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ABSTRACT

A study was conducted to investigate the influence of
the coagulant dosage, suspension pH, mixing intensity and
time on the suspended solids particle size distribution
during coagulation, flocculation and filtration of dilute
suspensions. The coagulation/flocculation investigation
consisted of laboratory experiments utilizing the jar test
apparatu% as well as a pilot plant mixing tank. Filtration
experiments were conducted using 3-six inch inside diameter
glass columns with different media sizes. The data
‘generated were used to compute the distribution slope of the
particles in each sample. The distribution slope was used

as the pretreatment performance indicator.

The distribution slope is influenced by both chemical
and physical treatment parameters and it can be used in the
treatment of dilute suspensions to optimize the coagulant

dosage, mixing intensity, and mixing time.

Both the total number of particles and the distribution
slope of flocculated suspensions were found to follow a
second order polynomial equation due to floc breakage after

the optimum mixing time.
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Table B-6 - Remaining Number of Particles per ml for G=40 s~!,and pH=8.00

ATum Average Particle Size, Microns
Dose Time Distribution
mg/L min. 3.5 7.5 12.5 17.5 22,5 27.5 32.5 37.5 45 62.5 87.5 125 Total Slope,p
0.00 11720 7349 2103 791 340 120 60 23 33 15 3.3 0.98 22560 3.60
0.25 10260 5906 1635 615 260 102 52 22 30 14 3.4 0.98 18900 3.50
0.0 7.25 10787 6731 1885 701 293 114 53 19 34 14 2.8 0.80 20635 3.59
13.50 9629 7140 2307 866 375 127 64 21 35 14 2.8 0.27 20581 3.73
36.75 8833 7387 2779 1007 368 126 56 21 32 15 3.4 0.36 20627 3.53
0.75 10495 6670 2015 766 312 118 60 22 34 15 3.0 0.98 20511 3.57
8.25 7395 5732 2390 1113 484 163 71 25 39 17 2.5 0.53 17431 3.58
2.0 22.00 3733 2749 1454 999 657 345 196 73 87 23 2.8 1.24 10318 3.09
35.50 2402 1644 877 648 489 288 207 95 140 36 4.3 0.71 6832 2.88
60.00 2366 1644 871 629 477 297 214 99 155 41 3.5 1.07 6799 2.82
1.75 9481 5875 1699 638 275 105 49 18 31 13 2.2 1.07 18187 3.54
9.50 4282 2884 1380 898 595 309 173 73 92 23 5.0 0.62 10713 3.16
5.0 20.50 2012 1267 625 422 332 217 177 93 182 65 5.6 1.42 5398 2.59
34.00 1431 893 427 303 232 169 140 76 166 175 7.0 0.53 3919 2.56
48.25 1298 793 382 277 212 163 134 77 165 67 4.6 0.62 3572 2.55
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Table B-6 Cont’d

Alum Average Particle Size, Microns
Dose Time Distribution
mg/L min. 3.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 45 62.5 87.5 125 Total Slope,p
2.75 8381 5392 1956 933 463 180 80 28 41 16 2.4 0.98 17474 3.48
10.75 2748 1785 828 507 340 203 142 66 134 47 3.6 0.36 6804 3.00
8.0 19.50 1540 899 392 281 225 165 140 79 171 78 5.2 0.89 3975 2.49
32.25 1601 1030 488 362 275 182 140 77 156 67 4.3 0.62 4382 2.64
46.50 1295 780 391 308 247 182 147 86 179 80 4.2 1.07 3702 2.48
3.75 6700 4354 1654 858 463 216 114 46 61 20 2.5 0.62 14490 3.40
12.00 1786 1014 399 265 191 135 120 70 178 87 7.5 1.16 4254 2.48
11.0 18.00 1547 849 347 232 161 113 98 57 145 94 11.0 0.98 3656 2.42
30.50 930 502 204 145 117 85 79 45 123 88 7.7 0.71 2327 2.27
45.00 1051 651 315 216 173 116 102 56 141 90 8.4 0.62 2921 2.40
§.75 3832 2372 951 529 327 182 119 57 109 45 3.7 0.53 9129 2.88
13.00 1426 807 345 225 167 117 101 53 146 94 8.7 0.36 3489 2.30
15.0 16.50 1240 723 308 202 163 114 92 58 127 88 6.8 0.44 3123 2.50
29.00 1026 551 221 153 115 85 78 46 131 98 9.4 0.71 2513 2.29
43.25 931 483 177 121 97 66 60 36 114 100 12.3 0.53 2200 1.95
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Table B-7 - Remaining Number of Paticles per ml for G=25 s-! ( Mixing Tank)
" Time Average Particle Size, Microns Distribution

min. 3.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 45 62.5 87.5 125 Total Slope,p
0.00 8503 5191 1623 758 355 154 81 34 57 30 4.62 1.51 16791 3.26
0.50 7879 5222 1688 802 384 163 86 34 60 28 4.80 2.04 16351 3.22
3.00 6862 4844 1708 791 345 135 76 30 52 27 5.33 1.42 14876 3.24
5.00 6262 4265 1646 861 470 200 110 45 72 30 5.96 1.24 13968 3.21
6.75 5084 3595 1605 1013 554 249 135 52 786 31 5.78 1.24 12403 3.11
9.75 4034 2750 1193 742 453 237 149 65 116 44 7.20 1.60 9792 2.89
11.50 3151 2016 904 600 399 221 161 76 143 59 7.02 1.33 7737 2.77
15.25 2040 1281 616 467 362 229 171 86 164 68 8.62 1.60 5494 2.56
17.50 1835 1155 572 426 331 207 159 79 159 63 7.73 1.96 4997 2.50
22.75 1670 1022 508 398 301 211 163 84 168 69 8.44 1.33 4603 2.49
25.00 1536 960 469 359 283 200 160 86 174 78 8.62 1.33 4315 2.43
28.00 1446 868 428 341 264 182 145 79 170 79 9.51 2.49 4013 2.31
30.00 1265 740 361 304 246 185 153 84 178 82 9.07 1.33 3609 2,33
35.00 1344 753 355 326 247 159 138 78 181 85 8.53 2.40 3678 2.29
45.00 1241 705 320 234 189 137 124 75 176 88 7.56 1.24 3298 2.32
50.00 1204 722 357 301 253 198 164 90 186 76 8.71 1.33 3560 2.33
55.25 1085 611 278 250 190 146 131 76 180 95 10.22 1.69 3054 2.19
60.00 1242 702 330 264 203 145 118 70 163 77 7.02 1.24 3325 2.36
70.00 1085 618 292 249 202 169 145 85 171 77 7.91 1.51 3104 2.24
90.25 993 585 276 215 193 152 132 77 164 77 6.49 1.24 2865 2.28
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Table B-8 - Remaining Number of Particles per ml for G=50 s-1 (

’

Mixing Tank)

Time Average Particle Size, Microns Distribution
min. 3.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 45 62.5 87.5 125 Total Slope B
0.00 9329 5668 1671 742 323 137 75 31 48 25 6.93 1.51 18059 3.27
0.75 8765 5772 1822 812 358 145 79 133 55 29 8.27 2.13 17880 3.19
2.75 7412 5100 1761 790 317 117 65 27 44 23 7.02 1.42 15665 3.13
4.25 6028 4308 1785 964 449 181 91 39 56 27 6.22 2.22 13937 3.13
6.25 4513 3192 1475 940 518 252 135 56 84 38 7.20 2.67 11213 2.92
7.75 3315 1771 1058 730 456 244 156 68 117 50 8.00 2.84 7975 2.69
10.25 2307 1515 750 567 388 243 167 81 141 54 9.51 3.20 6224 2,53
12,75 1894 1276 660 504 350 211 142 72 124 52 6.58 2.76 5294 2.54
15.25 1392 910 499 432 342 247 194 98 167 68 10.22 3,02 4363 2.31
18.25 1324 818 446 385 303 211 173 89 171 63 7.29 2.13 3994 2.36
23.25 1214 697 360 332 287 215 184 103 203 68 8.53 2.31 3674 2.26
28.50 1128 694 390 358 313 250 224 115 187 54 7.47 2.22 3723 2.28
33.75 1196 729 384 353 326 263 230 106 174 53 6.58 2,31 3822 2.34
38.75 1218 762 434 433 404 318 243 108 152 42 6.84 1.96 4123 2.38
43.75 1686 953 413 368 338 279 223 108 171 48 6.31 1.60 4595 2.43
54.75 1328 762 445 476 455 343 261 104 144 37 5.42 1.69 4363 2.45
68.75 1161 681 412 455 489 387 277 109 142 38 5.96 2.04 4157 2.38
79.75 1302 768 489 544 552 389 253 93 105 25 4.44 1.24 4525 2.58
88.75 1300 766 534 613 623 461 283 96 107 31 6.40 2.49 4825 2.45
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Table B-9 - Remaining Number of Particles per ml for G=75 s-!

( Mixing Tank)

Time Average Particle Size, Microns Distribution
min. 3.5 7.9 12.5 17.5 22.5 27.5 32.5 37.5 45 62.5 87.5 125 Total Slope, B
0.00 8671 5406 1625 702 319 123 67 29 49 23 5.24 0.62 17019 3.25
0.795 7939 5019 1563 715 326 131 65 25 43 20 4.71 1.16 15852 3.34
3.50 5981 4071 1315 552 228 92 51 23 37 20 5.33 0.89 12376 3.28
6.00 4064 3005 1345 779 415 193 124 50 87 40 6.13 1.51 10109 2.97
7.25 2831 2039 988 673 418 222 139 59 115 45 8.18 1.42 7540 2.79
10.75 2074 1454 775 590 400 246 155 74 130 49 7.64 1.87 5956 2.62
13.25 1756 1221 638 501 384 227 161 76 143 55 17.02 1.51 5170 2.57
16.25 1421 1008 564 450 345 222 160 74 121 35 4.53 0.80 4403 2.67
19.25 1425 988 560 505 409 280 203 101 150 45 7.38 1.96 4674 2.45
21.75 1330 898 509 439 359 243 180 88 136 43 6.31 0.89 4231 2.55
24.25 1359 925 540 491 417 282 203 91 137 43 5.87 1.16 4496 2.56
30.00 1481 1000 614 610 516 331 224 90 123 38 7.38 1.60 5035 2.53
35.00 1467 954 589 6575 509 330 206 83 106 32 5.16 1.78 4859 2.55
39.50 1353 959 669 688 635 387 226 1717 92 29 4.18 1.07 5120 2.70
49.25 1466 1078 824 873 747 403 204 66 75 23 4.98 1.42 5766 2.71
59.50 1456 1065 846 923 776 420 210 71 83 32 6.49 0.89 5889 2.72
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Table B-10 - Remaining Number of Particles per ml for G=100 s-1(Mixing Tank)

.

Time Average Particle Size, Microns Distribution
min. 3.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 45 62.5 87.5 125 Total Slope, B
0.00 9231 5652 1765 744 350 138 84 135 56 29 7.02 1.33 18092 3.26
0.50 8360 5145 1489 604 290 135 77 34 54 24 4.18 1.07 16215 3.33
2.50 6577 4810 1784 763 339 145 83 31 55 25 4.98 0.80 14618 3.15
4.75 3914 3031 1419 764 410 182 112 50 94 45 7.73 0.80 10031 3.04
7.25 2796 2142 1158 765 479 244 166 74 . 122 46 5.78 1.24 8001 2.85
10.50 2150 1685 1009 723 491 273 173 75 115 41 5.42 0.36 6738 2.95
13.00 2214 1719 1057 791 508 268 163 73 106 41 5.24 0.62 6946 2.93
16.00 2150 1807 1184 888 570 280 148 57 77 30 4.00 0.62 7195 2.78
19.50 1995 1680 1138 876 592 305 178 74 102 39 5.51 1.07 6986 2.80
23.75 2033 1807 1232 929 6586 278 151 56 67 27 4.80 0.71 7172 2.95
26.25 2057 1849 1317 1009 655 311 174 62 93 38 6.04 0.71 7571 2.73
29.25 2180 2002 1471 1112 660 306 165 66 94 35 4.98 1.96 8099 2.82
32.25 2324 230% 1734 1258 700 277 145 50 73 29 5.96 1.87 8899 2.88
40.00 2375 2366 1768 1279 666 256 118 42 62 25 4.62 0.89 8962 2.87
49.75 2480 2715 2100 1407 658 250 115 41 56 26 5.24 0.89 9854 3.11
60.25 2753 3130 2449 1582 689 231 103 38 54 23 4.53 0.44 11057 3.04




APPENDIX C

Pilot-Plant Data

- Data for Filter Number 1
- Data for Filter Number 2

- Data for Filter Number 3
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Table C-1 - Effluent Number of Particles per ml for Filter No. 1 (.35 mm)

Time Average Particle Size, micrometer
(hrs) 3.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 45.0 62.5 87.5 125
0.25 9.98 1.88 .13 .09 .04 0 0 0 0 0 0 0
1 7.77 1.48 .26 .10 .08 0 0 0 0 0 0 0
1.5 6.50 1.50 .28 .18 .07 .02 0 0 0 0 0 0
2 5.11 1.26 .12 .08 .06 0 0 0 0 0 0 0
3 3.63 1.08 .15 .03 .03 0 0 0 0 0 0 0
4 4.70 1.11 .09 .08 .06 .03 0 0 0 0 0 0
7 6.70 2.38 .24 .04 .03 0 0 0 0 0 0 0
8 10.87 3.99 .20 .06 .07 0 0 0 0 0 0 0
9 13.22 4.51 .33 .07 .06 0 0 0 0 0 0 0
15 23.08 14.23 2.04 .31 .12 .02 0 0 0 0 0 0
17 32.51 27.00 4.67 .73 .03 0 0 0 0 0 0 0
19 147.78 111.60 23.35 3.58 .43 .07 .03 0 0 0 0 0
20 161.33 126.33 30.08 4.84 .68 .06 .04 .03 O 0 0 0
22 263.63 209.26 65.33 17.26 2.50 .34 0 0 0 0 0 0

Note: Alum dose=0.0 mg/L, G=50 s-1, t=30 minutes
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Table C-4 - Effluent Number of Particles per ml for Filter No. 1 (.35 mm)

Time Average Particle Size, micrometer

(hrs) 3.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 45 62.5 87.5 125
0.25 1.54 .29 .06 .08 .02 .01 0 0 0 0 0 0
1 1.14 .31 .03 .03 0 0 0 0 0 0 0 0
2 0.98 .19 .03 0 0 0 0 0 0 0 0 0
3 0.76 .22 .06 .07 .02 0 0 0 0 0 0 0
3.5 1.69 .40 .04 .16 .02 0 0 0 0 0 0 0
4 1.97 .77 .30 .09 .02 0 0 0 0 0 0 0

Note: Alum dose=16.0 mg/L, G=50 s-1 ,t=30 minutes
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Figure D2 Total head loss versus run time for medium sand with
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Tables of the Head Loss Rates
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Table E-1 - Rate of Head Loss(in/hr) With Depth and Different Influent

Particle Size Distributions for Filter No.

1 (0.35 mm)

Sand (1) (1) (1) (1) (2) (2) . (3 (3)
Depth 0 mg/L 2 mg/L 8 mg/L 16 mg/L G=25 s-1 G=100 s t=15min t=45min
(in) Alum Alum Alum Alum
1 3.27 3.45 6.13 20.25 7.90 2,54 6.34 4.34
5 3.52 3.82 7.15 21.28 8.48 6.08 7.13 4.93
9 3.58 3.88 7.23 21.46 8.51 6.13 7.27 4.99
13 3.59 3.88 7.26 21.56 8.51 6.15 7.36 5.00
17 3.60 3.88 7.29 21.87 8.52 6.16 7.50 5.01

Note: (1) G=50 s-!, t=30 minutes
(2) Alum dose=8.0 mg/L, t=30 minutes

(3) Alum dose=8.0 mg/L, G=50 s-!
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Table E-2 - Rate of Head Loss(in/hr) With Different Depth and Influent

Particle Size Distributions for Filter No. 2 (0.50 mm)

Sand (1) (1) (1) (1) (2) (2) (3) (3)
Depth Omg/L 2mg/L 8mg/L 16mg/L G=25 g1 G=100 s-1 t=15min t=45min
(in) Alum Alum Alum Alum

1 1.09 1.15 1.41 2.02 1.54 1.21 1.92 0.99
5 1.20 1.45 2.37 3.72 2.47 1.98 2.73 1.72
9 1.23 1.55 2.50 4.02 2.61 2.12 2.87 1.83
13 1.24 1.57 2.55 4.11 2.65 2.16 2,92 1.86
17 1.25 1.60 2.56 4.11 2.67 2.18 2.95 1.88

Note: (1) G=50 s-1 ,t=30 minutes
(2) Alum dose=8.0 mg/L, t=30 minutes

(3) Alum dose=8.0 mg/L, G=50 s-!
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Table E-3 - Rate of Head Loss(in/hr) With Depth and Different Influent

Particle Size Distributions for Filter No. 3 (1.00 mm)

Sand (1) (1) (1) (1) (2) (2) (3) (3)
Depth Omg/L 2mg/L 8mg/L 16mg/L G=25 s-1 G=100 s-1t=15min t=45min
(in) Alum Alum - Alum Alum

1 .026 .058 .131 .166 .139 .123 .17 .106
5 .056 .124 .307 .395 .322 .295 .37 .272
9 .076 .149 .373 .491 .395 .350 .41 .332
13 .095 .159 . 397 .529 .418 .370 .43 .349
17 .102 .165 .406 .559 .430 .380 .45 .356

Note: (1) G=50 s8-1, t=30 minutes
(2) Alum dose=8.0 mg/L, t=30 minutes

(3) Alum dose=8.0 mg/L, G=50 s-1
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