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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:
(1) 10 g'cleén 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 trhoroughly, dried
and then weighed to the nearest 0.001 g.
' Let the‘weight be w;.
| |
i | (ii) Approximately 10 g cf dry sample was zdded to the
' bottle and the stopper was replaced. The combined
F weight of the sample and the stopperei'bottle was
; determined to the neafest'0.00I g.
| Let the weight be w,. |
(iii) The bottle with the samplé was then f£illed with
’ _distilled water, the stopper was replaced and excess
| water on the outside of the bottle was wiped. The
outside of the bottle wacs dried and subsequently the
) total weight was determined to the nearest 0.001 g.
Let the weight be wa.
L]
(iv) Bo=h thz sampls and the water wers remosved £rom the

bottle and the bottlie was rinsed witn 23

The botile was then refilled with diz=illed water and
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the stopper replaced. The excess water was removed
as in (iii) and the weight of the stocpered bottle
filled with distilled water was deternined to the
nearest 0.001 g.

Let the weight be w,.
. Wy = W1

Relative dep51ty of the sample = oo = (wasws)



Tubular data for filter runs 1 to 27 z2nd 31 to 39
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APPENDIX

3

Description Table Dzscriztion Table
Results of Filter run 1 3.1 Results of Tiiter run 19 3.19
Results of Filter run 2 3.2 Results of Filter run 20 3.20
Results of Filter run 3 3.3 Results of Filter run 21 3.21
Results of Filter run 4 3.4 Results of Filter run 22 3.22
Results of Filter run 5 3.5 Résults of Filter run 23 3.23
Results of Filter run 6 3.6 Results of rilter run 24 3.24
Results of Filter run 7 3.7 Results 2f Filter run 25 3.25
Results of Filter run 8 3.8 Results of Filter run 26 3.26
Results of Filter run 9 3.9 Results of Filter run 27 3.27
Results of Filter run 10 3.10 Results 2% Filter run 31 3.28
Results of Filter rxrun 11 3.11 Results of Filter runs

32a and 32z 3.29
Results of Filter run 12 3.12
Results of Tilter runs
Results of Filter run 13 3.13 33A ani 333 ©3.30
Results of Filter run 14 3.14 Results 5f Filter runs .
34A and 3432 3.31
Results of Filter run 15 3.15

: Results of Filter runs
Results of Filter run 16 3.16 35a tc 35D 3.32
Results of Filter run 17 3.17 Results of Filiter runs

36A to 3eC 3.33
Results of Filter run 18 3.18 .
Results of Tilter run 37C 3.34
Results of Tiiter runs
38A to 3EC 3.35
Results of Tilter ran 3% 3.35
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TABLE A3.1 Results of filter run 1

Rate of filtration = 1.0 m’/m2h
Depth of wmedium = 74.5 cm Effective size = 0.135 mm Influent turbidity range = 30 - 60 FTU
Porosity = 93,3% Uniformity coefficient = 2,96 pH % 6.95 - 7.1
Type of mediun rice hulil ash Depth of graded gravel = 0.2 m Temperature =14 - 18°C
Time Water Turbidity - Head loss cm  of water pH
(h) — Y Tappings 1-3 1 -4 1 -5 1 -10 l1-11 Influent Filtrate
Influent Filtrate
Dist. from Total loss
surface 4.5cm 92.5cm 14.5 cm 74.5 cm 94.5 cm
0 4.6 3.2 1.2 2.9 3.8 7.0 7.7 7.0 7.0
3 9.0 2.9 1.3 3.1 3.9 7.0 7.7 |
HUTH 15.0 4.9 1.5 3.3 4.1 7.3 7.9
20,0 16.0 5.2 1.9 3.9 4.7 7.9 8.7
23,0 31,0 5.0 2.1 4.2 5.1 8.2 9.0 7.1
27,0 32.0 5.4 2.2 - 4.5 5.4 8.6 9.3
43,75 50.0 6.1 3.4 . 6.6 7.5 10.3 11.4
47.0 50.0 6.2 3.5 6.8 7.7 10.9 .11.6 7.05

(Cont'd)

€0¢
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(Cont'd)

e
TABLE A3.1 (Cont'd)

51.0 50.0 €.3 3.8 7.2 8.1 11.0 11.8

53.5 50.0 6.4 4.4 8.1 9.1 12.2 12.8

68.0 50.0 6.7 5.2 2.6 10.5 13.6 14.2

75.0 50.0 6.6 5.8 10.5 11.3 14.4 15.i 7.0

91.5 55.0 €.4 7.0 12.7 13.6 16.5 17.2

99. 25 50.0 6.1 7.5 13.6 14.6 17.6 18.4 7.05
116.0 50.0 6.2 8.0 14.6 15.5 18.3 19.0

118.75 60.0 5.7 8.3 15.4 16.3 19.2 19.9 7.05 7.05
123.0 55.0 5.5 8.5 15.9 16.7 19.5 20.3

126,25 50.0 5.2 8.8 16.4 17.3 20.1 20.8

1400 5.0 5.6 9.3 18.1 18.9 21.7 22.3

12070 55.0 5.2 9.6 18.8 19.7 - 22,5 23.2 7.0 7.05
146.0 55.0 5.0 10.0 20.0 20.9 22.9 23.6
164.0 50,0 5.4 10.9 23.1 24.0 ‘26.9 27.6
167.0 55,0 5.0 11.2 23.9 24.8 27.8 28.5 7.1 7.1
171.25 60.0 4.8 11.6 25.4 26.3 29.2 29.9

voe
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{Cont'd)
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TABLE A3.l (Cont'd)

188.25 55.0 5.3 12.5 29.0 30.0 33.0 33.7
190.25 55.C 4.8 12.8 30.3 31.2 34.1 34.9
196.0 55.0 4.3 13.2 31.2 32.1 35.2 35.9
212.0 50.0 5.3 13.7 33.8 34.6 37.9 38.7
214.25 50.C 4.3 14.2 34.9 35.9 39.0 39.7 7.0 7.0
219.25 60.0 4.8 14.2 35.5 36.5 39.7 40.4
222.0 60.0 4.7 14.3 36.0 37.0 40.0 40.8 é
235.0 50.0 5.2 14.7 37.9 38.8 42.0 42.7
243.0 45.0 4.7 15.1 39.9 40.9 43.6 44.2
250,56 50.0 5.4 15.9 43.3 44.0 47.0 47.7 7.0 7.0
2080 GO 4.9 16.1 44.9 45.9 49,0 49.7
2RI, 25 H0.0 5.4 16.5 49.4 51.3 53.7 54.4
286,25 60. 0 5.2 16.6 50.1 51.2 54.5 55.2 7.1 7.1
291,0 L0 4.8 16.0 50.5 51.8 54.8 55.5
307.25 5G.0 4.8 17.3 56.6  57.8 61.1 61.7

55.0 4.4 17.0 57.7 58.9 62.1 62.7 7.1 7.1



358.75%

364.5

384.75

375

3005

404,

411.0

427.75

5G.0

40,0

40.0

3.2

3.9

3.6

16.9

17.7

17.8

16.8

12.1

12.5

13.1

73.4
74.3
76.1
74.2
77.2
7?%.9
84.4
86.6

92.0

100.3

59.6
66.25
68.3
69.7
70.1

74.5

77.3
75.7
78.7

80.4

86.3

es.1

102.2

62.8
69.5

71.7

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

7.0

6.95

7.0

7.1

7.1

7.0

6.95

6.95

7.0

90¢
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TABLE A3.2 Results of filter run 2
Rate of filtration = 1.0 ma/mzh
Depth of media = 75 cm Effective size = 0.64 mm Influent turbidity range = 30 - 60 FTU
Porosity = 44% Uniformity coefficient = 1.41 pH = 7.0 - 7.1
Type of media = sand ' Depth of graded gravel = 0.2 m Temperature = 14 - 18°C
Time Water turbidity Head loss cm of water pH
FTU
(h) - Tappings 1-3 1 - 4 1-5 1 -1 1l1-11 Influent Filtrate
Influent Filtrate
Dist. from :
surface 5 10 15 75 95
0 4.6 3.5 4.6 5.0 5.1 7.2 7.7 7.0 7.0
3 9.0 3.0 4.7 5.1 5.6 7.3 8.0
A 15.0 5.8 5.5 5.8 6.0 8.0 8.4
20,0 16.0 6.3 8.0 8.4 8.6 10.6 11.0
23.0 31.0 6.3 8.6 8.9 9.0 11.1 ‘ 11.8 7.1 7.1
27.0 32.0 7.0 9.6 9.9 10.1 12.0 12.7
43.75% 50.0 9.4 14.4 14.8 14.9 17.0 - 17.7
47.0 50.0 . 8.8 ' 16.3 16.7 16.8 18.9 19.7 7.05 '7.05

(Cont'4d)
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TABLE A3.2 (Cont'd)

51.0 50.0 9.5 17.5 17.8 17.9 20.0 20.8

53.5 50.90 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. O 7.0

75.0 50.0 10.3 28.7 29.0 29.2 31.2 31.9

9L.5 55.0 8.9 37.0 37.3 37.5 39.4 40,0

29,25 50.0 8.4 39.9 40.2 40.4 42,2 43.4 7.05 7.05
116.0 50.0 7.9 47.9 48.2 48.3 50.1 50.8 §
118.75 60.0 7.6 48,7 49.0 49,2 51.0 51.7 7.05 7.05
133“0 55.0 8.0 50.6 50.8 51.0 52.8 53.5

L2600 %0.0 7;6 53.5 53.7 53.9 55.6 56.3

144, 0 Hh.0 7.2 62.0 62.5 62.8 64.2 64.9 7.05 7.05

142,75 55.0 7.7 63.3 63.7 63.9 65.3 65.8
148.0 55,0 7.6 68.1 68.5 68.7 70.3 70.7.
164,10 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 7.3 101.2 161.6 101.8 103.1 103.8
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TABLE A3.3 Results of filter run 3 
Rate of filtration = 0.75 m®/m’h
Depth of media = 72.0 cm Effective size = 0.135 mm Iﬁfluent turbidity range = 25 - 60 FTU.
Porosity = 93,4% Uniférmity coefficient = 2.96 Temperature = 13.5 - 17%
Type of media = rice hull ash Depth of graded gravel = 0.2 m pH = 6.95 - 7.1
Time Water turbidity Head loss cm of water pH
FTU
(h)} ~w;;}luent iterace Tappings 1-4 1 -5 l -6 1 -10 1-1 Influent Filtrate
Dist. from Net loss
surface 7 cm 12 cm 17 cm 72 cm Total
0 5.5 4.6 0.6 0.9 1.4 3.1 3.5 7.0 7.0
3 55 6.5 0.6 - 1.0 1.3 3.2 3.6
5.0 55 10.6 0.6 10 1.4 3.2 3.6
L hy 10,5 1.0 1.5 1.8 - 3.7 4.1
24,5 50 10.5 1.1 1.7 2.0 3.9 | 4.3 - 7.0
29.25 GO 10;2 1.4 | l.é 2.2 4.1 4.6
31.75 55 9.8 1.5 2.1 2.4 4.4 4.8
45,25 50 9.5 2.0 2,2 2.7 5.0 5.4

(Cont'qd)

60€
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53.25 35 9.2 2.3 2.4 3.4 5.4 5.9

69.25 50 8.6 3.4 4.5 4.8 6.9 7.4

77.5 60 8.3 4.0 5.4 5.7 7.9 8.4 7.1 7.1
93,75 50 8.6 5.1 6.9 7.3 9.5 9.9

96.5 60 8.3 5.2 8.1 8.5 9.7 10.1

101.25 50 7.9 4.9 7.4 7.7 9.9 10.3

111.25 50 7.5 6.3 10.1 10.5 12.7 13.2

120.5 55 7.5 7.1 10.2 10.7 12.9 13.3 7.1 7.1
124,25 55 7.4 5.9 10.9 11.2 13.5 14.0

1415 50 7.2 6.3 13.1 13.5 15.8 16.3

4.5 5 5.6 6.3 13.8 14.2 16.6 17.0 7.1 7.1
14,0 o 6.7 6.0 14.7 15.1 17.6 18.0

151.0 55 6.9 5.9 14.7 15.1 17.6 18.0
166.0 55 7.0 5.9 17.1 17.5 20.0 20.5

168.5 60 6.3 5.6 17.6 18.0 20.5 21.0 7.1 7.1
174.25 55 6.3 5.4 18.2 18.5 21.1 21.5

(Cont'd)

01¢
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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 24.5 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 kbl 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 1 6.95
269.25 25 2.7 ' 14.7 42.0 42.5 46.0 46.5

205 .75 40 2.8 14.3 47.4 48.1 51.9 52,3

DR, 06 3, 2.7 12.4 - 47.0 - 47.8 51.5 51..9 7.0 7.0
2973, 2% % 2.9 “, 13.0 51.1 51.8 55.5 55.9

309.5 ) | : 2.7 6.9 60.3 61.6 64.9 65.4

314.5 13 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)
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TABLE A3.3 (Cont'd)

333.25 45 2.0 0.7 67.1 70.7 75.0 75.5
336.25 36 2.5 0.5 65.9 71.2 75.5 75.9 7.0 6.95
341.0 50 2.8 0.5 ~ 57.8 71.4 75.9 76.1
355.0 50 2.4 0.3 24.8 71.6 76.2 . 76.6
360.5 50 2.2 0.2 24.5 74.4 78.9 79.3 7.0 © 6.95
265.0 60 2.0 0.1 19.1 74.6 79.1 1 79.5
381.75 50 1.9 0.1 16.2 86.6 91.2 91.6
388.0 60 2.0 0.1 14.5 91.2 95.9 96.1 6.96 6.95

405.25 60 1.6 0.1 11.1 95.7 100.2 100.6

(AR
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TABLE A3.4 Results of filter run 4

Rate of filtration = 0.75 :3/mzh

Depth of media = 75 cm Depth of graded zravel = 0.2 m
Porosity = 44% Influent turbidity range = 45¥-60 FTU
Type of media = sand pH . = _7,0v - 7.1
Effective size | = 0.64 mm Teﬁperature = 14 - 18%

Uniformity coefficient = 1.41

Time Turbidity FTU Head loss ca of water

- {(h) Influent Piltrate at 50 mm at 100 -m at 750 mm  Total
loss

0 ' 55.0 4.0 1.35  1.65 3.9 _ 4.2

3 55.0 17.¢ 1.35 2.3 4.5 4.8
5.75 55.0 1i8.0 2.7 3.1 5.3 5.6
21.5 50.0 15.0 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 i5.0 ‘13.6 13.9 16.0 16.4
45.25 50.0 i6.0 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 i4.0 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 S1.7 , 94.6 95.0

160.0 - - 97.0  97.3 . 99.5 100.1




TABLE A3.5

Results of filter run 5

Rate of filtration = 0.5 ms/mzh

Depth of media = 76.5 cm Effective size = 0,135 mm Influent turbidity range = 36 - 60 FTU
forosity = 92.6% Uniformity coefficient = 2.96 Temperature = 16.5 - 18%
Type of media = rice hull ash Depth of graded gravel = 0.2 m pH = 6,95 - 7.1
Time Water turbidity Head loss cm of water pH
P
(h) Influent Filtrate -3 -4 1~ 10 - Influent Filtrate
at at at z
6.5 cm 11.5 cm 76.5 cm total Lo
0 35.0 4.0 0.3 0.6 1.8 2.3 7.0 7.8
2.125 40 4.8 0.5 0.8 2.0 2.5
17.74% 50 5.0 | 1.0 1.3 2.2 2,8
20,20 s ¥ D 0.7 L0 2.3 2.9
20,5 50 5.7 1.0 1.3 2.4 3.0 7.0 7.3
AL.75 HO 5.3 0.8 1.1 3.4 3.9
44,25 5% 4.5 1.9 2.2 3.4 4.Q 7.0 7.2
49.25 60 5.2 2.3 2.6 3.8 4.4

(Cont'd)
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TABLE A3.5 (Cont'd}

63.5 50 3.9 4.6 - 5.0 6.2 , 6.8
73.0 45 3.3 5.8 6.1 7.3 7.9
89.0 a0 3.0 8.9 9.2 10.8 11.4
113.% 35 2.9 12.0 12.3 13.5 14.2
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 s 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 a5 2.6 13.3 13.6 15.8 15.5
14220 - - 13.1 13.6 15.2 15.9
14825 T 3.0 133 SN 15.2 15.0
wles a4 2.5 14.3 14.8 163 ' 17.2
164.0 50 2.0 14.2 14.7 16.6 17.3
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

{Cont'd)

STE
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TABLE A3.5 (Cont'd)

188.25 45 3.0 14.8 15.3 17.3 18.0

193.0 6o 3.0 15.05 16.5 i8.9 19.6 7.0 7.0

209.25 4% 3.0 19.3 20.0 21.4 22.0

212.%5 50 2.0 19.6 20,2 22.1 22.8 7.1 7.1

217.25 30 2.4 20.3 20.8 22.9 23.5

233.0 a0 1.9 22,9 23.4 25.3 26.0 7.0 7.0

238.25 50 1.5 23.4 24.0 26.3 27.0

240,75 50 1.7 23.8 24.6 27.1 27.8 6.95 6.95
257.1 A0 1.7 25.0 27.1 28.5 29.1

‘.-',H._l AN 36 1.6 28,0 29.0 31.3 32.0 6.95 6.95
DL h0 1.6 20.6 30.6 13,2 33;0

289,0 50 1.6 28.5 31.5 35.1 35.8

2915 55 1.6 29.7 32,7 35.6 36.3

305.0 50 1.6 30.0 33.4 36.3 37.0 7.0 7.0

91¢



TABLE A3.6 Results of _filter run 6

Rate of filtration = 0.5 ma/mzh

40 - 60 FTU

Depth of media = 75 cm Effective size = 0.64 mm Influent turbidity range =
Porosity = 44% Uniformity coefficient = 1.41 . Temperature = 16.5 - 18°%¢
Type of media = sand . Depth of gréded gravel = 0.2 m pH = 6.95 - 7.1
Time Turbidity FTU Head loss cm of water ‘ pH
(h ) Influent  Filtrate it';cm at Isscm ai ;slgm at ;slim Influent  Filtrate
0 40 4.3 0.2 0.5 1.6 2.2 | 7.1 7.1
3 4 40 5.0 0.3 0.6 1.7 2.36
4.75 40 8.0 0.3 _ 0.7 1.7 2.4
8.0 49 8.0 0.3 0.8 1.6 2.5
24.0 A0 5.0 2.8 ‘ 3.1 4.2 5.1 7.0 7.0
26.5 50 4.0 3.7 4.1 5.2 6.1
32.25 50 5.0 5.6 4 | 5.2 | 6.1
32.25 50 5.0 5.6 5.9 _ | 6.2 7.1
18.75 40 5.0 12.3 12.7 14.2 15.1 6.95 7.0

(Cont'd)

LTE
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TABLE A3.6

51.0 50 5.0 12.2 12.6 13.9 14.8

55,75 60 5.0 14.9 15,3 16.5 17.4

72.0 45 5.0 24.2 24.6 26.1 27.1 6.95 6.95
75.0 50 " 5.0 25.5 25.8 27.3 28.4

80.0 50 3.0 29.0 29,3 30.5 31.6

5. 7% 40 3.0 41.2 41.4 42.1 42.8 6.95 6.95
101.0 45 3.2 45.3 45.6 47.2 38.2
103.5 50 3.0 46.7 47.1 48.3 49.5

119.74 40 3.0 61.1 61.6 63.1 64.0 7.0 7.0
144.0 36 3.0 83.3 83.6 85.0 86.0

147,25 HO 3.0 84..3 34.0 87,0 88.0 7.0 7.0
Lol Ih e 3.0 93.3 93,7 95,2, 96.0
154,25 50 3.5 94.2 94.6 96.0 97.0
167,75 50 3.0 io7.5 108.0 109.2 100.0 7.0 6.95

81¢



TABLE A3.7

Results of filter run 7

Rate of filtration = 0.25 m3/m2h

Depth of nedia = 75 cm Effective size = 0,135 mm Influent turbidity range = 32 - 60 FTU
Porosity = 94% Uniformity coefficient = 2.96 Temperature = 18 - 20%
Type of media = rice hull ash Depth of graded gravel = 0.2 cm pH = 7 - 7.15
e ) Turbidity FTU Head loss cm of water pH

(h) Influent Filtrate 1 -3 _ 1 - 10 1-11 In Out

5 cm 75 cm Total 95 cm

0 35.0 3.0 1.3 1.6 1.8 7.1 8.0
18,75 40 3.0 1.3 1.7 1.9

27.75 55 2.0 1.8 2.3 2.5

20TY 50 , - 2.0 2.1 2.6 2.8

43,00 10 1.5 2;9 3.4 3.6 7.1 7.1
44.0 35 1.5 3.1 3.6 3.8

51.25 55 1.5 3.3 3.8 4.0

67.25 45 1.5 3.7 4.0 4.2 7.0 7.0
71.25 45 1.5 3.7 4.3 4.4

(Cont'd)
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TABLE A3.7 (Cont'd)
74.25 58 1.5 4.0 4.5 4.7
90.5 55 1.5 4.5 5.1 5.3 7.1 7.1
98.25 50 1.5 4.5 5.0 5.2
114.75 40 1.5 4.6 5.3 5.4 7.1 7.1
138.5 55 1.5 4.6 5.4 5.6
144.0 50 1.5 4.3 5.0 5.2 7.1 7.1
147.5 55 1.5 4.4 5.2 5.4
162.75 40 1.5 4.5 5.3 5.5 7.1 7.1
168.5 45 1.5 4.5 5.1 5.3
IR Y 1.5 4.5 5.3 5.4
RTINS S 1.5 4.0 5.0 5.7 7.1 7.1
192,74 30 1.5 4.6. 5.3 5.5
196. 25 40 1.5 4.5 5.2 5.4
210.5 32 1.5 4.8 5.4 5.6 7.1' 7.2
215.5 45 1.0 4.4 5.0 5.2

(Cont'd)

0ce



TABLE A3.7 (Cont'd)

221.25
233
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

45
38
36
40
32
40
55
40
32
32
32
35
32

50

0.9

0.9

1.5

1.0

0.9

0.6

0.6

0.6

0.6

4.6

5.0

5.0

4.9

4.9

5.1

5.2

5.6

5.6

5.6

5.3

5.4

5.6

5.5

5.6

5.4
5.8
5.4

6.0

5;8
5.8
5.5
5.4

5.4

5.7

5.8

7.15

7.1

7.1

7.1
7.1

7.1

7.1

(Cont'd)

7.2

7.1

7.1

7.1

7.1

7.1

7.1

1c¢



TABLE A3.7 (Cont'ad)

g

403.25 490 0.8 _ ‘5..3 | 5.9 6.1 7.15 7.15
407.25 40 0.6 5.2 5.8 6.0

411,75 . 58 0.6 5.2 6.0 6.2

426.75 0 1.0 5.7 6.1 6.3 7.1 7..1
450.75 32 1.0 5.9 6.3 6.5 7.05 7.0

zce




TABLE A3.8 Results of filter run 8

Rate of filtration

0.25 m®/m?h

Type of media = sand Depth of media = 75 cm Influent turbidity range = 22 - 60 FTU
Uniformity coefficient = 1.41 Porosity = 44% Temperature = 17.5 - 21.0%
Effective size = 0.64 mm Depth of graded gravel = 20 cm pH = 7.0 = 7.15

T me MTurbidi ty FTU Head loccs m of water pH

(h) nflvent Filtrate 1-3 1-~-4 1 -10 l1-11 - In Out

5 cm 10 cm Net 75 cm Total 95 cm §

0 35 3.0 0.2 0.4 1.0 1.6 7.15 7.15
18.75 10 5.0 0.6 0.7 1.3 1.9

[ YA T 5.0 0.8 0.9 1.7 2.3

2 B0 0 1.1 1.2 2.0 2.6
43,20 a0 : 3.5 2.0 2.2 3.0 3.6 7.1 7.1
A0 4% ' 5.0 2.2 2.4 3.0 3.6

51.25 a5 5.0 2.4 2.6 3.3 3.9

| 4,1 4.2 5.0 5.7 7.0 7.1

67.25 45 5.0

(Cont'd)



-

g
TABLE A3.8 (Con't'd).
71.25 45 4.5 4.3 4.5 5.1 5.8
74,25 &5 3.0 4.7 4.9 5.3 6.0
90.5 55 3.0 7.0 7.2 8.0 8.6 7.1 7.0
98. 2% 60 3.0 8.4 8.5 9.3 10.0
114.75 40 3.0 10.8 11.0 11.7 12.4 7;1 7.0
138.5 55 2.0 15.1 15.2 16.1 16.8
144.0 50 2.0 - - 18.0 7.1 7.1
147.5 55 2.0 17.6 17.7 18.6 19.3
162,75 a0 1.5 20.2 1 20.4 21.2 21.9 7.1 7.1
168.5 45 2.0 21.3 21.5 22.0 22.5
173,25 50 2.0 22.3 22.5 23.1 23.6
45,0 3 1.5 26.4 26.6 27.2 27.7. 7.1 7.1
192.75 36 1.5 27.7 27.9 28.6 29.1
196.25 40 1.5 28.7 29.0 29.6 30.1
210.5 12 1.5 32.2 32.5 32.9 33.5 7.1 7.1
215.5 45 1.0 33.8 34.0 34.6 35.1

(Cont'd)

pZE



TABLE A3.8 (Cont'd)

221.25 50 1.0 - 36.4 36.7 37.4 37.8

233.0 4% 1.5 41.2 41.5 42.2 42.8 7.15
240.5 26 1.0 45.1 45.4 45.8 46.3

258.5 36 1.0 60.8 61.2 61.9 62.4 7.1

283.5 40 0.9 74.7 75.0 75.5 76.0

307.0 22 0.6 89.8 ©0.1 90.6 91.1 7.1

311,75 . 40 1.0 89.4 39.8 90.2 90.8

314.5 55 1.0 87.4 87.3 88.7 89.2

131,25 40 0.9 105.7 106.1 106.5 107.0

HWW,O 32 0.9 107.4 107.6 109.1 109.6 7.1

7.1

7.1

7.1

Y4
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TABLE_A3.9 Results of filter run 9

Rate of filtration = 2.0 ms/mzh
Depth of wedia = 73 cm Effective size = 0.135 mm Influent turbidity range = 20 - 25 FTU
Porosity = 93.6% Unifermity coefficient = 2.96 Temperature = 20 - 22°%
Type of media = rice hull ash Depth of graded gravel = 0.2 m pH = 7.1 - 7.2
Time Turbidity FTU Head loss crn of water pH Depth of
- matter
(n) Influent Filtrate 1 -4 1-5 1 -~6 Total I out penetration
- 8 cm 13 cm 18 cm 73 cm 93 cm n Y Dist. from
top media
in cm
0 27.0 3.0 5.2 6.6 6.9 10.8 14.3 7.2 7.2
1 22.0 5.0 8.0 9.7 10.0 13.5 17.4
! 22,0 7.0 8.3 10.0 10.4 14.3 17.8
} 20,0 7.0 8.4 10.2 10.6 14.5 1a.1
4 24.0 7.0 8.8 10.6 10.9 14.8 18.4
6 27.0 7.0 9.3 11.2 11.7 15.7 19.3
19 20.0 7.0 C12.1 15.5 15.7 19.3 23.4
20 20.0 7.0 13.0 17.3 16.7 19.7 24,2

(Conﬁ'd)

9Z¢



TABLE A3.9 (Cont'd)
21 26,0 7.0 13.3 17.0 17.4 21.6 25.3
22 22.0 7.0 13.4 17.2 17.6 21.8 25.5
24 21.0 7.0 13.9 18.0 18.4 22.7 26.3
27 24.0 7.0 15.1 20.0 20.5 24.8 28.6
29 21.0 7.0 15.9 21.2 21.6 26.0 29.7
43 22.0 7.0 24.9 36.3 36.9 41.9 45.3
44 22.0 7.0 25.7 37.9 38.5 43.7 47.0
as 22.0 7.0 26.5 39.1 39.8 44.6 48.4 7.1 7.2 4.0
a6 22.0 7.0 27.1 40.1 40.8 45.6 49.5
an 22.0 7.0 28.1 41.6 42.3 47.1 51.0
49 5,0 7.0 28.5 42,5 41,2 a8.1 52,0
h0 w0 6.0 29.1 43.4 44.0 49.0 53.0
5175 22,0 6.0 30.0 44.7 45. 4 50.8 54.7
54 22.0° 5.0 30.7 46.6 47.4 52.7 56.6
65.75  22.0 6.0 34.5 56.5 57.7 63.3 67.2
66.0 22.0 6.0 35.0 57.9 59.0 68.8 7.1 . 7.1 4.5

64.8

(Cont'd)

Lee



TABLE A3.9 (Cont'd)

68 24.0 6.0 ~ 35.0  58.4  53.6 65.4 69.4
73 22.0 6.0 35.5 59.9 62.7  68.5 72.5 5.0
74 22.5 6.0 35.6 60.2 G3.4 69.2 73.3
75 52,0 7.0 35.7 59.8 53.0 69.8 73.8
91.25  20.0 6.0 37.6 55.2 74.6 7.90 84.1 7.1 7.1 7.0
92.5 22.0 6.0 37.7 65.6 75.6 81.1 85.1
94.25  22.0 6.0 37.3 50,3 75.7 81.2 85.3
96.25 22,0 5.0 37.0 47.4 76.1 8.17 85.8
97.75 25,0 6.0 37.6 48.1 77.1 83.2 87.0
99.0 27,0 6.0 37.3 47.1 77.3 83.6 87.6 7.1 7.1 7.5

PN, 25 240 5.0 13.4 43.2 2.0 97.0 101.0 2.1 7.1 8.0

82¢
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TABLE A3.10 Results of filter run 10
Rate of filtration 2.0 m®/m?h
Type of nmedia = sand Depth of media = 75 cm Temperature = 20 - 22%
Unifornity ccefficient = 1.41 Depth of.graded gravel = 20 cm pH = 7,0 - 7.1
Effective size = 0.64 mm Influent turbidity range = 20 - 25 F.T.U.
Time Turbidity ¥FTU Head loss cm of water pH
1 uent Filt R : .
(h) Tnfluent Filtrate Tappings 1-3 1 -4 l-6 l1-10 l1-11 Influent Filtrate
5 cm 10 cm 20 cm 75 cm . Total
0 22.0 3.0 0.4 1.1 2.4 7.0 11.3 7.1 7.1
1 22.0 9.9 1.5 2.2 3.6 8.1 12.6
y; 2.0 8.0 1.7 2.4 3.8 3.3 12.7
3 22.0 9.0 1.6 2.4 3.7 8.2 12,6
4 24.0 8.0 2.8 3.5 3.9 8.3 12.8
6 22.0 9.0 2.8 3.5 3.9 8.4 12.9 7.1 7.1
19 0.0 . 9.0 3.4 4.2 5.7 10.0 14.9
20 20.0 8.0 3.6 4.6 5.9 10.3 15.0 7.1 7.1

(Cont;d)

6C¢t
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TABLE A3.10 (Cont‘d)
21 20.0 10.0 4.0 4.9 6.4 10.8 15.4
22 22.0 10.0 4.3 5.1 6.6 11.1 15.8
24 21.0 10.0 5.0 5.8 7.3 11.8 15.9 7.0 7.0
27.75 32.0 9.0 7.1 8.0 9.5 13.8 18.4
29.75 21.0 10.0 8.3 9.2 10.8 15.1 19.7
43.9 22.0 8.0 32.4 33.5 35.2 39.6 44.0
44 22.0 8.0 34.8 35.8 37.4 41.6 46.1 7.0 7.0
a5 22.0 8.0 39.1 40.2 41.7 45.7 50.5
46 22.0 7.0 44.0 45.2 46.1 54,9 54.9
a8 0 7.0 52.1 53.1 54.7 59.4 64.2 7.1 7.1
19 ST 7.0 55.0 56,0 57.0 63.2 67.0
o 20 H.0 59.0 6U. 1 OL.7 66.1 70.7
BN 22,0 8.0 65.3 66.5 68.1 72.6 76.5 7.1 7.1
54. RV NY 7.0 73.9 74.9 76.3 80.2 85.0
65.75 22,0 7.0 94.1 106.2 107.7 101.9 116.9
66 22,0 7.0 90.0 99.6 103.1 105.4 110.1 7.1 7.1

0€E



TABLE A3.11 Results of filter run 11

_ Rate of Filtration = 4.0 m3/m2h Influent turbidity range = 106 - 28 FTU
Type of media = rice hull ash Depth of media = 75,0 cm bl ‘ : v 5 “_ 9
: ‘ - ~ c{ 1 =, M it 2 Q2 R34 .
Uniformity cocfficient = 2,96 Porosity H2 ., 8% Powmpe rature - aa e s
Effective size = 0.135 mm Depth of graded gravel = 20 cm
. Turbidity FTU Head loss cm of water , pH Cepth Depth of
Time £
oz . matter
(h) Influent Filtrate 1-3 1-4 1-5 l1~7 1 -8 1 - 10 Total In cut media penatration
5 10 15 25 35 75 95 <m cm
0 17.0 5.7 8.4 11.5 13.1 14.6 - 19,2 23.4 26.6 7.2 7.2 75.0
1.0 16.0 5.0 » 9.5 12.5 14.4 15.8 13.3 24.5 28.0
2.0 17.0 6.4 10.6 13.7 15.6 17.1 20.9 25.9 29.3 74.5
3.0 16.0 6.8 11.8  14.9 16.8 18.3 22.1 27.4 30.7
4.0 16.0 - 7.0 13.2 16.3 18.3 19.8 23.7 28.9 32.3 74.2
5.0 15.0 7.0 13.4 16.7 18.7 20.2 24,2 29.4 32.9
6.0 7.0 13.95 18.2 20.4 21.9 25.9 31.2 34.8 7.2 7.2 74
7.0 16.0 ‘ 7.4 16.4 19.8 22.0 23.4 27.6 32.9 36.4 73.8
i \‘\
8.0 17.0 7.6 17.9 -~ 21.5 23.7 25.1 29,3 33.7- 38,2
9.0 17.0 i 7.8 18.8 22.5 24.8 26.3 30.6 - 36.9 38.6 ' 73.3 ‘ 3.0

' (Cont'4d)

€€
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TABLE A3.11 (Cont®d)

12.0 18.0 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 2.1 26.9 23.8 36.4 37.6 42.6 47.° 51.6

14.0 20.6 8.4 22.5 36.5 40.1 40.3 45.3 50.8 54.5 72.8

1.0 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 49.8 51.2 56.8 62.9 66.3 72.0 3.6
18.5 24.0C 9.2 0.3 54.0 57.1 58.5 64.6 50.5 74.2 7.1 7.2 71.8

22.5 22.0 2.9 - 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

(A%



TABLE A3.12 Results of filter‘run 12

Rate of filtration = 4.0 m®/m*h
Type of media = gand Depth of media = 75 cn Influent turbidity range = 16 - 29 FTU
Effective size = 0.64 mm Porosity = 44% pH = 7.0 -7,2
Uniformity coefficient = 1.41 Depth of graded gravel = 20 cm Temperature = 25 - 25%
Time Turbidity ¥TU Head loss cm of water pH
(h) ;nfluent Filtrate 1 -3 1-4 1 -7 1 -9 1-10 Total In Out
‘ at 5 cm 10 cm 25 cm 55 c¢m 75 cm 95 cm
0 17 4.5 3.1 5.0 9.2 14.8 21.6 31.6 7.2 7.2
1.0 16 5.5 3.5 5.3 9.6 15.1 21.8 31.9
1.0 17 7.8 3.7 5.6 9.9 15.3 22.0 32.1
(] I .4 3.9 5.8 10.2 15.6 22.2 32,2
1.0 14 9.1 4.2 ‘(3.‘ 10.41 16.0 22,7 12,7
N0 14 9.5 4.4 6.3 10.6 16.2 22.9 32.9
6.0 9.3 4.5 6.5 10.8 16.4 23.0 33.1 7.2 7.2
7.0 16 9.2 4.7 6.7 11.0 16.7 23.3 33.2
8.0 17 10.0 4.9 6.9 11.2 16.8 23.4 33.4

(Cont'd)

£ee



60.0

7.0

° o i . .
TABLE A3.12 (Cont'd)
9.0 17 15.0 5.1 7.1 11.6 17.1 23.7 33.7
12.0 18 10.0 5.7 7.9 12.2 17.9 24.5 34.6 7.2 7.15
13.0 22 11.0 6.1 8.2 12.5 18.2 24.9 35.0
14.0 20 11.0 6.4 8.5 12.9 18.5 25.1 35.2
15.7 22 12.0 6.7 8.9 13.3 18.9 25.2 35.3
17.0 25 12.0 7.5 9.8 14.1 19.6 26.3 36.2
18.5 24 13.0 8.2 10.4 14.9 20.6 27.1 37.1 7.1 7.1
22.5 22 14.0 11.3 13.6 19.2 23.8 30.4 40.4
23.5 25 13.0 12.4 14.5 19.1 24.8 31.3 41.4
245 25 13.0 13.6 16.0 20.6 26.2 32.7 42.7 7.1 7.1
26,5 4 13.0 16.6 18.9 23.6 29,2 35.6 45.6
27 " 2.0 18.0 20.4 25,0 0.6 37,3 67.3
29075 24 1.0 22.1 24.5 29.2 34.6 41.2 51.2
30.75 - 24 12.0 23.9 26.1 30.9 136.6 43.6 53.7 7.1 7.1
33,5 24 11.0 28.7 31.2 35.7 41.2 46.6 56.6
35.5 24 12.0 31.6 34.0 38.5 43.3 50.0

7.05

vee
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TABLE A3;13 Results of filter run 13
Rate of filtration = 1.0 m3/m?h
Type of media = yice hull ash Depth of graZsd gravel = 0.2 m
Original porosity = 92.6% Influent turtidity range
¢ Original depth = 74 cm = 70 - 30 FTU
Temperature = 20 - 25°%¢
Time Depth of ‘Turbidity FTU. TotiisZead
(h) ' medium Influent Filtrate cm of water
(cm)
J " 0 74.0 70 4.0 7.2
4.75 70 14.0 7.7
9.0 ‘ 75 14.G 8.4
24.0 73.5 75 ' 13.6 16.9
28.0 75 12.¢ 11.6
° 32.0 70 12.¢ ’ 12.7
48.0 73.2 75 11.7 : 15.8
52.25 70 ' 10.% 16.3
56.0 70 0.0 16.9
72.0 72.6 75 11.¢ . 18.5
79.5. 75 110 ~19.3
« 96.0 72.3 75 11.0 20.4
102.25 75 11.5 20.4
120.0 72.3 80 11.5 22.1
127.25 75 11.° 22.9
léé.ﬁ 71.8 75 LEAIN 5.5
° 151.25 73 1. 25.7
175.¢ 71.3 75 ic.z 2003
122.0 1.2 80 2.2 22.5
i99.5 78 2. - 33.5

L] . ' (Coni'd)




TABLE A3.13 (Cont'd)

336

216.0
223.5
240.0
247.5
263.5
273.75
288.0
295.0
312.6
319.5
336.0
343.5
>-360.0
- 367.75
384.0
391.25
408.0

416.0

70.4

70.3

1 69.9

68.9

68,0

67.8

[e]]
[e)}
O

66.3

6.3

75
75
75
80
‘75
80
75
75
80
80

80

80
80
80
75
75

75

33.9
38.0
40.1
41.9

44.0

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 =°/m’h
Type of media = rice hull ash Depth of gradsd gravel = 0.2 m

Original depth of media = 52 cm  Influent turbidity = 70 - 90 FTU

Original porosity = 93.25% Temperature = 20 - 25°C
Time Depth of Turbidity FTC Head loss
(h) m?i;?m Influent Filtrzte cm  of water
0 52.0 70 5.3 9.4
4.75 70 15 ~11.3

9.0 : 75 15 14.3
24.0 51.4 75 15 20.6
28.0 75 12 23.0
32.0 70 14 24.7
48.0 50.8 75 13 30.4
52.25 | 70 12 . 32.0
56.0 70 | 13 - 33.3
72.0 50.3 75 : 12 37.4
79.5 75 12 40.9
96.0 49.5 75 _ 13 44.0

103.25 75 13 44.8
120.0 49,2 80 o 13 } 49,1
127.25 75 12  so.2
144.0 49.0 75 12 54.0
153.25 75 13 53.5
175.25 42.2 75 11 55.3
192.¢ 48.90 80 11 62.8
199.5 75 11 61.2

{Cont'd)



338

TABLE A3.14 (Cont'd)
216.0 47.5 75 11 62.5
223.5 75 11 63.2
240.0 47.3 75 11 65.1
1247.5 80 11 66.3
263.5 47.0 75 11 65.1
273.75 80 11 69.4
288.0 46.5 75 12 70.3
295,25 75 12 71.5
312.0 45.7 80 12 71.3
319.5 80 13 75.4
336.0 45.5 80 13 74.0
343.5 75 12 75.6
360.0 45.5 80 11 76.7
367.0 a0 12 76.2
384.0 45.0 80 12 78.2
391.25 75 12 78.9
408.0 44.8 75 12.3 79.4
416.0 75 12.0 79.6
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TABLE " A3.15 Results of filter run 15
Rate of filtration = 1.0 =/m?h
Type of media = rice hull ash Depth of grzzed gravel = 0.2 m

Original depth of media = 33.5 cm Influent turbidity range = 70 - 90

FTU
Original porosity = 9]1.4% Temperature = 20 - 25%
Time Depth of .‘Tu;bidity FTU " Head ioss
(h) mji;:m ‘ Influent Piltrzte cm of water

0 33.5 70 5.4 3.8
4.0 70 20.¢ 4.5
24.0 33.4 75 20.9 6.2
31.25 70 21.2 7.4
48.0C 33.2 75.0 21.9 8.5
54.75 70 20.2 8.9
79.0 . 75.0 20.3 10.2
96.0 32.9 75.0  20.9 10.8

103.0 ~ 75.0 21.9 114

120.0 32.9 80.0 20.9 12.4

127.25 75.0 21.0 13.5

144.0 32.7 75.0 | 21.0 15.0

151.25 75.0 22.2 17.1

168.0 | 75.0 20.7 ' 17.5.

175.25 75.0 21.3 19.8

192.¢ 22.5 50 21.2 33.5

139 75 22,7 2.3

216.0 32.3 75 2.2 24.0

223.0 5.5 22.7 24.6



TABLE A3.15 (Cont/d)

340

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

B80.0O

80.0

75.0

80.0

80.0

8C.0

22.0

22.0

22.0

22.0

22.0

22.9

20.2

24.9

26.0

26.8

27.5

28.8

29.5

30.7

31l.3

32.8

32.1

32.1

35.1




TABLE A3.16

Results

341

of filter run 16

Rate of filtration = 1.0 m3/m?h Depth of ¢raded gravel = 0.2 m
" Depth of media = 72.0 cm Influent turbidity = 20 - 25 FTU.
Porosity = 93.1% Temperature = 20 - 22%
Type = vrice hull ash
Time Depth of Turbidity ©7TU Head loss
media cm of
(h) (cm) Influent Filtrzte water
0 72.8 20 3.C 5.2
6.5 20 3.8 9.3
24.0 71.7 21 3.9 10.0
30.5 21 3.3 1?.5
48 71.4 20 4,3 14.0
54.5 20 3.3 - 14.9
72 71.2 20 4.2 16.3
78.5 21 4.2 17.2
96 71.0 22 4.2 18.7
102.5 22 4.3 19.1
119.0 70.9 24 4.5 20.4
126 24 4.9 21.1
144 70.8 22 4.2 22.1
150.75 20 3.3 23.3
o168 70.7 22 5.7 24.0
174 22 g7 24.0
181.8 70.5 22 2.2 250
125.8 2% 2.1 25.7
216 70.3 22 4.z 25.2
222.5 21 2.z 25.9
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TABLE A3.16 (Cont'd)

240 70.2 20
246.5 21
264 70.0 20
270 25
288 69.9 24
294 | 20
312 69.8 | 20

336 €9.6 21.0

25.8
25.9~
26.0
27.6
27.7
27.8
27.5

23.0




343

TABLE A3.17 Results of filter run 17

Rate of filtration = 1.0 ma/mzh 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% Tempsrature = 20 - 22°%
Time Depth of Turbidity FTU Head loss
media cm of
(h) {cm) Influent Piltrate ~ water
o] 53.0 20 2.2 3.1
645 20 4.5 6.1
24.0 52.4 21 s 7.1
30.5 | | 21 4.7 8.1
48.0 52.3 20 4.3 9.0
54.5 ’ 20 2.7 10.5
72.0 52.1 20 4.4 11.9
78.5 21 5.2 14.1
96.0 51.8 22 4.7 15.7
102.5 22 4.5 18.5
119.0 51.4 24 £.9 20.0
126.0 24 4.7 22.1
- 144.0 51.0 22 4.7 24.4
150.75 | 20 5.0 24.6
168.0 50.8 22 £.8 26.2
174.0 22 =.3 27.0
191.0 50.% 22 5.3 28 e
19383.5 2% T.C 27.7
21¢.0 50.3 22 Z.3 29.9
222.5 21 1.3 29.3

—

Cont'qd)
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TABLE A3.17 (Cont'd)
240.0 50.2 20 4.7 30.6
246.5 21 4.3 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 m ¥/ h Depth of ¢graded gravel = 0.2 m

Depth of media

= 38.3 cm Influent turbidity range
Porosity = 94.2% = 2 - 2BFN
Temperaturs = 20 - 22°C
Time Depth of Turbidity FTU Head loss
media . cm of

(h) (cm) Influent Filtrate water
0 38.3 20 2.0 3.0
6.5 ' 20 ©.C 3.3
24.0 38.90 21 5.3 4.0
30.5 : 21 £.5 4.3
48.0 37.9 20 6.5 4.9
54.5 | 20 >6.l 5.1
72.0 37.9 20 6.5 5.5
78.5 21 6.2 5.9
96.0 | 37.9 22 6.4 6.2
102.5 22 6.5 6.5
119.0 37.8 24 6.5 7.1
126.0 ' 24 6.4 7.5
144.0 37.7 22 6.3 7.9
150.75 20 7.1 7.9
| 168.90 37.6 22 B.a - 8.6
174.0 22 5,3 8.8
1921.8 37.5 22 S,z N
198.5 21 5.% $.5
218.0 37.4 22 3.2 10,4
222.5 21 5.3 i0.9

(Cont'd)
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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 .
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°
" TABLE A3.19 Clear water experimenté - Results of filter
run 19
Rate of filtration = 1.0 ms/:zh
* 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 Dept:: of Media
. (a) cm of water {cm)
0 3.1 32.5
1 4.8 51.9
2 5.0 21,7
3 5.6 31.6
¢ 4 6.7 51.5
5 7.2 31.3
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 30.7
°
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" TABLE A3.20  Clear water experiments - results of

filter run 20
Rate of filtration = 1.0 a’/m?%h

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

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

Original porosity 92.9% Depth cf graded gravel = 20 cm

Time Total head loss Depth of media
(a) cm of water | (cm)
¢ 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.¢ 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
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TABLE A3.21 Clear water experiments - results of filter

run 21

) Rate of filtration = 1.0 m3/m2h
Original depth of media = 78.0 cm Original corosity = 93.6%

Time Head 1oss . Dezth of media
(4) cn 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 5.9 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
17 9.5 75.2
13 le.l 75.1
1o 10.4 T3.¢C
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TABLE A3.22 Results of filter run 22
Pate of filtration =  0.25 m®/m%h
Type of wmedia = rice hull ash Depth of graded gravel = 0.2 m
Depth of nedia = 77.9 cm Influent turbidity range = 45 - 75 FTU
Porosity = 90%
Time Depth of media o Turbidity FTU , . Head loss
{d) (cm) Influent Filtrate cm of water
Tappings 1-4 Tappings 1-6 Total
at 12.2 cm at 22.9 cm at 97.9 cm
0 f7.9 65 5.0 1.7 2.4 ' 2,7
1 | 77.8 75 6.2 1.9 2.0 2.9
2 - 70 6 6 1.9 2.0 2.9
3 1.7 G5 6.2 2,1 2.2 3.0
4 .— 80 7.8 2,2 2.3 3.1
5 77,65 70 8.5 2.2 2.3 3.1
6 976 70 8.1 2.4 | 2.4 3.2
7 77.5 75 7.8 2.5 2,5 3.3
8 77.5 70 | 7.6 2.7 2.7 34

(Cont 'd)
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- TABLE A3.22 (Cont'd)

9 77.5 70 7.8 2.9 2.9 3.5
10 77.4 65 5.9 3.0 3.0 3.7
11 77.3 65 6.9 3.2 3.2 3.9
12 77.2 65 7.4 3.2 3.4 4.0
13 77.15 65 7.6 3.4 3.5 4.2
14 77.14 75 8.0 3.7 4.0 4.8
15 77.0 75 8.5 4.1 4.3 5.0
16 76.9 75 8.5 4.0 4.2 4.98
17 76.8 70 8.2 4.1 4.3 5.1
18 76.8 75 7.9 4.6 4.7 5.3
L9 76,7 65 8.2 4.8 4,9 5.4
20 76.7 75 8.0 4.9 5.1 5.9
21 76.7 75 8.6 5.4 5.7 6.4
22 76.6 70 7.9 5.7 6.0 6.6
23 76.5 70 8.2 6.1 6.2 7.0
24 70 8.6 6.4 6.5 7.3

76.4

(Cont'd)

1s€
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’I'ABLE A3.22 (Cont'd}

25 75.4 75 7.7 6.7 6.8 7.6
26 76.3 70 7.5 6.9 7.0 7.9
27 76.2 70 7.4 7.4 7.6 8.2
28 76.1 65 7.3 7.7 7.9 8.7
29 75.9 65 6.7 7.9 8.1 8.8
30 75.8 70 7.2 8.9 9.0 10.1
31 75.7 70 6.7 9.2 9.3 10.2
32 75.6 65 6.3 9.7 9.8 10.7
33 75.4 65 67 9.3 9.4 10.3
34 75.2 65 6.4 9.3 9.7 10.6
3 7.2 70 0.8 9.8 10.0 10,9
10 P 70 (. 10.9 1L 1.1
¥ 75,0 6 5.6 11.2 11.7 12.7
36 74.9 70 6.7 12.9 13.2 14.2
39 74.8 65 6.0 14.3 - 14.7 15.7

40 74.7 65.0 6.1 16.2 16.7 17.8

{Cont'4d)

(413
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41

48

49

"o

71.0

09.8

69.3

8.3

60

60

55

60

65

60

50

50

50

18.4

16.5

15.6

16.3

11.8

.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

90.2

99.8

102.0

£GE
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TABLE A3.23 Results of filter run 23

Type of medium

Effective size

Uniformity coefficient =

0.135 mm,

2.96

rice hull ash

Original depth of medium

Depth of gradeid gravel

I

77.4 cm

0.20 m

Time Depth of —edium
(4) | | (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
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TABLE A3.24 Results of filter run 24 -~ 3ac*erial removal

Rate of filtration = 1.0

1]

Type of media

Effective size

Uniformity coefficient = 2.96

rice hull ash Origirz1

0.135 mm Depth of

aa/mzh

dzpth of media

graded gravel

]

77.5 cm

0.2 m

" Time Head loss Viable counts of

Efficiency Depth of

cm of water E. coéi media
(h) at 37 € (2) (cm)
(no/mL)
In Out
0 3.4 < 10 < 10 77.5
4 3.5 970 © 300 59.1
28‘ 4.2 no counts were takern 77.3
52 5.4 77.1
76 5.9 1600 260 33.35 77.0
94 6.2 2290 510 77.7
124 6.4 1100 30 37.3 76.7 .
148 6.7 1550 85 34.5 76.6
172 7.2  1ss < 10 > 24.6
196 7.4 100 15 85.0 76.2
1220 7.6 160 10 33.8 75.9
23.8 75.8

244 7.8 320 20
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TABLE A3.25 Results of filter run 25
Rate of filtration = 1.0 =/m’h
Type of medium = sand Depth of mediz = 75 cm
Effective size = 0.64 mm .Porosity = 44%
®
' Uniformity coefficient = 1.41
Time Head loss Viable counts of E£. coli Efficiency
at 37°% |
(h) (cm of watex) (no/mL) (%)
In Out
)
AO 3.2 <10 < 10
4 3.5 335 | 105 70.1
28 7.3 no counts were made
52 18.¢
. 76 28.1 1500 460 69.3
94 0.5 1680 | 60C 64.3
124 33.0 1100 200 81.8
148 37.5 1050 236 : - 78.1
172 40.9 200 _ 4G 80.0
196 47.0 70 17 75.7
220 | | 53.8 140 25 82.1

244 ' 60.5 300 : 7C 76.7
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TABLE A3.26 Results of filter run 26

Rate of filtration = 0.5 :3/32h

Type of media = rice hull ash Depth of msiium = 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 (2) (cm)
(no/mL)
In Out

0 2.7 ‘ < 190 < 10 , - ' 75.6

4 ' 2.8 3000 880 70.7

28 | 4.3 500 70 85.0 | 75.3
52 | 4.5 1200 240 230.0

76 4.7 110 15 85,4 75.0
100 4.8 no counts were made . -
124 5.0 1950 110 24.4
148 5.1 380 <10 > 97.4 74.5
172 55 330 <10 > 57.0 74.4
196 5.8 700 < 10 > 82,6
220 5.9 810 35 95.7 74.2
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TABLE A3.27 Results of filter run 27
Rate of filtration = 0.5 cza/nzh
Type of medium = sand Porosity = £:i%
Effective size = 0.64 mn Uniformity -oefficient = 1.41
¢ Depth of medium = 75 cm
Time Head loss Viable counts of E. i3 . Efficiency
at 37 C '
{h) {cm of‘water) (no/mL) (%)
In 'Out
]
0 2.1 <10 < 10 -
4 2.3 6000 23435 61.0
28 2.3 1120 _ 180 91.1
52 2.9 240 03 60.4
7% 3.8 90 10 88.9
* 100 5.2 240 | 50 79.2
124 : 6.6 1580 232 85.4
148 9.0 95 < 19 89.5
172 11.8 500 892 90.0
. 196 15.6 880 70 92.0
220 19.3 900 49 95.6
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TABLE A3.28 Results of filter run 31
Series filtration
giiwgézﬂﬁi}ter , Secondary filter
Depth of R.H.A. medium = 75.8 cm Depth of R.H.A. medium = 77.8 cm
Porosity = 93.6% Porosity = 93.3%
Depth of graded gravel = .2nm Depth of graded gravel = .2 m
Rate of filtration = 1.0 m*/m%h Rate of filtration = 0.5 m®/m’h
. Turbidity Head loss Depth of media
Time -
FTU cm of water cm
(d) Inflnent Filtrate Primary Secondary
- Primary Secondary
Primary Secondary Gross Net Gross Net
0 23 3.1 5.2 4.4 75.8
! 29 8.0 7.4 6.4 3.4 3.1 75.5 77.8
2 20 7.0 5.8 11.4 10.2 3.5 3.1 74.9 77.0
3 =6 6.7 5.3 15.3 14.2 3.8 3.6 74.5 77.0
4 26 6.0 4.7 20.0 18.9 3.7 3.3 73.9 7€.8
5 27 5.2 3.7 23.4 22.4 4.0 3.6 73.5 76.8
6 25 5.0 3.3 26.7 25.7 4.4 4.0 73.1 - 76.8
7 27 5.0 3.0 29.4 4.3 3.9 72.6 76.6

30.3

{Cont'4d)

69¢




TABLE A3.28 (Cont'd)

8 . 26 4.7 2.5 33.0 32.0 4.6 4.1 72.2 76.5
9 25 4.7 2.5 35.0 34.1 4.7 4.3 71.8 76 .4
0 31 4.7 2.0 39.0 38.0 4.9 4.4 71.2 76.3
11 26 4.7 2.2 42.8 41.9 5.1 4.6 70.7 76.1
12 26 4.7 2.2 44.1 43.1 5.4 4.1 70.1 76.1
13 26 4.5 2.25 47.4 45.5 5.5 5.1 69.5 75.9
14 25 4.2 2.0 54.5 53.6 6.4 5.6 68.6 75.8
15 28 4.5 2.0 60.1 59.2 6.2 5.5 67.8 75.7
16 25 4.2 1.8 66.8 65.8 5.9 5.5 67.1 75.5
17 26 4.0 1.5 72.5 71.4 6.1 5.5 66.2 75.4
18 26 1.2 . 1.5 75.8 74,7 6.3 5.8 65.4 75.4
1 0 3.9 1.3 17.4 76,5 6.5 ol 0.7 5.2
20 Can 1.9 1.5 . 78.0 76.9 6.5 6.2 64.0 75.0
21 26 .8 LS 88.4 79.3 6.3 6.0 63.3 74.8
22 S 3.6 1.5  s2.3 e1.3 6.5 6.2 62.6 74.8
23 26 .3.4 1.5 - 83.9 82.9 6.5 6.2 62.0 74.7

(Cont'Q)

- 09¢



TABLE A3.28 (Cont'd)

24

24.5

25

26

27

28

29

31

32

33

26

25

24

21

1.7

1.6

1.7

2.0

1.1

1.2

1.1

1.6

83.4

39.2

58.7

79.7

79.9

80.6

£80.6

87.4

96.2

97.6

12.1

82.4

8.9

38.1

51.3

57.4

63.1

75.1

77.7

77.9

78.6

79.0

“86.1

96.2

96.6

-98.3

11.1

6.0

5.5

5.6

5.4

61.4

77.5

76.6

75.9

75.4

75.2

74.4

73.9

73.5

73.2

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

4.2

74.1

" 74.1

74.0

73.9

19¢
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TABLE. A3.28 (Cont'd)
39 30 3.4 1.6 21.6 19.6 7.6 6.3 77.0 73.6
40 25 2.5 1.4 24.0 22.1 7.9 7.5 76.8 73.5
41 22 2.4 1.3 25.5 23.7 8.8 8.3 76.6 73.3
42 22 2.0 1.3 27.6 25.0 8.4 7.9 76.4 73.3
43 23 1.7 1.4 29.5 28.0 7.4 6.9 76.1 73.2
44 34 1.8 1.3 34.3 33 8.3 7.8 75.8 73.1
45 27 1.4 37.0 35.7 | 75.1
46 23 1.5 40.5 7.6 74.8
47 21 1.1 44;4 43.0 74.5
an 27 1.1 49.4 48.1 74.1
an 24 [ 530 B2 3.6
T il [ w2 G, 72,6
51 26 1.2 70,5 69.8 71.5
I 1 1.1 77.0 75.9 0.2
53 25 1.1 79.2 78.1 69.3
55 22 1.1 86.1 85.0 67.9

(Cont'd)

29t
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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

€9¢€
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TABLE A3.29 Results of thin layer filter runs 32A and 32B

Rate of filtration = 1.0 m°/=%h

Run Depth of media ~ Porosity
(mm) (%)
32a 50 24,2
32B - 95 3.9
. Suspended solids concentration Head loss
Time
(mg/L)
(h) (cm of water)
Influent Filtrate
32a 328 32A 328
0 8.4 - - 1.0 4.8
1.0 21.0 4.9 5.4 1.3 5.4
2.0 18.5 6.2 6.7 1.5 5.8
4.0 i8.0 9.0 7.6 2.1 6.6
7.0 18.0 10.0 8.0 2.8 7.5
9.45 15.7 5.0 7.6 - 3.5 8.6
22.25 13.8 8.0 6.2 5.6 12.2
23.25 ~ 14.5 8.7 6.7 5.7 12.2
25.25 13.8 8.0 6.0 6.0 . 12.4
27.5 13.4 8.0 6.2 6.7 14.3
30.5 ' 13.4 8.7 5.4 7.2 15.6
46.75 13.8 7.2 6.2 9.3 20.5
49,25 15.0 8.0 5.8 9.5 23.5
51.75 14.5 8.7 6.2 9.¢ 22.9
54.25 14.8 3.0 6.2 9.7 23.5
56.2 14.2 8.7 5.2 2.2 ORI
TL. 25 1g.2 7.€ 5.4 1.z 26,5
78.5 13.8 9.0 .2 11,8 28.0
95.5 14.2 9.0 6.2 12.5 30.0
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"TABLE A3.29  (Cont'd)
102.5 13.8 7.6 4.9 13.4 29.0
119.0 12.4 6.2 3.5 14,3 32.2
126.5 13.0 7.6 4.9 14.6 33.3
143.0 13.4 5.8 3.7 14.8 34.6
145.25 15.0 7.6 4.9 15.2 35.2
147.75 15.0 8.0 5.4 15.5 35.9
150.5 15.0 8.0 5.7 15.7 36.3
153.0 12.0 7.5 5.4 15.8 37.3
167.5 13.8 6.2 3.9 15.0 37.7
169.25 15.0 7.2 4.2 16.8 39.9
171.75 14.0 7.0 4.5 15.3 39.6
174.5 13.5 6.7 4.5 17.3 42,0
191.25 12.0 5.8 3.0 13.0 42.5
193.25 13.0 6.2 3.0 17.5 43.4
195.75 13.0 5.8 3.5 13.5 42.7
198.5 12.4 6.2 3.0 13.2 43.4
215.0 11.0 4.9 2.5 19.3 44.7
217.25 13.4 5.4 3.0 20.2 46.0
220.25 13.0 6.7 3.5 20.8 45.9
222.5 12.4 6.7 3.5 ) 46.3
239.0 15.0 5.8 3.0 0.9 45.0
246.25 13.4 6.7 3.5 2.2 51.4
263.25 1i.4 5.8 3.0 23,2 54.3
270.5 12.¢0 5.2 3.5 35,2 55.0
297,25 1i.4 5.4 3.0 1.2 53,7
289.25 11.4 5.€ 3.5 zi.3 55.4
291.75 12.0 6.0 3.0 127 56.2



TABLE A3.29 (Cont'd)

366

294,25
297.0
311.0
313.25
316.25
318.5
320.75
335.25
337.25
339.5
342.25
344.75
359.2%
361.5
364.5
366.5

383.5

11.4

11.0

16.0

16.0

15.0

12.4

12.4

16.0

15.5

13.5

13.5

3;0
2.5
3.5
3.9
3.5

3.9

N
W
w

8]
O
)

39.7

56.5
57.0
57.3
59.9
61.7
60.6
62.6
61.6
63.1
65.5
64.8
64.8
66.7

67.9

67.5

67.3

71.1
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| TABLE A3.30 Results of thin layer filter runs 33A and 33B
\ } Rate of filtration = 1.0 m®/=%h
Run Depth of media Porosity
(mm) v (%)
. 33Aa 50 4.2
® ’ 33B 90 23.6
Time Suspended solids concentration ' Head loss
(mg/L)
(h) {cm of water)
Influent Filtrate
| ‘ 33a 33B 33a 33B
®
0 8.4 2.0 ~ 0.3 0.6
1 15.5 6.7 4.5 0.4 0.7
3 14.9 7.6 5.7 0.7 1.1
4.5 14.9 7.6 6.2 1.0 1.4
- 6.0 14.9 7.2 5.7 1.4 1.7
®
8.25 13.7 7.6 5.7 2.2 2.4
22.0 , 13.0 7.6 5.7 4.8 6.2
28.5 17.0 9.0 6.2 5.2 6.8
» 25.0 l6.6 9.5 6.7 5.4 7.7
- 27.0 16.6 9.5 6.7 6.0 7.9
28.5 16.0 10.0 7.5 6.0 9.6
' ®
| 30.0 16.6 10.0 7.2 6.3 10.4
| .
32.5 15.7 9.8 6.2 5.8 11.7
l 45.0 13.7 9.0 6.2 7.5 16.2
‘ 47.5 17,1 16.C G.7 7.3 i7.1
| 49.0 17.1 10.0 7.2 8.1 12.0
®
) 51.0 171 10.4 7.2 Z.3 13.6
52.5 16.6 10.4 6.7 2.3 25.2
54.0 17.1 10.4 7.2 3.5 21.1



368
TABLE A3.30 (Cont'd)

70. 25 15.7 9.0 5.7 8.8 25.8
77.5 16.6 11.0 6.7 9.5 29.3
94.0 14.9 8.0 5.7 9.6 31.8
101.5 17.1 9.5 6.2 10.2 34.3
118.5 18.0 9.5 5.4 10.6 36.7
120.5 17.5 10.0 5.7 1.1 38.0
123.0 17.1 9.5 6.2 11.1 38.4
125.0 16.0 9.5 6.2 11.0 39.0
127.75 16.0 9.0 5.7 12.2 39.3
142.5 14.7 8.0 4.9 11.7 ©40.1
144.5 14.4 8.6 5.4 11.5 40.5
147.0 14.4 8.0 4.9 11.5 a2
149.0 14.4 8.6 4.9 11.6 41.4
151.75 14.4 8.0 5.1 11.9 42.8
166.75 13.3 7.6 4.5 12.7 4.5
168.75 17.5 8.0 4.9 12.4 44.4
1171.0 14.5 8.0 4.9 12.6 44.8
173.0 15.0 - 8.6 5.5 12.2 45.9
176.0 14.5 8.0 5.4 13.1 47.4
189.75 13.4 7.6 4.9 13.3 49.0
199.0 14.4 8.0 5.4 13.5 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°h

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 343 34B
0 12.4 - ~ : 1.9 1.8
1.0 14.25 7.0 4.2 2.3 2.1
3.0 13.75 7.0 5.1 2.0 2.7
4.0 14.25 7.6 5.1 3.4 2.9
5.0 15.6 7.6 - 5.3 3.4 3.1
6.0 14.75 7.6 5.1 3.7 3.4
8.25 15.6 . 8.0 5.65 | 2.8 3.9
21.5 19.4 10.4 7.8 5.8 6.1
23.0 ' 21.25 11.8 9.0 7.4 7.1
25.0 19.9 11.8 8.5 5.1 8.9
27.0 - 18.5 ©10.5 8.0 8.5 8.3
30.0 18.5 11.4 7.6 . 8.2 ‘ 9.4
-~ 32.5 16.5 10.0 7.0 2.2 10.1
46,25 22.75 10,75 8.25 - 1D.3 12.4
53.25 12.4 12.25% 9.5 1i.3 14.3
7C.C 21.2% 16.0C 2.0 27 14.8
77.25 4.5 1G.9 7.7 iz 15,4
94.5 i8.¢ 8.5 £.1 2z 3 20.3
99.0 1¢.6 8.0 6.6 3.0 21.4
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“TABLE‘A3.31 (Cont'd)

1 104.25 16.0 9.0 6.6 12.9 24.0
118.25 20.75 9.0 7.0 13.5 23.1
123.0 18.0 10.5 7.0 14.2 23.8
1128.25 16.5 9.5 7.0 14.7 24.3
142.0 15.2 8.5 5.7 14.9 25.1
149.25 14.75 9.0 6.1 15.5 25.5
166.25 18.0 8.0 5.1 15.0 27.4
170.5 18.0 9.0 6.1 16.6 29.1
‘175.0 14.75 8.5 5.7 17.1 29.2
190.0 14.25 7.5 4.6 15.6 30.3
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TABLE A3.32 Results of thin layer filter runs 35A to 35D
| Rate of filtration = 1.0 m3/m2h
Run Depth of media Porosity

%

35A 50 94,2

3158 100 94.2

35C 190 93.6

35D | 260 93.3

Time o Suspended solids concentration Head loss
mg/L cm of water
th) Filtrate

Infinent 355 355 35¢ 35D 35 358 35¢ 35D
i 0 . — 1‘1—;_ h - - - - 4.3 3.8 4,1 3.5
2 L. 9.1 G.7 .9 3.9 5.3 1.7 4.5 4.0
16,0 1.0 9.3 7.0 5.0 3.9 7.0 6.2 7.7 7.1
17.0. La.h 9.0 7.2 4.9 3.9 7.4 7.5 8.2 7.5
18.0 15.5 9.0 7.2 4.9 3.9 7.7 7.9 8.6 8.1
19.0 15.2 8.6 . 6.7 4.9 3.5 8.0 8.0 9.0 8.4

{Cont'd)

TLE
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TABLE A3.32 (Cont'd)
25.25 14:5 9.0 6.7 | 4.9 3.5 9.3 9.5 11.3 9.8
40.0 17.5 8.6 6.2 4.7 3.0 10.4 11.7 15.7 14.1
45.0 14.5 9.5 6.7 4.5 3.5 11.0 12.8 17.6 16.2
46.0 i3.5 8.4 6.2 3.9 3.5 11.2 12.0 18.1 16.6
47.0 14.5 8.2 €.2 3.9 2.7 ~11.0 12.9 18.4 17.0
8.0 14.5 3.8 7.0 4.5 3.0 11.0 13.0 18.7 17.1
19.75 13.5 8.4 6.5 4.5 2.9 11.1 13.2 19.1 17.6
64.0 a5 10.8 5.4 3.5 2.5 | 12.3 14.7 21.6  20.6
65.0 . 15.0 10.5 5.7 3.9 2.5 | 12.3 15.2 22.1 - 21.7
€7.0 15,0 10.8 5.7 3.9 3.0 13.0 15.5 23.3 22.6
AR T H. G 6.2 4.5 3.5 13.0 16.1 2403 23.5
a0 It 3.6 6.2 4.1l 3.0 12.9 16.3 24.1 23.8
RS0 L 8.4 6.2 45 3.0 13.7 17.6 26.9 26.9
89.0 115 8.3 5.7 3.9 2.5 13.8 17.9 27.6 27.6
96.0 13.75 8.2 5.7 3.5 2.5 14.2  18.7 29.3 29.3

(Cont'd)

cLE



(Cont'd)

[ ]
TABLE A3.32 (Cont'd)

112.0 4.0 7.7 5.0 3.0 2.0 14.2 19.0 29.5 31.6
113.0 140 7.7 5.0 3.5 2.2 14.4 19.4 30.6 31.6
115.0 14.0 7.7 5.4 3.5 2.2 14.9 19.8 30.3 32.4
117.9 13.75 7.7 5.4 3.5 2.5 14.7 20.0 30.8 32.7
119.0 14.0 7.8 5.9 3.9 2.2 14.8 20.4 30.9 33.2
120.0 14.0 3.2 5.4 3.5 2.5 14.7 20.2 31.1 33.1
122.25 14.0 3.6 5.4 3.5 2.5 15.5 20.5 31.2 33.1
136,25 15.0 8.6 5.4 3.5 2.5 15.0 21.6 32.2 35.1
137.0 4.5 7.8 5.4 3.9 3.0 15.3 21.7 32.7 35.8
Lo 1 8.2 5.4 3.7 2.5 4.9 22.2 33.6 36.5
110 140 B, 5.8 1.9 3.0 L'ﬁ.(} 22,06 33,9 36,4
LA on thL B.G 0.2 ) 3.0 1.6 23.4 33.9 37.0
P20 P S0 5.4 3.5 3.0 15.0 22.4 34.1 37.3
L60. 5 L. 8.2 6.2 3.9 2.5 16.5 23.7 34.3 38.9
162.5 15,6 8.6 6.2 3.7 3.0 17.2 24.5 37.1

40.0

€LE



(Cont'd)

[

TABLE A3.32 (Cont'd)
164.5 15,0 8.6 6.2 4.5 2.7 17.3 25.1 37.1 40.7
166.5 15,0 8.6 5.8 3.5 3.0 17.0 27.1 37.4 41.0
168.5 13.4 7.6 6.2 3.9 2.7 24.8 37.5 41.6
170,25 14.0 8.6 6.2 4.5 3.0 17.3 25.1 27.8 42.0
184.25 15.5 7.6 5.8 3.9 2.5 17.3 26.2 38.3 43.2
186.25 16,5 3.0 6.7 4.2 2.5 17.7 27.4 41.2 46.3

188,58 17.0 5.5 6.7 4.5 3.0 17.8 27.6 41.3 46.4
190.5 16.0 9.5 7.4 4.9 3.0 18.3 27.5 41.1 46.6
L9L.5 16.¢ 4.0 6.3 4.5 2.5 17.6 27.4 41.5 47.5 .
2070 L6 0 8.2 5.7 3.9 2.7 18.9 28.4 43.6 50.9
Do 75 7.0 9.5 8.7 3.9 3.0 18.8 29.4 44.3 51.2
209,75 6.5 9.0 6.7 4.5 3.0 19.1 30.0 44.4 51.3
210,75 17,0 10.0 6.7 4.9 3.0 19.3 29.9 45.0 51.2
212,75 15.5 9.0 7.4 4.5 3.0 is,s 29.7 45.2 53.1
214.25 16.0 9.0 6.7 3.9 3.5 19.2 30.2 45.1 52.7

PLE



"TABLE A3.32 (Cont.*qd)

215.75 14,0 8.5 6.3 3.9 3.0 18.7 29.6 45.2 53.8
218.0 6.0 8.6 6.7 4.5 3.5 19.1 30.4 45.2 53.2
232.0 17,5 8.2 5.7 4.5 3.0 19.6 30,9 46.7 55.0
233.0 7.5 8.6 6.7 3.9 3.0 20.0 31.3 46.6 56.7
239.25 15.5 5.6 6.7 4.5 3.5 . 19.7 32.2 47.9 58.2
256.0 19.0 8.6 6.7 4.1 3.0 20.7 33.0 49.1 59.9
263.75 15.0 2.0 7.4 4.9 3.5 20.8 34.1 50.1 61.3
280.25 20.5 7.4 5.4 3.5 2.5 2009 34.7 50.5 62.1
290.25 13.3 8.6 6.7 3.9 3.0 . 21.6 35.2 . 51,4  64.1
nan.L 2% V7 2.8 6.7 3.9 3.0 21.8 36.0 52.3 63.0
RIS LY SN ETVRN 9.0 6.7 3.9 245 | 2103 35.9 51.6 64.0
RO ' Ll ‘u.(, ‘ ' 6.7 | 3.9 3.0 21.3 35.6 51.6 63.0
206, 25 160 8.6 6.7 3.9 2.5 1.2 35.4 51.6 64.0

312,75 L405 7.7 5.4 3.9 2.5 22.0 36.2 52.2 65.7

SLE
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TABLE A3.33 Results of thin layer filter runs 36A1 to 36C
Rate of filtration = 0.75 ma/mzh
Run Cepth of medium Porosity
mm %
36A 47 92.8
36B 920 92.1
36C 175 91.9
Tine - Suspended solids concentration Head loss
(mg/L) . : o _ cm of water
(h) Filtrate
Inflnent
36A i 36B 36C 36a 36B 36C
0 1.4 0.05 : - - 0.6 1.9 2.6
(NE .:‘,H.!I‘» : 13.4 9.0 8.0 0.7 2.1 2.9
6.0 ilt.a - 14.7 16.0 9.5 0.é .2.4 3.4
B.25 29,5 | 15.7 _ 10.5 9.5 : ' l.d 2.6 3.7
22.5 26.6 13.8 11.4 8.6 2.6 4.5 6.4
24.0 27.5 13.8 A 11.4 9.0 2.8 5.0 7.1

{(Cont'd)
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TABLE A3.33 (Cont'd)

27.25 27,0 13.4 | 10.0 8.6 3.2 5.9 7.9
30.0 27.0 13.4 1.0 8.0 3.7 6.7 8.6
46.0 23.8 11.5 10.0 7.2 6.5 10.0 13.5
48.0 25,5 12.0 10.0 7.2 6.6 10.5 13.9
51.0 25.1 11.5 10.0 7.2 7.0 11.1 14.8
53.5 28.0 12.0 | 10.5 7.6 7.5 12.4 15.8
56.0 28.0 . 13.0 | 1.4 8.0 8.0 13.0 17.0
70.25 23.5 11.5 | 10.5 | 7.2 10.7 17.6 22.6
77.25 27.5 13.0 1.4 8.0 | 12.4 19.4 25.3
94,0 24.7 12.0 10.5 6.7 15.5 23.6 28.5
10025 27.5 12,4 1.0 8.0 16.0 25.3 30.6
IR 25.7 13.0 1045 | 8.0 | 20.6 25.3 33.8
1205 29,05 13.4 | 10.5 7.6 20,7 29.5 34,2
230 29,0 13.4 | 10.5 8.0 | 21.6 29.8 35.6
125,75 28.5 13.4 11.0 8.0 22.4 30.1 36.2

(Cont'd)

LLE



216.

(Cont'd)

e 4 ]
TABLE A3.33 (Cont'd)

128.0 28, 13.4 11.0 8.0 22,9 30.5 36.6
142.0 25.7 13.8 11.0 8.6 26.1 31.8 39.8
144.5 27.0 13.0 10.0 7.6 26.4 32.5 40,2
147.0 28.0 13.4 j1.0 8.6 27.3 33.0 39.6
149.5 28.5 _13.4 10.5 8.0 27.8 33.5 41.0
166,25 28.0 13.4 10.6 7.6 31,3 35.7 42.0
168.5 28.5 13.5 10.0 7.5 32.1 36.7 43.2
172.5 28.0 13.8 10.5 8.0 33.2 37.3 43.9
175.0 28.0 14.8 11.4 9.0 34.2 38.0 44.0
]QO.BS 26.5 13.4 . 10.0 9.Q 36.4 41.1 75.6
192.% 29,0 13.8 10.9 8.0 36.7 41.5 45.8
195.0 29,0 13.4 10.5 8.0 37.3 41.8 45.8
197.0 2.7 14.4 10.5 8.6 37.4, 42.3 45.8
214.74 2.7 12.5 9.0 7.2 40.0 45.1 48.2

75 30.0 13.4 9.0 | 7.6 40.4 45,2 48.7

8LE



TABLE A3.33 (Cont‘d)

222,725

238.25

2460

K
256.0 13.4 9.5 8.0 41.6 46.1 49.5
29.0 13.5 2.0 8.0 43.0 48.0 49.8
29.0 14.4 9.5 7.6 44,5 48.5 51.0
27 13.4 9.0 7.6 46.3 49.7 54.0

6LE
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TABLE A3.34 Results of filter run 37
Rate of filtration = 0.75 nz/mzh
Average depth of filter media = 685 mm Porosity = 91.66%
. .
Time of Suspended solids concentration
filtration {mg/L)
(h) Influent . Filtrate -
0o ' 28.0 -
6.0 31.4 T 4.8
'
22.5 26.6 4.8
27.25 27.0 - 5.0
30.0 27.0 5.0
46.0 ’ 23.8 - 4.8
48.0 25.5 4.8
* . ’ - 51.0 25.1 4.8
53.5 28.0 5.3
70.25 23.5 4.5
77.25 27.5 . 4.2
94.0 24.7 ’ : 4.0
101.25 27.5 4.0
. v
118.5 25.7 3.0
123.0 29.0 2.5
142.0 . 25.7 ‘ 4.0
149.5 2e.5 3.5
| 148.5 28.5 3.5
.
193,25 2.5 K
185.¢ 29,0 3.0
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TABLE A3.35 Results of thin layer filter runs 38A to 38C
Rate of filtration = 0.5 ma/mzh
Filter run Depth of media Porosity
%
38 50 93.1
38B 110 93.5
38C : 205 93.0
. o Suspended solids concentration Head loss
Time ' (mg/L) em of water
(h) ' Influent _ : Filtrate
38a ‘ . 38B 38C ' kK1:). 38B 38C
0 : 1.1 1.7 2.1
2.75 32.3 13.4 10.5 5.5 1.2 1.9 2.8
5.25 31.5 14.7 ' 11.4 5.8 1.4 2.2 3.7
7.75 34.0 15.0 11.4 5.8 1.6 2.6 3.8
21.75 27.6 15.5 11.0 5.8 2.2 4.1 9.9
24.0 27.0 14.7 11.4 7.2 2.3 4.3 10.5

{Cont'd)



° [ ]
TABLE A3 _3_5 (Cont:'q)
26.75 26.0 14.7 11.4 7.2 2.3 4.6 10.4
29.75 27.6 14.7 11.4 7.6 2.4 4.3 9.9
46.0 25.7 13.8 11.0 6.2 3.2 6.3 13.7
43,0 37,6 14.7 11.0 6.7 3.2 6.5 14.2
50. 0 26.0 13.5 10.0 5.8 3.4 6.8 14.8
53,28 27.6 13.8 16.5 5.8 3.5 6.9 15.5
56,0 28,0 14.4 10.5 5.8 3.7 7.2 16.3
70.0 25.7 13.0 9.5 5.4 4.2 8.3 18.4
77.25 27.0 13.0 9.5 5.4 4.6 9.1 19.6
9.0 25.0 13.0 8.8 5.5 5.2 10.2 21.0
NENL 26,0 13.4 ’. 9.5 4.9 5.9 1.3 23.4
120,02 2005 13.86 1.0 5.8 5.7 11.5 23.8
20T 27.6 13.4 10.5 5.8 6.1 11.9 24.3
125.25 27.0 13.4 10.5 5.8 6.1 11.9 24.5
128.0 28.0 13.8 5.4 6.2 11.7 24.8

10.0

(Coht'd)

- 8¢



TABLE A3.35 (Cont'd)

142,
144.

148.

165.
168.

175.

25

75

LU

216.25

218,

220.

21.8

28.5

28.0

£5.7

13.0

12.4

12.4

13.4

14.4

13.0

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

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

€8¢
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TABLE A3.36 Results of filter run 39

Rate of filtration = 0.5 53 —n

Average depth of medium = 685 mm Porosity = 91,96%
Time Suspended solids concsnzration
(mg/L)
(h)
Influent Tiltrate
o 25.8 0.0
2.75 32.3 2.5
5.25 31.5 1.5
7.75 34.0 2.C
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 1.9
71.25 27.0 1.0
95.0 25.0 .0
114.0 26.0 3.5
150.25 8 5. I3
122.75 7.6 1.3
125.25 27.0 1.3
128.0 28.0 1.2



TABLE A3.36 (Cont'd)

385

142.25
144.25
148.75‘
152.0
165.75
168.75
175.0
190.0
192.25
194.75
197.25
214.25
216.25
218.75

220.75

24.8

28.5

28.0

26.7

24.8

28.0

26.7

26.0

27.0

26.7

27.6
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" APPENDIX 4

Results of semi-quantitative emission spectro-

graphic analysis of rice hull ash

Tin

)

ot

(o8

Element Detection Limit % w/% in sa?Ple
Sample 1 Sample 2
Silver 0.0001 0.0001 0.0001
Aluminium 0.0002 0.05 0.05
Arsenic 0.1 0.01 0.01
Boron €.0005 0.0l 0.01
Barium 0.1 0.01 0.01
Haryllium 0.0002 0.001 0.001
Bismuth 0.001 0.001 0.001
Calcium 0.0001 2 2
Cadmium 0.01 0.C1 0.01
Cqbalt 0.002 0.01 0.01
Chromium 0.0003 0.0L 0.01
Copper 0.0001 0.005 0.005
Iron 0.CO05 0.05 0.0¢
Magnesium 0.0005 2 2
Molybdenum 0.0005 0.001 '0.001
Manganese 0.0002 0.03 0.05
Sodium 0.02 0.02 0.02
Nickel 0.002 7 0.00z2 0.002
Phosphorus 0.2 1 1
vLead ¢,001 0.031 G6.601
Antimony o014 .ot G.01
Siiicon £0.001 Mator Major
0.002 5.0302 0.002
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(Cont'd)
Titanium 0.0003 < 0.003 : < 0.003
Vanadium 0.0005 < 0.005 < 0.005
Zinc 0.05 < 0.05 < 0.05
Zirconium 0.01 < 0.01 < 0.01

Tungsten 0.05 < 0.05 < 0.01
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APPENDIX 5

CALIBRATION CURVES

Fig. AS5.1 Calibration curve for Rotameter
Fig. AS5.2 Calibration curve for Absorpiiometer

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

The major components of the absorptiémeter are
photocells, two identical sample containers‘(quartz glass),v
lense systems, heat absorbing filters; iris diaphragm, cam
shaped variable aperture diapﬁragm, 100 W ;iojection lamp,
épot'galvanometer and a variable resistance. The lamp
which is mounted in the central lamp house is overated from
the electric mains supplv. The photocell nounted-én 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 mountea
on the left side receives light that haz bsan passed-through
a variable aperture diaphragm, the s;mple cf absorking
medium, lense system and a colour‘filter. The variable
aperture diaphragm is fitted with a large calib:ated drum
and enables the light falling on the photeocell on the left
hand side of the lamp to be varied by xnown amounts. The
drum calibration compares the optical censity of the two
samples. The photocells are connected in opposition across
the spot galvanometer, so that when the photcelectric
currents given by the cells are equal, the galvanometer
recoxrds a zero deflection. The following ~ethod was»adopted

to compare the optical density of two samvies.

(1) The sample heving a higher optical dansity was placed
in positicn within the bszam and ths warialls aperture :
|
diaphragm was opened to its fuil. exzznz (1.2., zerc
drum reéding}. Light received v ths Two shotocells
was balanced, using the iris diaczhrztm with reference \

r'-
(0]
[l
o2
o
n
T3
O
ﬁ
2
fu
}-J
<
o}l
o]
9
24
]
rt
(]
[
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(2) The sample having the lower optical czensity (comparison
liquid - usually distilled water) was now placed in
position within the beam. The spot czlvanometer
showed a deflection due to the difference in optical

densities of the two samples.

(3) The calibrated variable aperture diachragm was
adjusted (using the drum) until the calvanometer
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 methoed given above using sténdard formazin
suspensions and distilled water (as the coxzparison liquid).

The calibration curve is shown in Figure A3.2.



Absorbance
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Calibration curve for Spec=r
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APPENDIX "6

PREPARATION OF CULTURE MEDIA FOR BACTERIOLOGICAL STUDIES

'(a) Peptone - Water Medium

10 g of neutralized bacteriological peptone
(Oxiod L3y) 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) Nutrisnt Agar Medium

15 g of Agar No. 3 (Oxoid L;;) and iO g of
Nutrient Broth No. 2 (Oxoid CMg7) were added to 1 L of
distilled watef. The mediumbwas allowed to soak for 15 min,
before being distributed in batches of 200 mL or 400 mL.  The
medium was steriliz=d by autoclaving 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;;s) was
added to 1 L of distilled water and the medium allowed to
soak for 15 min. 290 miL or 400 mL portions of this medium

were sterilized by autcclaving for 15 min at 121°C. The

3

plata: repared as described in Section {tj.

Ji

were

lré)

{
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APPENDIX 7

RESULTS OF JAR TESTS

TABLE A7.1 Determination of optimum alum céose

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 floc to > 20 6.5 = 4.5 3.75 4.25 4.75
app. mins
‘Residual turbidity - 9.3 4.7 3.% 3.4 4.0
FTU '

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

Time of slowmix 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 F1TU

pH = 7.0

Alum dose mg/L 50 50 50 56 45 45 45

App. silica dos : ‘
mg/L 0 5 10 1= 8] 5 10

[(]

Time for floc to app. - <1 < 1 - - 2.5 2.25
ming
Residual turbidity 4.2 2.3 2.4 1.3 3.8 .0 2.7
FTU
Tims of ¥apid miwv = 320 s {at 00 ».z.=
Time of slow mix = 20 mins {at 30 r.z.=
Time of settling = 20 mins
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TABLE A7.3 Effect of adding activated silica on settling

rate of floc

Initial turbidity = 26 FTU
pH = 7.0
-Optimum coagulant dose = 30 mg/L
Sample No. v 1 2 3 4
Coagulant dose mg/L 30 30 30 30
Silica dose mg/L 0 7.5 0 7.5
Time for floc to . 5.50 4.20 5.50 4.20
~appear mins
Time of settling mins 15 15 20 20
Residual turbidity 6.1 4.2 5.9 4.2
FTU ‘ :
Time of rapid mix = 40 s {(at 100 r.p.m.;

Slow mix at 30 r.p.n.

4.20

25

30

7.5

10

4.2
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TABLE A7.4 Coagulation with aluminium sulpghate 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 20 mins {(at 30 r.p.m.)

Time of settling = 25 mins

TABLE A7.5 Coagulation witnhi aluminium sulghate and

activated silica at pH = 6.5

Alum dese = 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 1.8 1.6 2.6
Time of rapid mix = 6(C s (at 100 r.z.mud
Time ¢f slow mix = 20 min {at 22 z.z.o.)

settling = 25 min
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TABLE A7.6 Coagulation with aluminium sulphate and

activated silica 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.)

L

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.m.)

Time of settling = 25 min




TABLE A7.8
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Coagulation using aluminium sulphate and an

anionic polyelectrolyte Magna floc 156

Turbidity of water sample = 34 FTD
pH of water sample = 7.0 k
Alum mg/L 50 50 50 50 50 50
Magna floc 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 i.a.m.)
Settling time = 25 min
TABLE A7.2 Coagulation using aluminium sulphate and

cationic polyelectrolyte Magna floc 140

Turbidity of water

sample = 34
pH of water sample =
Alum mg/L 50 50
Magna floc 140 mg/L 0 0.2
Residual turbidity 1.6 2.1
FTU
Time of rapid mix = 90 s
Time of siow miw = 20 mi

FTU

7.9

50 50 50 50

0.4 0.6 0.8 1.0

2.2 2.4 . 2.6 2.2
{at 100 r.5.m}

n fat 30 r.oc.mlg
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TABLE A7.10 Coagulation with aluminium sulphate and

nonionic polyelectrolyte Magna floc 351
Alum mg/L 50 50 50 50 50 50
Magna floc 351 mg/L 0 0.2 0.4 0.6 0.8 1.0
Residual turbidity 2.1 2.1 3.0 2.6 2.6 2.7
FTU
pH of water sample = 7.0
Turbidity of water sample 34 FTU

Time of rapid mix
Time of slow mix

Settling time

H

90 s

20 min

25 min

(at 100 r.p.m.}

(at 30 r.p.m.)

TABLE A7.11 Coagulaticn with rice hull ash activated

silica and aluminium sulphate

Alum mg/L -

Activated

Residual
Pty

Turbidity of water sample

PH

50

silica mg/L O

turbidity

of water sample

50

min

34 FTU

7.0

50 50 50
7.0 10.58 14
1.1 0.85 G.g
{at 100 r.o.=.}
{at 30 r.p.z.)

()
v
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- APPENDIX 8

SCANNING ELECTRON MICROSCOPIC STUDIES

The eleétron micrographs of rice hull aéh,
diatomaceous earth and sand particles shown in.Chapter 3
‘were obtained, using scanning electron microscope available
in the School of Textile Technology. The operatioh of the
microscope and the preparation of samples are described

below.

(2) 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 - 50 kV, stigmator coils, specimen
chamber, scanning coils, pcwer supplies, electron detectors,

an amplification system and cathode ray tubes.

The high voltage for powering £he electron gun is
selected according to the type of specimé; to be examined.
Once the specimen is placed in the chamber, the electron
beam is directed and focussed on to it. Tae purpose of
magnetic lenses is to condense the beam tc a small size,

, o .
selected to be between 100 A - 1 um depencing upon the

characteristics of the specimen and the resoclution desired.

3 4. - 3 ~3y Y s . = sy 3 -
The stigmator coils correct the noncircularzity ¢f the final
" 4 - o~ . G e sy v o s 8 e oy e
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detected and amplified by the appropriate fetection and

amplification system. These are:-

1. back-scattered electrons - possess high energy

2., secondary electrons - possess low en=rgy

3. photons

4. the electrons which are absorbad on to the specimen

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

The conventional scanning electron microscopé 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 sécondary electrons are

accelerated to a high voltage and are detected.

(b) Preparation and Examniration of Spscimans

The samples of rice hull ash, sand ané diatomaceous

earth were examined under a scanning elect:oh microscope.

The samples were mounted on stubs and‘held by double-sided
adhesive tape. A J.S.M. 2 (Jedl 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 ﬁo.enable
insulating specimens to be examined withouz the distortion

that may occur if a charge accumulates on the specirmen

. i R T, - I —~— by m A N -
(Robinsscn, 1275). The sanples were photocraphad with a
50 sec esxpcsurs on 35 mn £ilm.

The results of the microscopic zxzminziion are given

in Chapter 3.
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APPENDIX 9

OF RESULTS USING CHI-SQUARE DISTRIBUTION ANALOGY

Variate U and time curves for £filter

runs 35A to 35C

Equi U plots of depth L and time for

filter runs 35A to 35C

Variate U and time curves for filter

runs 36A to 36C

Equi U plots of depth L and time for

filter runs 236A to 36C

Variate U and head loss (HT—HO) curves

for filter runs 36A to 36C
Eqgui U plots of depth L and head loss
(HT-HO) curves for filter runs

36A to 36C
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APPENDIX 10

COMPUTER PROGRAM

The following symbols were used in the comouter program.

A

B
Co
C(N)
DL

DT

LMAX

S(N)

TMAX

X0

X(N)

Y(N)

filter constant mm

filter constant mm~

inlet suspended solids concentration mg/L
concentration in the Nth layer mg/L

depth increment mm

time increment h

initial porosity

total depth of filter medium rmm

density of depcsited partiéles {bulk density) mg/L
specific deposit in the Nth layer vol/vol
time - h

1eng£h of fiiter run h

rate of filtration mm 3/ (rm) *h

initial filter coefficient mm

filter coefficient in the Nth layer mm '
depth of the Nth layer from the surface of the

medium
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PROGRAM CONC (INPUT,OUTPUT,TAPE1=INPUT, TAPE3=0OUTPUT)
DIMENSION C(400),S(400),X(400),¥(400)
11 FORMAT(1H1,T20,'N',I25,'Y(N)"*,T30,'C(N)")
7 FORMAT (1HO,T20,I3,T25,F6.2,T40,76.2)
_ 8 FORMAT(T20,'T',T30,"'Y(N)"',T40,'C(M) ")

* - 9 FORMAT(T20,F6.2,T30,F5.2,T40,F5.2,T40,F8.4,T70,F5.3)
READ*,X0,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 CONCEINTRATIONS
. T = 0.0 |
DO 10 N=1,M
Y{N}=0.0
S (N) SO
¥ (N) X0
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
i - S(N) = S{N) +V*X(N)*C{N)*DT/R
X(N) =XO +A*S(N)~ (B*S(N)**2)/(T-5(KN))
100 CONTIKUE '

T = T+DT
c(l) =Co
DG 200 R=2,M
CINY = C{N~-1)-X(N-1)*C{N-1;*DL
200 COWTINTEZ
C NOW TEST FOR THE TIME & RESULTS

- - o mT Ao mTaTy A e e
ir ‘\(_L"_L_Unb"_,' GELUTINTG GO TO 340
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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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