.1 

2.9 

2.6 

2.2 

2.3 

16.9 

17.7 

17.8 

17.3 

17.9 

17.0 

17.2 

16.8 

12.1 

12.5 

13.1 

12.5 

12.7 

11,9 

11.5 

58.4 

65.0 

67.0 

68.3 

68.3 

73.4 

74.3 

76.1 

74.2 

77.2 

7 B . 9 

84 . H 

86.6 

92.0 

100.3 

59.6 

66.25 

68.3 

69.7 

70.1 

74.5 

75.7 

77.3 

75.7 

78.7 

80.4 

86.3 

88.1 

95.7 

102.2 

62.8 

69.5 

71.7 

73.0 

73.5 

77.6 

78.8 

80.7 

79.0 

82.0 

83.8 

89.6 

91.4 

96.8 

105.6 

63.5 

70.2 

72.3 

73.7 

74.2 

78.2 

79.5 

81.3 

79.8 

82.7 

84.5 

90.2 

92.1 

97.6 

106.2 

7.1 7.1 

7.1 

7.0 

7.0 

6.95 

7.0 

7.1 

7.0 

6.95 

6.95 

7.0 

U) 
o 



TABLE A 3 . 2 Results of filter run 2 

Rate of filtration = 1 . 0 m 3 / m 2 h 

Depth of media = 75 cm Effective size = 0.64 mm 

Porosity = 44% Uniformity coefficient = 1.41 

Type of media = sand Depth of graded gravel = 0.2 m 

Influent turbidity range = 3 0 - 6 0 FTU 

pH = 7.0 - 7.1 

Temperature = 14 - 18 C 

Time 

(1.) 

5.75 

20. (I 

2 3.0 

2 7.0 

4 3.75 

47.0 

Water turbidity 
FTU 

Head loss cm of water-

Tappings 1-3 1 - 4 1 - 5 10 1 - 1 1 Influent 
Influent Filtrate 

4.6 

9.0 

! 5.0 

16.0 

31.0 

32 .0 

50.0 

50.0 

Dist. from 
surface 5 10 15 75 

3.5 

3.0 

5.0 

6.3 

6.3 

7.0 

9.4 

8.8 

4.6 

4.7 

5.5 

8.0 

8.6 

9.6 

14.4 

16.3 

5.0 

5.1 

5.8 

8.4 

8.9 

9.9 

14.8 

16.7 

5.1 

5.6 

6.0 

8.6 

9.0 

10.1 

14.9 

16.8 

7.2 

7.3 

0.0 

10.6 

11.1 

12.0 

17.0 

18.9 

95 

7.7 

8.0 

8.4 

11.0 

11.8 

12.7 

17.7 

19.7 

7.0 

7.1 

7.05 
(Cont'd) 

pH 

Filtrate 

7.0 

7.1 

7.05 

o 



TABLE A3.2 (Cont'd) 

51.0 50.0 9.5 17.5 17.8 17.9 20.0 20.8 

5 3.5 50.0 10.2 18.6 18.9 19.1 22.1 21.9 

68.0 55.0 9.7 25.2 25.6 25.7 27.8 28.6 7. 0 7.0 

75.0 50.0 10.3 28.7 29.0 29.2 31.2 31.9 

91.5 55.0 8.9 37.0 37. 3 37.5 39.4 40.0 

99. 25 50.0 8.4 39.9 40.2 40.4 42.2 43.4 7.05 7.05 

11.6.0 50.0 7.9 47.9 48.2 48. 3 50.1 50.8 

1.18. 75 60.0 7.6 48.7 49.0 49.2 51.0 51.7 7.05 7.05 

12 3.0 55.0 8.0 50.6 50.8 51.0 52.8 53.5 

1 .'(...••• 50.0 7.6 53.5 53.7 53.9 55.6 56.3 

1 '11). ( ) 55.0 7.2 62.0 62. 5 62.8 64.2 64.9 7.05 7.05 

112.75 55.0 7.7 63.3 63.7 63.9 65.3 65.8 

i.-m.o 55.0 7.6 68.1 68.5 68.7 70.3 70.7 

164.0 50.0 7.3 77.9 78.2 78.4 79.7 80.3 

167.0 55.0 6.8 84.4 84.6 84.9 86.2 85.7 

171.2 60.0 7.5 88.1 88.4 88.8 90.0 90.5 

188.25 55.0 7.3 101.2 101.6 101.8 103.1 103.8 



TABLE A3.3 Results of filter run 3 

Depth of media = 72.0 cm 

Po ro s i. ty = 9 3 . 4 % 

Type of media = rice hull ash 

Rate of filtration = 0 . 7 5 m 3 / m 2 h 

Effective size = 0.135 mm Influent turbidity range = 2 5 - 6 0 FTU 

Uniformity coefficient = 2.96 Temperature = 13.5 - 17°C 

Depth of graded gravel = 0.2 m pH = 6 . 9 5 - 7 . 1 

Time 

(h) 

0 

3 

24 . 5 

29.25 

31.75 

45.25 

Water turbidity 
FTU 

Head loss cm of water PH 

Influent 

55 

55 

'>'.) 

50 

60 

55 

50 

Tappings 1-4 1 - 5 1 - 6 10 1 - 1 1 
Filtrate Influent Filtrate 

Dist. from 
surface 7 cm 12 cm 17 cm 

Net loss 
72 cm Total 

4.6 

6.5 

10.6 

10.5 

10.5 

10.2 

9.8 

9.5 

0.6 

0.6 

0.6 

1.0 

1.1 

1.4 

1.5 

2.0 

0.9 

1.0 

1.0 

1.5 

1.7 

1.9 

2.1 

2.2 

1.4 

1.3 

1.4 

1.0 

2.0 

2.2 

2.4 

2.7 

3.1 

3.2 

3.2 

3.7 

3.9 

4.1 

4.4 

5.0 

3.5 

3.6 

3.6 

4.1 

4.3 

4.6 

4.8 

5.4 

7.0 

7.0 

7.0 

o 
VO 

(Cont'd) 



TABLE A3.3 (Cont'd) 

53.25 

69.25 

77.5 

92.75 

96. 5 

10.1 .25 

111.25 

120.5 

124 .25 

1.41.5 

144 .5 

1 4'.i. O 

151.0 

166.0 

168.5 

174.25 

50 

60 

50 

60 

50 

50 

55 

55 

SO 

60 

55 

9.2 

8.6 

8.3 

8.6 

8. 3 

7.9 

7.5 

7.5 

•7.4 

7.2 

5.6 

6.7 

6.9 

7.0 

6.3 

6.3 

2.3 

3.4 

4.0 

5.1 

5.2 

4.9 

6.3 

7.1 

5.9 

6.3 

6.3 

G.O 

5.9 

5.9 

5.6 

5.4 

2.4 

4.5 

5.4 

6.9 

8.1 

7.4 

10.1 

10.2 

10.9 

13.1 

13.0 

14.7 

14 .7 

17.1 

17.6 

18.2 

3.4 

4.8 

5.7 

7.3 

8.5 

7.7 

10.5 

10.7 

11.2 

13.5 

14.2 

15.1 

15.1 

17.5 

18.0 

18.5 

5.4 

6.9 

7.9 

9.5 

9.7 

9.9 

12.7 

12.9 

13.5 

15.8 

16.6 

17.6 

17.6 

20.0 

20.5 

21.1 

5.9 

7.4 

8.4 

9.9 

10.1 

10.3 

13.2 

13.3 

14.0 

16.3 

17.0 

.18.0 

18.0 

20.5 

21.0 

21.5 

7.1 

7.1 

7.1 

7.1 

7.1 

7.1 

u> i—* o 

7.1 

(Cont'd) 

7.1 



TABLE A3.3 (Cont'd) 

.194.5 40 3.4 7.3 23.0 23.4 26.1 26.6 7.0 6.95 

197.25 36 4.6 9.3 24.6 25.0 27.9 28.3 

202.75 40 3.8 9.4 24.6 25.0 27.9 28.3 

213.75 32 3.4 10.9 27.8 28.1 31.1 31.5 7.0 6.95 

220.75 50 2 .9 12.2 28 .8 29.1 32.2 32.7 

237.5 40 3.0 13.4 33.5 33.8 37.1 37.5 6.95 6.95 

261.75 31 2.5 14.5 40.4 41.9 44.2 44.7 £ 

264.5 33 3.0 14.9 41.1 41.5 45.0 45.5 6.95 6.95 

269.25 25 2.7 14.7 42.0 42.5 46.0 46.5 

205.75 40 2.8 14.3 4 7.4 48 .1 51.9 52.3 

;>HH.:"> \C 2.7 12.4 47.0 47.0 51.5 51.9 7.0 7.0 

:>«)3.25 4 5 2 .9 13.0 51 .1 51.8 55.5 55.9 

309.5 40 2.7 6 .9 60.3 61,6 64.9 65.4 

31.4.5 45 2.8 0.2 61.5 62.3 66.3 66.8 7.0 6.95 

319.25 45 2.7 1.9 63.3 63.9 68.0 68.5 
(Cont'd) 



TABLE A3.3 (Cont'd) 

333.25 

336.25 

341.0 

350.0 

360 .5 

365.0 

38.1. 75 

388.0 

405.25 

45 

36 

50 

50 

50 

60 

50 

60 

60 

2.0 

2.5 

2.8 

2.4 

2.2 

2.0 

1.9 

2.0 

1.6 

0.7 

0.5 

0.5 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

67.1 

65.9 

57.8 

24.8 

24.5 

19.1 

16.2 

14.5 

11.1 

70.7 

71.2 

71.4 

71.6 

74.4 

74.6 

86.6 

91.2 

95.7 

75.0 

75.5 

75.9 

76.2 

78.9 

79.1 

91.2 

95.9 

100.2 

75.5 

75.9 

76.1 

76.6 

79.3 

79.5 

91.6 

96.1 

100.6 

7.0 

7.0 

6.95 

6.95 

to 

6.96 6.95 
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TABLE A3.4 Results of filter run 4 

Rate of filtration = 0.75 n 3/ni 2h 

= 75 cm Depth of graded gravel 

= 44% Influent turbidity range 

= sand pH 

= 0.64 mm Temperature 

Depth of media 

Porosity 

Type of media 

Effective size 

Uniformity coefficient = 1.41 

= 0.2 m 

= 45 -60 FTU 

= 7.0 - 7.1 

= 14 - 18°C 

„,. Turbidity FTU Head loss cm of water Time 1 

(h) Influent Filtrate at 50 mm at 100 -—i at 750 mm Total 
loss 

0 55.0 4.0 1.35 1.65 3.9 4.2 

3 55.0 17.0 1.35 2.3 4.5 4.8 

5.75 55.0 18.0 2.7 3.1 5.3 5.6 

21.5 50.0 18.0 7.1 7.8 9.6 10.1 

24.5 50.0 17.0 8.7 9.0 11.1 11.5 

29.25 60.0 17.0 11.6 11.9 13.9 14.3 

31.75 55.0 15.0 13.6 13.9 16.0 16.4 

45.25 50.0 16.0 26.2 26.2 28.6 29.0 

53.25 45.0 14.0 35.1 35.3 37.5 38.0 

69.25 50 14.0 66.0 66.4 69.6 70.1 

77.5 60 14.0 78.0 78.3 80.5 81.0 

93.75 50 13.0 91.5 91.7 94.6 95.0 

100.0 - - 97.0 97.3 99.5 100.1 



TABLE A 3 . 5 Results of filter run 5 

Depth of media 

Porosity 

Type of media 

Influent turbidity range = 3 6 - 6 0 FTU 

Temperature 

PH 

= 16.5 - 18 C 

= 6.95 - 7.1 

Time 

(h) 

Water turbidity 
FTU 

Influent Filtrate 1 - 3 
at 

6.5 cm 

Head loss cm of water 

1 - 4 
at 

11.5 cm 

1 - 1 0 
at 

76.5 cm 

1 - 1 1 

total 

pH 

Influent Filtrate 

0 

2.25 

17.75 

20. :>'\ 

26.5 

41.75 

44.2 5 

49.25 

35.0 

40 

50 

50 

60 

4.0 

4.8 

5.0 

5.5 

5.7 

5.3 

4.5 

5.2 

0.3 

0.5 

1.0 

0.7 

1.0 

0.8 

.1.9 

2.3 

0.6 

0.8 

1.3 

1.0 

1.3 

1.1 

2.2 

2.6 

1.8 

2.0 

2.2 

2 . J 

2.4 

3.4 

3.4 

3.8 

2.3 

2.5 

2.8 

2.9 

. 3.0 

3.9 

4.0 

4.4 

7.0 7.8 

7.0 

7.0 

7.3 

7.2 

(Cont'd) 

Rate of filtration = 0 . 5 m 3 / m 2 h 

= 76.5 cm Effective size = 0.135 mm 

= 92.6% Uniformity coefficient = 2.96 

= rice hull ash Depth of graded gravel = 0.2 m 



TABLE A3.5 (Cont'd) 

63 . 5 50 3.9 4.6 5.0 6.2 6.8 7.0 7.0 

73.0 45 3.3 5.8 6 . 1 7.3 7.9 

89 . 0 40 3.0 8.9 9.2 10.8 11.4 

113.5 35 2.9 12.0 12.3 13 . 5 14.2 7.0 7.0 

116.5 50 2 . 7 11.9 12.3 13.6 14.3 

121.5 50 3.3 12.2 12 . 5 13.8 14.4 

123.5 45 2.6 12 . 7 13.0 14.3 15.0 

137.25 40 2 .7 13.0 13.4 14.6 15.3 

.140.25 45 2.6 13.3 13.6 15.8 15.5 7.1 7.2 

142.0 - - 13.1 13.6 15.2 15.9 

143.;", 45 3.0 13.3 1.3.7 15.2 15.0 

.I.61.2') 40 2.5 14.3 14.8 16.5 17.2 

164.0 50 2.0 14.2 14 . 7 16.6 17.3 7.1 7.1 

169 .5 50 2.8 14.2 14.7 16.9 17.6 

186.0 40 2.5 15.1 15.6 17.8 18.5 

u> 

(Cont'd) 



TABLE A3.5 (Cont'd) 

188.25 

.193.0 

209.25 

212.25 

217.25 

233.0 

2 30.2 5 

240.75 

257. I. 

.'HI . 25 

204 . 

2)19.0 

29.1 .5 

305.0 

45 

GO 

4 5 

50 

30 

40 

50 

50 

40 

36 

'..() 

50 

")!.» 

50 

3.0 

3.0 

3.0 

2.0 

2.4 

1.9 

1.5 

1.7 

1.7 

l.G 

i.G 

1.6 

1.6 

1.6 

14.8 

15.05 

19. 3 

19.6 

20.3 

22.9 

23.4 

23.8 

25.0 

20.0 

2I3.G 

28.5 

29.7 

30.0 

15.3 

16.5 

20.0 

20.2 

20.8 

23.4 

24.0 

24.6 

27.1 

29.0 

30. G 

31.5 

32.7 

33.4 

17.3 

18.9 

21.4 

22.1 

22.9 

25.3 

26.3 

27.1 

28.5 

31.3 

33.2 

35.1 

35.6 

36.3 

18.0 

19.6 

22.0 

22.8 

23.5 

26.0 

27.0 

27.8 

29.1 

32.0 

33.8 

35.8 

36.3 

37.0 

7.0 

7.1 

7.0 

6.95 

6.95 

7.0 

7.1 

7.0 

6.95 

6.95 

7.0 7.0 



TABLE A3.6 Results of filter run 6 

Rate of filtration = 0 . 5 m 3 / m 2 h 

Effective size = 0.64 mm Influent turbidity range = 4 0 - 6 0 FTU Depth o£ media 

Pores i !.y 

Type of media 

= 75 cm 

= 44% 

= sand 

Uniformity coefficient = 1.41 

Depth of graded gravel = 0.2 m 

Temperature 

pH 

= 16.5 - 18 C 

= 6.95 - 7.1 

Time 

(h) 

Turbidity FTU Head loss cm of water pH 

0 

3 

4 . 7 5 

H.( .) 

2 4 . 0 

2 6 . 5 

3 2 . 2 5 

3 2 . 2 5 

48.75 

Influent Filtrate 1 - 3 

at 5 cm 
1 - 5 

at 1 5 cm 
1 - 1 0 

at 75 cm 
1 - 1 1 

at 95 cm 

4 0 

4 0 

4 0 

4 0 

4 0 

5 0 

5 0 

5 0 

40 

4.3 

5.0 

8.0 

8.0 

5.0 

4.0 

5.0 

5.0 

5.0 

0.2 

0.3 

0.3 

0.3 

2.8 

3.7 

5.6 

5.6 

12.3 

0.5 

0.6 

0.7 

0.8 

3.1 

4.1 

4.1 

5.9 

12.7 

1.6 

1.7 

1.7 

1.6 

4.2 

5.2 

5.2 

6.2 

14.2 

2.2 

2.36 

2.4 

2.5 

5.1 

6.1 

6.1 

7.1 

15.1 

Influent Filtrate 

7.1 

7.0 

6.95 
(Cont'd) 

7.1 

7.0 

7.0 

U) 



TABLE A3.6 

51.0 

55.75 

72.0 

75.0 

30.0 

95.75 

10.1.0 

103.5 

119.7.1 

14 4 .0 

I'17.;". 

I.1.1.. 

154.25 

167.75 

50 

60 

45 

50 

50 

40 

45 

50 

40 

36 

50 

' . ( ; 

50 

50 

5.0 

5.0 

5.0 

5.0 

3.0 

3.0 

3.2 

3.0 

3.0 

3.0 

3.0 

3.5 

3.5 

3.0 

12.2 

14.9 

24.2 

25.5 

29.0 

41.2 

45.3 

46.7 

61.1 

83. 3 

84.3 

93. 3 

94.2 

107.5 

12.6 

15.1 

24.6 

25.8 

29.3 

41.4 

45.6 

47.1 

61.6 

83.6 

84.8 

«.) 3.7 

94.6 

108.0 

13.9 

16.5 

26.1 

27.3 

30.5 

42.1 

47.2 

48.3 

63.1 

85.0 

87.0 

95.1 

96.0 

109.2 

14.8 

17.4 

27.1 

28.4 

31.6 

42.8 

38.2 

49.5 

64.0 

86.0 

8U.0 

96,0 

97.0 

100.0 

6.95 

6.95 

7.0 

7.0 

6.95 

6.95 

7.0 

7.0 

7.0 6.95 



TABLE A3.7 Results of filter run 7 

Depth of media 

Porosity 

Type of media 

= 75 cm 

= 94% 

= rice hull ash 

Rate of filtration = 0 . 2 5 m 3 / m 2 h 

Effective size =• 0.135 mm Influent turbidity range = 3 2 - 6 0 FTU 

Uniformity coefficient = 2.96 Temperature = 18 - 20°C 

Depth of graded gravel = 0.2 cm pH = 7 - 7 . 1 5 

Time 

(h) 

0 

18.75 

2 7. 75 

27. 75 

4 3.25 

48.0 

51.25 

67.25 

71.25 

Turbidity FTU Head los.s cm of water pH 

Influent 

35.0 

40 

55 

50 

40 

45 

4f 

45 

45 

Filtrate 

3.0 

3.0 

2.0 

2.0 

1.5 

1.5 

1.5 

1.5 

1.5 

1 - 3 
5 cm 

1.3 

1.3 

1.8 

2.1 

2.9 

3.1 

3.3 

3.7 

3.7 

1 - 10 

75 cm 
1 - 1 1 

Total 95 cm 
In 

1.6 

1.7 

2.3 

2.6 

3.4 

3.6 

3.8 

4.0 

4.3 

1.8 

1.9 

2.5 

2.0 

3.6 

3.8 

4.0 

4.2 

4.4 

7.1 

7.1 

7.0 

Out 

8.0 

7.1 

7.0 

(Cont'd) 



TABLE A3.7 (Cont'd) 

74.25 

90.5 

98.25 

114.75 

138.5 

144.0 

14 7.5 

.162.75 

168. 5 

171.2 5 

I US.0 . 

192.75 

190.2 5 

210.5 

215.5 

55 

60 

40 

55 

50 

55 

40 

45 

50 

io 

36 

40 

32 

45 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1 .5 

1.5 

1.5 

1.5 

1.0 

4.0 

4.5 

4.5 

4.6 

4.6 

4.3 

4.4 

4.5 

4.5 

4.5 

•1.(1 

4.6 

4.5 

4.8 

4.4 

4.5 

—'. 

5.0 

5.3 

5.4 

5.0 

5.2 

5.3 

5.1 

5.3 

5.2 

5.4 

5.0 

4.7 

5.3 

5.2 

5.4 

5.6 

5.2 

5.4 

5.5 

5.3 

5.4 

5.7 

5.5 

5.4 

5.6 

5.2 

7.1 

7.1 

7.1 

7.1 

7.1 

7.1 

7.1 

7.1 

7.1 

7. I 

NJ 
O 

7.1 7.2 

(Cont'd) 



TABLE A3.7 (Cont'd) 

221.25 

2 33 

240.5 

258.5 

283.5 

307.0 

311.75 

314.5 

331.25 

335.0 

355.25 

363.25 

379.5 

383.75 

397.25 

50 

45 

38 

36 

40 

32 

40 

55 

40 

32 

32 

32 

35 

32 

50 

1.5 

1.0 

1.0 

0.9 

0.9 

0.9 

1.5 

1.0 

0.9 

0.9 

0.9 

0.6 

0.6 

0.6 

0.6 

4.7 

5.0 

4.6 

5.2 

5.0 

5.0 

5.0 

4.8 

4.7 

4.7 

4.8 

4.8 

4.9 

4.9 

5.1 

5.2 

5.6 

5.2 

5.8 

5.8 

5.6 

5.6 

5.3 

5.2 

5.2 

5.4 

5.4 

5.6 

5.5 

5.6 

5.4 

5.8 

5.4 

6.0 

6.0 

5.8 

5.8 

5.5 

5.4 

5.4 

5.6 

5.6 

5.8 

5.7 

5.8 

7.15 

7.1 

7.1 

7.1 

7.1 

7.1 

7.1 

7.2 

7.1 

7.1 

7.1 

7.1 

7.1 

7.1 



TABLE A3.7 (Cont'd) 

403.25 40 0.8 

407.25 40 0.6 

41.1.75 53 0.6 

426.75 50 1.0 

450.75 32 1.0 

9 6.1 7.15 7.15 

8 6.0 

0 6.2 

1 6.3 7.1 7.1 

3 6.5 7.05 7.0 

to 



\ 

TABLE A3.8 Results of filter run 8 

T Y P E O F M E D I A = S A N D 

U N I F O R M I T Y C O E F F I C I E N T = 1.41 

E F F E C T I V E N I E . E - 0.64 M M 

Rate of filtration = 0 . 2 5 m 3 / m 2 h 

Depth of media = 75 cm 

Porosity = 44% 

Depth of graded gravel = 20 cm 

Influent turbidity range = 2 2 - 6 0 FTU 

Temperature 

pH 

17.5 - 21.0 C 

7.0 - 7.15 

T I M E 

( H ) 

T U R B I D I T Y F T U H E A D L O S S C N O F W A T E R pH 

0 

1 0 . 7 5 

: ' I . 7 5 

2 7 . 7 ' . 

4 . 1 . 2 ' . -

4 1 1 . 0 

5 1 . 2 5 

6 7 . 2 5 

I N F L U E N T F I L T R A T E 

1 5 

4 0 

5 5 

' . i i 

4 0 

4 5 

4 5 

4 5 

3 . 0 

5 . 0 

5 . 0 

. ' , . 0 

3 . 5 

5 . 0 

5.0 

5 . 0 

1 - 3 
5 C M 

0.2 

0 . 6 

0 . 0 

I.. 1 

2 . 0 

2 . 2 

2.4 

4.1 

. 1 - 4 

1 0 C M 

1 - 1 0 1 - 1 1 
Net 75 cm Total 95 cm 

0 . 4 

0 . 7 

0 . 9 

1 . 2 

2 . 2 

2.4 

2.6 

4.2 

1.0 

1.3 

.1.7 

2.0 

3.0 

3.0 

3. 3 

5.0 

1.6 

1.9 

2.3 

2.6 

3.6 

3.6 

3.9 

5.7 

In 

7.15 

7.1 

Out 

7.15 

7.1 

O J 

7.0 7.1 

(Cont'd) 



TABLE A3.8 (Cont'd) 

71.25 

74.25 

90.5 

98.25 

114.75 

138.5 

144.0 

14 7 . 5 

162.75 

168. 5 

1.7 3. 25 

I MS. (I 

192.75 

196.25 

210.5 

215.5 

55 

55 

60 

40 

55 

50 

55 

40 

45 

50 

30 

36 

40 

32 

45 

4.5 

3.0 

3.0 

3.0 

3.0 

2.0 

2.0 

2.0 

1.5 

2.0 

2.0 

1.5 

1.5 

1.5 

1.5 

1.0 

4.3 

4.7 

7.0 

8. 4 

10.8 

15.1 

17.6 

20.2 

21.3 

22.3 

26.4 

27.7 

28.7 

32.2 

33.8 

4.5 

4.9 

7.2 

8.5 

11.0 

15.2 

17.7 

20.4 

21.5 

22.5 

26.6 

27.9 

29.0 

32.5 

34.0 

5.1 

5.3 

8.0 

9.3 

11.7 

16.1 

18.6 

21.2 

22.0 

23.1 

27.2 

28.6 

29.6 

32.9 

34.6 

5.8 

6.0 

8.6 

10.0 

12.4 

16.8 

18.0 

19.3 

21.9 

22.5 

23.6 

27.7 

29.1 

30.1 

33.5 

35.1 

7.1 

7.1 

7.1 

7.1 

7.1 

7.0 

7.0 

7 1 - w 

7.1 

7.1 

7.1 

(Cont'd) 

7.1 



TABLE A3.8 (Cont'd) 

221.25 

233.0 

240.5 

258.5 

20 3.5 

30 7.0 

311.75 

314.5 

3 31.25 

3 35.0 

50 

45 

38 

36 

40 

22 

40 

55 

40 

32 

1.0 

1.5 

1.0 

1.0 

0.9 

0.6 

1.0 

1.0 

0.9 

0.9 

36.4 

41.2 

45.1 

60.8 

74.7 

89.8 

89.4 

87.4 

105.7 

107.4 

36.7 

41. 5 

45.4 

61.2 

75.0 

90.1 

39.8 

87. 3 

106.1 

107.6 

37.4 

42.2 

45.8 

61.9 

75.5 

90.6 

90.2 

88.7 

106.5 

109.1 

37.8 

42.8 

46.3 

62.4 

76.0 

91.1 

90.8 

89.2 

107.0 

109.6 

7.15 

7.1 

7.1 

7.1 

7.1 

7.1 

7.1 7.1 



TjaBLE_AX.SL Results of filter run 9 

Rate of filtration = 2.0 m 3 / m 2 h 

Depth of media = 73 cm Effective size = 0.135 mm 

Porosity = 93.6% Uniformity coefficient = 2.96 

Type of media = rice hull ash Depth of graded gravel = 0.2 m 

Influent turbidity range = 2 0 - 2 5 FTU 

Temperature 

pH 

20 - 22 C 

7.1 - 7.2 

Time 

(h) 

Turbidity FTU Head loss cm of water pH 

0 

1 

•> 

\ 

4 

6 

19 

20 

In fluent FiIt irate 

22.0 

22 .0 

2 2.. 0 

/. 2 .0 

24.0 

22..0 

20.0 

2 0.0 

3.0 

5.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

1 - 4 
8 cm 

5.2 

8.0 

8. 3 

a. 4 

8.8 

9.3 

12.1 

13.0 

1 - 5 
13 cm 

1 - 6 
18 cm 73 cm 

Total 
93 cm In 

6.6 

9.7 

10.0 

10.2 

10.6 

11.2 

15.5 

17.3 

6.9 

10.0 

10.4 

10.6 

10.9 

11.7 

15.7 

16.7 

10.8 

13.5 

14 .3 

.14.5 

14.8 

15.7 

19.3 

19.7 

14.3 

17.4 

17.0 

10.1 

18.4 

19.3 

23.4 

24.2 

7.2 

Out 

7.2 

Depth of 
matter 

penetration 
Dist. from 
top media 
in cm 

U) 
to 
CT. 

(Cont'd) 



T A B L E A 3 . 9 (Cont'd) 

2.1 

22 

24 

27 

29 

4 3 

4 4 

41". 

4 6 

4 0 

4'i 

SO 

20.0 

2 2 .0 

21.0 

2.2 .0 

21.0 

2 2 .0 

22.0 

22.0 

22.0 

2 2.0 

2 5.0 

2.4 . 0 

1)1.75 23 . 0 

54 22.0 

6 5 . 7 5 22.0 

6 6 . 0 2 2 . 0 

7 . 0 

7 . 0 

7 . 0 

7 . 0 

7 , 0 

7 . 0 

7 . 0 

7 . 0 

7 . 0 

7 . 0 

7 . 0 

6 . 0 

6 . 0 

6 . 0 

6 . 0 

6 . 0 

1 3 . 3 

1 3 . 4 

1 3 . 9 

1 5 . 1 

1 5 . 9 

2 4 . 9 

2 5 . 7 

2 6 . 5 

2 7 . 1 

2 8 . 1 

2 0 . 5 

2 9 . 1 

3 0 . 0 

3 0 . 7 

3 4 . 5 

3 5 . 0 

1 7 . 0 

1 7 . 2 

1 8 . 0 

2 0 . 0 

2 1 . 2 

3 6 . 3 

3 7 . 9 

3 9 . 1 

4 0 . 1 

4 1 . 6 

4 2 . 5 

4 3 . 4 

4 4 . 7 

4 6 . 6 

5 6 . 5 

5 7 . 9 

1 7 . 4 

1 7 . 6 

1 8 . 4 

2 0 . 5 

2 1 . 6 

3 6 . 9 

3 8 . 5 

3 9 . 8 

4 0 . 8 

4 2 . 3 

4 .3.2 

4 4 . 0 

4 5 . 4 

4 7 . 4 

5 7 . 7 

5 9 . 0 

2 1 . 6 

2 1 . 8 

2 2 . 7 

2 4 . 8 

2 6 . 0 

4 1 . 9 

4 3 . 7 

4 4 . 6 

4 5 . 6 

4 7 . 1 

4 0 . 1 

4 9 . 0 

5 0 . 8 

5 2 . 7 

6 3 . 3 

6 4 . 8 

2 5 . 3 

2 5 . 5 

2 6 . 3 

2 8 . 6 

2 9 . 7 

4 5 . 3 

4 7 . 0 

4 8 . 4 

4 9 . 5 

5 1 . 0 

5 2 . 0 

5 3 . 0 

5 4 . 7 

5 6 . 6 

6 7 . 2 

6 8 . 8 

7.1 

t o 

7 . 2 4.0 

7.1 7.1 4.5 
(Cont'd) 



TABLE A3.9 (Cont'd) 

68 

73 

74 

75 

91 . 25 

92.5 

94.25 

96. 25 

97. 75 

9'•!.(') 

1 I '".. 2'» 

24.0 

22.0 

22.0 

2 2.. 0 

20.0 

22.0 

22.0 

22,0 

25.0 

2 2 .0 

22.0 

6.0 

6.0 

6.0 

7.0 

6.0 

6.0 

6.0 

5.0 

6.0 

6.0 

5.0 

35.0 

35.5 

35.6 

35.7 

37.6 

37.7 

37.3 

37.0 

37.6 

37.3 

13.4 

58.4 

59.9 

60.2 

59.8 

55.2 

65.6 

50.3 

47.4 

48.1 

47.1 

4 3.2 

59.6 

62.7 

63.4 

63.0 

74.6 

75.6 

75.7 

76.1 

77.1 

77.3 

92.0 

65.4 

68.5 

69.2 

69.8 

7.90 

81.1 

81.2 

8.17 

83.2 

83.6 

97.0 

69.4 

72.5 

73.3 

73.8 

84.1 

85.1 

85.3 

85.8 

87.0 

87.6 

101.0 

5.0 

7.1 7.1 7.0 

M 00 

7.1 

2.1 

7.1 

7.1 

7.5 

H.O 



TABLE A3.10 Results of filter run 10 

Rate of filtration 2.0 m 3 / m 2 h 

Type of media = sand Depth of media = 75 cm 

Uniforraity coefficient = 1.41 Depth of graded gravel = 20 cm 

Effective size = 0.64 mm Influent turbidity range = 20 - 25 F.T.U. 

Temperature 

pH 

= 20 - 22 C 

= 7.0 - 7.1 

Time 

fh) 

'I'urbidity FTU 

Influent Filtrate 

Head loss cm of water 

Tappings 1-3 

5 cm 

1 - 4 1 - 6 

10 cm 20 cm 

1 - 1 0 

75 cm 

1 - 1 1 

Total 

pH 

Influent Filtrate 

to 
VO 

0 

1 

2 

3 

4 

6 

19 

20 

22.0 

22.0 

22.0 

2 2.0 

24.0 

22 .0 

20.0 

20.0 

3.0 

9.0 

8.0 

9.0 

8.0 

9.0 

9.0 

8.0 

0.4 

1.5 

1.7 

1.6 

2.8 

2.8 

3.4 

3.6. 

1.1 

2.2 

2.4 

2.4 

3.5 

3.5 

4.2 

4.6 

2.4 

3.6 

3.8 

3.7 

3.9 

3.9 

5.7 

5.9 

7.0 

8.1 

8.3 

8.2 

8.3 

8.4 

10.0 

10.3 

11.3 

12.6 

12.7 

12.6 

12.8 

12.9 

14.9 

15.0 

(Cont'd) 

7.1 7.1 

7.1 

7.1 

7.1 

7.1 



TABLE A3..10 (Cont'd) 

2 1 

22 

24 

2 7 . 7 5 

2 9 . 7 5 

4 3.0 

44 

4 5 

4G 

4H 

4'I 

'id 

51 . . 7'-. 

5 4 . 

6 5 . 7 5 

66 

2 0 . 0 

2 2 . 0 

2 1 . 0 

2 2 . 0 

2 1 . 0 

2 2 . 0 

2 2 . 0 

22 ' .0 

2 2 . 0 

2 2 . 0 

2 5 . 0 

2.4 . 0 

2 2 . 0 

2 2 . 0 

2 2 . 0 

2 2 . 0 

10.0 

10.0 

10.0 

9.0 

10.0 

8.0 

3.0 

8.0 

7.0 

7.0 

7.0 

11.0 

8.0 

7.0 

7.0 

4.0 

4. 3 

5 . 0 

7.1 

8 . 3 

32.4 

34.8 

39.1 

44.0 

5 2 . 1 

5 5 . 0 

5 9 . 0 

6 5 . 3 

73.9 

94.1 

90.0 

4.9 

5.1 

5.8 

8.0 

9.2 

33.5 

35.8 

40.2 

45.2 

5 3.1 

56.0 

60.1 

66.5 

74.9 

106.2 

99.6 

6.4 

6.6 

7.3 

9.5 

10.8 

35.2 

37.4 

41.7 

46.1 

54.7 

57.6 

61.7 

60.1 

76.3 

107.7 

103.1 

10.8 

11.1 

11.8 

13.8 

15.1 

39.6 

41.6 

45.7 

54.9 

59.4 

63.2 

66.1 

72.6 

80.2 

101.9 

105.4 

15.4 

15.8 

15.9 

18.4 

19.7 

44.0 

46.1 

50.5 

54.9 

64.2 

67.0 

70.7 

76.5 

85.0 

116.9 

110.1 

7.0 

7.0 

7.1 

7.1 

7.0 

7.0 

7.1 

7.1 

U ) 
U ) 

o 

7.1 7.1 7.0 



TABLE A3.11 Results of f i l t e r run 11 

Rate of filtration = 4.0 m 3/m 2h Influent turbidity range 
Depth of media = 75.0 cm Type of media => rice hull ash 

Uniformity coefficient = 2.96 

Effective size = 0.135 mm 

Porosity == 92.8% 

Depth of graded gravel = 20 cm 

pi I 

Tomporaturo 

16 - 2.8 FTU 

V . I - 7.2 

24 - 2',"<.• 

Time 

(h) 

Turbidity FTU Head loss cm of water pH Depth 
or 

0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 
9.0 

Influent Filtrate 1 - 3 1 - 4 1 - 5 1 - 7 1 - 8 
5 10 15 25 35 

17.0 

16.0 

17.0 

16.0 

16.0 

15.0 

16.0 

17.0 
17.0 

1 - 1 0 Total 
75 95 

In Out media 
cm 

5.7 

5.0 

6.4 

6.8 

7.0 

7.0 

7.0 

7.4 

7.6 
7.8 

8.4 

9.5 

10.6 

11.8 

13.2 

13.4 

13.95 

16.4 

17.9 
18.8 

11.5 

12.5 

13.7 

14.9 

16.3 

16.7 

18.2 

19.8 

21.5 
22.5 

13.1 

14.4 

15.6 

16.8 

18.3 

18.7 

20.4 

22.0 

2 3.7 
24.8 

14.6 

15.8 

17.1 

18. 3 

19.6 

20.2 

21.9 

23.4 

2 5.1 
26.3 

19,2 

19. 3 

20.9 

22.1 

23.7 

24.2 

25.9 

27.6 

29. 3 
30.6 

23.4 

24.5 

25.9 

27.4 

28.9 

29.4 

31.2 

32.9 

33.7 
36.9 

26.6 

28.0 

29. 3 

30.7 

32.3 

32.9 

34.8 

36.4 

38.2 
38.6 

7.2 

7.2 

7.2 75.0 

74. .5 

7.2 

74.2 

74 

73.8 

73.3 

Depth of 
matter 

penetration 
cm 

CO 

3.0 
(Cont'd) 



TABLE A3.11 (Cont'd) 

12.0 10.0 8.1 26.0 30.9 33.3 34.7 38.3 44.6 48.3 7.2 7.2 73.0 

13.0 22.0 8 . 1 26.9 23.8 35.4 37.6 42.6 47.9 51.6 

14 . 0 20.0 8.4 22.5 36.5 40 . 1 40.3 45.3 50.8 54.5 72.8 

15.0 22.0 8.5 10.5 39.6 42.2 43.5 48.6 54.4 58.1 72.5 

17.0 25.0 8.6 1.2 46.8 49 . 0 51.2 56.8 62.9 66.3 72.0 3.6 

18 .5 24.0 9.2 0.3 54.0 57.1 58.5 64.6 70.5 74.2 7.1 7.2 71.8 

22.5 22.0 8.9 - 76.7 82.1 84.4 91.5 97.6 101.4 70.7 

23.5 25.0 8.8 - 82.3 89.0 90.4 98.9 105.4 109.0 70.0 4.5 

24.0 28.0 8.4 - 79.9 92.4 94.5 103.6 110.0 113.7 7.1 7.2 69.8 



TABLE A3.12 Results of filter run 12 

Rate of filtration = 4.0 m 3 / m 2 h 

Type o f m e d i a - sand Depth of media = 75 cm 

E f f e c t i v e airs:- - 0.64 mm' Porosity = 44% 

U n i f o r m i t y c o e f f i c i e n t = 1.41 Depth of graded gravel = 20 cm 

Influent turbidity range = 16 - 29 FTU 

pH 

Temperature 

= 7.0 - 7.2 

= 25 - 25 C 

T i m e 

( h ) 

0 

1.0 

2 . f'i 

l.o 

•I .U 

5.0 

6.0 

7.0 

8.0 

T u r b i d i t y F T U 

I n f l u e n t F i l t r a t e 

17 

16 

I 7 

ll. 

I (i 

1 5 

16 

17 

4 . 5 

5 . 5 

7.0 

M.4 

1 1. I 

9 . 5 

9. 3 

9 . 2 

10.0 

H e a d l o s s c m o f w a t e r pH 

1 - 3 
a t 5 c m 

1 - 4 
10 cm 

1 - 7 
2 5 c m 

1 - 9 
55 cm 

1 - 1 0 
75 cm 

Total 
95 cm 

3.1 

3.5 

3.7 

3 . 9 

4 . 2 

4.4 

4.5 

4.7 

4.9 

5.0 

5.3 

5.6 

5.8 

("». 2 

6.3 

6.5 

6.7 

6.9 

9 . 2 

9 . 6 

9 . 9 

1 0 . 2 

1 0 . 4 

10.6 

10.8 

11.0 

11.2 

14.8 

15.1 

1 5 . 3 

15.6 

1 6.0 

16.2 

16.4 

16.7 

16.8 

21.6 

21.8 

2 2 . 0 

2 2 . 2 

2 2 . 7 

2 2 . 9 

23.0 

23.3 

23.4 

31.6 

31.9 

3 2 . 1 

3 2 . 2 

3 2 .7 

3 2 . 9 

33.1 

33.2 

33.4 

In 

7.2 

7.2 

Out 

7.2 

7.2 

CO 
to 
CO 

(Cont'd) 



TABLE A3.12 (Cont'd) 

9.0 

12.0 

13.0 

14 .0 

15. 7 

17.0 

18.5 

22. 5 

2 3 .5 

24 . 5 

2(>. 5 

27. ' . 

29.75 

30.75 

33.5 

35.5 

17 

.18 

22 

20 

22 

25 

24 

2 2 

25 

25 

2,5 

24 

24 

24 

24 

10.0 

10.0 

11.0 

11.0 

12.0 

12 ,0 

13.0 

14.0 

13.0 

13.0 

13.0 

.1.2.0 

12.0 

12 .0 

11.0 

12.0 

5.1 

5.7 

6.1 

6.4 

6.7 

7.5 

8.2 

11.3 

12.4 

13.6 

16.6 

18.0 

22.1 

23.9 

28.7 

31.6 

7.1 

7.9 

8.2 

8.5 

8.9 

9.8 

10.4 

13.6 

14.5 

16.0 

18.9 

20.4 

24.5 

26.1 

31.2 

34.0 

11.6 

12.2 

12.5 

12.9 

13.3 

14.1 

14.9 

19.2 

19.1 

20.6 

23.6 

25.0 

29.2 

30.9 

35.7 

38.5 

17.1 

17.9 

18.2 

18.5 

18.9 

19.6 

20.6 

23.8 

24.8 

26.2 

29.2 

30.6 

34.6 

36.6 

41.2 

43.3 

23.7 

24.5 

24.9 

25.1 

25.2 

26. 3 

27.1 

30.4 

31.3 

32.7 

35.6 

37. 3 

41.2 

43.6 

46.6 

50.0 

33.7 

34.6 

35.0 

35.2 

35.3 

36.2 

37.1 

40.4 

41.4 

42.7 

45.6 

«7. 3 

51.2 

53.7 

56.6 

60.0 

7.2 7.15 

7.1 

7.1 

7.1 

7.1 

CO 
CO 

7.1 

7.0 

7.1 

7.05 
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TABLE A3.13 Results of filter run 13 

Rate of f i l t r a t i o n = 1.0 m 3 / m 2 h 
Type of media = rice hull ash Depth of graded gravel = 0.2 m 

Original porosity = 92.6% Influent turbidity range 

Original depth = 74 cm = 70 - 90 FTU 

Temperature = 20 - 25°C 

Time 

(h) 

Depth of 
medium 
(cm) 

Turbidity FTU. 

Influent Filtrate 

Total head 
loss 

cm of water 

0 

4.75 

9.0 

24.0 

28.0 

32.0 

48.0 

52.25 

56.0 

72.0 

79.5 

96.0 

103.25 

120.0 

127.25 

144.0 

151.25 

175. C 

192.0 

199.5 

74.0 

73.5 

73.: 

72.6 

72.3 

72. 

?I. 8 

70 

70 

75 

75 

75 

70 

75 

70 

70 

75 

75 

75 

75 

80 

75 

71.2 

75 

80 

4.0 

14.0 

14.0 

13.G 

12. C 

12.G 

11. C 

10.0 

10. s 

11. e 

11.0 

11.3 

11.0 

11.0 

11.~ 

7.2 

7.7 

8.4 

10.9 

11.6 

12.7 

15.8 

16.3 

16.9 

18.5 

19.3 

20.4 

20.4 

22.1 

22.9 

25.5 

22.5 

33.5 

(Cont'd) 
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TABLE A3.13 (Cont'd) 

216.0 

223.5 

240.0 

247.5 

263.5 

273.75 

288.0 

295.0 

312.0 

319.5 

336.0 

343.5 

360.0 

367.75 

384.0 

391.25 

408.0 

416.0 

70.4 

70.3 

69.9 

68.9 

68.0 

67.8 

66.6 

66.3 

66.3 

75 

75 

75 

80 

75 

80 

75 

75 

80 

80 

80 

75 

80 

80 

80 

75 

75 

75 

9.2 

9.7 

10.0 

10.0 

10.0 

9.7 

9.5 

3.5 

3.5 

3.5 

3.3 

3.3 

9.4 

3.7 

7.3 

9.4 

33.9 

38.0 

40.1 

41.9 

44.0 

49.3 

52.6 

56.6 

56.1 

62.3 

64.1 

66.9 

71.2 

73.4 

79.8 

82.4 

87.0 

88.9 
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TABLE A3.14 Results of filter run 14 

Rate of filtration =1.0 3 3/m 2h 

Type of media = rice hull ash Depth of graced gravel = 0.2 m 

Original depth of media = 52 cm Influent turbidity = 7 0 - 9 0 FTU 

Original porosity = 93.25% Temperature = 20 - 25 C 

Time 

(h) 

Depth of 
medium 
(cm) 

Turbidity FTU 

Influent Filtrate 

Head loss 

cm of water 

0 

4.75 

9.0 

24.0 

28.0 

32.0 

48.0 

52.25 

56.0 

72.0 

79.5 

96.0 

103.25 

120.0 

127.25 

144.0 

151.25 

175.25 

192.0 

199.5 

52.0 

51. 

50.8 

50.3 

49.5 

49.2 

49,0 

48. 2 

48.0 

70 

70 

75 

75 

75 

70 

75 

70 

70 

75 

75 

75 

75 

80 

75 

5.3 

16 

15 

15 

T •? 
a. — 

14 

13 

12 

13 

12 

12 

13 

13 

13 

12 

13 

75 

9.4 

11.3 

14.3 

20.6 

23.0 

24.7 

30.4 

32.0 

33.3 

37.4 

40.9 

44.0 

44.8 

49.1 

50.2 

54.0 

5 4.8 

5S.3 

60.3 

61.2 

(Cont'd) 
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TABLE A3.14 (Cont'd) 

216.0 

223.5 

240.0 

247.5 

263.5 

273.75 

288.0 

295.25 

312.0 

319.5 

336.0 

343.5 

360.0 

367.0 

384.0 

391.25 

408.0 

416.0 

47.5 

47.3 

47.0 

46.5 

45.7 

45.5 

45.5 

45.0 

44.8 

75 

75 

75 

80 

75 

80 

75 

75 

80 

80 

80 

75 

80 

30 

80 

75 

75 

75 

11 

11 

11 

11 

11 

11 

12 

12 

12 

13 

13 

12 

11 

12 

12 

12 

12.0 

12.0 

62.5 

63.2 

65.1 

66.3 

65.1 

69.4 

70.3 

71.5 

71.3 

75.4 

74.0 

75.6 

76.7 

76.2 

78.2 

78.9 

79.4 

79.6 
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TABLE A3.15 Results of filter run 15 

Time Depth of Turbidity FTU Head loss 
medium 
(cm) 

(h) . , „ . - , , _ x . cm of water 
Influent Filtrate 

0 33.5 70 5.4 3.8 

4.0 70 20.0 4.5 

24.0 33.4 75 20.0 6.2 

31.25 70 21.0 7.4 

48.0 33.2 75.0 21.0 8.5 

54.75 70 20.0 8.9 

79.0 75.0 20.0 10.2 

96.0 32.9 75.0 20.0 10.8 

103.0 75.0 21.0 11.4 

120.0 32.9 80.0 20.0 12.4 

127.25 75.0 21.0 13.5 

144.0 32.7 75.0 21.0 15.0 

151.25 75.0 22.0 17.1 

168.0 75.0 20.0 17.5. 

175.25 75.0 21.0 19.3 

192.0 32.5 80 2 1 . : 20.5 

199.0 75 22 . . 22.5 

216.0 32.3 75 22.1 24.0 

223.0 75.0 22.0 24.6 

(Cont'd) 

Rate of filtration = 1.0 n 3/ia 2h 

Type of media = rice hull ash Depth of graded gravel = 0.2 m 

Original depth of media = 33.5 cm Influent turbidity range = 7 0 - 9 0 
FTU 

Original porosity = 9 1 . 4 % _ _ n o c o _ 
Temperature = 20 - 25 C 
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TABLE A3.15 (Cont/d) 

240.0 

247.25 

264.0 

271.0 

288.0 

295.5 

312.0 

336.5 

344.0 

360.0 

367.75 

384.0 

32.1 

31.8 

31.7 

31.5 

31.4 

31. 3 

31.3 

31.2 

75.0 

80.0 

75.0 

80.0 

75.0 

75.0 

80.0 

80.0 

75.0 

80.0 

80.0 

80.0 

22.0 

22.0 

22.0 

22.0 

22.0 

22.0 

25.0 

25.0 

21.0 

21.0 

21.3 

20.0 

24.9 

26.0 

26.8 

27.5 

28.8 

29.5 

30.7 

31.3 

32.8 

32.1 

32.1 

35.1 
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TABLE A3.16 Results of filter run 16 

Rate of filtration = 1.0 m 3 / m 2 h Depth of graded gravel = 0.2 m 

Depth of media = 72.0 cm 

Porosity = 93.1% 

Type = rice hull ash 

Influent turbidity = 2 0 - 2 5 FTU 

Temperature = 20 22°C 

Time 

(h) 

Depth of 
media 
(cm) 

Turbidity FTU 

Influent Filtrate 

Head loss 
cm of 
water 

0 

6.5 

24.0 

30.5 

48 

54.5 

72 

78.5 

96 

102.5 

119.0 

126 

144 

150.75 

168 

174 

193.5 

216 

222.5 

72.8 

71.7 

71.4 

71.2 

71.0 

70.9 

70.8 

70.7 

70.5 

70.3 

20 

20 

21 

21 

20 

20 

20 

21 

22 

22 

24 

24 

22 

20 

22 

22 

22 

21 

21 

3.0 

3.S 

3.3 

3.9 

4.3 

3.3 

4.2 

4 . 2 

4.4 

4.3 

4.5 

4.0 

4.2 

3.3 

5.2 

9.3 

10.0 

12.5 

14.0 

14.9 

16.3 

17.2 

18.7 

19.1 

20.4 

21.1 

22.1 

23.3 

24.0 

2& 0 

25.2 

25.9 

(Cont'd) 
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TABLE A3.16 (Cont'd) 

240 

246.5 

264 

270 

288 

294 

312 

336 

70.2 

70.0 

69.9 

69.8 

69.6 

20 

21 

20 

25 

24 

20 

20 

21.0 

4.5 

4.2 

4.5 

4.5 

4.5 

4.3 

4.3 

4.3 

25.8 

25.9 

26.0 

27.6 

27.7 

27.8 

27.5 

29.0 
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TABLE A3.17 Results of filter run 17 

Rate of filtration = 1 . 0 m 3 / m 2 h Depth of graded gravel = 0.2 m 

Type = rice hull ash Influent turbidity range 

. Depth of media = 53.0 cm = 20 - 25 FTU 

Porosity = 96.6% Temperature 20 - 22 C 

Time 

(h) 

Depth of 
media 
(cm) 

Turbidity FTU 

Influent Filtrate 

Head loss 
cm of 
water 

0 

6.5 

24.0 

30.5 

48.0 

54.5 

72.0 

78.5 

96.0 

102.5 

119.0 

126.0 

144.0 

150.75 

168.0 

174 .,0 

191 .0 

190.5 

216.0 

222.5 

53.0 

52.4 

52.3 

52.1 

51.8 

51.4 

51.0 

50.8 

50.5 

50. 3 

20 

20 

21 

21 

20 

20 

20 

21 

22 

22 

24 

24 

22 

20 

22 

22 

~>1 

2.2 

4.5 

4.5 

4.7 

4.5 

4.7 

4.4 

5.2 

4.7 

4.5 

4.9 

4.7 

4.7 

5.0 

4.3 
4 .3 . 

3.1 

6.1 

7.1 

8.1 

9.0 

10.5 

11.9 

14.1 

15.7 

18.5 

20.0 

22.1 

24.4 

24.6 

26.2 

27.0 

23.0 

(Cont'd) 

29.0 

29.3 
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TABLE A3.17 (Cont'd) 

240.0 50.2 20 4.7 30.6 

246.5 21 4.5 31.4 

264.0 50.1 20 4.7 32.0 

270.0 25 5.5 32.4 

288.0 50.0 24 5.0 33.2 

294.0 20 4.5 33.7 

312.0 49.7 20 4.7 34.1 

336.0 21 4.3 34.2 
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TABLE A3.18 Results of filter run 18 

Rate of filtration = 1.0 m3/rrrh Depth of graded gravel = 0.2 m 

Depth of media = 38.3 cm 

Porosity = 94.2% 

Influent turbidity range 
= 2 0 - 2 5 FTU 

Temperature = 20 - 22 C 

Time 

(h) 

Depth of 
media 
(cm) 

Turbiditv FTU1 

Influent Filtrate 

Head loss 
cm of 
water 

0 

6.5 

24.0 

30.5 

48.0 

54.5 

72.0 

78.5 

96.0 

102.5 

119.0 

126.0 

144.0 

150.75 

168.0 

174.0 

38.3 

33.0 

37.9 

37.9 

37.9 

37.8 

37.7 

37.6 

20 

20 

21 

21 

20 

20 

20 

21 

22 

22 

24 

24 

22 

20 

22 

22 

2.0 

6.0 

c: =; ~»• 

6. 5 

6.5 

6.1 

6.5 

6.2 

6.4 

6.5 

6.5 

6.4 

6.5 

7.1 

3.0 

3.3 

4.0 

4.3 

4.9 

5.1 

5.5 

5.9 

6.2 

6.5 

7.1 

7.5 

7.9 

7.9 

8.6 

8.8 
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TABLE A3.18 (Cont'd) 

240.0 37.4 20 5.5 11.6 

246.5 21 5.1 12.2 

264.0 37.3 20 5.4 13.8 

270.0 25 6.4 14.1 

288 37.3 24 6.2 15.6 

294.0 20 5.2 16.7 

312 37.1 21 5.1 18.4 



TABLE A3.19 Clear water experiments - Results of filter 

run 19 

Rate of filtration = 1.0 m 3 / n 2 h 

Type of media = rice hull ash Source of water = tap water 

Original depth = 52.5 cm pH = 7 . 1 

Porosity = 93.4% Temperature = 20 - 22°C 

Time Head loss Depth of Media 

(d) cm of water (cm) 

0 3.1 52.5 

1 4.8 51.9 

2 5.0 51.7 

3 5.6 51.6 

4 6.7 51.5 

5 7.2 51.3 

6 8.0 51.2 

7 8.3 51.1 

8 8.5 51.0 

9 9.3 50.9 

10 9.8 50.8 

11 10.1 50.7 
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TABLE A 3 . 2 0 Clear water experiments - results of 

filter run 20 

Rate of filtration = 1.0 n 3 / m 2 h 

Type of media = rice hull ash Temperature = 20 - 22°C 

Original depth of media = 31.4 cm Source of water = tap water 

Original porosity = 92.9% Depth of graded gravel = 20 cm 

Time Total head loss Depth of media 

(d) cm of water (cm) 

0 6.0 31.4 

1 6.1 31.0 

2 6.4 30.8 

3 8.0 30.6 

4 9.8 30.5 

5 10.9 30.4 

6 12.1 30.3 

7 13.3 30.1 

8 16.0 30.0 

9 17.2 29.8 

10 19.0 29.7 



349 

TABLE A3.21 Clear water experiments - results of filter 

run 21 

Rate of filtration = 1 . 0 n 3 / m 2 h 
Original depth of media = 78.0 cm Original porosity = 93.6% 

Time Head loss Depth of media 

(d) cm of water (cm) 

0 2.5 78.0 

1 3.2 77.7 

2 3.8 77.4 

3 4.4 77.1 

4 5.1 77.0 

5 6.1 76.7 

6 6.7 76.6 

7 6.8 76.6 

8 6. 7 76.5 

9 6.9 76.4 

10 7.1 76.4 

11 7.1 76.3 

12 7.6 76.2 

13 8.2 76.0 

14 9.6 75.8 

15 9.3 75.6 

16 9.4 75. 5 



TABLE A 3 . 2 2 Results o f f i l t e r r u n 22 

Pate of filtration = 

Type of media = rice hull ash 

Depth of media = 77.9 cm 

Porositv = 90% 

0.25 m 3 / m 2 h 

Depth of graded gravel = 0.2 m 

Influent turbidity range = 4 5 - 7 5 FTU 

Tii ue 

Cd) 

0 

.1. 

2 

6 

7 

8 

Depth of media 

(cm) Influent 

Turbidity FTU 

77.9 

77.8 

77.7 

77.65 

77.6 

77.5 

77.5 

65 

75 

70 

65 

80 

70 

70 

75 

70 

Filtrate 

Head loss 
cm of water 

Tappings 1-4 
at 12.9 cm 

Tappings 1-6 
at 22.9 cm 

Total 
at 97.9 cm 

5.0 

6.2 

6,6 

6.2 

7.8 

8.5 

8.1 

7.8 

7.6 

1.7 

1.9 

L.9 

2.1 

2.2 

2.2 

2.4 

2.5 

2.7 

2.4 

2.0 

2.0 

2.2 

2.3 

2.3 

2.4 

2.5 

2.7 
(Cont'd) 

2.7 

2.9 

2.9 

3.0 

3.1 

3.1 

3.2 

3.3 

3.4 

O J 

O 



TABLE A3.22 (Cont'd) 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

1.0 

20 

21 

22 

2 3 

24 

77.5 

77.4 

77.3 

77.2 

77.15 

77.14 

77,0 

76.9 

76.8 

76.8 

76. 7 

76.7 

76.7 

76.6 

76.5 

76.4 

70 

65 

65 

65 

65 

75 

75 

75 

70 

75 

65 

75 

75 

70 

70 

70 

7.8 

6.9 

6.9 

7.4 

7.6 

8.0 

8.5 

8.5 

8.2 

7.9 

8.2 

8.0 

8.6 

7.9 

8.2 

8.6 

2.9 

3.0 

3.2 

3.2 

3.4 

3.7 

4.1 

4.0 

4.1 

4.6 

4.8 

4.9 

5.4 

5.7 

6.1 

6.4 

2.9 

3.0 

3.2 

3.4 

3.5 

4.0 

4.3 

4.2 

4.3 

4.7 

4.9 

5.1 

5.7 

6.0 

6.2 

3.5 

3.7 

3.9 

4.0 

4.2 

4.8 

5.0 

4.98 

5.1 

5.3 

5.4 

5.9 

6.4 

6.6 

7.0 

7.3 6.5 
(Cont'd) 



TABLE A3.22 (Cont'd) 

25 

26 

27 

28 

29 

30 

3.1 

32 

3 3 

34 

.35 

30 

37 

31'! 

39 

40 

76.4 

76.3 

76.2 

76.1 

75.9 

75.8 

75.7 

75.6 

75.4 

75 .2 

75.2 

75,.1. 

75.0 

74 .9 

74 .8 

74.7 

75 

70 

70 

65 

65 

70 

70 

65 

65 

65 

70 

70 

65 

70 

65 

65.0 

7.7 

7.5 

7.4 

7.3 

6.7 

7.2 

6.7 

6.3 

67 

6.4 

(».U 

(i. :\ 

5.6 

6.7 

6.0 

6.1 

6.7 

6.9 

7.4 

7.7 

7.9 

8.9 

9.2 

9.7 

9.3 

9.3 

9.H 

1.0.9 

11.2 

12.9 

14.3 

16.2 

6.8 

7.0 

7.6 

7.9 

8.1 

9.0 

9.3 

9.8 

9.4 

9.7 

10.0 

11.2 

11.7 

13.2 

14.7 

16.7 
(Cont'd) 

7.6 

7.9 

8.2 

8.7 

8.8 

10.1 

10.2 

10.7 

10.3 

10.6 

10.9 

12 .1 

12.7 

14.2 

15.7 

17.8 

cn 



TABLE A3.22 (Cont'd) 

41 

42 

43 

44 

45 

46 

4 7 

48 

49 

Ml 

5 3 

54 

56 

74.3 

74.1 

73-9 

73.7 

73.1 

72 .5 

71.8 

71.0 

70. 3 

69.8 

69.3 

68. 3 

67.7 

66. 5 

60 

60 

55 

60 

65 

60 

50 

50 

50 

45 

50 

55 

50 

45 

5.7 

5.6 

5.0 

5.7 

5.7 

5.5 

4.7 

5.1 

4.7 

5.5 

5.1 

4.5 

18.4 

16.5 

15.6 

16.3 

11.8 

9.9 

4.2 

2.1 

20.3 

20.9 

23.6 

27.0 

32.2 

40.0 

47.1 

52.5 

65.0 

71.0 

81.6 

89.0 

98.0 

100.5 

21.4 

22.2 

25.0 

28.6 

34.0 

41.9 

49.1 

55.1 

67.4 

72.5 

84.1 

90.2 

99.8 

102.0 

O J 
U i 
O J 
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TABLE A3.23 Results of filter run 23 

Time Depth of -jsdium 

(d) (cm) 

0 77.4 

1 77.3 

3 77.3 

6 77.3 

10 77.0 

13 76.9 

17 76.4 

21 75.8 

Type of medium = rice hull ash Original depth of .medium = 77.4 cm 

Effective size = 0.135 mm, Depth of graded gravel = 0.20 m 

Uniformity coefficient = 2.96 
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TABLE A3.24 Results of filter run 24 - Bacterial removal 

Rate of filtration = 1 . 0 n 5 / n 2 h 

Type of media = rice hull ash Original depth of media = 77.5 cm 

Effective size = 0.135 mm Depth of graded gravel = 0.2 m 

Uniformity coefficient = 2.96 

Time 

(h) 

Head loss 
cm of water 

Viable counts of 
E. coli 
at 37°C 
(no/mL) 

In Out 

Efficiency Depth of 
media 

(%) (cm) 

0 

4 

28 

52 

76 

94 

124 

148 

172 

196 

220 

244 

3.4 

3.5 

4.2 

5.4 

5.9 

6.2 

6.4 

6.7 

7.2 

7.4 

7.6 

7.8 

< 10 < 10 

970 300 

no counts were taker. 

S9.1 

1600 

2290 

1100 

1550 

185 

100 

160 

320 

260 

510 

30 

85 

< 10 

15 

10 

20 

33.8 

77.7 

97.3 

34.5 

> 94.6 

35.0 

93.8 

93. 3 

77.5 

77.3 

77.1 

77.0 

76.7 

76.6 

76.2 

75.9 

75.8 
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TABLE A3.25 Results of filter run 25 

Rate of filtration = 1.0 3 3/rn 2h 

Type of medium = sand 

Effective size = 0.64 mm 

Uniformity coefficient = 1.41 

Depth of media 

Porosity 

= 75 cm 

= 44% 

Time 

(h) 

Head loss 

(cm of water) 

Viable counts of E. coli 
at 37°C 
(no/mL) 

In Out 

Efficiency 

(%) 

0 

4 

28 

52 

76 

94 

124 

148 

172 

196 

220 

244 

3.2 

3.5 

7.3 

18.9 

28.1 

30.6 

33.0 

37.5 

40.9 

47.0 

53.S 

60.5 

< 10 < 10 

335 100 

no counts were made 

70.1 

1500 

1630 

1100 

1050 

200 

70 

140 

300 

600 

200 

230 

40 

17 

25 

70 

69.3 

64.3 

81.8 

78.1 

80.0 

75.7 

82.1 

76.7 
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TABLE A3.26 Results of filter run 26 

Rate of filtration = 0.5 n3/.ii2h 

Type of media = rice hull ash Depth of medium = 75.6 cm 

Effective size = 0.135 mm Porosity = 93.7% 

Uniformity coefficient = 2.96 

Time Head loss Viable counts of Efficiency Depth of 
E. coli medium 

(h) (cm of water) at 37°C (%) (cm) 
(no/mL) 

In Out 

0 2.7 < 10 

4 2.8 3000 

28 4.3 500 

52 4.5 1200 

76 4.7 110 

100 4.8 no counts 

124 5.0 1950 

148 5.1 380 

172 5.5 330 

196 5.8 700 

220 5.9 810 

< 10 - 75.6 

880 70.7 

70 86.0 75.3 

240 30.0 

15 36.4 75.0 

were made 

110 94.4 

< 10 > 97.4 74.5 

< 10 > 97.0 74.4 

< 10 > 93.6 

35 95.7 74.2 



358 

TABLE A3.27 Results of filter run 27 

Rate of filtration = 0.5 cri 3/n 2h 

Type of medium = sand Porosity = 4 4 % 

Effective size = 0.64 mm Uniforrdty coefficient = 1.41 

Depth of medium = 75 cm 

Time Head loss Viable counts of E. coli Efficiency 
at 37°C 

(h) (cm of water) (no/mL) (%) 

In Out 

0 

4 

28 

52 

76 

100 

124 

148 

172 

196 

220 

2.1 

2.3 

2.3 

2.9 

3.8 

5.2 

6.6 

9.0 

11.8 

15.6 

19.3 

< 10 

6000 

1120 

240 

90 

240 

1580 

95 

500 

880 

900 

< 10 

10 

50 

230 

< 10 

50 

70 

40 

61.0 

91,1 

60.4 

88.9 

79.2 

85.4 

> 89.5 

90.0 

92.0 

95.6 



TABLE A3.28 Results of filter run 31 

Series filtration 
Prima ry_ filter 

Depth of R.H.A. medium 
Porosi t.y 
Depth of graded gravel 
Rate of filtration 

= 75.8 cm 
= 93.6% 
= .2 m 
= 1 . 0 m 3/m 2h 

Secondary filter 
Depth of R.H.A. medium = 77.8 cm 
Porosity = 93.3% 
Depth of graded gravel = . 2 m 
Rate of filtration = 0.5 m 3/m 2h 

Time 

(d) 

0 

1 

•> 

3 

4 

5 

6 

7 

Turbidity 
FTU 

Head loss 
cm of water 

Influent Filtrate Primary Secondary 

Primary Secondary Gross Net Gross Net 

29 

29 

26 

26 

26 

27 

25 

27 

3.1 

w • 0 

7.0 

6.7 

6.0 

5.2 

5.0 

5.0 

5.8 

5.3 

4.7 ' 

3.7 

3.3 

3.0 

5.2 

7.4 

11.4 

15.3 

20.0 

23.4 

26.7 

30.3 

4.4 

6.4 

10.2 

14.2 

18.9 

22.4 

25.7 

29.4 

3.4 

3.5 

3.8 

3.7 

4.0 

4.4 

4.3 

3.1 

3.1 

3.6 

3.3 

3.6 

4.0 

3.9 

Depth of media 
cm 

Primary Secondary 

75.8 

75.5 

74.9 

74.5 

73.9 

73.5 

73.1 

72.6 
(Cont'd) 

77.8 

77.0 

77.0 

76.8 

76.8 

76.8 

76.6 

Ul 
VO 



TABLE A3.28 (Cont'd) 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

'18 

IV 

20 

2.1 

22 

23 

26 

25 

31 

26 

26 

26 

25 

23 

25 

26 

2.6 

20 

28 

26 

4.7 

4.7 

4.7 

4.7 

4. 7 

4.5 

4.2 

4.5 

4.2 

4.0 

4.2 

3.9 

3.9 

3.8 

3.6 

3.4 

2.5 

2.5 

2.0 

2.2 

2.2 

2.25 

2.0 

2.0 

1.8 

1.5 

1.5 

1.3 

.1.5 

1.5 

1.5 

1.5 

33.0 

35.0 

39.0 

42.8 

44.1 

41.'I 

54.5 

60.1 

66.8 

72.5 

75.0 

77.4 

78.0 

88.4 

82.3 

83.9 

32.0 

34.1 

38.0 

41.9 

43.1 

46.5 

53.6 

59.2 

65.8 

71.4 

74.7 

76.5 

76.9 

79.3 

31.3 

82.9 

4.6 

4.7 

4.9 

5.1 

5.4 

5.5 

6.4 

6.2 

5.9 

6.1 

6,3 

6.5 

6.5 

6.3 

6.5 

6.5 

4.1 

4.3 

4.4 

4.6 

4.1 

5.1 

5.6 

5.5 

5.5 

5.5 

5.8 

6.1 

6.2 

6.0 

6.2 

6.2 

72.2 

71.8 

71.2 

70.7 

70.1 

69.5 

68.6 

67.8 

67.1 

66.2 

65.4 

64.7 

64.0 

63.3 

62.6 

62.0 
(Cont'd) 

76.5 

76.4 

76.3 

76.1 

76.1 

75.9 

75.8 

75.7 

75.5 

75.4 

75.4 

75.2 

75.0 

74.8 

74.8 

74.7 

w 
o 



TABLE A3.28 (Cont'd) 

24 

24.5 

25 

26 

27 

28 

29 

30 

31. 

32 

3 3 

34 

35 

36 

37 

38 

26 

34 

27 

26 

23 

34 

31 

25 

24 

21 

3.2 

7.0 

5.7 

4.4 

3.6 

3.4 

2.8 

2.3 

1.9 

1.6 

1.0 

1.7 

1.7 

1.6 

1.7 

2.0 

1.6 

1.6 

1.5 

1.4 

1.4 

1.4 

1.4 

1.4 

.1.2 

1.1 

1.2 

1.1 

1.6 

83.4 

9.9 

39.2 

52.6 

58.7 

64.5 

76.9 

79.7 

79.9 

80.6 

00.6 

07.4 

96.2 

97.6 

99.7 

12.1 

82.4 

8.9 

38.1 

51. 3 

57.4 

63.1 

75.1 

77.7 

77.9 

78.6 

79.0 

06.1 

96.2 

96.6 

98.3 

11.1 

6.5 

6.3 

5.3 

6.1 

6.0 

5.7 

6.0 

6.4 

6.5 

6.6 

6.9 

7.2 

7.2 

7.3 

7.3 

6.2 

6.0 

6.0 

5.5 

5.6 

5.4 

5.7 

6.1 

6.1 

6.1 

6.4 

6.0 

6.8 

6.8 

6.9 

61.4 

77.5 

76.6 

75.9 

75.4 

75.2 

74.4 

73.9 

73.5 

73.2 

72.0 

71.8 

70.9 

70.1 

77.8 
(Cont'd) 

74.6 

74.4 

74.2 

74.4 

74.3 

74.2 

74.2 

74.2 

74.2 

74.2 

74.2 

74.1 

74.1 

74.0 

73.9 



T A B L E A 3 . 2 8 (Cont'd) 

39 

40 

4.1 

42 

43 

44 

45 

46 

4 7 

48 

4') 

Ml 

5 I 

!>2 

53 

5 5 

30 

25 

22 

22 

2 3 

34 

27 

2 3 

21 

27 

24 

2 Li 

2 2 

J . * 

2 . 5 

2 . 4 

2 . 0 

1 . 7 

1 . 8 

1 . 4 

1 . 5 

1 . 1 

1 . 1 

I.. 3 

I . 2 

1 . 2 

1 . 1 

1 . 1 

1 . 1 

1 . 6 

1 . 4 

1 . 3 

1 . 3 

1 . 4 

1 . 3 

2 1 . 6 

2 4 . 0 

2 5 . 5 

2 7 . 6 

2 9 . 5 

3 4 . 3 

3 7 . 0 

4 0 . 5 

4 4 . 4 

4 9 . 4 

5 3 . 8 

(..2.2 

7 0 . 5 

7 7 . 0 

7 9 . 2 

8 6 . 1 

1 9 . 6 

2 2 . 1 

2 3 . 7 

2 5 . 0 

2 8 . 0 

3 3 

3 5 . 7 

3 7 . 6 

4 3 . 0 

4 8 . 1 

52.5 

( . 0 . 9 

6 9 . 8 

7 5 . 9 

7 8 . 1 

8 5 . 0 

7 . 6 

7 . 9 

8 . 8 

8 . 4 

7 . 4 

8 . 3 

6 . 3 

7 . 5 

8 . 3 

7 . 9 

6 . 9 

7 . 8 

7 7 . 0 

7 6 . 8 

7 6 . 6 

7 6 . 4 

7 6 . 1 

7 5 . 8 

7 5 . 1 

7 4 . 8 

7 4 . 5 

7 4 . 1 

7 3 . 6 

7 2 . 0 

7 1 . 5 

7 0 . 2 

6 9 . 3 

7 3 . 6 

7 3 . 5 

7 3 . 3 

7 3 . 3 

7 3 . 2 

7 3 . 1 

ro 

6 7 . 9 

(Cont'd) 



TABLE A3.28 (Cont'd) 

56 23 1.2 90.9 89.7 67.0 

57 20 1.2 92.1 90.9 66.1 

58 22 1.2 94.9 93.7 65.6 

U) cn w 
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TABLE A3.29 Results of thin layer filter runs 32A and 32B 

Rate of filtration = 1 . 0 m 3 / - i 2 h 

Run Depth of media Porosity 
(mm) {%) 

32A 50 94.2 
32B 95 93.9 

Time 

(h) 

Suspended solids concentration Head loss 
(mg/L) 

(cm of water) 
Influent Filtrate 

32A 32B 32A 32B 

0 8.4 

1.0 21 .0 4.9 

2.0 18.5 6.2 

4.0 18 . 0 9 .0 

7.0 18 . 0 10.0 

9.45 15.7 9.0 

22.25 13.8 8 .0 

23.25 14.5 8.7 

25.25 13.8 8.0 

27.5 13.4 8 .0 

30.5 13.4 8.7 

46.75 13.8 7.2 

49.25 15 . 0 8 .0 

51.75 14.5 8.7 

54.25 14.8 9.0 

55 . 5 '. 14.2 8.7 

71.25 14 .2 7.6 

78.5 13.8 9.0 

95.5 14.2 9.0 

1.0 4.8 

5.4 1.3 5.4 

6.7 1.5 5.8 

7.6 2.1 6.6 

8.0 2.8 7.5 

7.6 3.5 8.6 

6.2 5.6 12.2 

6.7 5.7 12.3 

6.0 6.0 12.4 

6.2 6.7 14.3 

5.4 7.2 15.6 

6.2 9.3 20.5 

5.3 9 . 5 23.5 

6.2 9 .6 22.9 

6.2 9.7 23.5 

6.2 10.2 24.1 

5.4 11.2 26,5 

S.2 11.9 28.0 

6.2 12.5 30.0 
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TABLE A3.29 (Cont'd) 

102.5 

119.0 

126.5 

143.0 

145.25 

147.75 

150.5 

153.0 

167.5 

169.25 

171.75 

174.5 

191.25 

193.25 

195.75 

198.5 

215.0 

217.25 

220.25 

222.5 

239.0 

246.25 

263.25 

270.5 

28 7.25 

289.25 

291.75 

13.8 

12.4 

13.0 

13.4 

15.0 

15.0 

15.0 

12.0 

13.8 

15.0 

14.0 

13.5 

12.0 

13.0 

13.0 

12.4 

11.0 

13.4 

13.0 

12.4 

15.0 

13.4 

II.4 

7.6 

6.2 

7.6 

5.8 

7.6 

8.0 

8.0 

7.5 

6.2 

7.2 

7.0 

6.7 

5.8 

6.2 

5.8 

6.2 

4.9 

5.4 

6.7 

6.7 

5.8 

6.7 

5.8 

11 .4 

12 .0 

5.8 

6.0 

4.9 

3.5 

4.9 

3.7 

4.9 

5.4 

5.7 

5.4 

3.9 

4.2 

4.5 

4.5 

3.0 

3.0 

3.5 

3.0 

2.5 

3.0 

3.5 

3.5 

3.0 

3.9 

3 .0 

3.5 

3.0 

3.5 

3.0 

13.4 

14.3 

14.6 

14.8 

15.2 

L5.5 

15.7 

15.8 

15.0 

16.8 

16. 3 

17.3 

13.0 

17.5 

19.5 

19.2 

19.3 

20.2 

20.8 

21.2 

20.9 

22.2 

29.0 

32.2 

33.3 

34.6 

35.2 

35.9 

36.3 

37.3 

37.7 

39.9 

39.6 

42,0 

42.5 

43.4 

42.7 

43.4 

44.7 

46.0 

45.9 

46.3 

49.0 

51.4 

55.7 

55.4 

56.2 
(Cr-t'd) 
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TABLE A3.29 (Cont'd) 

294.25 11.4 6.2 

297.0 11.0 3.9 

311.0 16.0 4.9 

313.25 16.0 4.9 

316.25 15.0 6.7 

318.5 12.4 6.2 

320.75 12.4 6.7 

335.25 16.0 6.2 

337.25 15.5 7.2 

339.5 13.5 7.2 

342.25 13.5 6.7 

344.75 13.0 7.2 

359.25 12.0 5.4 

361.5 15.5 7.2 

364.5 15.0 7.6 

366.5 15.0 8.0 

383.5 14.4 6.2 

4.9 24.5 56.5 

3.0 25.4 57.0 

2.5 25.0 57.3 

3.5 27.2 59.9 

3.9 27.3 61.7 

3.5 27.1 60.6 

3.9 27.1 62.6 

3.5 27.4 61.6 

3.9 23.5 63.1 

4.5 23.5 65.5 

3.9 23.0 64.8 

4.5 23.5 64.8 

3.0 30.2 66.7 

3.9 29.3 67.9 . 

4.9 29.3 67.5 

4.9 29.3 67.3 

3.5 30.7 71.1 
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TABLE A3.30 Results of thin layer filter runs 33A and 33B 

Rate of filtration = 1.0 m 3/-; 2h 

Run 

33A 
33B 

Depth of media 
(mm) 
50 
90 

Porosity 
(%) 

94.2 
93.6 

Time 

(h) 

Suspended solids concentration 
(mg/L) 

Influent Filtrate 

33A 33B 

Head loss 

(cm of water) 

33A 33B 

0 

1 

3 

4.5 

6.0 

8.25 

22.0 

28.5 

25.0 

27.0 

28.5 

30.0 

32.5 

45.0 

8.4 

15.5 

14.9 

14.9 

14.9 

13.7 

13.0 

17.0 

16.6 

16.6 

16.0 

16.6 

15.7 

13.7 

2.0 

6.7 

7.6 

7.6 

7.2 

7.6 

7.6 

9.0 

9.5 

9.5 

10.0 

10.0 

9.8 

4.5 

5.7 

6.2 

5.7 

5.7 

5.7 

6.2 

6.7 

6.7 

7.5 

7.2 

6.2 

6.2 

0.3 

0.4 

0.7 

1.0 

1.4 

2.2 

4.8 

5.2 

5.4 

6.0 

6.0 

6.3 

6.8 

0.6 

0.7 

1.1 

1.4 

1.7 

2.4 

6.2 

6.8 

7.7 

7.9 

9.6 

10.4 

11.7 

16.2 
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TABLE A3.30 (Cont'd) 

70.25 15.7 9.0 

77.5 16.6 11.0 

94.0 14.9 8.0 

101.5 17.1 9.5 

118.5 18.0 9.5 

120.5 17.5 10.0 

123.0 17.1 9.5 

125.0 16.0 9.5 

127.75 16.0 9.0 

142.5 14.7 8.0 

144.5 14.4 8.6 

147.0 14.4 8.0 

149.0 14.4 8.6 

151.75 14.4 8.0 

166.75 13.3 7.6 

168.75 17.5 8.0 

171.0 14.5 8.0 

173.0 15.0 8.6 

176.0 14.5 8.0 

189.75 13.4 7.6 

199.0 14.4 8.0 

5.7 8.8 25.8 

6.7 9.5 29.3 

5.7 9.6 31.8 

6.2 10.2 34.3 

5.4 10.6 36.7 

5.7 11.1 38.0 

6.2 11.1 38.4 

6.2 11.0 39.0 

5.7 11.2 39.3 

4.9 11.7 40.1 

5.4 11.5 40.5 

4.9 11.5 42.1 

4.9 11.6 41.4 

5.1 11.9 42.8 

4.5 12.7 44.5 

4.9 12.4 44.4 

4.9 12.6 44.8 

5.5 12.2 45.9 

5.4 13.1 47.4 

4.9 13.3 49.0 

5.4 13 . 6 53.0 
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TABLE A3.31 Results of thin layer filter runs 34A and 34B 

Rate of filtration = 1.0 -! 3/m 2h 

Run Depth of media Porosity 
(mm) (%) 

34A 50 94.2 
34B 100 94.2 

Time Suspended solids concentration Head loss 
(mg/L) 

(h) (cm of water) 
Influent Filtrate 

34A 34B 34A 34B 

0 12.4 

1.0 14 .25 7.0 

3.0 13 .75 7.0 

4.0 14 .25 7.6 

5.0 15.6 7.6 

6.0 14 .75 7.6 

8.25 15.6 8.0 

21.5 19.4 10.4 

23.0 21 .25 11.8 

25.0 19.9 11.8 

27.0 18.5 10.5 

30.0 18.5 11.4 

32.5 16 .5 10.0 

46 .25 22 .75 10 .75 

1.9 1.8 

4.2 2.3 2.1 

5.1 3.0 2.7 

5.1 3.4 2.9 

5.3 3.4 3.1 

5.1 3.7 3.4 

5.65 4.6 3.9 

7.8 6.S 6.1 

9.0 7.4 7.1 

8.5 8.1 8.9 

8.0 8.5 8.3 

7.6 3.3 9.4 

7.0 9.2 10.1 

3.25 10.3 12.4 
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TABLE A3.31 (Cont'd) 

104.25 16.0 9.0 

118.25 20.75 9.0 

123.0 18.0 10.5 

128.25 16.5 9.5 

142.0 15.2 8.5 

149.25 14.75 9.0 

166.25 18.0 8.0 

170.5 18.0 9.0 

175.0 14.75 8.5 

190.0 14.25 7.5 

6.6 12.9 24.0 

7.0 13.5 23.1 

7.0 14.2 23.8 

7.0 14.7 24.3 

5.7 14.9 25.1 

6.1 15.5 25.5 

5.1 15.0 27.4 

6.1 15.6 29.1 

5.7 17.1 29.2 

4.6 16.6 30.3 



TABLE A3,32 Results of thin layer filter runs 35A to 35D 

Rate of filtration = 1.0 m 3 / m 2 h 

Depth of media 

Time 

(h) 

io. o 

17.0 

18.0 

19.0 

Run 

35A 

35B 

35C 

35D 

50 

100 

190 

260 

Porosity 
% 

94.2 

94.2 

93.6 

93.3 

Suspended solids concentration 
mg/L 

Head loss 
cm of water 

Filtrate 
Influent 35A 35B 35C 35D 35A 35B 35C 

i .4. :> 

15.5 

15.2 

9.5 

9.3 

9.0 

9.0 

8.6 

6.7 

7.0 

7.2 

7.2 

6.7 

4.9 

5.0 

4.9 

4.9 

4.9 

3.9 

3.9 

3.9 

3.9 

3.5 

4.3 

' >. J 

7.0 

7.4 

7.7 

8.0 

3.8 

4.7 

6.2 

7.5 

7.9 

8.0 

4.1 

4 . 5 

7.7 

8.2 

8.6 

9.0 
(Cont'd) 

35D 

3.5 

4.0 

7.1 

7.5 

8.1 

8.4 

U) 



TABLE A3.32 (Cont'd) 

25.25 

40.0 

45.0 

46.0 

47.0 

48. 0 

4 9 . 7 5 

64.0 

65.0 

f.7. O 

7 1 . 0 

7 1 !. o 

8 8 . 0 

89 . 0 

96 . 0 

1415 

17.5 

14. 5 

13. 5 

14.5 

14 . 5 

13, 5 

14. 5 

.15.0 

I 5. 0 

! 4 . 5 

14 . o 

u. :"• 

14. 5 

13.75 

9.0 

8.6 

9.5 

8.4 

8.2 

8.8 

8.4 

10.8 

10.5 

10.0 

0 . 6 

0 . 6 

0.4 

8.3 

8.2 

6.7 

6.2 

6.7 

6.2 

6.2 

7.0 

6,5 

5.4 

5.7 

5.7 

6.2 

6.2 

6.2 

5.7 

5.7 

4.9 

4.7 

4.5 

3.9 

3.9 

4.5 

4.5 

3.5 

3.9 

3.9 

4.5 

4.1 

4.5 

3.9 

3.5 

3.5 

3.0 

3.5 

3.5 

2.7 

3.0 

2.9 

2.5 

2.5 

3.0 

3.5 

3.0 

3.0 

2.5 

2.5 

9.3 

10.4 

11.0 

11.2 

11.0 

11.0 

11.1 

12.3 

12.3 

13.0 

13.0 

12.9 

13.7 

13.8 

14.2 

9.5 

11.7 

12.8 

12.0 

12.9 

13.0 

13.2 

14.7 

15.2 

15.5 

16.1 

16.3 

17.6 

17.9 

18.7 

11.3 

15.7 

17.6 

18.1 

18.4 

18.7 

19.1 

21.6 

22.1 

23.3 

24.3 

24.4 

26.9 

27.6 

29.3 

(Cont'd) 

9.8 

14.1 

16.2 

16.6 

17.0 

17.1 

17.6 

20.6 

21.7 

22.6 

2 3. 5 

2 3.0 

26.9 

27.6 

29.3 

t o 



TABLE A3.32 (Cont'd) 

112.0 

113.0 

115.0 

117.0 

119.0 

120. 0 

122.2.!: 

136.2.1 

137.0 

I n 

I I I . ( i 

hi;;.," 

1 4-1 . 2' 

1.00. 5 

162. 5 

14 , 0 

14. 0 

14. 0 

1 J. 75 

11.0 

.14.0 

14. 0 

1.5.0 

14 . 5 

I'.. ', 

14.5 

! 4 . 5 

i '"•. o 

.1.0. 0 

15. ! > 

7.7 

7.7 

7.7 

7.7 

7.8 

3.2 

3.6 

8.6 

7.8 

8. 2 

t'l. 2. 

>'..(". 

M. 6 

8.2. 

8.6 

5.0 

5.0 

5.4 

5.4 

5.8 

5.4 

5.4 

5.4 

5.4 

5.4 

5.8 

6.2 

5.4 

6.2. 

6.2 

3.0 

3.5 

3.5 

3.5 

3.9 

3.5 

3.5 

3.5 

3.9 

3.7 

J. 9 

3.9 

3.5 

3.9 

3.7 

2.0 

2.2 

2.2 

2.5 

2.2 

2.5 

2.5 

2.5 

3.0 

2.5 

3.0 

3.0 

3.0 

2.5 

3.0 

14.2 

14.4 

14.9 

14.7 

14.8 

14.7 

15.5 

15.0 

15.3 

14.9 

15.6 

1.5.6 

15.0 

16.5 

17.2 

19.0 

19.4 

19.8 

20.0 

20.4 

20.2 

20.5 

21.6 

21.7 

22.2 

22.6 

23.4 

22.4 

23.7 

24.5 

29.5 

30.6 

30.3 

30.8 

30.9 

31.1 

31.2 

32.2 

32.7 

33.6 

33.9 

33.9 

34..1. 

34.3 

37.1 

(Cont'd) 

31.6 

31.6 

32.4 

32.7 

33.2 

33.1 

33.1 

35.1 

35.8 

36.5 

3 0 . 0 

3 7 . 0 

3 7 . 3 

38.9 

40.0 

O J 



TABLE A3.32 (Cont'd) 

164.5 

166.5 

168.5 

170.25 

184.25 

186.25 

188.5 

190. 5 

191.5 

2(.i7 . '• 

2 00.75 

2 09.75 

210.75 

212.75 

214.25 

15. 0 

.1 5. 0 

J 3 .4 

1.4.0 

15. 5 

16. 5 

17.0 

16. 0 

.16. 0 

1.6. 0 

1.7 . 8 

1 G.'.") 

17. 0 

15. 5 

1.6.0 

8.6 

8.6 

7.6 

8.6 

7.6 

3.0 

9.5 

9.5 

4.0 

8.2 

9. 5 

9.0 

10.0 

9.0 

6.2 

5.8 

6.2 

6.2 

5.3 

6.7 

6.7 

7.4 

6.3 

5.7 

0.7 

6.7 

6.7 

7.4 

6.7 

4.5 

3.5 

3.9 

4.5 

3.9 

4.2 

4.5 

4.9 

4.5 

3.9 

3.9 

4.5 

4.9 

4.5 

3.9 

2.7 

3.0 

2.7 

3.0 

2.5 

2.5 

3.0 

3.0 

2.5 

2.7 

3.0 

3.0 

3.0 

3.0 

3.5 

17.3 

17.0 

17.3 

17.3 

17.7 

17.8 

18.3 

17.6 

18.9 

10.8 

19.1 

19.3 

18.5 

19.2 

25.1 

27.1 

24.8 

25.1 

26.2 

27.4 

27.6 

27.5 

27.4 

28.4 

29.4 

30.0 

29.9 

29.7 

30.2 

37.1 

37.4 

37.5 

27.8 

38.3 

41.2 

41.3 

41.1 

41.5 

43.6 

44.3 

44.4 

45.0 

45.2 

45.1 

(Cont'd) 

40.7 

41.0 

41.6 

42.0 

43.2 

46.3 

46.4 

46.6 

47.5 . 

50.9 

51.2 

51.3 

51.2 

53.1 

9.0 52.7 



TABLE A3.32 (Cont'd) 

•215.75 

210.0 

232.0 

233.0 

239.25 

256.0 

263.75 

280.2 5 

290.25 

2'"i 2 . 2 5 

2'M .:>', 

:>.')•,.:, 

2 00.2 5 

312.75 

14.. 0 

16. 0 

17. 5 

L7.5 

1.5.5 

19.0 

.15.0 

2.0. 5 

13.3 

17.5 

I (.. 5 

1. ' > . o 

.1.6. 0 

! 4, 5 

8.6 

8.6 

8.2 

8.6 

8,6 

8.6 

9.0 

7.4 

8.6 

8.8 

9.0 

8.6 

0.6 

7.7 

6.3 

6.7 

5.7 

6.7 

6.7 

6.7 

7.4 

5.4 

6.7 

6.7 

6.7 

6.7 

6.7 

5.4 

3.9 

4.5 

4.5 

3.9 

4.5 

4.1 

4.9 

3.5 

3.9 

3.9 

3,9 

3.9 

3.9 

3.9 

3.0 

3.5 

3.0 

3.0 

3.5 

3.0 

3.5 

2.5 

3.0 

3.0 

2.5 

3.0 

2.5 

2.5 

18.7 

19.1 

19.6 

20.0 

19.7 

20.7 

20.8 

20.9 

21.6 

21.8 

21.3 

21.3 

2.1.2 

22.0 

29.6 

30.4 

30.9 

31.3 

32.2 

33.0 

34.1 

34.7 

35.2 

36.0 

35.9 

35.6 

35.4 

36.2 

45.2 

45.2 

46.7 

46.6 

47.9 

49.1 

50.1 

50.5 

51.4 

52.3 

51.6 

5.1.6 

51.6 

52.2 

53.8 

53.2 

55.0 

56.7 

58.2 

59.9 

61.3 

62.1 

64.1 

63.0 

64.0 

63.0 

64.0 

65.7 

— J 



TABLE A3.33 Results of thin layer filter runs 36A to 36C 

Run 

36A 

36B 

36C 

Rate of filtration = 0.75 m 3 / m 2 h 

Depth of medium Porosity 
mm % 

47 92.8 

90 92.1 

175 91.9 

Time 

(h) 

0 

I . () 

6.0 

u.:". 

22. 5 

24.0 

Influent 

1 ' i . 4 

2H. ::; 

31 .4 

2'•. 5 

26.6 

27.5 

Suspended solids concentration 
(mg/L) 

36A 

0.05 

13.4 

14.7 

15.7 

13.8 

13.8 

Filtrate 

36B 36C 

9.0 

16.0 

10.5 

11.4 

11.4 

8.0 

9.5 

9.5 

8.6 

9.0 

Head loss 
cm of water 

36A 

0.6 

0.7 

0.8 

1.0 

2.6 

2.8 

36B 

1.9 

2.1 

2.4 

2.6 

4.5 

5.0 

(Cont'd) 

36C 

2.6 

2.9 

3.4 

3.7 

6.4 

7.1 



TABLE A3.33 (Cont'd) 

27.25 

30.0 

46.0 

40.0 

51.0 

53, 5 

56.0 

70. 25 

77.25 

94 .0 

.101.25 

1.10.5 

120.5 

12 3.0 

125.75 

2 7.0 

27.0 

23.8 

25.5 

25.1 

28.0 

20.0 

23.5 

27.5 

24.7 

2 7.5 

25.7 

29.5 

29.0 

28.5 

13.4 

13.4 

11.5 

12.0 

11.5 

12.0 

13.0 

11.5 

13.0 

12.0 

12.4 

13.0 

13.4 

13.4 

13.4 

10.0 

11.0 

10.0 

10.0 

10.0 

10.5 

11.4 

10.5 

11.4 

10.5 

11.0 

10.5 

10.5 

10.5 

11.0 

8.6 

8.0 

7.2 

7.2 

7.2 

7.6 

8.0 

7.2 

8.0 

6.7 

8.0 

8.0 

7.6 

8.0 

8.0 

3.2 

3.7 

6.5 

6.6 

7.0 

7.5 

8.0 

10.7 

12.4 

15.5 

16.0 

20.6 

20.7 

21.6 

22.4 

5.9 

6.7 

10.0 

10.5 

11.1 

12.4 

13.0 

17.6 

19.4 

23.6 

25.3 

25.3 

29.5 

29.8 

30.1 

(Cont'd) 

7.9 

8.6 

13.5 

13.9 

14.8 

15.8 

17.0 

22.6 

25.3 

28.5 

30.6 

33.0 

34.2 

35.6 

36.2 

Co 



TABLE A3.33 (Cont'd) 

128.0 

142.0 

144.5 

147,0 

149. 5 

166.25 

.168.5 

172.5 

175.0 

]00 .2 5 

1.92. 5 

195 .0 

197.0 

214.75 

216.75 

28.5 

25.7 

27.0 

28.0 

28.5 

28.0 

28.5 

28.0 

28.0 

26.5 

29.0 

29.0 

29.7 

25.7 

30.0 

13.4 

13.8 

13.0 

13.4 

13.4 

13.4 

13.5 

13.8 

14.8 

13.4 

13.8 

13.4 

14.4 

12.5 

13.4 

11.0 

11.0 

10.0 

3.1.0 

10.5 

10.0 

10.0 

10.5 

11.4 

10.0 

10.0 

10.5 

10.5 

9.0 

9.0 

8.0 

8.6 

7.6 

8.6 

8.0 

7.6 

7.5 

8.0 

9.0 

9.0 

8.0 

0.0 

8.6 

7.2 

7.6 

22.9 

26.1 

26.4 

27.3 

27.8 

31.3 

32.1 

33.2 

34.2 

36.4 

36.7 

37.3 

37.4 

40.0 

40.4 

30.5 

31.8 

32.5 

33.0 

33.5 

35.7 

36.7 

37.3 

38.0 

41.1 

41.5 

41.0 

42.3 

45.1 

45.2 

(Cont'd) 

36.6 

39.8 

40.2 

39.6 

41.0 

42.0 

43.2 

43.9 

44.0 

75.6 

45.8 

45.0 

45.8 

48.2 

48.7 

u> 
00 



TABLE A3.33 (Cont'd) 

222. 25 

230.25 

246.0 

264.2 5 

28.0 

29.0 

29.0 

27.2 

13.4 

13.5 

14.4 

13.4 

9.5 

9.0 

9.5 

9.0 

8.0 

8.0 

7.6 

7.6 

41.6 

43.0 

44.5 

46.3 

46.1 

48.0 

48.5 

49.7 

49.5 

49.8 

51.0 

54.0 

CO 



380 

TABLE A 3 . 3 4 Results of filter run 37 

Rate of filtration = 0.75 n 3 / m 2 h 

Average depth of filter media = 685 mm Porosity = 91.66% 

Time of 
filtration 

(h) 

Suspended solids concentration 
(mg/L) 

Influent Filtrate 

0 

6.0 

22.5 

27.25 

30.0 

46.0 

48.0 

51.0 

53.5 

70.25 

77.25 

94.0 

101.25 

118.5 

123.0 

142.0 

149. 5 

28.0 

31.4 

26.6 

27.0 

27.0 

23.8 

25.5 

25.1 

28.0 

23.5 

27.5 

24.7 

27.5 

25.7 

29.0 

25.7 

28.5 

4.8 

4.8 

5.0 

5.0 

4.8 

4.8 

4.8 

5.3 

4.5 

4.2 

4.0 

4.0 

3.0 

2.5 

4.0 

3.5 



TABLE A3.35 Results of thin layer filter runs 38A to 38C 

Rate of filtration = 0 . 5 m 3 / m 2 h 

Depth of media Filter run 

38A 

38B 

38C 

50 

110 

205 

Porosity 
% 

93.1 

93.5 

93.0 

Time 

(h) Influent 

Suspended solids concentration 
(mg/L) 

38A 

Filtrate 

38B 38C 

Head loss 
cm of water 

38A 38B 38C 

O J 
CO 

0 

2.75 

5.25 

7.75 

21.75 

24.0 

32.3 

31.5 

34.0 

27.6 

27.0 

13.4 

14.7 

15.0 

15.5 

14.7 

10.5 

11.4 

11.4 

11.0 

11.4 

5.5 

5.8 

5.8 

5.8 

7.2 

1.1 

1.2 

1.4 

1.6 

2.2 

2.3 

1.7 

1.9 

2.2 

2.6 

4.1 

4.3 
(Cont'd) 

2.1 

2.8 

3.7 

3.8 

9.9 

10.5 



TABLE A3.35 (Cont'd) 

26.75 

29.75 

46.0 

4 3.0 

50. 0 

53. 25 

56. 0 

70.0 

77. 2 5 

•)A . 0 

I I M. O 

1.20. 2 5 

1.22 . 75 

125.25 

128.0 

26.0 

27.6 

25.7 

2 7.6 

26.0 

27.6 

28. 0 

25.7 

.0 

2 5. 0 

20.0 

2H. 5 

27.6 

27.0 

28.0 

14.7 

14.7 

13.8 

14.7 

13.5 

13.8 

14.4 

13.0 

13.0 

13.0 

13.4 

13.8 

13.4 

13.4 

13.8 

11.4 

11.4 

11.0 

11.0 

10.0 

10.5 

10.5 

9.5 

9.5 

8.8 

9. 5 

11.0 

10. 5 

10.5 

10.0 

7.2 

7.6 

6.2 

6.7 

5.8 

5.8 

5.8 

5.4 

5.4 

5. 5 

4.9 

5.8 

5.8 

5.8 

5.4 

2.3 

2.4 

3.2 

3.2 

3.4 

3.5 

3.7 

4.2 

4.6 

5.2 

5.9 

5.7 

6.1 

6.1 

6.2 

4.6 

4.3 

6.3 

6.5 

6.8 

6.9 

7.2 

8.3 

9.1 

.10.2 

11.3 

11.5 

1.1.9 

11.9 

11.7 

(Cont'd) 

10.4 

9.9 

13.7 

14.2 

14.8 

15.5 

16.3 

18.4 

19.6 

21.0 

23.4 

23.8 

24.5 

24.5 

24.8 

U ) 00 
to 



TABLE A3.35 (Cont'd) 

142.25 

144.2 5 

148.75 

152.0 

165.75 

168.75 

175. 0 

190. 0 

192.25 

l.'M . 75 

l'ty.2.5 

2.1.4 . 2 5 

216.25 

218.75 

220.75 

24.8 

28.5 

28.0 

25.7 

24.0 

28.0 

or" 
Z D . / 

25.0. 

27.0 

26. 7 

27.0 

2 5.1 

26.3 

30.0 

30.0 

12.4 

13.4 

13.8 

13.0 

12.4 

13.0 

13.0 

13.0 

12.4 

12.4 

13.0 

12. 0 

13.4 

14.4 

13.0 

10.2 

10.5 

9.0 

8.6 

9. 5 

9.5 

9.5 

9.5 

9 . 0 

9 .5 

7.6 

10.5 

11.0 

9.5 

4.9 

5.8 

6.2 

4.9 

4.5 

4.9 

5.4 

5.4 

4.9 

5.4 

5. 5 

4.9 

5.8 

6.2 

5.4 

6.7 

6.6 

6.7 

6.9 

7.4 

7.2 

7.4 

8.0 

8.4 

8.4 

8.2 

9.2 

9.7 

9.5 

8.4 

12.3 

12.4 

12.9 

13.2 

13.6 

13.4 

14.0 

14.4 

14.3 

14.8 

14.7 

15.1 

15.4 

15.5 

15.9 

25.9 

26.0 

26.4 

26.9 

27.8 

27.8 

28.3 

29.5 

30.1 

30.1 

30.3 

30.7 

30.7 

31.2 

31.5 

O J 
CO 
O J 
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TABLE A3.36 Results of filter run 39 

Rate of filtration = 0.5 a 3/—"h 

Average depth of medium = 685 mm Porosity = 91.96% 

Time Suspended solids concentration 
(mg/L) 

(h) -
Influent Filtrate 

0 25.8 0.0 

2.75 32.3 2.5 

5.25 31.5 1.5 

7.75 34.0 2.0 

21.75 27.6 1.5 

24.0 27.0 2.0 

26.75 26.0 1.5 

29.75 27.0 1.5 

46.0 26.0 1.0 

48.0 27.6 1.5 

50.0 25.7 1.2 

53.25 27.6 1.0 

56.0 28.0 1.7 

70.0 25.7 1.0 

71.25 27.0 1.0 
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TABLE A3.36 CCont'd) 

142.25 24.8 0.5 

144.25 28.5 1.0 

148.75 28.0 1.5 

152.0 26.7 1.5 

165.75 24.8 1.0 

168.75 28.0 0.5 

175.0 26.7 0.9 

190.0 26.0 1.0 

192.25 27.0 1.0 

194.75 26.7 0.5 

197.25 27.6 1.0 

214.25 25.1 0 

216.25 26.3 1.0 

218.75 30.0 1.5 

220.75 30.0 1.0 
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APPENDIX 4 

Results of semi-quantitative emission spectro­

g r a p h s analysis of rice hull ash 

Element Detection Limit % w/v in Sample 

Samole 1 Sample 2 

Silver 

Aluminium 

Arsenic 

Boron 

Barium 

BaryIlium 

Bismuth 

Calcium 

Cadmium 

Cobalt 

Chromium 

Copper 

Iron 

Magnesium 

Molybdenum 

Manganese 

Sodium 

Nickel 

Phosphorus 

Lead 

Antimorv 

Silicon 

Tin 

0.0001 

0.0002 

0.1 

0.0005 

0.1 

0.0002 

0.001 

0.0001 

0.01 

0.002 

0.0003 

0.0001 

0.0005 

0.0005 

0.0005 

0.0002 

0.02 

0.002 

0.2 

< 0.0001 

0.05 

< 0.01 

0.01 

< 0.01 

< 0.001 

< 0.001 

2 

< 0.01 

.< 0.01 

< 0.01 

0.005 

0.05 

2 

< 0.001 

0.05 

< 0.02 

< 0.002 

1 

< 0.001 

0 .001 

0.002 

< 0.0001 

0.05 

< 0.01 

0.01 

< 0.01 

< 0.001 

< 0.001 

2 

< 0.01 

< 0.01 

< 0.01 

0.005 

0.05 

2 

< 0.001 

0.05 

< 0.02 

< 0.002 

i 

< 0.001 

< 0 0' 

Major 

< 0.002 
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(Cont'd) 

Titanium 

Vanadium 

Zinc 

Zirconium 

Tungsten 

0.0003 

0.0005 

0.05 

0.01 

0.05 

< 0.003 

< 0.005 

< 0.05 

< 0.01 

< 0.05 

< 0.003 

< 0.005 

< 0.05 

< 0.01 

< 0.01 
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APPENDIX 5 

CALIBRATION CURVES 

Fig. A5.1 Calibration curve for Rotameter 

Fig. A5.2 Calibration curve for Absorptiometer 

Fig. A5.3 Calibration curve for Spectrophotometer 
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APPENDIX A5.2 Hilger Spekker Absorptiometer 

The major components of the absorptiometer are 

photocells, two identical sample containers (quartz glass), 

lense systems, heat absorbing filters, iris diaphragm, cam 

shaped variable aperture diaphragm, 100 W projection lamp, 

spot galvanometer and a variable resistance. The lamp 

which is mounted in the central lamp house is operated from 

the electric mains supply. The photocell mounted on the 

right hand side of the lamp receives light that has been 

passed through a heat absorbing filter, iris diaphragm, 

lense system, and a colour filter. The photocell mounted 

on the left side receives light that has been passed through 

a variable aperture diaphragm, the sample cf absorbing 

medium, lense system and a colour filter. The variable 

aperture diaphragm is fitted with a large calibrated drum 

and enables the light falling on the photocell on the left 

hand side of the lamp to be varied by known amounts. The 

drum calibration compares the optical density of the two 

samples. The photocells are connected in opposition across 

the spot galvanometer, so that when the photoelectric 

currents given by the cells are equal, the galvanometer 

records a zero deflection. The following method was adopted 

to compare the optical density of two samples. 

(1) The sample having a higher optical density was placed 

position within the beam and the -. acerture 

" i d r ; ooenea to its ruii ex~e {i . e zerc 

drum reading). Light received by the two photocells 

was balanced, using the iris diaphragm reference 

to the spot galvanometer. 
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FIG. A5.2 Calibration curve for Abscr?tion».ete 
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(2) The sample having the lower optical density (comparison 

liquid - usually distilled water) was now placed in 

position within the beam. The spot galvanometer 

showed a deflection due to the difference in optical 

densities of the two samples. 

(3) The calibrated variable aperture diaphragm was 

adjusted (using the drum) until the galvanometer 

returned to zero and the reading on the drum was 

recorded. 

Preparation of the Calibration Curve 

As the turbidity of a suspension is related to its 

optical density, the above method was used for the measure­

ment of the turbidity. The instrument was calibrated 

according to the method given above using standard formazin 

suspensions and distilled water (as the comparison liquid). 

The calibration curve is shown in Figure A5.2. 
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FIG. A 5 . 3 Calibration curve for Spectrophotometer 
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APPENDIX 6 

PREPARATION OF CULTURE MEDIA FOR BACTERIOLOGICAL STUDIES 

(a) Peptone - Water Medium 

10 g of neutralized bacteriological peptone 

(Oxiod L3-+) and 5 g of sodium chloride was added to 1 L of 

distilled water and the medium was allowed to soak for 15 min. 

Selected volumes of this medium were sterilized by auto-

claving for 15 min at 121°C. 

(b) Nutrient Agar Medium 

15 g of Agar No. 3 (Oxoid L j 3 ) and 10 g of 

Nutrient Broth No. 2 (Oxoid C M 6 7 ) were added to 1 L of 

distilled water. The medium was allowed to soak for 15 min, 

before being distributed in batches of 200 mL or 400 m L . The 

medium was sterilized by autociaving for 15 min at 121°C. 

Approximately 20 mL portions of cooled sterilized medium 

were poured into petri dishes and the dishes allowed to cool 

in a sterilized atmosphere before being stored at 4°C. 

(c) MacConkey Agar Medium 

51.5 g of MacConkey Agar No. 3 (Oxoid CM-.15) was 

added to 1 L of distilled water and the medium allowed to 

soak for 15 min. 200 mL or 400 mL portions of this medium 

were sterilized by autociaving for 15 min at 121 : C The 
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APPENDIX 7 

RESULTS OF JAR TESTS 

TABLE A7.1 Determination of optimum alum cose 

Initial turbidity = 37 FTU (40 mg/L kaolin clay in tap water) 

pH = 7 . 0 

Alum dose mg/L 10 20 30 40 50 60 

Time for floe to > 20 6.5 4.5 3.75 4.25 4.75 
app. mins 

Residual turbidity 9.3 4.7 3.6 3.4 4.0 
FTU 

Time of rapid mix = 30 s (at 100 r.p.m.} 

Time of slow mix = 20 mins (at 30 r.p.m.) 

Time of settling = 20 mins 

TABLE A7.2 Effect of adding rice hull ash activated silica 
on the residual turbidity 

Initial turbidity = 38 FTU 

pH = 7.0 

Alum dose mg/L 50 50 50 50 45 45 45 

App. silica dose 
mg/L 0 5 10 15 0 5 10 

Time for floe to app, - < i < 1 - - 2.5 2.25 
mins 
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TABLE A7.3 Effect of adding activated silica on settling 

rate of floe 

Initial turbidity = 26 FTU 

pH = 7 . 0 

Optimum coagulant dose = 30 mg/L 

Sample No. 1 2 3 4 5 6 7 

Coagulant dose mg/L 30 30 30 30 30 30 30 

Silica dose mg/L 0 7.5 0 7.5 0 7.5 7.5 

Time for floe to 5.50 4.20 5.50 4.20 5.50 4.20 4.20 
appear mins 

Time of settling mins 15 15 20 20 25 25 10 

Residual turbidity 6.1 4.2 5.9 4.2 5.6 4.2 4.2 
FTU 

Time of rapid mix = 40 s (at 100 r.p.m.) 

Slow mix at 30 r.p.m. 



397 

TABLE A7.4 Coagulation with aluminium sulphate and 

activated silica at pH = 6.0 

Optimum alum dose = 50 mg/L 

Turbidity of water sample = 40 mg/L 

Alum mg/L 50 50 50 50 50 50 

Silica mg/L 0 3.5 7.0 10.5 14 21 

Residual turbidity 2.4 1.2 1.1 0.65 0.8 0.5 
FTU 

Time of rapid mix = 60 s (at 100 r.p.m.) 

Time of slow mix = 2 0 mins (at 30 r.p.m.) 

Time of settling = 25 mins 

TABLE A7.5 Coagulation with aluminium sulphate and 

activated silica at pH = 6.5 

Alum dose = 50 mg/L 

Turbidity water sample = 40 mg/L 

Alum mg/L 50 50 50 50 50 50 

Silica mg/L 0 3.5 7 10.5 14 21.0 

Turbidity FTU 2.4 1.6 1.7 1.6 1.6 2.6 

Time of rapid mix = 6G s (at 100 r.p . Tfi. ) 

Time Cf slow mix = 20 min (at 30 r . r .=>..) 

Time of settling = 25 mi; 
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TABLE A7.6 Coagulation with aluminium sulphate and 

a c t i v a t e d s i l i c a at pH = = 7.0 

Turbidity of water sample = 40 mg/L 

Alum mg/L 50 50 50 50 50 50 

Silica mg/L 0 3.5 7.0 10.5 14.0 21.0 

Turbidity FTU 2.5 1.6 1.8 1.6 1.9 3.4 

Time of rapid mix = 60 s (at 100 r.p.m. ) 

Time of slow mix = 20 min (at 30 r.p.m. ) 

Time of settling = 25 min 

TABLE A7.7 Coagulation with aluminium sulphate and 

activated silica at pH = 8.0 

Turbidity of water sample = 40 mg/L 

Alum mg/L 50 50 50 50 50 50 

Silica mg/L 0 3.5 7.0 10.5 14 21 

Turbidity FTU 3.4 2.3 3.1 3.1 3.5 4.9 

Time of rapid mix = 60 s (at 100 r.p.m .) 

Time of slow mix = 20 min (at 30 r.p. n.) 
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Turbidity of water sample = 34 FTU 

pH of water sample = 7.0 

Alum mg/L 50 50 50 50 50 50 

Magna floe mg/L 0 0.1 0.2 0.3 0.4 0.6 
156 

Residual turbidity 1.65 1.4 1.8 1.75 1.45 1.45 
FTU 

Time of rapid mix = = 90 s (at 100 r. .p.m.) 

Time of slow mix = = 20 min (at 30 r. .p.m.) 

Settling time = 25 rain 

TABLE A 7 , 9 Coagulation using aluminium sulphate and 

cationic polyelectrolyte Magna floe 14 0 

T u r b i d i t y of water sample = 34 FTU 

pH of water sample = 7 . 0 

Alum mg/L 50 50 50 50 50 50 

Magna floe 140 mg/L 0 0.2 0.4 0.6 0.8 1.0 

Residual turbidity 1.6 2.1 2.2 2.4 2.6 2.2 
FTU 

Time of rapid mix = 90 s (at 100 r.p.m-.} 

Time of slew mis - 20 min (at 30 r.p.:-.) 

Settling txir.e --' 25 min 

TABLE A7.8 Coagulation using aluminium sulphate and an 

anionic polyelectrolyte Magna floe 156 
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TABLE A7.10 Coagulation with aluminium sulphate and 

nonionic polyelectrolyte Magna floe 351 

• Alum mg/L 50 50 50 50 50 50 

Magna floe 351 mg/L 0 0.2 0.4 0.6 0.8 1.0 

Residual turbidity 2.1 
FTU 

2.1 3.0 2.6 2.6 2.7 

pH of water sample = 7.0 

• Turbidity of water sample = = 34 FTU 

TLme of rapid mix = 90 s (at 100 r.p.m. ) 

Time of slow mix = 20 min (at 30 r.p.m. ) 

Settling time = 25 min 

TABLE A7.ll Coagulation with rice hull ash activated 

silica and aluminium suflphate 

Turbidity of water sample = 34 FTU 

pH of water sample = 7.0 

Alum mg/L 50 50 50 50 50 50 

Activated silica mg/L 0 3.5 7.0 10.5 14 21 

Residual turbidity 2.4 1.2 1.1 0.65 0.E 0.5 
FTU 

Time of: rapid mix = 90 s (at 100 r.p..-. 

Time of slow mix = 2 0 min (at 30 r.p.-. 

Settling time = 25 min 

http://A7.ll
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APPENDIX 8 

SCANNING ELECTRON MICROSCOPIC STUDIES 

The electron micrographs of rice hull ash, 

diatomaceous earth and sand particles shown in Chapter 3 

were obtained, using scanning electron microscope available 

in the School of Textile Technology. The operation of the 

microscope and the preparation of samples are described 

below. 

(a) Principles of Operation 

The major components of scanning electron micro­

scopes are an electron optics column containing two or more 

magnetic lenses, an electronic gun which can be powered by 

voltages between 2 - 5 0 kV, stigmator coils, specimen 

chamber, scanning coils, power supplies, electron detectors, 

an amplification system and cathode ray tubes. 

The high voltage for powering the electron gun is 

selected according to the type of specimen to be examined. 

Once the specimen is placed in the chamber, the electron 

beam is directed and focussed on to it. The purpose of 

magnetic lenses is to condense the beam to a small size, 
o 

selected to be between 100 A - 1 um depending upon the 

characteristics of the specimen and the resolution desired. 

The stigmator coils correct the noncircularity of the final 

spot. The electron beam is scanned over the specimen 

surface in a television type raster. The electron beam 

when reaching the specimen surface interacts with it, 

producing four different types of signals -hat may be 
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detected and amplified by the appropriate detection and 

amplification system. These are:-

1. back-scattered electrons - possess high energy 

2 . secondary electrons - possess low energy 

3 . photons 

4 . the electrons which are absorbed on to the specimen 

and can be detected as a current out of the specimen. 

The conventional scanning electron microscope uses either 

back-scattered or secondary electrons to form the image of 

the specimen. As the back-scattered electrons have high 

energy, they are detected by a wide angle detector, without 

further acceleration, whereas the secondary electrons are 

accelerated to a high voltage and are detected. 

(b) Preparation and Examination of Specimens 

The samples of rice hull ash, sand and diatomaceous 

earth were examined under a scanning electron microscope. 

The samples were mounted on stubs and held by double-sided 

adhesive tape. A J.S.M. 2 (Jeol Ltd., Japan) scanning 

electron microscope in the School of Textile Technology was 

used. This model had been fitted with a wide angle back-

scattered electron detector and had been modified to enable 

insulating specimens to be examined without the distortion 

that may occur if a charge accumulates on the specimen 

(Robinson, 197 5 ) . The samples were photographed with a 

50 sec exposure on 35 mm film. 

The results of the microscopic examination are given 

in Chapter 3. 
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APPENDIX 9 

ANALYSIS OF RESULTS USING CHI-SQUARE DISTRIBUTION ANALOGY 

Figure 9.1a Variate U and time curves for filter 

runs 35A to 35C 

Figure 9.1b Equi U plots of depth L and time for 

filter runs 35A to 35C 

Figure 9.2a Variate U and time curves for filter 

runs 36A to 36C 

Figure 9.2b Equi U plots of depth L and time for 

filter runs 36A to 36C 

Figure 9.3a Variate U and head loss (K^-H^) curves 

for filter runs 36A to 36C 

Figure 9.3b Equi U plots of depth L and head loss 

(H^-HQ) curves for filter runs 

36A to 3 6 C 



runs 35A to 35C 
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FIG. A9.2b Equi U plots of depth L and time 
for filter runs 36A to 36C 



2 * 6 8 10 20 40 60 80 100 2 4 6 8 10 20 40 60 80 100 
lirarl lost-. (H -H Q> era of water Head loss (H -H ) cm of water 

ZiL-Jfl Variate U and head loss (H T-H ) curves FIG. A9.3b Equi U plots of depth L and head loss 
f o r filter runs 36A to 36C (H -H_) curves for filter runs 36A to 

T 0 36C 
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APPENDIX 10 

COMPUTER PROGRAM 

The following symbols were used in the computer program. 

A filter constant m m " 1 

B filter constant mm 1 

CO inlet suspended solids concentration mg/L 

C(N) concentration in the Nth layer mg/L 

DL depth increment m m 

DT time increment h 

F initial porosity 

LMAX total depth of filter medium mm 

R density of deposited particles (bulk density) mg/L 

S(N) specific deposit in the Nth layer vol/vol 

T time h 

TMAX length of filter run h 

V rate of filtration mm 3/(mm)~h 

XO initial filter coefficient mm 1 

X(N) filter coefficient in the Nth layer mm 1 

Y(N) depth of the Nth layer from the surface of the 

medium 
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PROGRAM CONC(INPUT, OUTPUT,TA?El = INPUT,TAPE3=OUTPUT) 
DIMENSION C(400),S (400),X(400),Y(400) 

11 FORMAT(1H1,T20,'N',125,'Y(N)',T30,'C(N)') 
7 FORMAT(lH0,T20,I3,T25,F6.2,T40,?6.2) 
8 FORMAT(T20,'T',T30,'Y(N)',T40,'C(N)') 
9 FORMAT(T20,F6.2,T30,F5.2,T40 ,F5.2,T40,F8.4,T70,F5.3) 

READ*,XO,SO,A,B,TMAX,TINT 
READ*,LMAX,DL,DT,V,CO,F,R 
M = LMAX/DL 
M=M+I 
TLAST = 0 . 0 

C CALCULATION OF THE INITIAL CONCENTRATIONS 
T = 0.0 
DO 10 N=1,M 
Y(N)=0.0 
S(N) = SO 
X(N) = XO 

10 CONTINUE 
DO 50 N=1,M 
Y(N)=(N-1)*DL 
C(N)=CO*(EXP(-XO*Y(N))) 

50 CONTINUE 
WRITE (3,11) 
DO 60 N=1,M,5 
WRITE(3,7)N,Y(N),C(N) 

60 CONTINUE 
70 DO 100 N=1,M 

S(N) = S(N) +V*X(N)*C(N)*DT/R 
X(N) =XO +A*S(N)- (B*S(N)**2)/(?-S(N)) 

100 CONTINUE 
T = T+DT 
C(l) =CO 
DO 200 N = 2 , M 
C(N) = C(N-i) - X(N-i)*C(N-15 * DL 

2G0 C O N T I N U E 
C NOW " E 5 T F O R THE TIM E INVERVAL TO PRINT T H E RESULTS 

IF ((T-TLAST).GE.TINT) G O . T O 3 0: 
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IF (T.GE.TMAX) GO TO 400 
GO TO 70 

300 WRITE (3,8) 
DO 350 N=1,M,5 

. ^ WRITE(3,9)T,Y(N) ,C(N) ,S(N) ,X(N) 
350 CONTINUE 

TLAST =TLAST + TINT 
GO TO 70 

400 STOP 
END 

• 
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