5.1 Rcsults

Chapter V

PRESENTATION OF RESULTS AND DISCUSSION

5.1.1 Dosage of Limc in Raising pH

Raw water-§ pH T.2

Alkelinity 58 ppm.
Hardness T4  ppm.
Turbidity: 30 ppm.

Lime | Alkakinity Hardness Tarbidity
(ppm. ) g (ppm. ) (ppm. ) (ppm.)
32 1.9 68 76 30
8 8.95 78 80 30
16 9.5 34 94 30
32 10.0 108 112 30
48 10.5 118 130 30
80 10.9 146 152 35
182 B 160 154 35
160 11.4 186 192 35
240 1345 290 280 35
320 1147 400 414 35
480 11.85 620 672 40
640 11.95 846 916 40
800 12,05 1050 1060 40
1120 12,15 1480 1620 45
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5.1.2 Coapulation of Ferrous Sulphatc for Various pH Values

Mixing Pime @ 5 minutes rapid

25 minutes slow

Floc Index @ 0 = no floc
2 = opalcscent
4 = small specks
6 = medium
8 =  good
10 = cxccllent
12 = very hcavy
Turbildity after flocculation = bidity when stoping the stirrer.
Turbidity aftcr 5 minutcs = Turbidity at scttling time 5 minutecs.

Murbidity aftcr 15 minutes = Turbidity at settling time 15 minutcs,

(DEGREMONT ACFI 1960)



» A + k
. Raw water Jar No,
Test No.1, Vovember 1, 1971 Raw water - ot e
wnl Lime i
5 ' 1 2 3 4 | 5.1 5

Ferrous sulphatc (ppm. ) - - 10 15 20 25 30 35
Lime (ppm. ) < o o P = % - -
pH Reading T7.05 - 6.95 | 6.9 [6.85 6.8 1 6,75 6.5
Alkalinity (ppm. ) 60 - 58 55 54 52 50 47
Hardncss (ppm. ) G4, W\ 65 67 66 66 67 66
Turbidity (ppm.) 30 - - - - o] &
Lippearance of first floc (min.=-scc. ) -~ - - - - »- - -
Floc index = 5 0 0 0 0 0 0
Turbidity aftcr. flocculation (ppm. ) - - 30. 130 30 130 30 | 30
Turbidity after 5 minutes (ppm.) - - 30 {30 30 |30 30 | 30
Turbicdity after 15 minutes (ppm. ) ot X 30 {30 30 |30 30 30
Turbidity reduction ratio aftcr 5 minutcs \L4 s v | O 0
Turbidity reduction ratioc after 15 minutcs = _ 0 0 0 0
Percent of turbidity reduction . ~ O 0 0 0 0 0
Rcsiduril iron (ppm.) 1.0 nx 3.5 {445 5.5 6.0 ; Ao 8‘0
Percent of iron increasc

el ; PN # 250 |350 |450 |s00 | 600.| 700

(@)




Test No.2, November 2, 1971

Ferrous sulphate ' (ppm. )
Lime (ppm. )

pH Reading

Alkalinity (ppm. )
Hardness (PPmo)
Turbicity (ppm.)

Lppcarance of first floc (min,-sec. )

Floc index

Turbidity aftcr flocculation (ppm, )
Purbidity after 5 minutcs (ppm. )
Turbility aftcr 15 minutcs (ppm. )

Turbidity reduction ratio after 5 minutes

Turbidity reduction ratic after 15 minutcs
Percent of turbidity rciuction

Residual iron (ppm.)

Percent of iron increasc

P I8
—— P MR by ~ Jar T, ~
and Lime 1 5 3 4 | g 6

- a .::"H“ 10 15 | 28 5] 25 30 35 !
X 6.0 |6.0 6.0 |6.0 |6.0 |6.0 [6.0
7,05 8.4 | 7.55 7.4 17.25 | 7.15 |71 7.1 |
62 70 68 | 66 |6a | 62 | 62 | 60 |
60 62 60 | 62 |62 | 61 | 60 | 60
30 30 i N R R R
- - 0 0 O, 0 0 ¢
= - 30 | 30 {30 | 3 |3 |3
= < 30 | 30 130.]30 |3 [3
% - 30 30 30 30 | 30 35

l - . 0 0 0 0 0 0

| - - 0 0 0 0 0 0
> : i 0 0 0 0 0 16.7.—
1.0 1.0 3.5 [4.5 | 55 | 6.0 [7.0 | 8.0
0 0 250 300 450 500 600 T00 1

L9
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Tost No.3, Fovembor 6, 1971 | oy water | B3W Water | Jor No.

and Lime . 5 3 ! . T : 6
Ferrous sulpha,t;: (ppm. ) LR SR 10 15-' _20 245 30 ‘35 3
Lime (ppm. ) - 5.4 | 5.4 | 544 5.4 |54 | 5eA |54 |
pH Reading 7.4 8.65 | 8.2 | 8.0 |7.8 |747 | 7.6 |15 |
Alkalinity (ppm.) 64 7 69 | 68 | 66 |65 |62 | 60 |
Hardness (ppm.) 62 70 72 1 72 | 72 |12 |72 70
Turbidity (ppm.) 30 30 - - - - - 3
Appearance of first floo (min.~-secc. ) - - - 25-0 | 20-0 |18~0 [18-0 15-(5“
Floc inlex - - 0 2 2 4 4 6
Purbidity after flocculniion (ppm.) = = 30 60 60 55 50 50
Turbidity after 5 minutes (ppm. ) - - 30 | 45 45 40 | 40 40
Turbidity after 15 minutes (ppm. ) - - 0.4 W L 25425 120 20
Turbidity reduction ratio aftcr 5 minutes - o 0 0.25 | 0.25 0.27 0.20 |0.20
Turbidity reduction ratio aficr 15 minutes - - 0 0.50 {0.58 [5.55 [0.60 | 0,60
Percent of turbidity rcduciion = = 0 0 16.7 316.7 +433.3 133.3
Residual iron (ppm, ) 1.0 1.0 3.5 | 4.0 6.0 | 5.0 | 6.0 6.0
Percent of iron increase 0 0 250 | 300 400 | 400 | 500 | 500

a9



. A v A
_ﬁ’ﬂw 'tormi ] Jar No,
Test No.4, November T, 1971 | Raw watcr [ N 2.
and Lime 4. {aap 3 4 5 6
- Ferrous * sulphatc (ppm. ) - = T Jb’l; v 20 25 30 35
Lime (pom.) | = 16 5 [ 155 11.8 | 1.5 1 7.5 18
pH Reading 7.25 8295 | €.35) 8.1 [7.95 | 7.8 | 7.7 | 7.6
Alkalinity (ppm. ) 60 70 68 66 62 62 60 60
Hordness (ppm. ) GO 70 70 70 72 70 72 72
Turbility (ppm. ) 30 30 - v = % coin £
Appearance of first floc (min.-sec, ) - W 28-0 [28-0 |15=0 {10=0 | 7~0 5-(;M
Floc inlex - - 2 4 6 6 8 10 *
Turbidity after flocculation (ppm. ) - - 25 25 25 20 20 20 i
Turbidity after 5 minutes " (ppm, ) - - 20 20 15 10 T 5 E
Turbidity after 15 minudes (ppm, ) - - 15 10 9 6 5 4~—-~
Turbidity reduction ratio aftcr 5 minttes - - 0.20 | 0,20 [0.40: [0,50 | 0,65 | 0.%5
Turbidity reduction ratic after 15 minutes - - 0,40 |0.60 {0.64 |0.70 | 0,75 | 0.80
Percent of turbidity reduction - - 50,0 | 66.7 ,70.0 [80.0 | 83.3 |86.7
Residual iron (ppm, ) 1.0 5 A0 T 3.5 H.0 T35 150 145
Peroent of iron increase SR 200 |250 |300 | 350 | 400 |350

'Y
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Test No. 5, November 9, 1971 Raw water | oW water Jar No.
and Lime 1 2 3 4 5 6

Perrous sulphate (ppm.) - - 10 15 20 25 30 35
Limo (pom.) | = 15 15 | 15 |15 |15 | 15 | 15
pH Reoding 7.35 9.5 | 9.2 | 9.0 | 8.85] 8.8 | 8.7 |6.6
Alkalinity (ppm. ) 60 84 80 76 76 T4 T2 190
Hardnecss (ppm, ) 58 82 84 82 82 82 84 |82
Turbidity (ppm. ) 30 30 e & i a " ¥
Appearancc of first floc (min,-sec. ) - - 15«0 | 8=0 |5=0 4=0 | 4=0 |3=0
Floc index - - 4 4 6 6 12 12
Tawbidity oftcr flocculation (ppm. ) - - 25 20 15 15 10 e
Turbidity aftcr 5 minutcs (ppm.) - » 15 10. 116 |6 5
Turbidity aftcer 15 minutes (ppm.) - - 10 9 6 5 4 3
Turbidity rcduction ratio after 5 minutes - - 0.40 10,50 {0.33 |0.60 | 0,50 |0.56
Tarbidity rcduction ratio aftcr 15 minutes - - 0.60 | 0,55 |0.60 [0.67 |0.60 [0,67
Percent of turbidity rcduction - - 66,7 | 70,0 |80.0 |83.3 |86.7 [90.0
Residual iron (ppm. ) 1.0 1.0 3.0 | 2.0 | 2.0 |2.0 | 2.0 | 2.0 |
Perccnt of iron incrcasc 100 100 100 100 100 100

V9
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Test No.6, November 11, 1971 |Raw water el i Jaz: No. Ly
R an. Lime 1 5 3 4 5 6
Ferrous sulphate (ppme) - - 10 15 20 25 30 35
Limc (pru. ) - 30 30 30 30 30 30 30
pH Reading | Te4 9.9 | 9.4 [9.25[9.75 [ 9.1 | 9.05] 9.0
Alkalinity (ppm, ) 62 58 52 | 48 | 46 | 46 44 | 42
Hordness (ppm.) 56 56 54 | 56 | 55 |56 | 54 | 54
Turbidity (ppm. ) 30 30 - = Z T= . -
Appearancc of first floc (min,=scc., ) - o ST PSSPYE ] PR (PR 1_30.
Floc index o 3 4 4 6 6 4 10
Turbidity after flocculation (ppm. ) - = 2% 20 15 15 15 19
Turbidity after 5 minutcs (ppm. ) - - 19 10 10 10 8 8]
Turbidity aftcr 15 minutes (ppm. ) % 5 9 8 6 5 3 2
Turbidity reduction ratio aftcer 5 minutes - =5 0.,4010.50 0.33 | 0.33 0. AT - 10T
Turbidity reduction ratio aiftcr 15 minutes - o 0.6410.60 | 0,60 | 0.67]0.80 0.87 |
Percent of turbidity reduction - - 70,0173.3 | 80.0 [83.3 [90.0 93.3 |
Residual iron (ppm. ) 1.0 1.0 1,50 1.5 [1.5 [1.5 151 1.5
Pcrcent of iron increase O 0 50 | 50 50 50 50 50

(R
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Test No.T, November 13, 1971 Raw watcer e ; Jar.ﬁgimﬂﬁ,__ e i
and Lime l 1 4 2 3 A i 5 € W

Ferrous sulphate (ppm, ) - - T {5 20 2y | 3 35
Lime (ppm. ) - 60 60 | 60 60 W“L‘éé_ 160 60 |
pH Reading =1 10.45 [10.15 | 10,1 {10,05 10,0 { 10.0 »5.9
Alkalinity (ppm.) |. 60 66 62 |58 56 55 52 50

 Hardness (ppm. ) 6o 60 60 | 62 62 62 62 62
Turbidity (ppm. ) 30 30 - s & - " "
Appearance of first floc (min.—scc.) - - 3=0 3-0 |2=30 | 2=~0 1=30 | 1=30
Floc index - - 6 6 8 8 10 10
Turbidity after flocculation (ppm. ) - - 35 30 30 30 25 25
Turbidity after 5 minutes (ppm.) - - 15 10 10 10 9 9
TPurbidity after 15 minutes (ppm, ) - - 8 € 5 4 2 2
Turbidity reduction ratio after 5 minutes - - 0.57 10,67 }0.67 | 0.67 | 0.64
Turbidity rcduction ratio aftcr 15 minutes o = 0;77 0.80 10.83 | 0.87 {0.92
Percent of turbidity rcduction - & 73.3 | 80.0 |83.3 | 86.7 |93.3
Residual iron (ppm. ) 1.0 1.0 | 1.2] 1.2 1.2 | 1.1 1.0
Percent of iron increcase 0 0 20 20 20 10 0
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Test No.8, November 14, 1971 | Raw water LT Bt -
and Lime 1 > 3 4 5 6
Ferrous sulphate (ppm. ) - it 10 15 20 25 | 30 Q35— 3
Lime (ppm. ) 2 90 90 | 90 90 | 90 | 90 |90
pH Reading =05 s gl 11.0 {10,95 [10.90 | 10.9 {10.9 [10.85
Alkalinity (ppm. ) 60 68 78 80 80 96 102 | 144
Hardncss (ppm. ) 60 78 82 88 | 88 102 106 | 148
Turbidity (ppm. ) 30 35 - e i o S -
Appoarance of first floc (min.=-sec.) L W 2230 [1=30 | 1-30 [1=10 | 1-0 | 145
Floc index I % 2z |6 §.] B g | 10 |
Turbidity after flocculation (ppm. ) - - 25 |25 30| 30 25 25
Turbidity after 5 minutes (ppm. ) - - 8 5 4 4 3 3
Turbidity after 15 minutes (ppm. ) . < 5 4 ;' 2 2 1
Turbidity rcduction ratio aftcr 5 minutes - - 0.680,80 }0.87 |0.87 {0.88 | 0,88
Turbidity reduction ratic after 15 minutes i = 0.80/c.84 |0.90 [0.93 [0.92 | 0.96
Percent of turbidity reduction - - 83.3{86.7 | 90.0 93.3 |93.3 | 96.7
Residual iron (ppm. ) 1.0 %0 0.33 0.33. | 0,30 19,30 {0,235 | 0.25
Percent of iron decrease 0 0 67 |61 70 70 it B

L9



& 4 < ’
Test I\To.9; November 15, 1971  |Raw water |ToW Water el _. i
and Lime 1 5 3 5 ' 6
Ferrous sulphate (ppm. ) - - 10 15 20 25 30 35
Lime (ppm. ) - 220 220 | 220 | 220.- | 280 ]220 220
pH Reading Z2 1145 | 11.45| 1.4 |11.4 | 11.4 [11.35] 11.3
Alkalinity (ppm.) 66 315 235 | 215 | 218 | 195 |210 | 225
Hardness (ppm. ) 60 200 220 | 222 | 224 | 222 |225 208
Turbidity (ppm.) 30 35 - - - - e Lo |
Appearance of firsgt floc (min.-sec.) it o 1=15 | 1=0 Tl 0=45 | O=£5 9;30
Floc index - V.. 6 8 8 8 10 »,5-“
Turbidity after flocculaticn (ppm. ) = - 30 30 | 40 40 | 40 45~
Turbidity aftcr 5 minutes v(ppm.) - - ; 4 3 3 2
Turbidity aftcr 15 minutes (ppm. ) - - 4 4 2 2 1
Turbidity reduction ratio aftor 5 minutes - - 0.77\ 0.83 {0.90 0‘92 0.92 [0.95
Turbidity reduction ratio after 15 minutes - - 0.87 | 0.87 {0.92 | 0,95 | 0.95 0.98
Percent of turbidifj reduction - - 86.7 | 86.7 90,0 | G363 |93.3 196.7
Residual iron (ppm.) 1.0 1.0 | 0.25]0.25 [0.27 | 0.27 | 0.30 {0.30
Percent of iron decrease 0 0 75 | 15 73 13 70 70
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Test No,10, November 20, 1971 [Raw water g Wy g B .

ekt L and Limc “1- o 5 4 _?J_ [ ‘ ,'
Ferrous sulphate (ppm. ) - - 10 | 15 20 25 30 35
Lime (ppm. ) - 450 450 | 450 | 450 | 450 |450 450
PH Reading 2 14.85 | 11.8 [11.8 [11.8 [11.8 [11.75 1175
Alkalinity (ppm. ) 58 490 510 | 510 | 540 | 470 [480 | 480
Hardness (ppm. ) 66 528 | 554 | 544 | 570 | 528 [524 | 526
Turbidity (ppm. ) 30 40 .. o o " - >
Lppearance of first flec (min,-sec.) 4 A\ 045 |0-40 | 0-35 |0=30 |0-25 |0-20
Floc index 2 - 8 8 8 10 10 10
Turbidity after flocculation (ppm. ) - S 40 | 45 45 40 | 60 65
Turbidity after 5 minutcs (ppm. ) e - 8 7— 7 9 5 4
turbidity after 15 minutes (ppm. ) - - ngw+wé t:3 3 3
Turbidity reduction ratio after 5 minutes - pe 0.80 0,84M13.84 0.86 | 0.90 {0.94
Turbidity reduction ratio after 15 minutes _ f 0.90 10,91 10.93 | 0.94 [0.95 [0.97
Percent of turbidity rcduction - - 86.7 | 86,7 190.0 | 90,0 | 90,0 {93.3
Residual iron (ppm. ) 1.0 1,0 | 0.17 | 0,17 |0.20 | 0.20 | 0,20 |0.20
Percent of iron decrease 0 0 83| 83 80 | 80 80 |80

e 1
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Test No,11, November 21, 1971 Raw water il : '
and Limec 1 : 5 3 2 5 |6

Ferrous sulphate (ppm. ) - - 10 | 15 20 125 30 35-%
Lime (ppm.) = 700 700 {700 700 [ 700 1700 700
PH Reading T4 2205 | 12.0]12.,0 {12,0 112.0 111,95] 11.95
Alkalinity (ppm. ) 60 596 860| 882 | 860 |854 | 852 | 848
Hardnoss (ppm. ) 64 720 960] 980 | 960 |960 | 930 | 966 |
Turbidity (ppm. ) 30 40 o - o o & o
Appearance of first floc (min.-sec,) s - 0-30 [0=30 | 0=25 | 0=25 |0=25 [0=20
Floc index - i 13 8 8 8 6 4 &
Turbidity aftcr fiocculation (ppm.) _ - 15 | 20 25 30 |35 40
Turbidity aftor 5 minutes (ppm. ) - . 6 |6 7 8 8 10
.Turbidity after 15 minutes (ppm. ) - Wel 2 3 3 4 5 5
Turbidity rcduction ratio aftcer 5 minutes v - 60 (0,70 1.0.72 10,73 1077 6.754—
Turbidity reduction ratio after 15 minutes - - 0,87 10.85 | 0.88 |0,87 {0.86 |0.88
Percent of turbidity recduction - - 93.3 90,0 | 90.0 86;7 83.3 [83.3
Residual iron (ppm. ) 1.0 1,0 0,17 [0.20 | 0,23 | 0,27 |0.,30 {0.30
Percent of iron cccrease - - 83 | 80 7 13 7 [ 70

% |
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RESIDUAL IRON- PPM.
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FIGURE 5.22 FERROUS SULPHATE IS PPM.
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FIGURE 523 FERROUS SULPHATE 20 PPM.
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FIGURE 524 FERROUS SULPHATE 25 PPM.
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FIGURE 525 FERROUS SULPHATE 30 PPM.
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FIGURE 527 . FERROUS SULPHATE |10 PPM.
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FIGURE 5.28. FERROUS SULPHATE 15 PPM.
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FIGURE 5.29 FERROUS SULPHATE 20 PPM.
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RELATION OF pH VALUES BEFORE AND AFTER COAGULATION
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RELATION OF pH VALUES BEFORE AND AFTER COAGULATION
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FIGURE 5.32. FERROUS SULPHATE 35 PPM.
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5.1.3 Dosage of Ferrous Sulphate for Varicus Turbility

Mixing Time § 5 minutes rapid
25 minutces slow
Floc Incdex : 0 = No floc
= opalescent
= small specks

medium

@ O B D
G

= good
10 = excellent

12 = very heavy

Turbidity aftcr flocculation = Turbidity when stopping stirrer.
Turbildity after 5 minutcs = Turbidity at scttling time 5 minutes.

Turbidity aftcr 15 minutes

Turbidity at settling time 15 minutcs.

(DEGREMONT 4ACFI 1960)
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Pest No.12, December 3, 1971 | Rew water | ki MR o ieganiieil]
% and Lime , > 3 4 5 €
Ferrous sulphate (ppw, ) - T - 5 10 15 120 25 120 e
Lime (ppm.) | - 1 90 9% |90 | 90 |9 |90 Ilgo |
pH Reading 7.3 O 11,05 [10.95 [10.9 |10.85] 10.8 10.75 10.75
Alkalinity (ppm. ) 80 100 92 |90 90 88 86 82
Hardness (ppm. ) 84 96 90 |92 |90 88 |90 |86
Turbidity (ppm.) 20 20 AR RN G s S A
Appearance of first floc (min,-sec.) - - 1=40 | 1=35 | 1=30 |1=2C | 1=10 | 1=0
Floc index 3 - 6 |6 |8 |8 8 |10 |
Turbidity after flocculation (ppm.) - - 20 | 20 20 20 20 |20
Turbidity after 5 minutcs (ppm. ) = - / § 5 5 4 3 3
Turbidity after 15 minutcs (ppm. ) - = 4 3 > 2 > 1
Turbidity reduction ratio after 5 minutes - - 0.65 | 0.75 [ 0,75 {0.80 | 0.85 |0.85 ]
Turbidity reduction ratio after 15 minutes - - 0,80 10.85 |0.90 (0,90 | 0.90 {0.95
Percent of turbidity rcduction - - 80,0 { 85.0 1 90,0 90.0b 90,0 .95.04
‘Residual  iroh (ppm. ) 1.0 1.0 0,30 | 0.40 10.49 0.4 0.40 |0.33
Percent of iron decrcase - - T0 |60 51 51 60 |67

o

colL
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Test No. 13, December 4, 1971 Raw wateré e wz'a,tcr Jar‘No.m et
Ferrous sulphatc (ppm. ) - ; - 5 10 15 20 25 130 I
Lime (ppm. ) " :"w}' 7780 |90 |90 90 | 90 90 |90

pH Reading 7.3 0| — 11 |11.05 [11.0 10.95 [10.9 110.9 |10.9 |
Alkalinity (ppm. ) = § 94 “90 | 88 86 88 |84 |86
Hardness (ppm. ) 80 J' 100 | 96 | 98 94 |94 |92 |96
Turbidity (ppm. ) BOG ! 35 - - - - " ‘.
Appearance of first floc (min.-sec. ) - - 1=30 [1=30 {1=10 [1=0 (0=50 | O=45 :
Floc index : - - 4 | 4 6 6 8 10
Turbidity after flocculation (ppm, ) S v 25 |25 30 13 [25 |25
Turbidity after 5 minutcs (ppm. ) - - 10 ' 8 5 4 4 L
Turbidity after 15 minutcs (ppm, ) - " 8 5 4 3 2 2
Turbidity reduction ratio aftcr 5 minutes - - 0.60 ":c.C:S O.é—é 0.87 {0.84 {0.88
Turbidity reduction ratio aftcr 15 minutces - - 0.68 (0.80 .87 10.90 |0.92 0,92
Percent of turbidity reduction - - 73.3 [83.3 | B6.7 |90.0 [93.3 P3.3
Reaidaal dron (ppm.) 1.0 1.0 10,30 0,30 |0.30 |0.25 [0.25 [0.25
Percent of iron decrcase 0 0 70 J} 70 70 75 10

Y
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Test No. 14, December 9, 1971

Ferrouérsulphate (ﬁﬁh.)

Lime (ppm. )

pH Reading

Alkalinity (ppm. )

Hardncss (ppm.)
bidity (ppm. )

Appearance of first floc (min,=sec. )

Floc index

Turbidity after flocculation (ppm. )
Turbidity after 5 minutes (ppm. )
Turbidity after 15 minutcs (ppm. )

Turbidity
Turbidity

reduction ratio after 5 minutes
rcduction ratio aftcr 15 minutcs
Percent of turbidity reduction
Msidual iron (ppm.”)

Percent of iron decreascs

ef

? S “
VRSP ENE——— S
- watcrl Raw water - ] Jar No.

- i-tznd Lime 1 2 13 “ 4 5 6__~
- o 5 |10 15 1720 | 25 30
N\ 90 90 | 90 90 | 90 |90 | 90
Tl 11.05 111.0 [11.0 h1.0 |11.0 116.95 | 10.95
82 138 | 106 [108 [102 [102 | 106 | 100 |
80 114 102|102 98 | 96 | 104 | 100
20 45 S — 1= L= | =
Z A 0-25 |0-25 | 0=30.] 0=30 |0-30 |0=30
- - 8 |8 g 18 8] 10
= : 5125 |25 | % | 5 &
& - 15 | 10 6 5 5 5
" . 0] 6 o e 2 | 2
3 n 0,40 {0.60 [0.76 | Q.83 |0.80 {0.80
- - 0.60 [0.76 [0.88 |0.93 |0.92 [0.,92
B < 75.0 185.0 92.5 |95.0 195.0 195.0
1.0 1.0 0.30 10.30 16,33 |0.33 0.33 |0.35
- - 70|70 | 70 |67 67 | 65 |

oL
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' : | Raw water| Jar No.
Tent No,15, December 10, 1971 Raw water !
" ‘{ and Lime 1 : 2 3 a4 5 6
Perrous sulphate (ppm. ) - i - 5 10 15 20 25 30
Lime (ppm.) | = [//90 90 | 90 | 90 | 90 | 90 | 90
pH Reading 7.6 : 11,05 111.05] 11.0] 11.0 {11.0 [10.95 [10.95
Alkalinity (ppm. ) 104 100 104 | 92 |102 |104 | 90 | 82 |
Hardncss (ppm. ) 96 90 94 88 {100 |[108 | 90 86
Purbidity (ppm. ) 50 60 - - . o & & e -
Appearance of first floc (min.-sec.) L A §Q_25 0=25 | 0=30 | 0=30 |0-35 | 0=30
Floc index 3 4 6 6 8 8 8 8
Turbidity after flocculation (ppm. ) " o ;35 30 30 30 30 30
Turbidity after 5 minutes (ppm. ) @ - | 20 15 | 10 | 1 6 6
Turbidity after 15 minutcs (ppm. ) - - i 15 8 5 3 2 2
Turbidity rcduction ratio aftcr 5 minutcs - - :0.43 ;O.SC‘ ' 0.67 [ 0.77 10.80 | 0,80
Turbidity rcduction ratio aftcr 15 minutcs - 3 “3-5.57 O:TYB . 0.83 1 0,90 {0.93 | 0.93
d ik 1
Porcont of turbidity reductibn ¥ - 170.0 18,0 190,0 194,0 {96,0 | 96.0
Reeidual -iron (ppm. ) 1.0 1.0 0.35 [0.30 | 0.30 [ 0.30 {0.30 | 0.30
Pereent of iron dcercasc - S 65 70 | 70 70 70 70

GoL
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Test No. 16, Dececmber 11, 1971 Raw wator [R2W Water - N Ja;' No.

and Limc 1 2 3 4 5 6
Ferrous sulphate (ppm. ) - - 10 15 20 25 30 35
Lime (ppm. ) P 90 9 | 90 | 90 | 90 96 1 90
PH Reading 7.45 14.05 |11.0 {11.0 | 11.0 [10.95{10.9 |0.9
Alkalinity (ppm. ) 82 182 134] 112 | 114 100 | 102 | 100
Hardness (ppm. ) 82 104 1041 104 | 112 100 | 102 | 102
Turbidity (ppm, ) 70 80 - o - - M -
Appecarance of first floc v (min,-scc.) - - 0=30 (0=35 | O=40 | O=35 |0=30 | 0=30
Floc index - - 10 8 8 6 6 4
Turbidity after flocculation (ppm, ) - - 25 | .25 30 40 50 50
Turbidity after 5 minutcs (ppm. ) & - T4 8 PR 7 7
Turbidity aftcr 15 minutes (ppm. ) A P 41 31 3 4 4 4
Turbidity rcduction ratio aftcr 5 minutcs v " 0.72 10.76 | 0.77 | 0.83 |0.86 [0.86
Turbidity reduction ratio after 15 minutes - s 0.84 10,92 | 0.90 | 0,90 [0.92 10.92
Porcent of turbidity reduction - - 9%43 19547 | 9547 1 9443 [94.3 (9443
Residual iron (ppm.) 1,0 4.0 0:30-90,30 4 04331 0:357510.40 90,40
Percent of iron decreasc - - 70 | 70 87 85 60 60

0L
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Tost No.17, Docember 13, 3971 | Rew wator I:RC*W ey Jar No.
| and Lime 1" 2 _é__J 4_ § 5 L 6

Ferrous sulphaic ' (ppm. ) - = 10 |15 20 25 20 35
Lime (ppm. ) I 90 90 | 90 9 | 90 | 90 | 90 |
pH Reading =0 (B B 1105 | 11.,05]11.0 1140 10,95{10.95
Alkclinity § (ppm. ) 80 168 118 [110 | 102 | 106 | 102 | 102 -
Hardness (ppm, ) 60 122 110 | 104 102 | 102 {104 104
Turbidity (ppm. ) 100 120 - - - - - = 3
Appcarance of first floc (min.-scc.) ot - 0=35 | 0=35 |0=40 | 0=45 | 0-40 0-35
Floc index i > 10 |10 |10 [8 |8 6 -
Turbidity after flocculation (ppm. ) - - 35 (35 35 40 45 éo
Purbidity aftor 5 minutes (ppm.) s R ¥ T g 848 "y
Turbidity after 15 minutcs (ppm, ) P - 4 4 4 5 4 3
Turbidity reduction ratio after 5 minutes - - 0.80 10.80 {0.77 |0.80 |0.82 |0.84 3
Turbidity rcduction ratio aftcr 15 minutcs - - 0.89 | 0.89 }0.89 (0.88 |0.91 [0.94
Percent of turbidity rcduction - - 96,0 | 96,0 196.0 [95.0 |96.0 {97.0
Residual iron (ppm. ) 1.0 1.0 0630 110,30 10430 10.30: 10430 0.300—
Pcrcent of iron decrease - - 70 170 70 70 |70 70

et

Lol



" A e '

Test No.18, December 14; 1971 Raw water 1:;: zi“:lzr ; . 3Jar No;r : ;
Ferrous sulphate (ppm.) - - 10 | 15 20 | 25 30 | 35
Lime « (ppm. ) R 90 90 |90 95 | 90 9 | 90
pH Reading 7.5 11.10 [#1.05[ 11.08]11.05/11.0 | 11.c 1 11.0
Alkalinity (ppm, ) 80 146 112 | 106 | 166 102 |100 96
Hardness (ppm.) 84 96 92 | 94 96 94 82 94
Turbidity (ppm., ) 110 130 - % - % 3 &
Lppearance of first floc (min.-sec. ) - - 0=45 [0=50 |1=0 |1=0 [0=45 | 0=45
Floc index - - 8 8 8 10 10 10
Turbidity after flocculation (ppm. ) - - 45 | 45 60 | 55 60 60
Turbidity after 5 minutes (ppm. ) - - 7 7 7 6 6 5
Turbidity after 15 minutes (ppm. ) - i 3 3 2 2 2 2
Turbidity rcduction ratic aftcr 5 minutes - - 0.84 | 0.8410.89 [0.89 |0.90 .92
Turbidity reduction ratio after 25 minutes - - 0,93 | 0.93| 0.97 |0.96 [0.9T .97
Percent of turbicdity reduction A . 97.3 | 97.3] 98.2 | 98,2 |98.2 198.2
Residual iron (ppm, ) 1.2 1,2 10.25 | 0,27 0.27 | 0.30 |[0,30 0,30
Percent of iron dccrease l - e 9.2 1T 5| TS 1 15 15

801
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Teet No.19, December 15, 1971 iRaW watep | BoW water A Jar No.x

| and Lime | 1 2 3 4 5 "I b
Ferrous sulphate (ppm.) = - 10 15 20 25 30 35
Lime (ppm.) - 90 90 : 90 | 9 |9 |0 | %0
pH Reading 7.5 11,2 [10,95 | 10,95 10.90{10.90 [10,90 | 10,90
Alkalini ty A' (ppm. ) 94 120 92 90 88 82 82 80
Hardness . (ppm., ) 82 94 90 90 | 88 | 8 | 86 90
Turbidity , _ (ppm. ) 130 150 - - - “ ” -
LAppearance of first floc (min.-scc.) - S Om25 | 0=30 | 0=35 |0=40 | 0=40 | 0=45
Floc index - X 8 8 8 8 10 10
Turbidity after flocculation (ppm. ) - EIA 50 10 {40 |40 45 10
Turbidity after 5 minutes (ppm. ) - - 6 6 6 6 6 &
Turbidity after 15 minutes (ppm. )~ - = 2 2 2 2
Turbidity reduction ratio after 5 mintites - - 0,88 10,85 [0.85 [0.85 [G.87 |0.91 -
Turbidity reduction ratio after 15 minutes - K - 0.96 {0.95 10,95 |0.95 0;96 0w 97
Percent of turbidity reduction - - 68.5 : 98.5 |198.5 {98.5 [98.5 |98.5
Residual iron (ppm., ) 1.2 0.85 1 0,25 10,25 10,27 0.27 |0:27
Percent of iron decrease - - 79.2:{79:2 |79.2 1115 1.5 |17:5

ol
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Test No.20, December. 16, 1971 Raw watex - 2 J&r‘NO‘_

and Limc 1 2 3 L4 5 6
Ferrous sulﬁhatc (ppm. ) o » 10 15 20 25 3% 1%
Lime (ppm. ) - 90 90 .90 | .90 go | S0 90 3
pH Reading 7,45 17.05 111.0 1.0 [11.0 [11.0 [10.95 1 16,95
Alkalinity (ppm. ) 84 108 96 |96 90 90 | 100 | 96
Hardness (ppm. ) 70 88 82 | 88 84 82 | 80 82
Turbidity (ppm. ) 150 170 - < o e 3 e
Appcarance of first floc (min.-sec.) .- - 035 | 0=40 | O=40 |0=45 {0=5C | 0=50
Floc index - - 8 8 3 10 | 10 10
Turbidity after flocculation (ppm. ) - - 65 60 80 5 O e o 65
Turbidity after 5 minutcs (ppm. ) - = 8 8 8 B 16 6
Turbidity after 15 minutcs (ppm. ) = - 2 2 3 2 2
Turbidity reduction ratio aftcr 5 minutcs .- - 0.88 0,87 | 0.90 [0.85 |0,87 [0.91
Turbidity reduction ratio aftcr 15 minutes - - 0,97 10.97 | 0.98 | 0,95 [0.96 [0.97
Percent of turtidity reduction - - 98.7 |98.7 |98.7 [98.0 198.7 [98.7
Residual iron (ppm.) 1.2 1.2 0,30 [0.30 |0.30 |0.30 {0.30 }0.30
Percent of iron decrcasc L - 75 115 75 5 175 75

oLt
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Test No.21, December 20; 1971 fRaw water T watcré gar Ho. ]
| and Limc | 1 £ 3 4 5 6
Ferrous sulphate (ppm. ) ! - i 1¢ |15 20 25 | 30 35
Lime (ppm. ) - 90 | 90|90 |90 | 9 |9 | 90 |
PH Recading 1:65 140 10.9 [10.9 10,851 10.8 {10,751 10.7 ]
Alkalinity (ppm. ) 84 136 86 | 80 70 58 | 60 58
Hardness (ppm. ) N 72 7 | 62 64 6o | 60 60
Turbidity (ppm. ) 186 200 e, LR TR . i
Appecarance of first floc (min,-sec. ) - - 0=25 | 0=30 | 0=50 |0=50 | 0~40 0.45~
Floc index - - 6 6 6 6 8 8
Turbidity aftcr flocculation (ppm, ) - o 60 | 80 95 79 170 70
Turbidity aftcr 5 minutcs (ppm. ) = = 8 9 8 7 7 7
Turbidity after 15 minutcs (ppm. ) = = 3 4 4 4 3 3
Turbidity reduction ratio aftcr 5 minutes E - - 0.87 [0.89 [0.92 ]0.90 | 0,90 | 0,90
Turbidity rcduction ratio after 15 minutes E - - 0.95 [0.95 0,96 |0.94 | 0,96} 0,96
Percent of turbidity rcduction fl ¥ - 98.3 197.8 197.8 [97.8 | 98.3| 98.3
Residual iron (ppm.) | 1.3 1.3 |0.30 [0.30 0,30 [0.30 | 0.33] 0,33
~Percent of iron decrease i - 76.9 |76.9 [16.9 [T76.9 | T4.6] 74.6

LLL
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Test No. 22; Deccember 21; 1971 ERaw water g - o : e o ; .
| pnd Limc 1. |2 3 4 |5 6

Ferrous sulphatc (ppm.) | - . 10 [15 | 20 | 25 Eﬁ 30 | 35 |

Lime (ppm.) - 90 90 |90 90 |-90 2» 90 50 |

pH Reading 7.35 1.0 [10.95 | 10.9 10,9 110.9 E1o.85 10,85

Alkalinity (ppm. ) 86 120 100 | 92 9 |90 | 88 | 88

Hardness (ppm.) 80 98 90 | 84 84 | 90 86 84 '

Turbidity (ppm. ) 200 230 - - - - - e o

Appearance of first floc (min.-sec. ) - - 0=30 | 0=35 | 0=35 | 0=40 | 0-45 |C=50

Floc index - - 6 6 8 6 6 6

Turbidity aftcr flocculation (ppm. ) - - 55 60 55 65 80 705

Turbidity after 5 minutcs (ppm. ) = = 6 8 ; 8 8 8

Purbidity after 15 minutes (ppm. ) - = 2 3 2 4 4 4

Purbidity reduction ratio after 5 minutes - - 0.89 |0.87 {0.87 }0.88 |C.90 {0.92

Turbidity reduction ratio after 15 minutes - - 0,96 i0.95 0.96 [0.94 | 0495 [0.96

Percent of turbidity reduction i " 99.0 198.5 99,0 [98.0. | 98.0 |98.0

Residual iron (ppm. ) 1.3 1,3 (.20 10,20 {0,20 [0,20 | 0,20 |0,20

Percent of iron decrease & % 84.6 ?M.G 85.6 184.6 | 84.6 | 84.6 =
N
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FIGURE 5.33 TURBIDITY CURVE FOR THE APPLICATION
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5.1.4 Dosage of Sulphuric Acid in Decrecsimg pH

Initial Water § pH 11.0
Alkalinity 90 ppm,
Hardness 86 ppm,
\ ; A \ »
H2804(ppm.) pH  |Alkalinity (ppm.) Hardnoss (ppm.)
30 ot 66 90
50 9.6 58 : 100
60 9.1 58 110
70 8.3 50 140
80 7.2 42 150
90 6.6 40 156




pH VALUE

6 sl ' pi - ' + ! '
0 10 20 30 40 S0 60 70 80 90 100
H SO - PPM.
SR : 2 4

+ FIGURE 5.34.DOSAGE OF. H2304.T0 DECREASE pH VALUE
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5.2 Discussion
The results of the experiments are include in the Test No.
throush NO.22.

Coagulation obtaincd by using ferrous sulphate showed acceptablem
resulted only when lime is added.

The first tost shows the rcsults obtained when varying dosages
of lime was uscd. It is also seen that the pH valucs will be increcased
when lime is added to the raw water sample.

By adding 3.2, 8.0, 16.0 and 32.0 ppm. of lime %o 1 litre of
raw water which has initial pH of 7.2 the pI of raw water will increcase
to 7.9, 8.95, 9.5 and 10.0 respectively as shawn in Figure 5.1 and
Figure 5.2 rcprescnt the dosage of lime in raising pH in rangc from O
to 120 ppm. which usc in this experiment,

Comparison of the results in test No.1 shows that ferrous sulphate
alonc did not give a floc at pH 7.05. Good coagulation with ferrous
sulphate can be obtained only by using lime in raising pH. Alkalinity
is required to increase pH of the water and thus obtain the optimum
ranze for iron-lime coagulation,

From tcst No.4 it is secn that 10 ppm. of ferrous sulphatc and
7.5 ppm. of lime will provide a clcar water.

On Figure 5.9-5.14 present the amount of ferrous sulphate found
in floc at various pH values with a given forrous sulphatc dosage. It
is clearly shown that the pH value increase the turbidity rcmain is -~
decrease. These graph arc alsc show the turbidity recmain after 15
minutes 2t verious pH and present the percent of turbidity rcduction
to consider. From graphs the optimum value that gave the good results
of flocculation was in the pH range 9.0-12.0. If the pH value less than
9.0 if gives the poor result as shown in graph., A pl upper than 12.0
it form the floc in o short time and floc may be broken by the stirrer
again.,

To considered the turbidity after flocculation and furbidity
after 5 minutes at various pH value arc presented in Figurc 5.3-5.8,
it is shown that at pH about 9.5-~10.0 giving 2 result of turbidity aftcr

flocculation and after 5 minutes too low it show that floc is heavy and
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it had settled to a lower part during stirrer which is unsatisfy for
our consideration bccause of floc will settlc in mixing chamber, instcad
of in the scdimentation chamber.

Ficure 5.15~5.20 present the relation between turbidity reduction
ratio and pH at a given dosage. From graphs the value of turbidity
reduction ratio incrcase when the pH is increase. If turbidity reduc-
tion ratio is low, . floc may be settled in the mixing chamber. S0
that the value of the turbidity reduction ratio in the high rangec was
the value to consider.

These experiments for the raw water, the rcsidual iron was
presented in Figure 5.21-5.26 and these graphs illustrated the fact
that, although the coagulation is maintained the good floc, the results
of residual iron arc not satisfied. In the case of pH above 11.0 that
give the result of rcsidual iron loss than 0.3 ppm., at pH 7.0-10.5
it had a residual iron increase from raw water., It is shows that at
this pH rengc the ferrous sulphate dose which we added as a coagulant
is to incrcasc the ircon in the water.

For dctermining the pH valucs of scttlod watcer refering to the
pH before ccagulation as shown in Figurc 5.27-5.32, some of them shown
that at pH 11.0 before coagulation can be reduce to 10.8 after coagula—
tion for ferrous sulphate dose 35 ppm. ’

Various degrees of turbidity nceded various amounts of ferrous
sulphate dosage at pH value 11.0 as represcnt in Figure 5.33 which is
obtaincd from tcsts NO.12-No.22, In this case fine clay from Pathum
Thance was uscd to incrcase the turbidity.

It is obvious, from Figurc 5.33, that as the turbidity increased
the dosage of ferrous sulphate needed also incrcascd., This is evident
since turbidity is causcd by suspended matlicr cveh as clay, silt and
finely divided organic mattcr, etec. Thus if the tuw.lLllity or amount
of suspended mattcr is high, then the ferrous sulphate nceded to preci-
pitate this matter be also high, This Figure also shows the amount of
ferrous sulphate necded when the turbidity of watcr is known.

By adding sulphuric acid at various dosage to the secttle water
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it will decrcase the pH valuc as shown in Figure 5.34. The purposé of
this cxperiment was to decrease pH value which so high to the limit of
standard for @rinking water. In this test adding sulphuric acid 30,50
and 60 ppm. to 1 litre of settle water which has initial pH of 11.0,
the pH will be decrease to 10.7, 9.6 and 9.1 respectively,

From the experiment it shows that to used ferrous sulphate as
a coagulant for raw watcr from Klong Prapa to produce a water supplied
in the limit of standard for drinking water, to used lime 90 ppm, for
raising pH to 11.0, ferrcus sulphate dosc 10 ppm. to produce watcr had
turbidity after 15 minutes 5 ppu., rosidue.l' iron 0,30 ppm., and to using
HZSOA, 80 ppm. to reduced the pH value to 7.35

Thesc coxpcriments as well gas thosc discussed above all point to
the fact that to coarulate the water in a short peroid of 30 minutes
velocity of 60 to 80 revolution per minute for rapid mix and 30 rcevolue
tion per minute for slow mix. :

Today in our country, the costs of coagulation with forrous
sulphate is morc expensive than alum. Thus, in the future to treat watcr
supplicd, if ferrous sulphate is recovered from waste picking liquors
at iron and stcel mills, and using it as a coagulant will be more saving

in costs and as in eliminating a by-product waste disposal problem,
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