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concerning floccu
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occ ation unit, has been and 
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oc 

Colour mg/1 Pt 

Turbidity uni 

COD ppm Kt·1n04 

pH-value 

Conductivity ~S/cm 

Hardness mg/1 

Alka1ini mg/ 1 HC0 3 

1) Goteborgs VA-verk. 

1965 

71 

38 

1395 

6 .. 9 

85 

9 0 

12 

APPENDIX 2 
RAW WATER CHARACTERI ICS 

from alv river, lake 

GtJTA /-\LV 1 ) DELSJtJN 1) BOLMEN2) 
1970 1974 1970 1974 1 

8.2 7-1 9 "1 7 .. 8 10 

41 36 28 30 24 

1109 1800 192 220 100 

58 46 41 33 24 

6'16 6,9 6 7 7 .. 0 6 7 

87 96 102 107 60 

10" 1 11 9 .. 9 11 0 8 .. 9 

9 10 11 12 5,6 

se for ar 1960 ... 

2) Bolmen-Bo1man-Lagan, Hamrin,S, Limno1ogiska institutionen, 
Lund. (1973) 
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APPENDIX 4 

PLANT 7 8 

i 0 m 

0 tm 
min 

700306 15 5 2 
13 2 

,5 7 4 
17 .. 5 7 .. 5 4 

701104 5 12 4 2 
670 7 4 4 

701105 16 7,5 2 
8 6 4 

701109 16 6 2 
10 3 4 

701110 18 3 2 
10 3 4 

701111 18 8 2 
18 4 4 

701112 18 7 2 
11 5 4 

701113 5 19 10 2 
150 20 10 4 4 

701116 0 18 9 2 
14 5 4 

701117 17 7 2 
800 10 3 4 

701118 19 6 2 
9 3 4 

7011 12 5 4 
7011 15 6 4 

7011 8 2 
13 6 4 



3 

1 Q 



Turbi di 
No. 1 Date Q Temp. uni t 0 t 

0 m 
m3/h oc clOO min. min. min. min. 

7,5 
0 

8,0 
1 0 
1 ,5 
1 ,5 
8,5 

12,0 

8 6 18,0 2,5 
9.6 1 5 0 

0 5,5 
0 1 ,5 
5 9,0 
5 0 

1 0 8,5 
1 ,5 0 
1 5 5 
1 19,0 6,0 
1 ,5 f 

5 
1 ,5 19,0 8,0 
1 5 5 ll f 0 
1 5 5 8,5 
1 5 5 
1 0 0 
1 0 

= The figures mean: number to the flocculation 
tank. The lowing to the numbers of the test. 
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1 '6 3 1 1 0 m 

0 7 1 2 1 

1 9 3 0 1 0 m 

0 6 0 9 1 

0 6 l l 1 

0 7 1 3 2 

0 7 1 2 2 

1 0 2 4 3 

0 8 3 

0 3 

l 1 

1 i 
2 0 1 
3 3 5 sili 



APPENDIX 4 

PLANT 5 

71 1971 to June 22, 1971 

imentation depth 0 15 m 

t Floccula Numbers Turbidity tlO t I 
I tion reactors units m me 

No. min. clOO co min. min. min. 

Sludge recycling 0 % 
1---

l 
--

l : l 35 4 730 145 28 20 9 
2: l 60 4 675 135 25 18 ll 
3: l 30 2 680 225 23 17 8 
4: 1 60 2 580 175 19 12 7 
5: l 30 l 560 415 99 14 8 
6: l 60 l 595 240 16 10 5 

j 

Sludge recycling 2 % 

l : 2 4 2400 145 20 14 8 
2:2 60 4 140 19 12 6 
3:2 30 2 1850 165 16 10 6 
4:2 60 2 l 135 1 3 7 4 
5:2 30 l 1900 230 18 9 5 
6:2 60 1 1000 150 15 .7 5 

Sludge recycling 4 Of Ia 

l : 3 35 4 2900 145 20 ~ 

2:3 60 4 3800 115 17 10 4 
3:3 30 2 5500 190 12 - -
4:3 60 2 3000 120 17 7 5 
5:3 30 1 2450 1 15 9 5 
6:3 60 l 2600 155 17 7 4 

Chemicals: Aluminium sulphate 40 ppm 

Acti silica 0 ppm 

Lime to pH 6 1 6 2 

ling in of flow 

(Dry soli in the sl 0 7 %) 
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1 11 

0 m 

3,7 9 5 3 5 20 13 5 1 

3 7 30 9 5 2 3 20 15 6 1 

731 4 3 7 40 9,3 1 0 10 2 5 1 

731220 3 4 40 10,0 2,5 19 12 5 2 

740104 3,3 40 2 1 1 20 13 5 2 

740111 3,4 9,7 2 0 20 13 7 2 

1 t Q 0 
2 Flow 4 in 

ca uminium ppm 

silica 6 ppm 
pH 6 2 
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4 June 4, 

•% % m min. sec. 

.4. 1 05 0 2 0 9 40 5 

5 5. 0 1 ' 40 

6 5. 0 40 

13 5 0 2 5 

14.5 0 2 

17.5. 0 2' 10 
18 5 0 2 50 

19 5 0 74 ~o 4 2 40 5 

. 5 0, 1 

. 5 0, 1 60 20 

. 5. 0 60 

. 5 0 1 ,80 60 

5. 0, 0 5 1 70 60 

. 5 1 '70 60 

1 6 
2 6 

4.6 0 60 

on was ca varia-

ons ow One can see e that a short dis-

charge me imp 1 i a high in the sludge due 

to a high sl Due to high sludge viscosity an in-

crease in di sl with-

drawa 1 , the sludge 

la The dry 

solids in 7 grams per 1 i tre to 

3 .. 5 litre. 1 corresponds 

a loss % rded as 

resi 

hi than 

in to floccu-

1 on on 
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. The 

res 1 re s in 5. 
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APPENDIX 7 

INAL DATA 
Fil n 

water from the la Bolmen 
ons 1971 1 

studi in following 
nation 

ng och ng full 
Examination of occulation, 

on in full scale Lackareback Water 

s 

on on 

a 



1 so ca in lot plant 3 in o 

on on 

in 1 scale at k 



u1t Fi1 on PLANT 3 

e 1 Sti ng s in the f1occu1 on tan 1 0' 5 2 1 '5 rpm 
II 2 II 20 5, 2, 1 '5 II 

II 3 II 20, 5, 2, 1 '5 II 

II 4 II l 0' 5 2, 1 '5 II 

Fi1 Test dity L'~Hf Turbidi at Head loss at 

type serie; silica in a loss a turbidity 
0 5 1 0 1 5 2 0 15 % 2 

0 c (m water) 
No. ppm % 2 mm/h % 2 m 

1 . 8 14,5 6 100 6 6 -6 > 2 5 
0626 15 2 6 100 6 5 5 5 > 2,2 
0703 17 '5 0 30 13 6 7,5 12 1 '3 
0723 17,5 0 50 19 10 10 11 1 '3 
0820 17 4 4 30 58 8 8 8 > l ,8 

750414 3,9 0 90 29 11 40 0 7 

0421 5,3 0 15 12 22 0,8 
0428 7,3 6 110 77 9 10 11 1 ,8 
0505 8,7 6 30 71 8 8 8 > l 8 

1 . 2 0611 14 0 0 90 17 
0612 14,0 4 110 58 
0613 14,0 6 110 110 

1 . 3 0616 15 '6 0 115 17 0,5 
0617 15,6 0 14 
0618 15,6 0 195 0,4 

1 . 4 0625 16' 1 0 60 16 '1 8 15 0,9 
0630 17,3 0 120 5 15 0,5 
0702 17,8 2 115 33 3 9 9 1 '2 

0707 18 2 2 60 9 9 9 9 > 2,0 
0714 19,6 2 20 4 9 9 > 1 '3 
0812 20,0 0 19 '4 9 8 11 ~ 1 '7 
0818 20,5 0 115 31 '5 10 15 1 '0 
0819 20,3 0 110 ,6 9 12 1 '1 

760113 1 '7 6 79 9 8 8 8 > 1 '9 

0114 1 '7 6 83 9 8 8 7 5 > 2,2 
0115 1 '7 6 55 80 10 9 8 7 > 2,4 
0116 1 '7 6 34 75 8 7 
0120 1 '7 6 45 80 10 10 10 10 > 2,2 
0121 1 '7 6 110 180 20 9 
01 1 7 2 100 11 11 0 



II II 

II II II 

II II 

Fil 

% 

4 5 2 5 

1 5 5 5 2 5 

10 ~ 2 

10 17 16 1 2 

8 8 1 

0 10 0 

0 1 1 0 5 

17 0 

1 

4 0 

4 1 0 

10 

4 
0 1 

0 

4 4 0 0 

0 0 3 

0 

1 



t i 1 
II 1 5 , 
II 1 5 II 

II II 10 1 5 II 

Fil 

5 14,5 6 18 5 5 5 1 5 
15 2 6 5 5 5 10 1 6 
17 5 0 6 7 > 0 
17 5 0 10 10 15 0 9 
17 4 4 30 13 8 8 8 !::! 1 ,6 

3,9 0 15 15 0 5 
5,3 0 6 18 0 
7 3 6 115 9 9 0' 1 
8 7 6 14 8 7 > 1 ,0 

5. 2 14 0 9 8 

0612 14,0 4 110 19 
0613 14 0 6 110 

5 .. 3 0616 15 6 0 115 7 5 0 3 
0617 15 6 0 5 7 

8 15 6 0 12 0,3 

5. 4 0 6 8 15 0,5 
0 1 10 7 40 0 
2 115 13 6 9 0, 
2 7 1 9 20 0,8 
2 7 1 8 

0 0 7 15 0,7 
5 0 115 14 0,5 
3 0 110 12 0, 
7 6 9 5 8 > 1 
7 6 9 5 7 5 6 5 - > 1 6 

7 10 13 
7 6 11 10 > 1 0 
7 6 110 9,5 0 
7 2 1 9 



1 
II 1 5 

II l 5 II 

II II 

Fil 

6 1 5 > 2 2 
5 5 2,6 

1 
10 10 1 2 
8 8 8 2 1 

0 9 
0 

8 8 1 7 
8 7 7 > 1 6 

6 2 0 10 

6 0 > 0 5 
0 
0 ~ 0 5 

6 4 0 8 0 7 
0 1 1 7 8 0 

115 18 2 8 1 3 
10 8 1 2 
8 8 8 0,7 

1 0 
5 > 2 0 

> 1 0 

> 1 0 



II 2 II 

II II 

II II 

Fi 1 

7 
6 
0 10 
0 1 
4 

3 0 15 
5 0 8 
7 3 6 115 
8 7 6 

7. 2 14 0 0 10 

4 ll 0 
6 110 

7. 3 0 115 13 
0 10 
0 l 14 

7. 3 0 
0 1 
2 115 
2 14,8 
2 11 4 

7 6 
1 7 6 110 
1 '7 110 I 

5 5 
5 5 5 
5 10 

11 17 
8 8 8 

12 
14 
10 20 
8 7 7 

10 

15 

8 7 5 
8 7 5 -

18 
10 

5 
5 

8 

7 
9 

1 5 rpm 
1 ~ 5 II 

1 5 fl 

1 5 II 

> 

> 
> 

> 

> 

> 

> 
> 
> 

at 

2 

2,5 
2,5 
0,9 
0,6 
1 ,8 

0,3 
0 5 
0,8 
1 ,8 

0,6 
0,4 
0,6 
1 '0 
0 8 

1 '0 
1 '8 
2,0 



II II 

II II 

II II 

i 

% 

8 1 1 5 2 3 
1 5 5 5 

0 18 5 5 > 1 '6 
0 0 0 10 > 2 

8 1 

0 15 1 0 
8 8 8 !::::: 2 0 

6 8 8 7 > 1 7 
8. 2 0 

4 110 

6 
0 
0 
0 

8 4 0 17 6 8 > 1 0 

0 0 0 
5 8 8 1 
5 8 8 2 0 
5 9 8 8 8 > 2 0 

7 1 5 

6 7 6 5 2 0 
6 9 9 2 0 

110 1 1 8 > 2 
110 > 1 '5 



4 

0 
0 

0 
0 
6 

0 

0 
0 
0 

0 
0 

0 

10 
1 
8 
8 

10 l 
110 

5 
5 5 

10 10 > 
> 

8 !::: 

8 > 

2 6 
2 
2 
2 2 
1 

l 2 
1 0 
2 0 
1 6 

0 

1 6 
1 5 
1 0 



7 

Duri a od 12, 1975 to October , 1 an investi-· 
in full scale at the ka 

ment t pl on 
ve fil was increa from about 5 5 m/h 

8 0 m/h 

2 ul pl t values 
from 14 

Temp. Activated Turbidity Head loss on 
silica co increase 

oc ppm % Std 5 mm/h m/h 

10 2 28 17 5,6 
10 2 36 5,6 
10 2 40 5,6 
10 2 40 27 6 '1 
10 2 43 6,7 
10 2 40 34 6,7 
10 2 40 38 7,3 
10 2 40 42 8,0 



In on di 

di 

u 

100 % standard 

idi 

(mg/1 Si o2) 
(FTU-units) 

l i 

is ca1i 

mg/l Si 02) 

h-unit uni 

i each 
uni has 
turbidity 

in mg/l Si 02 

turbidity uni 



APPENDIX 9 
ICI AND 

tion ( 5) 

co % 
vf m/h 
a :::; 20 b :::; 0.6 

tion ( 3 9) 

co % 

Kg 154 lg ,.go 

imentation 

Equa on 

vf m/h 

KT 0.9 
:::; 0 7 0 

0 005 

y 0 0013 

CO Sa o. 

ion ( 

% 

f(S) :::; 



on (7 9) 

c % 2 Sigri 

% 2 Si t 

15 b = 0 08 d 0 02 

1 0 

on ( 7 11 ) 

Hf max mm 
A /1 

co % 2 Sigri 

t 

Fi 1 4 5 6 7 8 

01 150 150 160 180 275 150 160 

02 40 40 50 30 100 70 

180 180 160 180 140 180 180 

120 120 120 120 120 120 120 

20 20 40 40 40 40 40 

200 100 50 200 100 200 200 

n ( 

H mm 

h 

A 

2 Si 

h 



F i 1 

KH 
0 

a 

b 

d 

f 

g 

h 

p 

j 

a 

p 

y 

0 

COSTS 

I 6 % 

Chemicals 

lant 

iva ted silica 

Lime 

and o tion 

Floccul on 

ion 

irri 

es 

4 5 6 

5 

0 0 40 0 13 0.20 
0.25 0.25 0 23 0 20 

0 033 0 033 0 033 0 033 

l 1 1 1 

l 0 0 0 0 45 

0 005 0 005 0 0 

0 0 0 22 0 
0 15 0 & 15 0 053 0. 1 0 
2 2 2 2 
2 2 2 2 
l 25 1 25 1 60 1 25 
0 0 0.2 0 

s 

500 Sw cr /ton 
II 

400 II 

cos are included 

800 .cr 1m3 

300 cr.;m2 

350 II 

150 II 

150 Sw.cr /m3 reactor volume 

l 00 Sw cr ;m 2 

7 8 

230 28 0 

0 30 0 0. 13 

0 20 0 0. 

0 033 0 0. 

1 l 1 

0 5 0 8 0 

0 005 0 03 0 

0 0 0.22 

o. 0 0.05 

2 2 2 

2 2 2 

1. 30 l. 90 l 60 

0 0 2 0.2 



Si wall 

nee 

in 

Fil 
Filter 

Fil ttom 

i 

on 

on unit 

10 

9 

1300 cr.;m2 

100 II 

ti 

in cr 1m3 

10 

4 

10 

500 

30 000 

3 

50 

10 

3 

4 

cr ;m3 ildi l ume and 
cr wa 

ildi volume and 

cr ;m3 water and 
II II 

5 6 

2500 600 

cr /fi 1 

cr 1m3 meter 
cr 1m2 

i l d i volume r 

ur 

r 




