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Test No 1

Dcternination of Fast 1}

ixing Speed

Raw water charactcristices:

Sample 1

Turbidity

rH

Alkalinity

Conditions: Slow mixin;g spced

Settling time

Alz(soh)3. 18H20

95

Surfacec watcr
89 % Transmission
7.4

63.mg/1l.as CaCO§
40 rpm, 1 min

10 min

Lo mg/1.

Fast mixing speed, Fast mixing time, Turbidity,
rpm Sce % Transmission

20 89

ko 91
60 60 | 93.5

80 95

100 95

20 88

4o 92

80 60 93

30 9L

100 95




ok

Fast mixing Speced,

Fast mixing time,

Turbidity,

rpm sec % Transimssion
20 91
ko 91
100 60 95
80 95
100 95




Test No 2

Determination of Slow Mixing Spced
F3

Raw water characteristic

S3

Sample 1 Surface water
Turbidity 89 ¥ Transmission
pl 7.4
Alkalinity 63 mg/1. as (:aco3
Fast mixing specd 100 rpm, 60 acc
scttling time 10 mins
A12(504)3.18H20 : 40 mg/L.
Slow mixing speed, Slow mixing timc, Turbidity,
rpm min % Transflission
1 91
2 93
20 3 93
L ol
5 @5
1 96
2 96.5
ko 3 97
b 97
5 97




96

Slow mixing spced, Slow mixing timc, Turbidity,
opm min % Transmission
1 97
2 96
60 & 97
b 97
5 97.5
1 95
% 27
80 3 97
L 98
5 99.5
1 96
2 97
100 3 95
b 96
5 95




Test No 2

Determination of Total Settling Time

Raw water

Conditions:

Characteristics:
Sample 1
Turbidity

pH

Alkalinity

Fast mixing spced

Surface watcr
89% Transmissiion
7.k

63 mg/l. as CaCO3

100 rpmy 1 min

Slow mixing specd:

AL, (89, 1810

)5

40 rpm, 3 imn

40 mg/l. as CaCO3

Settling time, min Turbidity
9% Transmission
1 g0
5 92
10 k.5
15 96
20 96
30 96
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Test No 4

Determination of Settling Time

Raw water

Conditions:

Characteristics:
Sample 5
Turbidity

pH

Alkalinity

Fast mixing speced
Slow mixing spced

Ala(soh)j. 18H20

Surface watcr
85% Transmission
7k

68 mg/l. as CaCO3

100 rpm, 1 min
4O rpm, 3 min

J+O mg/l.

Settling time, min

Turbidity,

% Transmission

10
15
20

20

975
97.5

975 i




Test No 2

Determination of g;zgso,z

Raw water

Characteristics:

Sample 1

Turbidity

pH

Alkalinity

Fast nixing speed

Slow mixing speed

5218H,0 Utilized

Surface water
89%% Transmission
74

63 mg/i. as CaCO3
100 rpm, 1 min

40 rpm, 3 min

Settling time 15 min
A12(804)3. 18H20 Turbidijty, Alkalinity, pH
ng/ 1. % Transmission ng/l. as Ca(.‘.O3
0 83.0 63.0 Tk
20 92,5 55.0 73
30 9k .0 48,0 6.9
Lo 95.5 Li 0 6.
20 95.0 338.0 6.4
60 94,5 34,0 6.2
70 935 31.0 6.0
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Test No 6

Determination of A1_(S0,),. 18H.0 Utilized
= ™2 =

Raw water

Conditions:

Characteristics:
Sample
Turbidity

pH

Alkalinity

Fast mixing speed

Slow mixing speed

Surface water
85% Transmission
74

68 mg/1. as Ca005

100 rpm, 1 min

%0 rpm, 3 wmin

Settling tine 15 min
AL,(80,) 5. 18H,0 | Turbiaity, Alkalinity, pH
ng/ 1. % Transnission Mg/1.a8 Caco3
o) 85.0 54 Fed
10 88.5 48 .
20 92.0 L3 6.8
30 535 38 645
ko 9%.5 34 6.3
50 94,0 31 | 6.1
60 94,0 29 6.0

100



Test No 7

Determination of Optimum pH Range for A12§50413.18H20 Coagulation

Raw Water

Characteristics:

Sample 1 Surface water
Turbidity 89% Transmission
pH 7.4
Alkalinity 63 mg/l. as cacoB
Sign No pH Tarbidity, % Transmission

1 b 93.0

2 2 955

3 6 97.0

b 7 97.0

5 8 96.0

6 9 95.0

¥
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Test No 8

102

Determination of Optimum pH Range for A12§8041,. 18H.0 Coapulation
D P4 ——

Raw water

Characteristics:

Sample 5 Surface water
Turbidity 85% Transmission
pH 7
Alkalinity 68 mg/l. as CaCO3
Sign No pH Turbidity, % Transmission.
Sample 5

1 & 94.5

2 5 .5

3 6 96.5

b 7 96.0

5 8 95.0

6 9 95.5




Test No 2

Iron Romoval by AlZ(SOQ)B' 18H20 Coagulation

103

Raw water Characteristics:
Sample 1 Surface water
Turbidity 89 % Transmission
pH 7okt
Alkalinity 63 mg/l. as CaCO5
Sample 5 Surface water
Turbidity 85% Transmission
pH 7.h
Alkalinty 68 mg/Ll. as CaCO3
|
Sign No Sample Total Iron, mg/1. Total Iron, mg/1l.
Before coagulation After coagulation
1 1 0.39 0.18
2 2 0.62 0.06




Test No 10

Raw water

104

Charactetistics:

Sample 1 Surface water
Turbidity 89% Transmission
Alkalinity 63 mg/l. as CaCO3
pH 7.4
Condition: Flow rate 0.5 1/min
Power supply 265 W
Losses in equipments 54 W
Net power supply 211 W
Inlet temperature 29 *°C
Outlet temperature 43 °C
Settling time, min Turbidity or color, percent transmission
upper* . lower**
0 89 89
1 91 929
5 o 95
10 96 95
15 - -
20 o7 97
50 98 97
60 98 97
90 98 97
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Remarks: *Indicated percent transmission measured at depth

130 cm from the bottom of settling column,

**Indicated percent transmnission measured at depth

70 cm from the bottom of settling colunmn,



Test No

11

Raw water

10€

Chiaracteristic:

Samnle 1 Surface water
Tarbidity 89% Transmission
pH 7.4
Alkalinity 6.3 mg/l. as c:aco3
Condition: Flow rate 0.8 1/min
Power supply 162 W
Losses in equipments 54 W
Net power supply 108 W
Inlet temperature 29°C
Outlet temperature 39°*C
Settling time, mim Turbidity or coler, percent transmission
Upper* Lower*#*
0 89 89
1 93 93.5
5 96 97
10 96.5 98
20 98.5 98
30 29 99
60 99 99
20 99 ‘ 99
Remarks: *Indicated percent transmission measured at depth 190 cm

from the bottom of the settling column,
**Indicated percent transmission measured at depth 70 cm

from the bottom of the settling column.




Test No 12

107

Raw water Characteristics:
Sample 1 Surfacc water
Turbidity 89% Transmission
pH 7.4
Alkalinity 63 me/1. as CaCO3
Condition: Flow rate 1.87 1/mim
Power supply 162 W
Losses in equipnents 54 W
Net power supply 108 W
Inlet temperature 27°C
Outlet tenmperature 31°C
|
Settling time,mim Turbidity or color, percent transmission
0 8.5
1 85
5 86.5
10 88
20 90
30 91
4o 92
50 92
60 92
70 92
80 92
90 | 92,5
120 ' 92.5




Test No 13

Raw water

Conditions:

Characteristics:
Sample 2
Turbidity

pH

Alkalinity

Flow rate

Power supply

Losses in equipments
Inlet temperature

Outlet temperature

108

Surface water
72% Transmission
7.8

67 mg/l. as 03003
3.18 1./min

162 W

S5h W

29°C

zheC

Settling time, min

Turbidity or color, percent transmission

10

15
20

30
Lo

50
60
75

120

80

D
76

82
8l
85
86.5
87.5
88.5
89.5
90.5
91
91.5
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Test No., 14

Raw water

Conditions:

Characteristics:
Sample 2

Turbidity

pH

Alkalinity

flow rate

Power supply

Losses in equipments
Net power supply
Inlet temperature

Outlet temperature

109

Surface water
89% Transrission
7.4

63 mg/l. as CaCO3

1.25 1/nmin
162 W

54

108 W

28°C

33°C

Settling time, nmin

Turbidity or color, percent transmission

10
15
20
20
Lo
50
60
90

120

85
86
38
90
91
92
9k
95
95.5
96
96
96.5




Test No, 1%

Raw water

Conditions:

10
15
20
30
Lo
60

| 90

! 120

Settling time, wmin

Characteristics:

Sample 2 Surface water

Turbidity 89 % Transmission

pH 7l

Alkalinity 63 ng/l. as Ga003

Flow rate 1.0 1/min

Power supply 162 W

Losses in equipments shooW

Net power supply 108 W

Inlet temperature 28

Outlet temperature 33*3

Turbidity or color, percent transmission |
stirrer speed
O rpm 100 rpm,

87.5 87.5
9 92,5
7 95
91:5 97.5
92 98
93.5 98
9.5 98.5
95 99
95.5 99
96.5 99
97 99
97 99

L)
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Test No. 16
Raw water Characteristic:
Sample 3 Surface water
Turbidity 80% Transmission
pH Fad
Alkalinity 64 mg/l. as CaCO3
Conditions: Flow rate 1.5 1/min
Power supply 204 W
Losses in equipments Sk W
ﬁet power supply 20 W
Inlet temperature et °C
Outlet tetpérature 35°%C
Settling time, min Turbidity or color, percent transmission
0 81:5 -
1 84
5 89
10 93.5
15 96.5
20 97.5
30 98.5
Lo 99
20 99
60 99.5
90 99.5




Test No, 1

Raw water

Conditions:

Characteristics:
Sample 3
Turbidity

pH

Alkalinity

Flow rate

Power supply

Losses in eguipnents
Net power supply
Inlet temperature

Outlet teuperature

112

Surface water
80% Transmission

7.2

64 mg/l. as Ca003

1.5 1/min
162 W

sS4 W

108 W
29T

36 °C

Settling time, min

Turbidity or cclor,percent transmission

10
15
20

50
4o

60
90

82.5
87
92.5

95.5

97.5
98
929




Test No., 18

Raw water

Conditions:

Characteristics:
Sample 3
Turbidity

pH

Alkalinity

Flow rate

Power supply

Losses in equipments

Net power supply
Inlet temperature

Qutlet tenmperature

113

Surface water
80 % Transmission

7.2

64 mg/1. as CaCo,

1.5 1/min
83 W

Sk W

29

29°C

344

Settling time, min

Turbidity or color, percent transmission

10
15
20
30
4o
50
60
90

82
82.5
8l
85.5
87.5
89
91.5
93
ok
4.5
96
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Test No. 19

Raw water

Conditions:

Characteristics:
Samples 4
Turbidity

pH

Alkalinity

Flow rate

Power supply

Losses in equipments
llet power supply
Inlet temperature

Qutlet bteuperavurc

Surface water

85% Transmission

Tl

60 mg/l., as CaCOa

1.5 1/ min

162 W
sh W
108 W
29°C

34.°C

11k

Stirrer speed,

rpm

20
60

100

Turbidity or color, percent transmission

Settling time, min

0 9 ) 10 15 20 30
80 84 ol 95 96 9.5 97
80 89 95,5 96.5| 97.5| 98 93.5
80 86.5 96.9 98 98.5| 986.5 99
80 82 97.59 98.5| 98.5| 99 99.5




Test No. 20

Raw water

Conditions:

Characteristics:
Sample 4
Turbidity

pH

Alkalinity

Flow rate

Power supply

Losses inequipments
Net power supply
Inlet temperature
Outlet temperature

Stirring tine

Surface water
85% Transmission
7.4

54 mg/1. as CaCO3

1.5 1,./min
162 W

Sk W

108 W

29 %

36%

1 min

115

Stirrer speed,

rpn

20
60

100

Settling time, min

Turbidity or color,

percent transimssion

85 90 92,5 ok 95

1.00 2.75 %475 5.35 9.00
0,35 1.20 2,00 2.90 3.95
0.65 1.35 2,00 2.65 3.25
1.00 1.60 2,00 2.45 2:75
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Test No., 21

Raw water

Conditions:

Characteristics:
Sample 5
Turbidity

pH

Alkalinity

Flow rate

Power supply

Losses in eguipments
Net power supply
Inlet temperature

OQutlet temperature

116

Ground water
82,5% Transmission
6'8

218 nmg/l. as CaCO3

1.0 1/min
162 W
sk W
108 W
30
36 ¢

Settling time, min

Turbidity or color, % transmission

10
15
20
30
Lo

60
90

5. 5
76.0
Bhab
97.0
97.5
96.0
98.5
98.5
98.5
98.5
99.0




Test No., 22

Raw water

Conditions:

Characteristics:
Sample 5
Turbidity

pH

Alkalinity

Flow rate

Power supply

Losses in eguipments
Net power supply
Inlet temperature

Outlet temperature

1Y

Ground water
82.5% Transmission
6.8

128 mg/1, as CaCO3

1.7 1./min
162 W

54 W

108 W

30 %

36 %

Settling time, min

Turbidity or color, % transmission

10

15

20

30
Lo

60
90

78
81
91
96
96.5
96.5
97
o7
97

97.5
98




Test No, 23

Raw water

Characteristics:

Sample 5 Ground water
Turbidity 82.5% transmission
pH 6.3
Alkalinity 218 mg/l. as Caco3
Conditions: Flow rate 3.8 1./min
Power supply 126 W
Losses in equipments 54 W
Net power supply 108 W
Inlet temperature 30
Outlet tenperature 35 %
[ |
Settling time, min Turbidity or color, % transmission
0 72.5
L Y45
5 83
10 89.5
15 91
20 91.5
30 92
ko 92.5
50 92.5
60 93
90 93

118
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Test No, 20

Raw water Characteristics:
Sanple 5 Ground water
Turbidity 82,5% Transmission
pH 6.8
Alkalinity 218 mg/1l. as 03005
Conditions: Flow rate 1.5 1./min
Power supply 83 W
Lesses in equiprente S
Net power supply 29 W
1
Settling time, min Turbidity or ecolor, % transmission
0 82
1 88
5 92.5
10 93.5
15 '
20 94 .5
30 95
ko 95.5
50 96
60 96.5
90 97




Test No., 25

Raw water

Conditions:

Characteristics:
Sample 5
Turbidity

pH

Alkalinity

Flow rate

Power supply

Losses in eqguipments
Net power supply
Inlet température

Cutlet temperature

120

Ground water
82.5; Transmission
6.8

218 mg/l. as caco3

1.5 1./min
219 W

5k

165 W

29°C

3L ec

Settling time, min

Turbidity or color, % transmission

10
15
20
30
60

7445
775
93

97.5
98

98.5
98.5
98.5
98.5




Test No. 26

Raw water

Conditions:

Characteristics:
Sample 5
Turbidity

pH

Alkalinity

Flow rate

Power supply

Losses in equipments
Net power supply
Inlet temperature

Outlet temperature

Ground water
82.5% transmission
6.8

218 mg/l. as (‘-aCO3

1.5 1./min
378 W

sk v

32k W

29

35%

Settling time, min

Turbidity or

color, % transmission

15
20
30
50
60
90

74
77
9k
97.5
98.5
98.5
98.5
99
29
99

121



Test No. 27

Raw water

Conditions:

Characteristics:
Sample 5
Turbidity

pH

Alkalinity

Flow rate

Power supply

Losses in eguipments
Net power supply
Inlet temperature

Outlet temperature

Ground water

82.5% transmission

6.6

218 mg/l. as CaCoO

1.5 1./min

162 W
54 W
108 W
29*C

34°C

T

Settling time, min Stirrer speed, rpm
0 2¢ 60 100
0 70 70 70 70
1 82 85 81 76
3 ok 9k.5 9645 97
9 95 96.5 97.5 98
10 96,5 98 98.5 98.5
15 96.5 98.5 98.5 98.5
20 96.5 98.5 99 99
30 97 98.5 99 99




Test No 28

123

Raw water Characteristics:
Sample 5 Ground water
Turbidity 82.5% transmission
pH 6.8
Alkalinity 218 mg/l. as CaCO3
Conditions: Flow rate 1.5 1/min
Power supply 162 W
Losses in equipments Sk W
Net power supply 108 W
Inlet temperature 29%¢
Outlet température 34% ¢
Stirrer speed, Scttling time, min
rpm Turoidity or color, % transmission
85 90 91.5 93 ok 95 96
0 1.30 2.10 2.30 2.65 3.25 4,50 7 .00
20 1.00 1,00 1.70 2.25 2.70 3%.10 L, 10]
60 1.35 1.70 1.90 2.00 2.00 2430 2,75
100 1.50 175 1.90 2,00 200 2.10 220
| ,4




Test No. 29

12k

Physical and chemical qualities of sample 3, before and after

coagulation by electrical means

Conditions: Flow rate 1.5 1./nmin
Power supply 162 W
Losses in equipments 54 W
Net power supply 108 W
Inlet temperature 291C
Out let temperaturve 36°C
Sign No Parameters Before After
coasulation conulation
1 Alkalinity, mg/1. 64 51
as CaCO3
2 Color, % Transmission 80 99
3 PH 7.2 7+2
kL Total hardness, mg/l. 80 72
5 Total solids, mg/l. 579 531
6 Turbidity, % Transmission 80 99
7 Chloride, mg/1. 28.2 18.7
8 Fluoride, mg/1. nil nil
9 Total Iron, mg/l. 0.98 0.09
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Test No. 30

Physical ard chemical qualities of sample 4, before and after

coapgulation by electrical means

Conditions: Flow rate 1.5 1./min
Power supply 162 W
Losses in equipments 5L W
Net power supply 108 W
Inlet temperaturc 29°C
Outlet temperatuté 36%C
Sign No Parameters DBefore After
coagulation coagulation
1 Alkalinityy mg/l. as CaCO3 Sk Lg
2 Color, % Transmission 85 97
3 pH 744 7.3
L Total hardness, mg/l. 68 Gl
5 Total solids, mg/l. 509 487
6 Turbidity, % Transmission 85 .9?
7 Chloride, mg/1l. 23.6 14.2
8 Fluoride, mg/l. nil nil
9 Total Iron, mg/l. 0.62 trace




Test No. 31

126

Physical and chemical qualities of sample 5, before and after

coagulation by electrical mecans

Conditions: Flow rate 38 1. M030
Power supply 162 W
Losses in equipments L |
Net power supply 1086 W
Inlet temperature 30°C
Outlet temperature 352€
Sign No Parameters Before After
coagulation coapgulation
1 Alkalinity, mp/ls=as c,aco3 218 208
2 Color, % Transmisstion 82.5 93.0
3 pH 6.8 7.0
Ly Total hardness, mg/l. 760 716
5 Total solids, mg/1. 2337 2082
6 Turbidity, % Transmisstion 82.5 93.0
7 Chloride, mzy/1. 67 65
8 Fluoride, miz/1, 67 65
9 Total Iron, mg/l. 0.1 Vel
10 Specific Conductivity, 2.87 271
millimho




Test No. 32

Physical and chemical qualitics of sample 5, before and after

coagulation by elecctrical means

127

Conditions? Flow rate 1.0 1./min

Power supply 162 W

Losses in oquiﬁmonts 54 W

Net power supply 108 W

Inlet temperaturoc B0°C

Outlet temperature 36°C

Sign No Paranetors Before After
coagulation| coagulation

1 Alkalinity, mg/le-as CaCO3 218 153
2 Color, % transmission 82.5 93.0
3 pH 6.8 7.0
L Total hardness, mg/1. 760 676
5 Total solids, mg/l. 2337 2093
6 Turbidity, % transmission 82.5 99.0
? Chloride, mg/l, 67 65
8 Fluoride, mg/1, 0.1 0.1
9 Total Iron, mg/l. 0.6 0.0h4
10 Specific condictivity, 2.87 2.79

millimho




Tablce 2 = Results of Electrical Coapgulation

Test no. i Flow rate, Power C,

| 1l./min supply, B/h3

i

10-4 0.6 211 3¢5
10=E 0.6 211 345
11=4 0.8 108 135
11=D 0.8 108 1.35
12 1.67 106 0.58
13 3.18 108 Os 34
14 1425 108 0486
15=4 1.0 108 1,08
151 1.0 240 1.08
16 145 2ko 1,08
17 15 240 1.60
16 1.5 29 0.19
19 (o?f?n) 108 0.72
19 (25'?pm) 103 0.72
19 (68'§pm) 108 0.72
19 (1d02pm) 103 0.72

128



Test no. Flow rate, Power C1
l./min supply, %7m3
W

21 1.0 108 1.08
22 147 106 0.63
23 346 108 0.28
2k 1.5 29 0.19
25 145 165 1.10
26 15 32k 2.16
27 (o1fgm) 108 0.72
27 (26'gpm) 108 0.72
27 (68 8¢m) 108 0.72
27 (18o2pm> 108 0.72
Remarks:

C = Treatment costs by clectrical conrulation

129



Samplec of Calculations:

1.

2

Determination of Cost of Alum Coapulation

From Fiz. 16.

The optimum Al2(504)3' 18H,0 was 3C mg/l., therefore

2

the cost of aluma utilized

(30 mgz/1.)(1/1000)(1.380 B / Kg)

i

Determination of Cost of Elgctrical Coagulation

From Test no. 14:

Effluent overflow 1.25 1./min

0.075 n°/hr

Net Power supply 0+108 Kw

I

0.60 %

Cost of powecr per Kyhr

n

Cost of trcatment

(0,108 Kw) (0.60 ¥ Kwhr)

(0.0%5 m°/hr)
0.86 ' ¥/m>
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T = t

2« Correlation of the Equation,
a+bt

From the nature of the experimental data it can be seen
that the data appear to fall on a nyperbolic curve of the
type T = t
abt *C
The curve may be tested cmpirically by transforming the
the equation into a straizht Tinc. Some point on the plotted
curve, preferably a peir of valbtes from the original dnta tj, TO

are selected. These volugs/nre substitufed into the

- ~t3 1 o oo i T = t
equntion to obtain . 2 + C
o+ bto
* % t - + C
a + bt

Substracting to obtain

t=t
o—— » (a + bt) (a + bty . b
T = = = (a + bt) + < (a + Dbty)

a' + b't

which is a straight linc.
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Examgle:

According to the test No. 14 the following results are tabulated

t -t

t g Bty — T
cal
0 85 - - a
1 36 1 1,000 35,8
5 36 3 1,667 88,1
10 90 5 2,000 90.0
15 91 5 2,500 914
20 92 7 2,857 92.4
30 ok 9 54333 93.7
Lo 95 10 L,000 9k .6
50 95.5 1045 L, 762 95,2
50 96 11 5,454 95.6
90 96 11 8,182 96.8
120 96.5 ™5 10,435 96.9

Where T = % transmission at time t

t

settling time in minutes

T}:al

% transmission at time t by calculation

The constants a' and b' in the equation

t-to
= a' + b' t are evaluated by the method
T -1,
of avarages grouping the first five values for t - to
T - T
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along with the corrcsponding valeus of t ond the last

six values.

10,024 5a%' + 51b!
36,166 = Ga' + 390 b

solving yields a' = 1,26

bt 0.073

The constants a, b and C may be determined by additional

computation.

(a+bto) = at
& = a' = 1,260
E (a+bt,) 21RO DY
b = bY = 0.073
L & t + C
1.260 + 0,073t
at t =UG{ULALONGKQH
cC = &5
let To = C
The final equation is T = t + 85
: 1.260 + 0,073 t
Where i = 1 = slope at t = O
a 1.260
and (TG s 1) = 85 + 1 = 85 + 13,7 = 98-?

saturation value

]
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