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Appendix Table D1 Experimental data of run no.1

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M (M (m (m) removal
1 2 3
0 83 6.97 30 600 - - 0.10 0.05 0.10 0.10 - -
30 5 7.16 31 60.0 - - 040 0.50 020 020 - 94.0
60 9 7.02 31 60.0 - - 030 040 020 030 - 89.2
90 15 7.33 315 60.1 - - 030 050 040 020 - 81.9
120 18 7.45 31.8 60.1 - - 020 0.50 0.50 020 - 78.3
150 15 7.31 31.8 60.1 - - 040 0.50 0.50 030 - 81.9
180 12 7.29 32 601 - - 040 0.50 0.50 0.30 - 85.5
240 10 7.25 32 601 - - 050 0.60 0.60 0.40 - 88.0
300 10 7.26 32 601 - - 050 0.60 0.60 0.40 - 88.0
360 10 7.21 32 601 - - 050 0.60 0.60 0.40 - 88.0
Time  Porosity of media (f) 0%y e, 6,s G, G, G; G, G G e
(min) Top Medium Bottom (mz/s) ) ) (s-l) (s-l) (s-l) (s_l) (s_l) (s_l)
layer  layer layer
0 0.340 - - 0.8039 100.7 2158 189 92 13.0 13.0 - 13.5
30 0.340 - - 0.7870  100.7 2158 382 293 185 185 - 26.1
60 0.340 - - 0.7870  100.7 2158 33.0 262 185 227 - 25.1
90 0.341 - - 0.7789 100.7 2158 33.2 294 263 18.6 - 26.9
120 0.341 - - 0.7740 100.7 2158 27.2 295 29.5 187 - 26.2
150  0.341 - - 0.7740  100.7 2158 384 29.5 29.5 228 - 30.1
180  0.341 - - 0.7708 100.7 2158 385 29.6 29.6 229 - 30.1
240  0.341 - - 0.7708 100.7 215.8 43.1 324 324 264 - 33.6
300 0.341 - - 0.7708 100.7 215.8 43.1 324 324 264 - 33.6
360  0.341 - - 0.7708 100.7 215.8 43.1 324 324 264 - 33.6

Conditions: Hydraulic rate = 2.5 m3/m2—h, Dose of PACI =10 mg/L

: Media size = 3 mm, Media depth = 60 cm
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Appendix Table D2 Experimental data of run no.2

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M (M (m (m) removal
1 2 3
0 85 7.26 30.5 60.0 - - 020 0.10 0.20 0.10 0.10 -
30 12 7.16 315 600 - - 020 0.10 020 0.10 0.20 86.7
60 4 7.14 320 600 - - 010 0.20 020 020 0.10 95.2
90 4 7.13 320 600 - - 020 020 020 0.10 0.20 95.2
120 3 7.09 320 60.0 - - 020 020 020 020 o0.10 95.2
150 3 7.15 320 60.0 - - 020 030 020 020 o0.10 96.4
180 2 7.11 320 60.0 - - 030 030 030 0.10 o0.10 96.4
240 3 7.07 325 600 - - 030 040 030 0.10 o0.10 96.4
300 4 7.08 325 60.1 - - 030 040 030 0.10 o0.10 96.4
360 4 7.16 325 60.1 - - 030 040 030 0.10 o0.10 96.4
Time  Porosity of media (f) 0%y e, 6,s G, G, G; G, G G e
(min) ~ Top Medium Botom (2 ) 6 () ) 5) ) s) (s
layer  layer layer
0 0.340 - - 0.7955 100.7 2158 26.8 13.0 184 13.0 13.0 16.9
30 0.340 - - 0.7789 100.7 2158 27.1 132 18.6 132 18.6 18.1
60 0.340 - - 0.7708 100.7 2158 193 18.7 18.7 18.7 13.2 17.7
90 0.340 - - 0.7708 100.7 2158 273 187 187 13.2 18.7 19.3
120 0.340 - - 0.7708 100.7 2158 27.3 187 18.7 18.7 13.2 193
150  0.340 - - 0.7708 100.7 2158 273 229 187 18.7 13.2 20.2
180  0.340 - - 0.7708 100.7 2158 334 229 229 132 13.2 21.1
240  0.340 - - 0.7630 100.7 2158 33.6 26.6 23.0 133 133 22.0
300 0341 - - 0.7630  100.7 2158 33.5 26.6 23.0 133 133 21.9
360  0.341 - - 0.7630  100.7 2158 33.5 26.6 23.0 133 133 21.9

Conditions: Hydraulic rate = 2.5 m’/m’-h, Dose of PACI =5 mg/L

: Media size =3 mm, Media depth = 60 cm
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Appendix Table D3 Experimental data of run no.3

Time Tb pH  Temp Bed Expansion A ] An 5 Ahn 3 An ‘ An s %Tb
(min) (NTU) ( OC) (cm) m @M @M (@m (m) removal
1 2 3
0 83 6.98 31 60.00 - - 010 0.10 0.20 0.10 0.00 -
30 11 7.06 31.2 60.00 - - 010 020 0.20 0.10 0.00 86.7
60 4 6.96 315 60.05 - - 020 020 020 0.10 0.00 95.2
90 4 7.11 31.5 60.05 - - 020 020 020 0.15 0.00 95.2
120 4 7.09 31.8 60.05 - - 020 020 0.20 0.20 0.00 95.2
150 3 7.16 31.8 60.05 - - 020 020 0.20 0.20 0.00 96.4
180 3 7.18 32 60.05 - - 020 020 020 020 0.00 96.4
240 3 7.25 32 60.10 - - 035 025 025 0.10 0.05 96.4
300 3 7.26 325 60.10 - - 035 025 025 010 0.05 96.4
360 3 7.22 325 60.10 - - 035 025 025 0.10 0.05 96.4
420 3 7.18 325 60.10 - - 035 025 025 010 0.05 96.4
480 3 7.23 325 60.10 - - 035 025 025 0.10 0.05 96.4
Time  Porosity of media (f) 0%y e, e,; G, G, G; G, G G
(i) Top Medium Botom  (m's)  © O ) ) sh s s
layer  layer layer
0 0.340 - - 0.7870 100.7 215.8 19.1 13.1 185 13.1 0.0 15.9
30 0.340 - - 0.7838 100.7 215.8 19.1 18.6 18.6 13.1 0.0 17.3
60 0.340 - - 0.7789  100.7 215.8 27.1 18.6 18.6 132 0.0 19.4
90 0.340 - - 0.7789 100.7 215.8 27.1 18.6 18.6 16.1 0.0 20.1
120 0.340 - - 0.7740  100.7 215.8 27.2 18.7 187 18.7 0.0 20.8
150  0.340 - - 0.7740  100.7 215.8 27.2 187 18.7 18.7 0.0 20.8
180  0.340 - - 0.7708 100.7 215.8 27.3 18.7 187 18.7 0.0 20.8
240 0.341 - - 0.7708 100.7 215.8 36.0 209 209 132 9.3 20.1
300 0341 - - 0.7630 100.7 215.8 36.2 21.0 21.0 133 9.4 20.2
360 0341 - - 0.7630 100.7 215.8 36.2 21.0 21.0 133 9.4 20.2
420  0.341 - - 0.7630 100.7 215.8 36.2 21.0 21.0 133 9.4 20.2
480  0.341 - - 0.7630 100.7 215.8 36.2 21.0 21.0 133 9.4 20.2

Conditions: Hydraulic rate = 2.5 m’/m’-h, Dose of PACI = 2.5 mg/L

: Media size = 3 mm, Media depth = 60 cm
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Appendix Table D4 Experimental data of run no.4

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M @M (m (m) removal
1 2 3

0 81 7.43 29.5 60.0 - - 020 0.40 0.50 040 0.30 -

30 6 7.23 29.5 60.0 - - 040 0.50 0.50 0.50 0.25 92.6

60 11 7.25 300 60.0 - - 040 0.70 0.80 0.60 0.25 86.4

90 22 7.26 310 602 - - 0.60 1.00 0.80 0.60 0.45 72.8

120 24 7.22 310 602 - - 0.60 1.30 1.00 0.70 0.50 70.4

150 29 7.19 310 602 - - 1.00 1.20 1.10 1.10 0.40 64.2

180 30 7.24 310 602 - - 0.80 1.50 120 1.10 0.40 63.0

240 30 7.23 315 602 - - 0.80 1.70 1.50 1.20 0.40 63.0

300 31 7.27 320 602 - - 1.00 2.00 1.70 1.10 0.50 61.7

360 29 7.22 320 602 - - 0.70 220 2.00 1.10 0.50 64.2
Time  Porosity of media (f) 10y 6, 6,s G, G, G; G, G; G,
(min)  Top  Medium Bottom mr O O <s_l> (s_l> <s_l> (s_1> (s—l) (s—l)

layer layer layer

0 0.340 - - 0.8127 50.4 108.0 37.5 363 40.5 363 314 36.4
30 0.340 - - 0.8127 50.4 108.0 53.1 40.5 40.5 405 28.7 40.7
60 0.340 - - 0.8039 50.4 108.0 534 482 51.6 44.6 28.8 453
90 0.341 - - 0.7870  50.4 108.0 659 582 52.0 450 39.0 52.0
120 0.341 - - 0.7870  50.4 108.0 659 663 582 48.7 41.1 56.0
150  0.341 - - 0.7870  50.4 108.0 85.1 63.7 61.0 61.0 36.8 61.5
180  0.341 - - 0.7870  50.4 108.0 76.1 71.2 63.7 61.0 36.8 61.8
240  0.341 - - 0.7789 50.4 108.0 76.5 76.2 71.6 64.0 37.0 65.1
300 0341 - - 0.7708 50.4 108.0 839 83.1 76.6 61.6 41.6 69.4
360  0.341 - - 0.7708 50.4 108.0 70.2 87.2 83.1 61.6 41.6 68.7

Conditions: Hydraulic rate = 5 m3/m2-h, Dose of PACI =40 mg/L

: Media size = 3 mm, Media depth = 60 cm
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Appendix Table D5 Experimental data of run no.5

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) ( Oc) (cm) m (M @M (m (m) removal
1 2 3
0 84 7.06 31.5 600 - - 020 020 020 0.20 0.15 -
30 4 6.92 320 60.0 - - 010 030 020 040 020 952
60 4 6.94 320 60.1 - - 010 030 040 030 020 95.2
90 5 6.97 315 60.1 - - 020 050 040 030 020 94.0
120 8 7.01 315 60.1 - - 040 050 050 030 030 905
150 11 7.04 315 60.1 - - 030 080 050 0.50 0.20 86.9
180 10 7.03 319 60.1 - - 040 0.80 0.60 0.50 020 88.1
240 21 6.98 320 60.1 - - 040 1.00 0.60 0.70 0.30 75.0
300 22 7.04 320 60.1 - - 050 1.50 090 0.90 0.20 73.8
360 21 7.03 320 60.1 - - 070 1.40 1.00 090 030 75.0
Time  Porosity of media (f) 10y 6, 6,s G, G, G; G, G; G,
(min) - Top  Medium Botom 2y () (&) s_1> (s_l> ( s_1> (s_1> (s—l) (s—l)
layer layer layer
0 0.340 - - 0.7789 504 108.0 383 262 262 262 227 27.9
30 0.340 - - 0.7708 504 108.0 27.2 322 263 372 263 29.9
60 0.341 - - 0.7708 504 108.0 27.2 322 372 322 263 31.0
90 0.341 - - 0.7789 504 108.0 383 414 37.0 320 26.2 35.0
120 0.341 - - 0.7789 504 108.0 542 414 414 320 320 40.2
150  0.341 - - 0.7789 504 108.0 46.9 523 414 414 262 41.6
180  0.341 - - 0.7724 504 108.0 544 525 455 415 26.3 44.1
240  0.341 - - 0.7708 504 108.0 544 58.8 456 49.2 322 48.0
300 0.341 - - 0.7708 504 108.0 60.9 72.0 558 558 26.3 54.2
360  0.341 - - 0.7708 504 108.0 71.7 69.6 58.8 55.8 322 57.6

Conditions: Hydraulic rate = 5 m’/m’-h , Dose of PACI = 10 mg/L

: Media size = 3 mm, Media depth = 60 cm
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Appendix Table D6 Experimental data of run no.6

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) ( Oc) (cm) (m) (m) (m) (m) (m) removal
1 2 3
0 81 7.05 320 600 - - 010 0.10 030 0.20 0.20 -
30 4 7.09 320 600 - - 010 040 020 020 020 95.1
60 2 7.11 328 600 - - 020 040 020 030 020 975
90 4 7.16 325 600 - - 030 060 030 030 010 951
120 4 7.14 33.0 600 - - 040 050 030 040 0.10 95.1
150 4 7.17 332 600 - - 040 070 0.70 0.00 0.10 95.1
180 5 7.14 33.0 600 - - 060 060 070 020 030 938
240 15 7.15 335 60.1 - - 050 1.00 070 0.50 020 815
300 15 7.11 335 60.1 - - 060 120 0.80 0.50 050 815
360 16 7.13 335 60.1 - - 080 130 1.00 0.80 030 802
Time  Porosity of media (f) 10y e, 6,s G, G, G; G, G; G e
(min)  Top  Medium Botom 2y () () (s_1> (s_1> (s_1> <s_1> (s_l) (s_l)
layer  layer layer
0 0.340 - - 0.7708 504 108.0 27.2 18.6 322 263 263 26.1
30 0.340 - - 0.7708 504 108.0 27.2 372 263 263 263 28.7
60  0.340 - - 0.7582 504 108.0 389 375 265 325 265 324
90 0.340 - - 0.7630 504 108.0 474 458 324 324 18.7 354
120 0.340 - - 0.7551 504 108.0 55.1 42.1 32.6 37.6 18.8 372
150  0.340 - - 0.7520 504 108.0 55.2 499 499 0.0 18.8 34.7
180  0.340 - - 0.7551 504 108.0 674 46.1 498 266  32.6 44.5
240  0.341 - - 0.7475 504 108.0 61.8 59.7 50.0 422  26.7 48.1
300 0.341 - - 0.7475 504 108.0 67.7 654 534 422 422 54.2
360  0.341 - - 0.7475 504 108.0 782 68.1 59.7 534 327 58.4

Conditions: Hydraulic rate = 5 ms/mz-h, Dose of PACI =5 mg/L

: Media size = 3 mm, Media depth = 60 cm
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Appendix Table D7 Experimental data of run no.7

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) ( Oc) (cm) m @M @m @m (m removal
1 2 3
0 82 7.23 305 60.0 - - 020 0.10 0.10 030 020 -
30 5 7.39 305 60.0 - - 020 020 030 020 020 939
60 5 7.41 328 600 - - 020 040 040 030 0.10 939
90 5 7.36 328 60.0 - - 030 030 050 020 0.10 939
120 5 7.32 328 60.0 - - 030 040 040 020 020 939
150 14 7.35 325 60.1 - - 030 050 030 030 030 829
180 6 738 320 601 - - 040 0.50 050 040 020 927
240 5 7.39 33.0 60.1 - - 030 070 030 060 020 939
300 8 7.42 331 60.1 - - 050 070 0.60 030 030 90.2
360 8 7.45 331 60.1 - - 050 075 075 040 030 902
420 8 7.38 331 60.1 0.60 090 0.70 0.60 0.10 90.2
480 8 7.33 335  60.1 050 1.10 0.70 0.55 025 902
540 8 7.31 33.0 60.1 0.60 1.00 0.80 0.50 0.20 902
Time  Porosity of media (f) 0%y e, 6,s G, G, G; G, G G e
(min) Top Medium Bottom (rnz/s) ) (s) (S-l) (S-l) (S-l) (S—l) (S-l) (S-l)
layer  layer layer
0 0.340 - - 0.7955 504 108.0 379 183 183 317 259 26.4
30 0.340 - - 0.7955 504 108.0 37.9 259 31.7 259 259 29.5
60 0.340 - - 0.7582 504 108.0 389 37.5 375 325 18.8 33.0
90 0.340 - - 0.7582 504 108.0 47.6 325 42.0 265 18.8 335
120 0.340 - - 0.7582 504 108.0 47.6 375 375 265 265 35.1
150  0.341 - - 0.7630 504 108.0 474 41.8 324 324 324 37.3
180  0.341 - - 0.7708 504 108.0 544 41.6 4l1.6 372 263 40.2
240  0.341 - - 0.7551 504 108.0 47.6 49.7 325 460  26.6 40.5
300  0.341 - - 0.7536 504 108.0 61.6 49.8 46.1 326  32.6 44.5
360  0.341 - - 0.7536 504 108.0 61.6 51.5 51.5 37.6 326 47.0
420  0.341 - - 0.7536 504 108.0 674 564 49.8 46.07 18.8 47.7
480  0.341 - - 0.7475 504 108.0 61.8 626 50 4429 299 49.7
540 0.341 - - 0.7551 504 108.0 674 59.4 53.1 42.02 26.6 49.7

Conditions: Hydraulic rate = 5 m3/m2-h, Dose of PACl =2.5 mg/L

: Media size = 3 mm, Media depth = 60 cm
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Appendix Table D8 Experimental data of run no.8

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) ( Oc) (cm) m (M (m (m (m) removal
1 2 3
0 81 7.38 300 60.0 - - 010 030 020 030 0.10 -
60 11 7.32 315 600 - - 010 030 030 030 0.20 86.1
120 9 7.29 320 600 - - 010 040 030 030 0.10 88.6
180 9 7.26 320 60.0 - - 010 0.50 040 030 0.20 88.6
240 10 7.24 320 60.0 - - 020 0.50 040 040 0.10 87.3
300 10 7.21 315 60.0 - - 020 0.50 050 040 0.10 87.3
360 11 7.25 315 600 - - 020 0.60 0.50 0.50 0.30 86.1
420 10 7.27 31.0 60.0 - - 0.30 0.40 0.40 0.50 0.20 88.0
480 12 7.33 312 60.0 - - 0.20 0.50 0.40 0.70 0.20 85.5
540 10 7.31 315 600 - - 0.20 0.60 0.50 0.60 0.20 88.0
600 11 7.35 320 60.1 - - 0.20 0.70 0.40 0.80 0.20 86.7
660 15 7.29 320 60.1 - - 0.30 0.80 0.50 0.80 0.20 81.9
720 17 7.22 320 60.1 - - 0.30 090 0.60 0.80 0.30 79.5
780 16 7.24 328 60.1 - - 0.30 1.00 0.80 0.80 0.30 80.7
840 14 7.25 31.0 60.1 - - 040 090 0.60 0.60 0.30 83.1
900 15 7.27 312 60.1 - - 0.40 090 0.60 0.80 0.30 81.9
960 16 7.22 315 60.1 - - 040 1.00 0.70 0.80 0.40 80.7
1020 19 7.21 320 60.1 - - 0.60 1.10 0.70 0.70 0.30 77.1
1080 37 7.19 320 602 - - 0.60 1.10 1.00 0.80 0.20 55.4
1140 15 7.26 320 602 - - 0.60 130 0.90 0.80 0.30 81.9
1200 18 7.22 322 602 - - 0.60 1.40 0.90 0.90 0.30 78.3
1260 14 7.29 325 602 - - 0.60 1.40 1.10 090 0.10 83.1
1320 17 7.33 325 602 - - 0.70 1.50 1.20 0.90 0.20 79.5
1380 13 7.30 320 602 - - 0.80 1.60 1.10 1.10 0.30 84.3
1440 17 7.28 315 602 - - 090 1.70 1.20 0.90 0.50 79.5
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Appendix Table D8 Experimental data of run no.8 (Cont’d)

Time  Porosity of media (f) 0%y e, 6,s G, G, G; G, G G e
(min) - Top Medium Bottom 2y () () (s_l> (s_l> (s_l> <s_l> (s_]) (s_])
layer  layer layer

0 0.340 - - 0.8039 504 108.0 26.7 31.6 25.8 31.6 18.2 26.8
60 0.340 - - 0.7789 504 108.0 27.1 32.1 32.1 32.1 26.2 29.9
120 0.340 - - 0.7708 504 108.0 27.2 37.2 322 322 18.6 29.5
180  0.340 - - 0.7708 504 108.0 27.2 41.6 372 322 263 329
240  0.340 - - 0.7708 504 108.0 38.5 41.6 37.2 372 18.6 34.6
300  0.340 - - 0.7789 504 108.0 383 414 414 37.0 18.5 353
360  0.340 - - 0.7789 504 108.0 383 454 414 414 321 39.7
420  0.340 - - 0.7870 504 108.0 46.7 36.8 36.8 412  26.1 37.5
480  0.340 - - 0.7838 504 108.0 382 413 369 488  26.1 383
540  0.340 - - 0.7789 504 108.0 383 454 414 454 262 39.3
600  0.341 - - 0.7708 504 108.0 38.5 492 372 52,6 263 40.8
660  0.341 - - 0.7708 504 108.0 47.2 52.6 41.6 52.6 263 44.0
720 0.341 - - 0.7708 504 108.0 47.2 55.8 456 52.6 322 46.7
780  0.341 - - 0.7582 504 108.0 47.5 593 53.0 53.0 325 49.1
840  0.341 - - 0.7870 504 108.0 539 552 451 45.1 31.9 46.2
900  0.341 - - 0.7838 504 108.0 54.0 553 452 522 319 47.7
960  0.341 - - 0.7789 504 108.0 542 58.5 489 523 37.0 50.2
1020  0.341 - - 0.7708 504 108.0 66.7 61.7 492 492 322 51.8
1080  0.341 - - 0.7708 504 108.0 66.6 61.6 588 52.6 263 53.2
1140  0.341 - - 0.7708 504 108.0 66.6 67.0 557 52.6 322 54.8
1200  0.341 - - 0.7692 504 108.0 66.7 69.6 558 558 322 56.0
1260  0.341 - - 0.7630 504 108.0 67.0 69.9 619 56.0 18.7 54.7
1320  0.341 - - 0.7630 504 108.0 723 723 647 56.0 264 58.4
1380  0.341 - - 0.7708 504 108.0 76.9 743 61.6 61.6 322 61.3
1440  0.341 - - 0.7789 504 108.0 81.2 762 64.0 555 413 63.6

Conditions: Hydraulic rate = 5 m3/m2-h, Dose of PACI =1.25 mg/L

: Media size = 3 mm, Media depth = 60 cm
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Appendix Table D9 Experimental data of run no.9

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) ( Oc) (cm) m (M (m (m (m) removal
1 2 3
0 83 6.97 300 60.0 - - 0.20 0.50 0.40 0.40 0.30 -
30 19 7.41 31.0 60.0 - - 040 0.70 0.60 1.60 0.80 77.1
60 26 7.43 312 600 - - 0.50 1.40 120 0.80 1.30 68.7
90 32 7.38 312 60.0 - - 0.70 1.70 090 1.80 0.60 61.4
120 35 7.36 312 60.0 - - 050 200 140 0.60 0.90 57.8
150 37 7.38 315 60.0 - - 050 190 1.40 090 0.70 554
180 34 7.35 315 602 - - 050 200 1.40 090 0.70 59.0
240 41 7.28 315 602 - - 050 240 120 050 0.70 50.6
300 54 7.27 315 604 - - 020 210 030 0.70 0.80 34.9
360 56 7.31 320 605 - - 050 210 050 0.60 0.70 325
Time  Porosity of media (f) 0%y e, e,; G, G, G; G, G G
(min)  Top  Medium Bottom 2y (5) () (s_1> (s_1> (s_1> <s_1> (s_l) (s_l)
layer  layer layer
0 0.340 - - 0.8039 252 539 534 577 51.6 516 447 51.8
30 0.340 - - 0.7870 252 539 764 69.0 639 1043 73.8 71.5
60 0.340 - - 0.7838 252 539 855 97.8 90.5 739 94.2 88.4
90 0.340 - - 0.7838 252 539 101.2 107.8 78.4 110.9 64.0 92.5
120 0.340 - - 0.7838 252 539 855 1169 97.8 64.0 78.4 88.5
150  0.340 - - 0.7789 252 539 858 1143 98.1 78.6 69.4 89.2
180  0.341 - - 0.7789 252 539 857 117.0 97.9 785 69.2 89.7
240  0.341 - - 0.7789 252 539 857 1282 90.7 58.5 69.2 86.5
300 0.342 - - 0.7789 252 539 54.1 119.7 453 69.1 73.9 72.4
360  0.343 - - 0.7708 252 539 859 1203 58.7 643 69.4 79.7

Conditions: Hydraulic rate = 10 m’/m’-h, Dose of PACI = 40 mg/L

: Media size = 3 mm, Media depth = 60 cm
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Appendix Table D10 Experimental data of run no.10

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs  %Tb
(min) (NTU) ( Oc) (cm.) mM (M (m (m (m) removal
1 2 3
0 79 7.45 330 600 - - 0.30 030 0.40 0.60 0.30 -
30 12 7.32 328 60.0 - - 020 0.60 0.50 0.40 0.50 84.8
60 16 7.36 328 60.0 - - 030 0.80 040 0.50 0.50 79.7
90 16 7.37 330 60.0 - - 030 1.20 0.70 0.50 0.40 79.7
120 16 7.34 328 60.1 - - 040 130 060 0.40 0.60 79.7
150 19 7.28 328 60.1 - - 040 1.70 0.70 0.60 0.60 75.9
180 23 7.25 325 60.1 - - 060 210 0.60 0.80 0.60 70.9
240 29 7.27 325 60.1 - - 070 2.00 090 0.80 0.70 63.3
300 28 7.32 328 602 - - 060 190 1.00 0.80 0.90 64.6
360 29 7.34 326 602 - - 050 1.70 1.00 1.00 1.00 63.3
Time  Porosity of media (f) 0%y e, 6,; G, G, G; G, G G e
(min)  Top  Medium Bottom 2y () () (s_l> (s_l> (s_l> <s_l> (s_]) (s_])
layer  layer layer
0 0.340 - - 0.7551 252 539 675 46.1 533 652 46.1 55.6
30 0.340 - - 0.7582 252 539 550 651 594 531 59.4 58.4
60 0.340 - - 0.7582 252 539 674 752 53.1 594 59.4 62.9
90 0.340 - - 0.7551 252 539 675 922 704 595 533 68.6
120 0.341 - - 0.7582 252 539 777 957 650 53.1 65.0 71.3
150  0.341 - - 0.7582 252 539 77.7 109.5 70.2 65.0 65.0 77.5
180  0.341 - - 0.7630 252 539 949 1213 64.8 749 64.8 84.1
240  0.341 - - 0.7630 252 539 1025 1184 79.4 749 70.0 89.0
300 0.341 - - 0.7582 252 539 951 115.6 83.9 750 79.6 89.8
360  0.341 - - 0.7614 252 539 86.6 109.1 83.7 83.7 83.7 89.4

Conditions: Hydraulic rate = 10 m3/m2-h, Dose of PACI =10 mg/L

: Media size = 3 mm, Media depth = 60 cm
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Appendix Table D11 Experimental data of run no.11

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) ( Oc) (cm.) m (M @M (m (m) removal
1 2 3
0 82 6.92 31.0 60.0 - - 0.10 0.60 040 040 0.20 -
30 7 6.98 320 600 - - 030 0.60 0.50 0.50 0.20 91.5
60 9 7.04 320 600 - - 040 090 0.70 050 0.30 89.0
90 15 7.03 321 60.0 - - 0.50 1.20 0.80 0.50 0.30 81.7
120 18 7.05 325 600 - - 050 130 0.80 050 0.20 78.0
150 22 7.08 325 600 - - 060 140 090 0.60 0.50 73.2
180 25 7.11 325 600 - - 080 1.50 090 0.70 0.70 69.5
240 28 7.14 328 602 - - 070 1.80 090 0.50 0.60 65.9
300 29 7.17 328 602 - - 060 1.80 090 0.60 0.70 64.6
360 28 7.15 328 602 - - 040 1.80 090 0.60 1.20 65.9
Time  Porosity of media (f) 0%y e, 6,; G, G, G; G, G G e
(min)  Top Medium Botom (2 ) 6 () ) ) ) s) (s
layer  layer layer
0 0.340 - - 0.7870 252 539 382 639 522 522 36.9 48.7
30 0.340 - - 0.7708 252 539 668 64.6 589 589 37.3 573
60 0.340 - - 0.7708 252 539 772 79.1 69.7 589 45.6 66.1
90 0.340 - - 0.7692 252 539 863 914 746 59.0 45.7 71.4
120 0.340 - - 0.7630 252 539 86.7 955 749 592 37.5 70.8
150  0.340 - - 0.7630 252 539 950 99.1 79.5 649 59.2 79.5
180  0.340 - - 0.7630 252 539 109.7 102.6 79.5 70.1 70.1 86.4
240 0341 - - 0.7582 252 539 102.7 112.,5 79.6 593 65.0 83.8
300 0341 - - 0.7582 252 539 951 1125 79.6 65.0 70.2 84.5
360 0341 - - 0.7582 252 539 77.7 1125 79.6 65.0 91.9 85.3

Conditions: Hydraulic rate = m3/m2-h, Dose of PACI =5 mg/L

: Media size = 3 mm, Media depth = 60 cm
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Appendix Table D12 Experimental data of run no.12

Time Tb pH  Temp BedExpansion Ak, Ah, Ah; Ah, Ah; %Tb
(min) (NTU) ( OC) (cm) m m @m @m (m) removal
1 2 3
0 79 7.31 310 600 - - 020 070 0.60 0.70 0.20 -
30 17 7.18 320 600 - - 040 080 0.70 0.80 0.30 78.5
60 11 724 320 600 - - 050 070 0.70 0.70 0.40  86.1
90 11 7.29 322 600 - - 040 0.70 0.80 0.80 0.40 86.1
120 13 7.25 325 600 - - 030 0.90 0.80 0.80 0.30 83.5
150 13 7.23 330 600 - - 050 0.90 090 0.80 0.40 83.5
180 13 7.17 328 600 - - 040 1.10 1.10 0.80 0.40 83.5
240 17 722 330 600 - - 060 1.60 120 1.10 040 785
300 21 7.26 328 602 - - 060 140 120 1.20 0.50 73.4
360 21 7.23 300 602 - - 050 150 140 1.10 0.70 73.4
420 22 7.25 31.0 60.6 - - 040 130 130 1.10 0.80 72.2
Time  Porosity of media (f) 0%y e, e,; G, G, G; G, G; G x
(min)  Top Mediom Botom 20y &) ) (") ) 5) ) <) (s)
layer layer layer
0 0.340 - - 0.7870 252 539 540 69.0 639 69.0 36.9 58.6
30 0.340 - - 0.7708 252 539 772 745 69.7 745 456 68.3
60 0.340 - - 0.7708 252 539 863 69.7 69.7 69.7 52.7 69.6
90 0.340 - - 0.7692 252 539 772 69.8 746 74.6 52.8 69.8
120 0.340 - - 0.7630 252 539 672 795 749 749 459 68.5
150  0.340 - - 0.7551 252 539 872 799 799 753 533 75.1
180  0.340 - - 0.7582 252 539 778 88.1 88.1 752 53.1 76.5
240 0340 - - 0.7551 252 539 955 1065 92.2 88.3 53.3 87.2
300 0.341 - - 0.7582 252 539 951 993 919 919 59.3 87.5
360 0.341 - - 0.8039 252 539 843 998 964 854 68.2 86.8
420 0343 - - 0.7870 252 539 760 93.6 93.6 86.1 73.4 84.5

Conditions: Hydraulic rate = 10 m’/m’-h, Dose of PACI = 2.5 mg/L

: Media size = 3 mm, Media depth = 60 cm
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Appendix Table D13 Experimental data of run no.13

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M (m (m (m) removal
1 2 3

0 82 7.32 31.0 60.0 - - 0.10 0.60 0.60 0.50 0.40 -

30 28 7.10 312 60.0 - - 030 0.50 0.50 0.70 1.20 65.9

60 22 7.16 31.0 60.0 - - 030 040 0.70 040 0.30 73.2

90 21 7.14 31.0 60.0 - - 030 0.70 0.60 0.40 0.20 74.4

120 29 7.12 312 602 - - 040 0.70 0.60 0.70 0.30 64.6

150 26 7.18 31,5 602 - - 030 0.70 0.80 0.70 0.30 68.3

180 23 7.23 31,5 602 - - 040 0.70 0.70 0.80 0.40 72.0

240 26 7.24 315 602 - - 040 0.90 0.70 0.80 0.40 68.3

300 25 7.21 31,5 602 - - 040 0.90 090 0.90 0.40 69.5

360 26 7.24 320 602 - - 0.50 0.90 1.00 0.80 0.50 68.3

Time  Porosity of media (f) 10y 6, 6,s G, G, G; G, G; G,
(min)  Top  Medium Bottom mr O O <s_l> (s_l> <s_l> (s_1> (s—l) (s—l)

layer layer layer

0 0.340 - - 0.7870 252 539 382 639 639 583 52.2 553
30 0.340 - - 0.7838 252 539 663 584 584 69.1 90.5 68.6
60 0.340 - - 0.7870 252 539 66.1 522 69.0 522 45.2 56.9
90 0.340 - - 0.7870 252 539 66.1 69.0 639 522 36.9 57.6
120  0.341 - - 0.7838 252 539 764 69.0 639 69.0 45.2 64.7
150  0.341 - - 0.7789 252 539 664 692 740 692 453 64.8
180  0.341 - - 0.7789 252 539 76.6 692 69.2 740 523 68.3
240  0.341 - - 0.7789 252 539 76.6 78.5 69.2 740 523 70.2
300 0.341 - - 0.7789 252 539 76.6 785 785 785 523 72.9
360  0.341 - - 0.7708 252 539 86.1 789 832 744 58.8 76.3

Conditions: Hydraulic rate = 10 m’/m’-h, Dose of PACI = 1.25 mg/L

: Media size = 3 mm, Media depth = 60 cm
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Appendix Table D14 Experimental data of run no.14

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M (m (m (m) removal
1 2 3

0 86 6.98 285 30 - - 005 005 010 - - -

30 23 7.31 292 30 - - 005 005 005 - - 73.3

60 14 7.26 295 30 - - 005 005 010 - - 83.7

90 11 7.24 300 30 - - 010 0.10 0.05 - - 87.2

120 10 78 305 30 - - 010 010 005 - - 88.4

150 9 715 305 30 - - 010 010 005 - - 89.5

180 12 7.17 31,0 30 - - 005 005 020 - - 86.0

240 11 7.19 3.0 30 - - 005 005 020 - - 87.2

300 10 7.23 3.0 30 - - 005 005 020 - - 88.4

360 10 7.26 3.0 30 - - 005 005 020 - - 88.4
Time  Porosity of media (f) 10y 6, 6,s G, G, G; G, G; G,
(min) Top  Medium Botom 2y () ) <s_l> (s_l> <s_l> (s_1> (s—l) (s—l)

layer layer layer

0 0.360 - - 0.8304 100.7 2158 12.8 87 123 - - 11.3
30 0.360 - - 0.8179 100.7 2158 129 88 88 - - 10.1
60 0.360 - - 0.8127 100.7 2158 129 88 125 - - 114
90 0.360 - - 0.8039 100.7 2158 183 12,5 89 - - 13.2
120 0.360 - - 0.7955 100.7 2158 184 12.6 89 - - 13.3
150  0.360 - - 0.7904 100.7 2158 184 12.6 89 - - 13.3
180  0.360 - - 0.7870  100.7 2158 13.1 9.0 179 - - 13.3
240  0.360 - - 0.7870  100.7 2158 13.1 9.0 179 - - 13.3
300  0.360 - - 0.7870  100.7 2158 13.1 9.0 179 - - 13.3
360  0.360 - - 0.7870  100.7 2158 13.1 9.0 179 - - 13.3

Conditions: Hydraulic rate = 2.5 m’/m’-h, Dose of PACI=2.5 mg/L.

: Media size = 6 mm, Media depth =30 cm
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Appendix Table D15 Experimental data of run no.15

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M (m (m (m) removal
1 2 3
0 8 702 290 60 - - 010 010 005 005 - -
30 13 7.01 293 60 - - 010 0.05 0.05 0.05 - 84.7
60 10 703 295 60 - - 010 005 005 005 - 882
90 8 6.97 300 60 - - 010 0.05 0.10 0.10 - 90.6
120 7 699 300 6 - - 010 005 010 010 - 918
150 8 7.04 303 60 - - 010 0.10 0.10 0.10 - 90.6
18 7 706 303 6 - - 010 010 010 010 - 918
240 8 7.03 303 60 - - 010 0.10 0.10 0.10 - 90.6
300 7 701 303 60 - - 010 010 010 010 - 918
360 7 7.04 303 60 - - 010 0.10 0.10 0.10 - 91.8
Time  Porosity of media (f) 0%y e, 6,; G, G, G; G, G G e
(min)  Top Medium Botom 2y ) 6 () ) ) ) s) (s
layer  layer layer
0 0.360 - - 0.8214 100.7 2158 18.1 124 88 838 - 12.0
30 0.360 - - 0.8162 100.7 2158 182 88 88 88 - 11.1
60 0.360 - - 0.8127 100.7 2158 182 88 88 88 - 11.2
90 0.360 - - 0.8039 100.7 2158 183 89 125 125 - 13.1
120 0.360 - - 0.8039 100.7 2158 183 89 125 125 - 13.1
150  0.360 - - 0.7990 100.7 2158 184 12.6 12.6 12.6 - 14.0
180  0.360 - - 0.7990 100.7 2158 184 12.6 12.6 126 - 14.0
240  0.360 - - 0.7990 100.7 2158 184 12.6 12.6 12.6 - 14.0
300  0.360 - - 0.7990 100.7 2158 184 12.6 12.6 12.6 - 14.0
360  0.360 - - 0.7990 100.7 2158 184 12.6 12.6 126 - 14.0

Conditions: Hydraulic rate = 2.5 m’/m’-h, Dose of PACI = 2.5 mg/L.

: Media size = 6 mm, Media depth = 60 cm
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Appendix Table D16 Experimental data of run no.16

100

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M (m (m (m) removal
1 2 3
0 88 7.45 31.0 30 - - 010 0.10 0.10 0.10 - -
30 15 7.22 30.5 30 - - 010 0.20 0.10 0.10 - 83.0
60 12 7.24 30.8 30 - - 010 0.20 0.10 0.10 - 86.4
90 8 7.23 310 30 - - 010 0.20 0.10 0.10 - 90.9
120 6 7.28 310 30 - - 010 030 0.10 0.10 - 93.2
150 6 7.26 310 30 - - 030 020 0.10 0.10 - 93.2
180 6 7.21 310 30 - - 040 030 0.10 0.10 - 93.2
240 6 7.18 310 30 - - 040 030 0.10 0.10 - 93.2
300 5 7.16 310 30 - - 040 030 0.10 0.10 - 94.3
360 5 7.23 310 30 - - 040 030 0.10 0.10 - 94.3
Time  Porosity of media (f) 0™y e, e,; G, G, G; G, G G
(min) ~ Top  Medium Bottom 2y () () (s_l> (s_l> (s_l> <s_l> (s_]) (s_])
layer  layer layer
0 0.340 - - 0.7870 100.7 2158 19.1 13.0 13.0 13.0 - 14.5
30 0.340 - - 0.7955 100.7 2158 19.0 183 13.0 13.0 - 15.8
60 0.340 - - 0.7904 100.7 2158 19.0 184 13.0 13.0 - 15.9
90 0.340 - - 0.7870 100.7 2158 19.1 184 13.0 13.0 - 15.9
120 0.340 - - 0.7870 100.7 2158 19.1 22.6 13.0 13.0 - 16.9
150  0.340 - - 0.7870  100.7 2158 33.0 184 13.0 13.0 - 19.4
180  0.340 - - 0.7870  100.7 2158 382 22.6 13.0 13.0 - 21.7
240  0.340 - - 0.7870  100.7 2158 382 22.6 13.0 13.0 - 21.7
300  0.340 - - 0.7870  100.7 2158 382 22.6 13.0 13.0 - 21.7
360  0.340 - - 0.7870  100.7 2158 382 22.6 13.0 13.0 - 21.7

Conditions: Hydraulic rate = 2.5 m3/m2—h, Dose of PACI = 2.5 mg/L.

: Media size = 3 mm, Media depth = 30 cm



Appendix Table D17 Experimental data of run no.17

101

Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M (m (m (m) removal
1 2 3

0 81 7.21 29 60 - - 010 0.10 0.20 0.10 0.00 -

30 26 7.02 30.8 60 - - 010 0.20 020 0.10 0.00 67.9

60 5 7.05 31 60 - - 010 020 020 0.10 0.10 93.8

90 5 7.03 31 60 - - 010 020 020 0.10 0.10 93.8

120 4 7.07 312 60 - - 010 0.20 020 0.10 0.10 95.1

150 3 7.06 312 60 - - 010 0.20 020 0.00 0.20 96.3

180 3 7.13 31.8 60 - - 030 030 020 020 0.20 96.3

240 3 7.14 31.8 60 - - 030 030 020 020 0.20 96.3

300 2 7.16 31.8 60 - - 030 030 020 020 0.20 97.5

360 2 7.09 31.8 60 - - 030 030 020 020 0.20 97.5
Time  Porosity of media (f) 0%y e, 6,s G, G, G; G, G G e
(min)  Top Medium Botom 2y ) 6 () ) ) ) s) (s

layer  layer layer

0 0.340 - - 0.8214 100.7 2158 18.7 12.8 18.0 12.8 0.0 12.4
30 0.340 - - 0.7904 100.7 2158 19.0 184 184 13.0 0.0 13.8
60 0.340 - - 0.7870 100.7 2158 19.1 184 184 13.0 13.0 16.4
90 0.340 - - 0.7870 100.7 2158 19.1 184 184 13.0 13.0 16.4
120 0.340 - - 0.7838 100.7 2158 19.1 185 185 13.1 13.1 16.4
150  0.340 - - 0.7838 100.7 2158 19.1 185 185 0.0 18.5 14.9
180  0.340 - - 0.7740 100.7 2158 333 22.8 18.6 18.6 18.6 22.4
240  0.340 - - 0.7740 100.7 2158 333 22.8 18.6 18.6 18.6 22.4
300  0.340 - - 0.7740 100.7 2158 333 228 18.6 18.6 18.6 22.4
360  0.340 - - 0.7740 100.7 2158 333 22.8 18.6 18.6 18.6 224

Conditions: Hydraulic rate = 2.5 m’/m’-h, Dose of PACI = 2.5 mg/L.

: Media size = 3 mm, Media depth = 60 cm



Appendix Table D18 Experimental data of run no.18
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Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) ( Oc) (cm) m (M (m (m (m) removal
1 2 3
0 87 7.03 298 30 - - 005 0.05 010 - - -
30 50 7.34 300 30 - - 005 0.05 005 - - 42.5
60 26 7.35 303 30 - - 005 0.05 005 - - 73.5
90 26 7.29 30.8 30 - - 005 0.05 005 - - 73.5
120 25 7.31 30.8 30 - - 005 0.05 005 - - 74.5
150 25 7.33 30.8 30 - - 005 0.05 010 - - 74.5
180 21 7.34 310 30 - - 005 0.05 010 - - 78.6
240 21 7.28 310 30 - - 005 0.05 010 - - 78.6
300 21 7.26 310 30 - - 005 0.05 010 - - 78.6
360 21 7.27 310 30 - - 005 0.05 010 - - 78.6
Time  Porosity of media (f) 0%y e, 6,; G, G, G; G, G G e
(min) ~ Top  Medium Bottom 2y () () (s_l> (s_l> (s_l> <s_l> (s_]) (s_])
layer  layer layer
0 0.400 - - 0.8074 100.7 2158 123 84 119 - - 10.8
30 0.400 - - 0.8039 100.7 2158 123 84 84 - - 9.7
60 0.400 - - 0.7950 100.7 2158 124 85 85 - - 9.8
90 0.400 - - 0.7904 100.7 2158 124 85 85 - - 9.8
120 0.400 - - 0.7904 100.7 2158 124 85 85 - - 9.8
150  0.400 - - 0.7904 100.7 2158 124 85 12.0 - - 11.0
180  0.400 - - 0.7789 100.7 2158 12.5 85 12.1 - - 11.0
240  0.400 - - 0.7789 100.7 2158 12.5 85 12.1 - - 11.0
300  0.400 - - 0.7789 100.7 2158 12.5 85 12.1 - - 11.0
360  0.400 - - 0.7789 100.7 2158 125 85 12.1 - - 11.0

Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACI =2.5 mg/L.

: Media size = 10 mm, Media depth = 30 cm



Appendix Table D19 Experimental data of run no.19
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Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M (m (m (m) removal
1 2 3

0 87 7.41 29.5 60 - - 0.05 0.05 0.10 0.00 0.00 -

30 18 726 305 60 - - 005 005 010 0.00 000 793

60 14 7.29 3. 60 - - 005 005 010 0.00 000 839

90 13 7.23 31 60 - - 005 005 010 0.00 000 85.1

120 12 7.27 31 60 - - 010 010 0.10 0.00 0.00 862

150 12 7.24 31.2 60 - - 0.10 0.10 0.10 0.00 0.00 86.2

180 10 725 315 60 - - 005 005 010 0.10 0.10 885

240 11 728 315 60 - - 005 005 010 0.10 0.10 874

300 10 721 315 60 - - 005 005 010 0.10 0.10 885

360 10 725 315 60 - - 005 005 010 0.10 0.10 885

Time  Porosity of media (f) 10y 6, 6,s G, G, G; G, G; G,
(min)  Top  Medium Bottom mr O O <s_l> (s_l> <s_l> (s_1> (s—l) <s—1)

layer layer layer

0  0.400 - - 0.8127 100.7 2158 122 84 11.8 0.0 0.0 6.5
30 0.400 - - 0.7955 100.7 2158 124 85 12.0 0.0 0.0 6.6
60 0.400 - - 0.7870 100.7 215.8 124 85 120 0.0 0.0 6.6
90 0.400 - - 0.7870 100.7 215.8 124 85 120 0.0 0.0 6.6
120 0.400 - - 0.7870 100.7 2158 17.6 12.0 12.0 0.0 0.0 83
150  0.400 - - 0.7838 100.7 2158 17.6 12.0 12.0 0.0 0.0 8.3
180  0.400 - - 0.7789 100.7 2158 12.5 8.5 12.1 121 12.1 11.5
240  0.400 - - 0.7789 100.7 2158 12.5 8.5 12.1 121 12.1 11.5
300  0.400 - - 0.7789 100.7 2158 12.5 8.5 12.1 121 12.1 11.5
360  0.400 - - 0.7789 100.7 2158 12.5 8.5 12.1 121 12.1 11.5

Conditions: Hydraulic rate = 2.5 m’/m’-h, Dose of PACI = 2.5 mg/L.

: Media size = 10 mm, Media depth = 60 cm



Appendix Table D20 Experimental data of run no.20
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Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M (m (m (m) removal
1 2 3
0 85 6.95 31.8 15 15 - 005 0.00 005 - - -
30 45 7.16 32.0 15 15 - 010 0.05 005 - - 47.1
60 27 7.18 31.8 15 15 - 010 0.05 005 - - 70.7
90 14 7.15 31.8 15 15 - 010 0.10 005 - - 84.8
120 16 7.19 31.8 15 15 - 010 0.10 005 - - 82.6
150 15 7.14 32.0 15 15 - 010 0.10 005 - - 83.7
180 13 7.07 32.0 15 15 - 010 0.10 005 - - 85.9
240 15 7.06 32.0 15 15 - 010 0.10 0.05 - - 83.7
300 13 7.11 32.0 15 15 - 010 0.10 0.05 - - 85.9
360 14 7.13 32.0 15 15 - 010 0.10 0.05 - - 84.8
Time  Porosity of media (f) 0%y e, 6,s G, G, G; G, G G
(min)  Top Medium Botom (2 ) 6 ) ) ) ) s) (s
layer  layer  layer
0 0.360  0.400 - 0.7740 100.7 2158 132 0.0 8.6 - - 73
30 0.360  0.400 - 0.7708 100.7 2158 18.7 88 8.6 - - 12.0
60 0.360  0.400 - 0.7740 100.7 2158 18.7 88 8.6 - - 12.0
90 0.360  0.400 - 0.7740 100.7 2158 18.7 124 8.6 - - 13.2
120 0.360  0.400 - 0.7740 100.7 2158 18.7 124 8.6 - - 13.2
150  0.360  0.400 - 0.7708 100.7 2158 18.7 12.5 8.6 - - 133
180  0.360  0.400 - 0.7708 100.7 2158 18.7 12.5 8.6 - - 133
240  0.360  0.400 - 0.7708 100.7 2158 18.7 12.5 8.6 - - 133
300 0.360 0.400 - 0.7708 100.7 2158 18.7 12.5 8.6 - - 133
360  0.360  0.400 - 0.7708 100.7 2158 18.7 12.5 8.6 - - 133

Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACI =2.5 mg/L.

: Media size = 6 mm, Media depth = 15 cm at top layer.

: Media size = 10 mm, Media depth = 15 cm at bottom layer
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Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M (m (m (m) removal
1 2 3

0 87 7.44 28.8 30 30 - 0.05 0.05 0.05 0.05 0.05 -

30 16 7.33 300 30 30 - 0.10 0.10 0.05 0.05 0.05 81.6

60 14 7.42 30.8 30 30 - 0.10 0.10 0.05 0.05 0.05 83.9

90 13 7.95 313 30 30 - 0.10 0.10 0.10 0.05 0.05 85.1

120 14 7.24 313 30 30 - 0.10 0.10 0.10 0.10 0.10 83.9

150 11 713 317 30 30 - 010 0.10 0.10 0.10 0.10 87.4

180 9 7.03 31.7 30 30 - 0.10 0.10 0.10 0.10 0.10 89.7

240 9 7.26 31.7 30 30 - 0.10 0.10 0.10 0.10 0.10 89.7

300 8 7.20 31.7 30 30 - 0.10 0.10 0.10 0.10 0.10 90.8

360 8 7.23 31.7 30 30 - 0.10 0.10 0.10 0.10 0.10 90.8

Time  Porosity of media (f) 10y 6, 6,s G, G, G; G, G; G,
(min)  Top  Medium Bottom mr O O <s_l> (s_l> <s_l> (s_1> (s—l) (s—l)

layer layer layer

0 0.360  0.400 - 0.8250 100.7 2158 128 87 85 83 8.3 9.3
30 0.360  0.400 - 0.8039 100.7 2158 183 125 86 84 8.4 11.3
60 0.360  0.400 - 0.7904 100.7 2158 185 12.6 87 8.5 8.5 11.4
90 0.360  0.400 - 0.7821 100.7 2158 18.6 12.7 124 8.5 8.5 12.1
120 0360  0.400 - 0.7821 100.7 2158 18.6 12.7 124 121 121 13.6
150  0.360  0.400 - 0.7757 100.7 2158 18.7 12.8 124 121 121 13.6
180  0.360  0.400 - 0.7757 100.7 2158 18.7 12.8 124 12.1 12.1 13.6
240  0.360  0.400 - 0.7757 100.7 2158 18.7 12.8 124 12.1 12.1 13.6
300  0.360  0.400 - 0.7757 100.7 2158 18.7 12.8 124 12.1 12.1 13.6
360 0.360 0.400 - 0.7757 100.7 2158 18.7 12.8 124 12.1 12.1 13.6

Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACI = 2.5 mg/L.

: Media size = 6 mm, Media depth = 30 cm at top layer.

: Media size = 10 mm, Media depth = 30 cm at bottom layer
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Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm.) m (M (m (m (m) removal
1 2 3

0 84 7.42 30.7 15 15 - 010 0.10 0.10 - - -

30 17 7.39 30.8 15 15 - 010 0.10 0.10 - - 79.8

60 13 7.43 31.2 15 15 - 010 0.10 0.10 - - 84.5

90 12 7.46 31.8 15 15 - 010 0.10 0.10 - - 85.7

120 13 7.35 31.6 15 15 - 010 0.10 0.10 - - 84.5

150 12 7.31 31.6 15 15 - 010 0.10 020 - - 85.7

180 11 7.34 31.2 15 15 - 010 0.10 020 - - 86.9

240 9 7.27 31.2 15 15 - 010 0.10 020 - - 89.3

300 9 7.80 31.2 15 15 - 010 0.10 020 - - 89.3

360 9 7.30 312 15 15 - 010 0.10 020 - - 89.3
Time  Porosity of media (f) 0%y e, 6,s G, G, G; G, G G e
(min)  Top Medium Botom (2 ) 6 ) ) ) ) s) (s

layer  layer layer

0 0.340  0.360 - 0.7920 100.7 215.8 19.0 12.8 12.6 - - 14.8
30 0.340  0.360 - 0.7900 100.7 215.8 19.0 12.8 12.6 - - 14.8
60 0.340  0.360 - 0.7838 100.7 215.8 19.1 129 12.7 - - 14.9
90 0.340  0.360 - 0.7740 100.7 2158 19.2 13.0 12.8 - - 15.0
120 0.340 0.360 - 0.7773 100.7 215.8 19.1 129 12.7 - - 14.9
150  0.340 0.360 - 0.7773 100.7 215.8 19.2 129 18.0 - - 16.7
180  0.340 0.360 - 0.7838 100.7 215.8 19.1 129 179 - - 16.6
240 0.340 0.360 - 0.7838 100.7 215.8 19.1 129 179 - - 16.6
300 0.340 0.360 - 0.7838 100.7 215.8 19.1 129 179 - - 16.6
360  0.340 0.360 - 0.7838 100.7 215.8 19.1 129 17.9 - - 16.6

Conditions: Hydraulic rate = 2.5 m’/m’-h, Dose of PACI = 2.5 mg/L.

: Media size = 3 mm, Media depth = 15 cm at top layer.

: Media size = 6 mm, Media depth = 15 cm at bottom layer
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Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M (m (m (m) removal
1 2 3

0 85 7.28 294 30 30 - 0.10 0.10 0.10 0.10 0.10 -

30 14 7.38 30.5 30 30 - 0.10 0.20 0.10 0.10 0.10 84.1

60 8 7.18 30.7 30 30 - 0.10 0.20 0.10 0.10 0.10 90.9

90 6 7.17 30.8 30 30 - 0.10 0.20 0.10 0.10 0.10 93.2

120 7 7.15 31.1 30 30 - 0.10 0.20 0.20 0.20 0.10 92.0

150 5 7.14 313 30 30 - 0.10 0.20 0.20 0.20 0.10 94.3

180 6 7.21 313 30 30 - 0.10 0.20 0.20 0.20 0.10 93.2

240 5 7.21 313 30 30 - 0.10 0.20 0.20 0.20 0.10 94.3

300 6 7.19 313 30 30 - 0.10 0.20 0.20 0.20 0.10 93.2

360 5 7.19 313 30 30 - 0.10 0.20 0.20 0.20 0.10 94.3

Time  Porosity of media (f) 10y 6, 6,s G, G, G; G, G; G,
(min)  Top  Medium Bottom mr O O <s_l> (s_l> <s_l> (s_1> (s—l) (s—l)

layer layer layer

0 0.340 0360 - 0.8144 100.7 2158 18.8 12.8 12.6 125 12.5 13.8
30 0340 0.360 - 0.7955 100.7 2158 19.0 183 128 126 12.6 15.1
60 0.340 0360 - 0.7920 100.7 2158 19.0 184 12.8 12.6 12.6 15.1
90 0.340 0360 - 0.7900 100.7 2158 19.0 184 12.8 12.6 12.6 15.1
120 0.340 0.360 - 0.7854 100.7 2158 19.1 185 182 179 12.7 17.3
150 0.340 0360 - 0.7821 100.7 2158 19.1 185 182 180 127 17.3
180  0.340 0.360 - 0.7821 100.7 2158 19.1 185 182 18.0 12.7 17.3
240  0.340 0.360 - 0.7821 100.7 2158 19.1 185 182 18.0 12.7 17.3
300 0.340 0.360 - 0.7821 100.7 2158 19.1 185 182 18.0 12.7 17.3
360 0.340 0.360 - 0.7821 100.7 2158 19.1 18.5 182 18.0 12.7 17.3

Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACI = 2.5 mg/L.

: Media size = 3 mm, Media depth = 30 cm at top layer.

: Media size = 6 mm, Media depth = 30 cm at bottom layer
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Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) ( Oc) (cm) m (M (m (m (m) removal
1 2 3
0 85 7.73 27.6 15 15 - 005 0.05 0.05 0.05 - -
30 51 7.35 28.2 15 15 - 010 0.20 0.10 0.10 - 40.0
60 13 73 28.6 15 15 - 010 0.10 0.10 0.10 - 84.7
90 11 7.23 28.7 15 15 - 020 0.10 0.10 0.10 - 87.1
120 12 7.13 29.1 15 15 - 020 0.10 0.10 0.10 - 85.9
150 11 7.21 29.1 15 15 - 020 020 0.10 0.10 - 87.1
180 11 7.17 29.5 15 15 - 020 020 0.10 0.10 - 87.1
240 11 7.39 29.5 15 15 - 020 020 0.10 0.10 - 87.1
300 11 7.22 29.5 15 15 - 020 020 0.10 0.10 - 87.1
360 11 7.13 29.5 15 15 - 020 020 0.10 0.10 - 87.1
Time  Porosity of media (f) 0%y e, 6,s G, G, G; G, G G
(min)  Top Medium Botom (2 ) 6 ) ) ) ) s) (s
layer  layer  layer
0 0.340  0.400 - 0.8469 100.7 2158 130 85 82 82 - 9.5
30 0.340  0.400 - 0.8358 100.7 2158 185 17.1 11.7 11.7 - 14.7
60 0.340  0.400 - 0.8286 100.7 2158 18.6 122 11.7 11.7 - 13.5
90 0.340  0.400 - 0.8268 100.7 2158 263 122 11.7 11.7 - 15.5
120 0.340  0.400 - 0.8197 100.7 2158 264 122 11.8 11.8 - 15.6
150  0.340  0.400 - 0.8197 100.7 2158 264 173 11.8 118 - 16.8
180  0.340  0.400 - 0.8127 100.7 2158 26.6 174 11.8 11.8 - 16.9
240  0.340 0.400 - 0.8127 100.7 2158 26.6 174 11.8 118 - 16.9
300 0.340 0.400 - 0.8127 100.7 2158 26.6 174 11.8 118 - 16.9
360  0.340  0.400 - 0.8127 100.7 2158 26.6 174 11.8 118 - 16.9

Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACI =2.5 mg/L.

: Media size = 3 mm, Media depth = 15 cm at top layer.

: Media size = 10 mm, Media depth = 15 cm at bottom layer
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Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M (m (m (m) removal
1 2 3
0 82 6.86 287 30 30 - 010 020 0.10 0.10 0.05 -
30 16 720 297 30 30 - 010 020 0.0 0.0 010 805
60 15 7.15 29.8 30 30 - 010 030 0.10 0.10 0.10 81.7
90 8 7.29 299 30 30 - 010 020 0.10 0.10 0.10 90.2
120 7 730 300 30 30 - 010 020 0.0 010 010 915
150 7 7.43 299 30 30 - 020 040 0.10 0.10 o0.10 91.5
180 6 7.67 299 30 30 - 020 040 0.10 0.10 o0.10 92.7
240 6 7.59 299 30 30 - 020 040 0.10 0.10 o0.10 92.7
300 6 7.50 299 30 30 - 020 040 0.10 0.10 o0.10 92.7
360 6 7.44 299 30 30 - 020 040 0.10 0.10 o0.10 92.7
Time  Porosity of media (f) 0%y e, 6,s G, G, G; G, G G e
(min) Top Medium Botom (2 ) 6 () ) 5) ) s) (s
layer  layer layer
0 0.340  0.400 - 0.8268 100.7 2158 18.6 18.0 122 11.7 8.3 13.8
30 0.340  0.400 - 0.8092 100.7 2158 18.8 182 123 119 11.9 14.6
60 0.340  0.400 - 0.8074 100.7 2158 18.8 223 123 119 11.9 15.4
90 0.340  0.400 - 0.8057 100.7 2158 189 182 123 119 11.9 14.6
120 0.340  0.400 - 0.8039 100.7 2158 189 182 124 119 11.9 14.7
150  0.340 0.400 - 0.8057 100.7 2158 26.7 25.8 123 119 11.9 17.7
180  0.340  0.400 - 0.8057 100.7 2158 26.7 258 123 119 11.9 17.7
240  0.340 0.400 - 0.8057 100.7 2158 26.7 258 123 119 11.9 17.7
300 0.340 0.400 - 0.8057 100.7 2158 26.7 258 123 119 11.9 17.7
360  0.340 0.400 - 0.8057 100.7 2158 26.7 258 123 119 11.9 17.7

Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACI=2.5 mg/L.

: Media size = 3 mm, Media depth = 30 cm at top layer.

: Media size = 10 mm, Media depth = 30 cm at bottom layer
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Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M (m (m (m) removal
1 2 3

0 86 7.41 287 10 10 10 0.10 0.10 0.10 - - -

30 18 7.17 294 10 10 10 0.10 0.10 0.10 - - 79.1

60 17 7.27 297 10 10 10 0.10 0.20 0.10 - - 80.2

90 18 7.31 298 10 10 10 0.10 0.20 0.10 - - 79.1

120 15 7.23 299 10 10 10 0.10 0.20 0.10 - - 82.6

150 13 7.23 299 10 10 10 0.10 0.20 0.10 - - 84.9

180 13 7.23 299 10 10 10 0.10 0.20 0.10 - - 84.9

240 12 7.28 299 10 10 10 0.10 0.20 0.10 - - 86.0

300 11 7.21 299 10 10 10 0.10 0.20 0.10 - - 87.2

360 12 7.20 299 10 10 10 0.10 0.20 0.10 - - 86.0
Time  Porosity of media (f) 0%y e, 6,s G, G, G; G, G G e
(min) - Top  Medium Botom 2y () () (s_1> (s_1> (s_1> <s_1> (s_l) (s_l)

layer  layer layer

0 0340 0360 0.400 0.8268 100.7 215.8 18.6 11.5 11.7 - - 14.0
30 0340 0360 0.400 0.8144 100.7 215.8 188 11.6 11.8 - - 14.1
60 0.340 0360 0.400 0.8092 100.7 2158 188 16.5 119 - - 15.7
90 0.340 0360 0.400 0.8074 100.7 2158 188 16.5 119 - - 15.7
120 0.340 0360 0.400 0.8057 100.7 2158 189 165 119 - - 15.8
150 0340 0360 0.400 0.8057 100.7 2158 189 165 119 - - 15.8
180 0340 0360 0.400 0.8057 100.7 2158 189 165 11.9 - - 15.8
240 0340 0360 0.400 0.8057 100.7 2158 189 16.5 119 - - 15.8
300 0.340 0360 0.400 0.8057 100.7 215.8 189 165 119 - - 15.8
360 0.340 0360 0.400 0.8057 100.7 215.8 189 165 11.9 - - 15.8

Conditions: Hydraulic rate = 2.5 ms/mz-h, Dose of PACI = 2.5 mg/L.

: Media size = 3 mm, Media depth = 10 cm at top layer.

: Media size = 6 mm, Media depth = 10 cm at medium layer.

: Media size = 10 mm, Media depth = 10 c¢cm at bottom layer
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Time Tb pH  Temp BedExpansion Ah, Ah, Ah; Ah, Ahs %Tb
(min) (NTU) (Oc) (cm) m (M (m (m (m) removal
1 2 3

0 85 7.33 28.7 20 20 20 0.10 0.10 0.10 0.10 0.10 -

30 11 714 294 20 20 20 0.0 0.10 0.10 0.10 0.10 87.1

60 10 7.27 297 20 20 20 020 020 0.10 0.10 0.05 88.2

90 9 7.26 29.8 20 20 20 020 0.20 0.10 0.10 0.05 89.4

120 10 7.29 299 20 20 20 020 020 0.10 0.10 0.05 88.2

150 8 7.28 299 20 20 20 025 020 0.10 0.10 0.05 90.6

180 7 7.29 299 20 20 20 025 020 0.10 0.10 0.05 91.8

240 8 7.23 299 20 20 20 025 020 0.10 0.10 0.05 90.6

300 8 7.26 299 20 20 20 025 020 0.10 0.10 0.05 90.6

360 8 7.05 299 20 20 20 025 020 0.10 0.10 0.05 90.6

Time  Porosity of media (f) 10y 6, 6,s G, G, G; G, G; G,
(min)  Top  Medium Bottom mr O O <s_l> (s_l> <s_l> (s_1> (s—l) (s—l)

layer layer layer

0 0340 0360 0400 0.8322 100.7 2158 18.6 125 123 107 11.7 13.2
30 0340 0360 0400 0.8057 100.7 2158 189 127 125 109 119 13.4
60 0.340 0360 0.400 0.7990 100.7 215.8 26.8 18.0 12.6 10.9 8.4 15.3
90 0.340 0360 0.400 0.7990 100.7 215.8 26.8 18.0 12.6 10.9 8.4 15.3
120 0.340 0360 0.400 0.7950 100.7 215.8 26.8 18.1 12.6 11.0 8.5 15.4
150  0.340 0360 0.400 0.7950 100.7 215.8 30.0 18.1 12.6 11.0 8.5 16.0
180  0.340 0360 0.400 0.7940 100.7 215.8 30.0 18.1 12.6 11.0 8.5 16.0
240 0340 0360 0.400 0.7940 100.7 215.8 30.0 18.1 12.6 11.0 8.5 16.0
300 0340 0360 0.400 0.7940 100.7 215.8 30.0 18.1 12.6 11.0 8.5 16.0
360 0340 0360 0400 0.7940 100.7 215.8 30.0 18.1 12.6 11.0 8.5 16.0

Conditions: Hydraulic rate = 2.5 m3/m2-h, Dose of PACI = 2.5 mg/L.

: Media size = 3 mm, Media depth =20 cm at top layer.

: Media size = 6 mm, Media depth =20 cm at medium layer.

: Media size = 10 mm, Media depth = 20 c¢cm at bottom layer
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FLOC SIZE DISTRIBUTION



113

erl - - - - - - - - - ¥ & & 5 nt el f 2 ¥1 a7 6l &1 a1 THUHEE
33 - - - - - - - - - [ ¥ & 5 4 2 nt f £l ¥ 12 &1 T THUHER
eIl - - - - - - - - - - & [ T T 5 L £l A a1 [ LT BT WAL
(AN - - - - - - - - - - - & & ¥ 6 E L &1 I 7 el F1T  THUHOE
Fa - - - - - - - - - - - - - ¥ b 4 gl g I T FT TT  THUHEQFE
Ly - - - - - - - - - - - - - - - £ [ - L te e 0T THHET
24 - - - - - - - - - - - - - - - - - & ¥ L1 ne 2T THHLT
¥4 - - - - - - - - - - - - - - - - - - 2 51 gf 8T TAUE)ET
(42 - - - - - - - - - - - - - - - - - - ¥ £I 62 9% UTHg
15 - - - - - e - W if wmEy
£S - - - - - e T S R B 0:7 1]
eLEl  SETT  O2TT 80T #2007 €56 968  0FE P84 3L 089 819 095 #0O5  3pF  C6f BEL 08¢ P28 29T <11 9%
LY (1wl ) azrs oold AL

T "OTF THLE JO BOTHGLISTR 2215 007 T 1% L XapiRddy



114

Trl - - - - - - - - - ¥ g g " 01 ! 6 g FI a7 el ! a1 THIeE
£ = = - - - - - - - T ¥ E S5 3 g 0§ EL ¥T TT ST Il WY
A8 - - - - - - - - - - &£ % T 1 &5 & £ T 8L gL LT TI WAODE
48! - - - - - - - - - - - &5 5 v & B L EL I 8 T I WS
¥6 - - - - - - - - - - - - - % 5 3 T & Il T b T U0
L3 - - - - - - - - - - - - - - - £ T - L T 1T 01 ol
29 - - - - - e S S S Y SN | A4 S 200119
¥9 = = - - - - - - - - - - - - - - - - g 5 g 8 Wl
(4 - - - - - - - - - - - - - - - - - - f & 6T 5 U
15 - - - - - e T S S N - T iE wTg
£S - - - - - e S BT 1111
CEET  BAIT  OTTT  #20T  200T  ®%6 %6f  OFE 8L 82L 0% 8T8 085  +0%  &FF ©6%  9EE 080 fo@ BAT EIT 9%
um () ez ooTd AT L

7 'O WL IO TOTHLGEISTR 4215 00 TH 910 1 Xpuaddy



115

Tkl - - - - - - - - - ¥ £ £ g (11| ] ] FT %2 6T £T 8T  TATHORK
TET - - - - - - - - - 4 ¥ 3 5 ] ] 0t f &L v 1T ET 0 IT  THTHOER
zT1 - - - - - - - - - - 3 [ 4 I s L o ot A
£l - - - - - - - - - - - 3 3 ¥ f ] L ET 11 8 BT FT  THTHOOE
Fh - - - - - - - - - - - - - ¥ g ] zl ] T 22 F1 1 THHRE
La - - - - - - - - - - - - - - - £ z - L Fe T 0T THURT
29 - - - - - - - - - - - - - - - - - g ¥ L1 0 ET TATHDST
Fa - - - - - - - - - - - - - - - - - - ] 5T BT BT TALHDET
7L - - - - - - - - - - - - - - - - - - ¥ AN T A
33 - - - - - - - - - - - - - - - - - - [ - T LB TS
£s - - - - - - - - - - - - - - - - - - - - CIN S 11
TEET  ALTT  OITT #9O0T  BOOT 256 962  OF2  FRL 0 8EL 0B9 918 095 OS5 8FF  EEE BEE 0%T  FET ROT EIT 8%
s {wml ) 215 a0pg AT,

£ 'O T JO TOTNGTISTp 9215 207 T 21 1 e ddy



116

£F - - - - - - - - - - - - - - - - ! 5 f a1 F 3 TRl
# - - - - - - - - - - - - - - - Z - 7 01 &1 S 6 ML
0 = - - = - - - - - - - - - - - 1 £ 0t 91 5T £l ¥ AU
ot - - - - - - - - - - - - - - - s 1 Z f a1 g Lo A0S
ca 2 - - - - - - - - - - - - - - ] [4 (1] SR o 12 L £ TR
1L - - - - - - - - - - - - - - - - 2 11 £l BT f T W0
ac = - - - - - - - - - - - - - - L 4 ¥ 01 L1 6 Lo TIER
L - - - - - - - - - - - - - - - Z S 21 FI 0z FI 3 Tmas
ok - - - - - - - - - - - - - - - - Z - z1 1 ot ¢ 0L
6E - - - - - - - - - - - - - - - - £ £ 9 L A 2 THUHFE
oF - - - - - - - - - - - - - - - - - L - 21 a1 3 THUHET
a7 - - - - - - - - - - - - - - - - - - - T g1 11 Wl
1t - _ - = - - - - - - - - - - - - - - - - ) S L
TECT  SLIT  ORIT  FAOT  BOOT  £56 968 OFS  F8L BEL 088 8TH 085 OS8R TAE BEE 08T U 39T TIT 4%
umy ([t azrs JoTd AL

{ "OT T JO LOTNGIRSTR 2215 20]] T Ae L xpueddy



117

ot - - - - - - - - - - - - - - - L [ s b 1 L 5 TAUHORRT
6t - - - - - - - - - - - - - - - - 1 i f ar 11 & uRgT
it - - - - - - - - - - - - - - - [ - £ ] FI L 8 TAUHEZET
18 _ - - - - - - - - - - - - - - s 7 ] T 51T ET & THTHOYE]
L8 _ - - - - - - - - - - - - - - 1 ¥ L T L1 FT ET  THTHOOZI
it - - - - - - - - - - - - - - - £ < £ f I ] g TAURIT
ac - _ - - - - - - - - - - - - - ! i Z b ar 21 1T Wuant
ap - - - - - - - - - - - - - - - - £ z L a1 b L 0T
af - - - - - - - - - - - - - - - [ - ¥ 1) S ] f THTHOSE
ac - - - - - - - - - - - - - - - - £ £ f ST k1 21 OO
9 - - - - - - - - - - - - - - - 1 £ ] T 61 ET 0T  WWRE
(A% LTl DETT #5801 00T 256 962 ORE  FEL BEL 08% BT9  08% w05 BFF 96 BEE ORE vwEE BRT YIT 9%
ume el azrs a0l AT L

(P I00) f 'OLF THLE JO TOTNGLISTR 3215 207 FO 219%.L apuaddy



118

2T - - - - - - - - - - - - T 9 ¥ 1T 5T 21 g7 61 F1 LT WITHCE

6 - - - - - - - - - - - £ T 6 ETTIT &1 ST ST b1 WK
v6 - - - - - - - - - - - - % % 8 &5 & g ® ¥ T &1 W
L0 - - - - - - - - - - = - - g &L & 1T 8T &1 T g1 01 weweg
721 - - - - - - - - - - - - - & & & IT ¥ 0T ¥T P ST wAWHOE
16 B} B} } ; B, - - - - - - oo 9 @ & B0z L1 T oWAWORT
T - - - - - - - - - - - - - - - £ & 0 sowE 6T 11 wwal
a3 3 B} B} B} } - .o oo L8 #T 02 91 ST
of - - - - - T S SN S QR 172 1T
0E - - - - - T BT S - T
a7 - - - - - 3 S| QU 71T
. - - - - - R QR 1711

2EET  SLTT 01T +20T 20017 %56 968 0OF3  FRL 8EL 08%  AT% 095  +0S5 &bk  ¥6b  SEC 03¢ vE€ 881 21T 9%

um ) azs a0Td ATUTL

£ 'OTF THLE JO TOTHGLISTR 2215 0] To 910 L Xpuaddy



119

93 - - - - - - - - - - - - - ¥ p ¥ ] B ©l ]! a1 01T THIEAE
£h - - - - - - - - - - - - - 5 [ 5 4 el 21 0z *I 1T oL
oL - - = = - - - - - - - - - - - £ 2 6 5T 8T ST TT TR
fil - - - - - - - - - - - - - - - [ f nt 51 ]! T 01 TAUERT
gC - - - - - - - - - - - - - - - - - L6 BT 8T 5T ST
Ic - - - - - - - - - - - - - - - - - -1 O T S & 2471
L7 - - = = . - - - - - - - - - - - - - - 9§ £] UWHG
7z - - - - - - - - - - - - - - - - - - - - 01 %1 wmHg
o1 - - - - T T T L L T
CEET  BLTT  ORTT  F2OT 2007 €56 %68 OFE  FEL BEL 023 3T%  08%  F05  &FF  G6%  BEC 087 teg 881 TIT %%
UL (el ) 225 a0Td AL

9O LU 10 TOTHIGERSTR 9215 007 O 1%L XIpuac




120

Fal - - - - - - - - - - - - - 3! £l ]! a1 £T 9% e &2 AT TIWSE
6aT - - - - - - - - - - - - - T 2 a1 £l e TE [ nE Le TRUHOL
601 - - - - - - - - - - - - - - - < Lot e % £ I5 8F  THHOFE
65T - - - - - - - - - - - - - - - - FI L ne LE #C  ET TATHQR]
o7l - - - - - - - - - - - - - - - - - 1 61 gL 9 TE TRIDST
i} - - - - - - - - - - - - - - - - - - [A! LL wE 0F THIHOET
ca - - - - - - - - - - - - - - - - - - - a5 0 TR
¥4 - - - - - - - - - - - - - - - - - - - - 6% 5 W)Y
cr - - - - - - - - - - - - - - - - - - - - - e LHIOE
TECT  BLTT  ORTT  FHOT  200T 256 963 OFE  F8L 0 9EL 08%  9T%  0%%  FOS  8FF TG 9EE 032 FOT 88T RIT 8%
e (wml ) azrs aopg AULL

£ 'OTF TR JO TOMNGIRSTD 2215 a0 [ P11 Xpaddy



121

c11 - - - - - - - - - - - - - i a 0t YN - 8T 5T 1T THTHOSE
LZT - - - - - - - - - - - - - a f 4 a1 IR 0z ©T 07 THTHOOE
11 - - - - - - - - - - - - - - - (NS ST 81 Te 6l kT THIHONE
i - - - - - - - - - - - - - - - - 3! Y LT T 0T THTDET
oL - - - - - - - - - - - - - - - - - T BT ¥ AT BT TAHDLT
78 - - - - - - - - - - - - - - - - - - E1 9T 02 b1 WMWY
]S - - - - - - - - - - - - - - - - - - - FT 0T 91 UWHOG
7 - - - - - - - - - - - - - - - - - - - - Bl g umH9
a7 - - - - - - - - - - - - - - - - - - - - - 8T UTHE
eeel  WATT 02117 +B0T  800T 256 963 0Ob2  $3L #2L 089 979 085  #05  8kk €68 QEC 08¢  f#4c 89T CTT 9%
g () azis aord ATUTL,

g 'OT TRLI JO UOTHqLISTR 9215 007 §0 1%L puaddy



122

oo - - - - - - - - - - - - - - - - s f [ &1 0t ¥ U AL
£ - - - - - - - - - - - - - - - - ¥ T L 6 A ] WL
o - - - - - - - - - - - - - - - - - T g 1 5T T R
7 - - - - - - - - - - - - - - - = ! £ L oEr & et
L7 - - - - - - - - - - - - - - - - - I ¥ L f 3 W LT
LE - - - - - - - - - - - - - - - - - - - &L ¥T 01 WTOET
T - - - - - - - - - - - - - - - - - - - A T &l LAzl
61 - - - - - - - - - - - - - - - - - - - - 2 I Unng
¥z - - - - - - - - - - - - - - - - - - - - I &l W) E
TEECT  BLTT  OZTT  #90T 8001 ©56  ®62  OF8  #8L  9EL 085 9I8 085 #0532k C6E  9EE 03T  IT 29T EIT 4%
e (1wl ) azrs ool aum g,

§ 'O LI JO TOTIELISTR 9215 20 g0 PLOe.L XIpued




123

TET - - - - - - - - - - - - - - [ PR i1 88 EBE BT THTHOER
SET - - - - - - - - - - - - - - bl T L w08 FE EE & TALNOAE
k1T - - - - - - - - - - - - - - e kT 9z PO 1= S A A ] ]
0zz - - - - - - - - - - - - - - - &% 14 ne g% BE FE TE THHORE
arl _ - - - - - - - - - - - - - - - a1 ¥e 62 R LE SE TAUNORT
CLT - - - - - - - - - - - - - - - - - 6T £E Lt It 5% TTHOLT
151 - - - - - - - - - - - - - - - - - - 1% FL LE BT TIUHHET
oot - - - - - - - - - - - - - - - - - - - L L S ]
68 - - - - - - - - - - - - - - - - - - - - T Be WS
9 - - - - - - - - - - - - - - - - - - - - 85 0F WL
TETT  BLIT  OEIT  #80T 8001 %6 968 OFE k8L 8TL 08%  BT9 085 ROS  8FF TeE SRR 08T FOT 89T TIT 8%
iy i wml ) sz1s 207 AT,

07 "0 THLEJO TOTNGLISTD 2215 207 DT E PTE.L e ddy



124

TLE - - - - - - - - - - - - - - L1 5 LT 1% 1}3 a% N N ]
15% = = - - - - - - = - - - - = a1 &0 1% £L Lt 6% L8 EE TTUHHOE
Fr7 - - - - - - - - - - - - - - - a7 £L cL uE St It 85 UIHIFE
07 - - - - - - - - - - - - - - - - TE 8 S8 OF  EF SE TAMDAL
oI - - - - - - - - - - - - - - - - - FE LS LD TF 8L TAUNDST
ccl - - - - - - - - - - - - - - - - - - 0 FE LE 0 FE O THWOZT
11 - - - - - - - - - - - - - - - - - - - FE OF  LE TG
9l - - - - - - - - - — - - - - - - - - - - iE TP TS
b - - - - - - - - - - - - - - - - - - - - 6E SF >
Ll 8LTT  OETT  w8OT 20017 256 963  0F8  vBL 8EL 08% 819 095 w05 B¢k E6E BLE 09%  REE 8BT EIT 9%
wns (el ) sz a0Td AULL

1 'OTF LML JO UOTHGEHST 3275 20]] TTW L1 apusddy



125

IZ% - - - - - - - - - - - - - - a1 LA e 0 aE  EE TE  THTHOSE
65T - - - - - - - - - - - - - - at 5z TE  FE LE kR LE EE TRLOOOE
FET - - - - - - - - - - - - - - - 672 3 S 85 ¢ Tr BE TRUHORE
102 - - - - - - - - - - - - - - - - ¥ 62 0% gt FF L TATHQREL
Cil - - - - - - - - - - - - - - - - - BE £t LE 0F 8% THHHLT
Al - - - - - - - - - - - - - - - - - - FE 2L T+ 8¢ THUHCT
21T - - - - - - - - - - - - - - - - - - - 9L LIS A L ]
Fi. - - - - - - - - - - - - - - - - - - - - 56 AE THHQS
na - - - - - - - - - - - - - - - - - - - - 2L TF TR
TECT  BLIT  OTIT  #8O0T  200T  ©56 %68 OF® kB4 8EL 089 979 09%  ¥05  8FF  TeE  8EE 08T tOT  B9T  TIT 4%
s { wrly az1s ool anumy,

7.1 'OU THLEJO THOMNGLASTD 8215 0074 TTH oT0e L apddy



126

ne - - - - - - - - - - - - - = T 4 4 (11 S ST FT 0T wFOAE
15 - - - - - - - - - - - - - - ! - g 3 0t A f 8 THHH0L
oF - - - - - - - - - - - - - = - I £ ! ] ] ! g THORE
ac - - - - - - - - - - - - - - - - z T £ ] 51 0T T2t
o - - - - - - - - - - - - - = - - - L ] 01 T TT MDA
ag - - - - - - - - - - - - - - - - - - a ] o IT T
LE - - - - - - - - - - - - - = - - - - - 6 ET ST THHEDG
a1 - - - - - - - - - - - - - - - - - - - T 4 f LAt
17 - - - - - - - - - - - - - - - - - - - - 6 TI WREE
TETT  BLTT  OEIT  FHOT 2001 256 963 OFE®  FEL  8EL 089 8T8 085 FO5 3PP EEE BEE 08T FET EST RIT 9%
ums (el ) azs 20T UM

£ 'O THLE JO UOTHGTIETp 3215 20]d T4 e apuaddy



127

i

FET

Lo

]

3

L5

ot

at

5E

TS

- - - - - - - - - g 4 8 I F1 a1 a1 21 oz a1 0t 4 o TREHASE
- - - - - - - - - I t L L £ £l [ &1 [ a1 £l L S WL
- - - - - - - - - 1 T T £ ¢ A 1) S A S S ) ST T - 121/ T
- - - - - - - - - - I £ F ¥ TR - RS | 6 I T 4
. i - - - - - - - - - 1 -z t - g 2 4 S & g L wmgsl
- - - - - e - g - L L 8 11w L Wl
- - - - - - - - - - - - - - - - - t 2 L %1 6 UmOg
- - - - - - - - - - - - - - - - - - £ 9 07 L1 BEHY
- - - - - - - - - - - - - - - - - - - 1 £ 17 UmEDE
CECT  BAIT  0ETT  +90T 2001  <©56  96%  0OF8  F2L 0 804 08% 919 095 w05 8kF  Cef 8925 080 tec 89T ®IT 4%
i el ) azrs aopg ATt T,

{1 'O THL JO TOTATRSTD 2215 2074 FTA P10 L apiedily



128

]

a4

5%

T%

B%

a%

Lt

33

ag

Wi

- - - - - - - - - - - - - T T ¥ B4 SR 1 SN ) SN - 1 T
- - - - - - - - - - - - - 1 £ z I 1) SRS § SN~ G4 SR T -2 471
- - - - - - - - - - - - - - - %W g8 Ff§ 9 W
- _ - - - - - - - - - - - - - 1 [ i3 1) S Y 6 TRt
- - - - - - - - - - - - - - -t I A B § SR S S 111114
- - - - - - - - - - - - - - - - £ T #1 0T A EHEE]
- - - - - - - - - - - - - - - - - -z 8 8] §f UM
- - - - - - - - - - - - - - - - - - - § 8g  umEy
- - - - - - - - - - - - - - - - - - - -1 sg ummgg

CECT  9LTT  OCTT  F20T 8007 €% 968  0OF8 8L 884 083 9T%  0%%  F0OS  8kF €6k 8958 08¢ #0291 ¢IT 9%

(el ) azs oold AU,

C 'O UMY IO TOTHLGLISTD 4215 00 ST0 1R L Xpinddy



129

FET - - - - - - - T - [ [ - 9 1] L1 a1 21 ¥ &1 11 L L WAL
TET - - - - - - T T - T [ T ¥ L nt L1 [ a7 F1 fi & Lo THHMNL
61T - - - - - - - - Z & [ 5 9 2 a1 F1 el 61 1] E L 3 WHHRT
20T - - - - - - - - - T T & [ Y 4 B [ a1 a1 0t el 6 WREET
26 - - - - - - - - - - - - - L [ ¥ FI L1 0z *I1 £l T THIST
¥ - - - - - - - - - - - - - - - T ¥ €l F1 1T a1 ET THRIHET
Ta - - - - - - - - - - - - - - - - - z T ¥ TT T WMHS
FL - - - - - - - - - - - - - - - - - - T [ N YA
It - - - - - S T 1) SN £ S 321
CEET  SLTT  OETT 80T 2007 256 968  Obe  #3L 824 08% 818 085 #05 8k €6t 9EC 082 Fe2 881 21T 9%
s {wml ) szms aord AL

@7 "OTF THLE JO TOTHGEISTR 8215 a0],] 01 9 FLOe L Xpiaddy



130

0L - - - - - - - - - - - - ! [4 Z g 3 ! a1 & L g TagaL
Té - - - - - - - - - - - - - 1 g [ ] ot ST ©T %D 0T wWWHE
£a - - - - - - - - - - - - - 1 1 [ 1 el AN 4} ] 8 THHORE
a9 - - - - - - - - - - - - - - - [ [4 ¥ FI 6T BT BT AT
¥ - - - - - - - - - - - - - - - £ 1 g 9 3! ot 8 TS
) - - - - - - - - - - - - - - = = 1 L [ 6 Ll 2T WHHIET
&F - - - - - - - - - - - - - - - - - - £ 0T &1 &1 TG
£c - - - - - - - - - - - - - - - - - - - I 8 97T BTWI
cc - - - - - - - - - - - - - - - - - - - - 7 15 wmeg
SLET  BETT  OETT w807 800T 256 968 Of%  #8L 824 03% 919 085 w05 Bbr  ©6E 9EE 08 vER BT ETT 8%
it (1wl ) azrs oord AULL

{1 'O THLE JO TOTNGLRSTR 3215 007 [T 1%L apvaddy



131

25l - - 3 1 T 1 I 1 3 [ 1 3 5 f el ETAN VA 5T &I 8 T0ac
39 - - £ 4 - - - z I - - T £ L 6 £l IS A 1) & &l 9 THO0E
LET - - - - I 3 I 3 - - - T 4 [ ¥ ] il F @ 0T I g UTHORE
aET - - - - - 2 3 1 T T 2 T 3 T ¥ &l it ne £ 11 LI S S )
ne& - - - - - - - - Z I - Z - ¥ I £ g T @ T T1 6 TTHMLT
ak - - - - - - - - - - 3 I 2 T T 2 T ] 51 e o g  UmET
w8 - - - - - - - - - - - - - Z [ ¥ g ] ] P10 k2 LT TR
15 - - - - - - - - - - - - - - - - - - ¥ ] [ S A I
i - - - - - - - - - - - - - - - - - - - - T 8e THEE
TETT  BLIT  OEIT  #8OT 2001 %6 968 OFE k8L 8TL 089 819 085 ROS 8FF TeE 8RR 0BT FOT BT TIT 8%
iyl {wml ) az1s 207 AT,

g1 "0 ML JO TOTNGLISTD 4215 207 STH TE.L e ddy



132

oSt - - - - - - - - - %z 1 & 5 & 11 01 $T & 15 ST £ &1 TIW0IE
£51 - - - - - - - - - - 1 T & L & g 8 iz 0 1T ST El TAWONE
121 - - - - - - - - - - - T & T f % s i 8 0z W 01 W
521 - - - - - - - - - - - - & 5 T g 41 8 £ 5T T Il W
L - - - - - - - - - - - - - 7T T 5 58 gL 8T T 11 WS
0L - - - - - - - - - - - - - - - T E & 0 ¥ TT 01 WHT
s - - S S = @ om o= @ R s om o= o= gmm o om o= & M BE D Cumpg
Sk - - - - S T R R R R (R
0% - - S S = @ om o= @ R s om o= = gmm owm om o= @ A4 BE S8 umEe

gfel  SLTT ORTIT 90T 20017 256 963  0F8  v8L 824 08% 819 095 #0533k E6E  BLE 092 FEE 0 8RBT 21T 9%

umey (el ) azs 20T AL

1 'OTF THLE JO TOTIGLISTR 8215 20],] §1 *IOE.L Xpuaddy



133

301 - - - - - - - % £ &£ - 1 1 % % & L I 06 02 $T L WIS
¥ - - - - - - - - T v & T ¥ S5 5 s 7 11 9% ¥ ET 11 WS
001 - - - - - - - - - - % ¢ T v ¥ v & ¥ S& & 9 01 W
28 - - - - - - - - - - % - & T T L & ¥ 0 ¥ T & W3
¥l - - - - - - - - - - - - & £ 5 & v ¢ & ®w ¢ L WS
39 - - - - - - - - - - - - - % & 1 & £ & 0 S 0 WHE
¥ - - - - - - - - - - - - - - - - %y 3 3 6 £ I uTmHs
ot - - - - e e S S N ) SN 13-4
Tt - - - - e T S A < S 2.4 ]

el WETT  0ITT  +B0T  BOOT €56 963 08 PEL 8L 089 919 085  #0OS ¥k C6E BEL 08C  BOE O BOT ST 9%

e (ol ) azrs opd AL

07 'O THLT JO TOTLISTp 3215 007 P d 21l apweddy



134

T2 - - - - - - - - - - - - - [ T [ 5 2l F1 0z FI T WHSL
i _ - - - - - - - - - - - - - 7 7 t L £l 6l v 0T THHHOE
i _ - - - - - - - - - - - - - 7 £ ] f 0t T Tl &1 THHRE
fo _ - - - - - - - - - - - - - - - [ LooFT TT 91 g munaT
&F - - - - - - - - - - - - - - - - - 1 L T BT 0T THMRQET
1% - - - - - - - - - - - - - - - - - - T %1 5T F1 WWOE]
7 - - - - - - - - - - - - - - - - - - - a 0T 8T WHHOG
1t - - - - - - - - - - - - - - - - - - - - § 97 UTug9
1t - - - - - - - - - - - - - - - - - - - - T 0f  wmugg
efel  WATT 02T +R0T 8007 <256 963 0F8 P84 #2L 089  91% 095  #05 3k C6E BEL 08¢ PYE 89T Tl 9%
ek ity azrs aod AL

7 'O THLE JO TOTHGLISTR 9215 2014 Tod 10C.L P ddy



135

12 - - - - - - - - - - - - - [# 1 3 s A} ¥1 I ¥I T TRIGE
TL - - - - - - - - - - - - - - [ 2 ¥ L &1 6l ! 01 TRTI0E
Bl - - - - - - - - - - - - - - [ & 2 fi 01 91 A ET TRIHQEFE
6C - - - - - - - - - - - - - - - - Z L FT BT W g gt
it - - - - - - - - - - - - - - - - - 1 L £l 8T 01 ST
15 - - - - - - - - - - - - - - - - - - T Tl £T F1 WHET
F - - - - - - - - - - - - - - - - - - - 4 0c 8T THHHQG
15 - - - - - - - - - - - - - - - - - - - - § 97 wmHY
15 - - - - - - - - - - - - - - - - - - - - 1 0 WREQE
EECT  BLIT  OETT  #90T  800T €% 968  OFd w24 8EL 0% 918 095 w05 8FF  CAHE BEEL 08C  wET 28T TTT 9%
e i wrl )y az1s a0l aumy,

TF 'O THLE JO TOTHGLISTD 2215 207,] TLO FLE L apusddy



136

I - - - - - - - - - - - - - - - I ¥ L L ] LT TE WInat
70 - = - - - - - - - - - - - - - - - £ 5 g 87 07 TIW00E
6 - - - - - - - - - - - - - - - - - - ¥ v Ll P TIWORT
o - = - - - - - - - - - - - - - - - - - 8 L1 &7 gl
1c - - - - - - - - - - - - - - - - - - - Gl L7 WQST
0¥ - = - - - - - - - - - - - - - - - - - T 01 8T WHET
ag - - - - - - - - - - - - - - - - - - - - I1 iE umog
8 - = - - - - - - - - - - - - - - - - - - § 1 W9
2t - - - - - - - - - - - - - - - - - - - - - umEg
Ll 8LTT  OETT  w8OT 20017 256 963  0F8  vBL 8EL 08% 819 095 w05 B¢k E6E BLE 09%  REE 8BT EIT 9%
um {wml ) szrs 20T AL

£7 0T UL JO TOTNGLISID 2215 207 ToH TE.L X ddy



137

521 - - 1 z - 1 1 T 1 T T ¢ ¥ L % & ¥ 5T 8 T 8§ AW
i - - - - - 1 1 v ¢ v & ¢ 8 3 & g $T 6 ST I B L THWOOE
L11 - - - - - - %z - - & & & ¥ &L &L I & = o7 ST 11 01 WORT
£11 - - - - - - - 1 % - T & T & 8% 0 ST T 61 ST 1T % W0
S01 - - - - - - - - - - T v % T 5 4 0T B ET T 8T 0T TAWOST
26 - - - - - - - - - - - - % £ £ 5 ¥ & T L& i 91 W
06 - - - - e R S S-S -S-SS 3 SR A SR - A T
79 - - - - T e T T R S TR TN 2
L - - - - e T - ) SR 4B

CEET  SLTT  OETT #80T 2007 256 968  Oke  #3L #2448 089 818 085  #05  8kF €6t 9EC 082 Fe€ 8481 1T 9%

T {wml ) azrs oord UL

£7 'OT UHLE IO TOTHGTHSTR 9215 20 FLW AT0e L apeddy



138

6l - - - - - - - - - - - - - 1 T [ & 5 L1 I 51 6T THHSE
Ba - - - - - - - - - - - - - 5 & [ 5 9 £l £T a1 ST TR0
Bi - - - - - - - - - - - - - - - g 6 z1 b Ll T 1T TRk
a9 - - - - - - - - - - - - - - - ¥ f 2 0t ST TT 01 wwmgl
Té - - - - - - - - - - - - - - - - g L a1 £l T2 #1 TEHAEST
09 - - - - - - - - - - - - - - - - - I S FT FT a1 WWEI
¥ - - - - - - - - - - - - - - - - - - - 6 S¢ 0T WG
) - - - - - - - - - - - - - - - - - - - L L1 A ]
. - - - - - - - - - - - - - - - - - - - - IR T 31
CEET  SLTT  OETT #80T 2007 256 968  Oke  #3L #2448 089 818 085  #05  8kF €6t 9EC 082 Fe€ 8481 1T 9%
T {wml ) azrs oord UL

C7 'OTI THLEJO TOTNGLISTD 2215 207 SoM ML X ddy



139

£h1 - - - - - - ¢ 5 % 1 % &£ 5 4 S & & £ 8 Sz o0 g WG
Sh1 - - - - - - 1 1 v & £ - % ¢ v % ¥ & I L& ST T 1WO0S
151 - - - - - - - % ¢ T 1 % & £ ¥ % & L & 5T 11 & WK
121 - - - - - - - - - - - i 5 5 g 55§ M L5 TT BT WY
§6 - - - - - - - - - - - - - % g 1 £ & & 8§ g T wWWwS
L - - - - - - - - - - - - - - T v 8 3 g 91 T & WWE
78 - - - - - - - - - - - - - - - - 5§ f 0 tf S UWE
19 - - - - - - - - - - - - - - - - - - -1 7 95 umEY
95 - - - - e T A I v

2Ll SLTT  ORTT  FROT 2007 256 963 0F8 k8L 8EL 08% 819 095 FOS 3P E6E BEE 09T FTE 8RBT RIT %%

umey (el ) azs 20T AL

@7 'O THLE JO WOTGLISTD 8215 a0],] DL FIOE. L XIpuaddy



140

£p1 - - - - - - ¢ s ¢ 1 % & 5 L & 6§ & EI 8 ST 0T 8§ TAW0IE
Skl - - - - - - 1 1 1§ 5§ - % v f % t & I £ ST T WWONS
151 - - - - - - - T v T 1 T s & ¥ 3% & L £ £ I & WO
121 - - - - - - - - - - - L 5 5 £ 5 &5 & 0 L& TT ¥ W
£6 - - - - - - - - - - - - - % £ 1 £ & & & & T WS
¥ - - - - - - - - = - - - - - T v @8 % 9 LT &7 W
z8 - - - - - - - - - - - - - - - - 5 ¥ 01 pFE ST W
13 - - - - e N SN 1R .
95 - - - - e e T T 4 SRR 2. T

gEel  LTT ORTIT  F2OT 20017 956 %68 O0FE 8L 8CL 08%  91% 095 #05  @kF E6E BLE 09T kO BT RIT %%

iyl {wm ) az1s 20T AT,

{7 'O THLE JO UOTGLIETp 2215 20]d LT e apuaddy



141

APPENDIX F

IMAGE PROCESSING STEPS



142

File Edit Text Desktop ‘Window Help A
D@l 2B o o~ | S5 dF EDAH=0O
1 g============= ponwvert flie format ============= =
2
& clear, close all:
4 I = imread('newl.jpg');
5 iwwrite (I, 'new:-.tif'):
[ mwap = [cool (255): 1:
7 whos
=] image (I);
= title|('Original Color Indexed Image') L3
10 colormap (wap) ; colorbar
11
12 ================= Gray Icale ==================
3L
14 I2Z = 2990%I(:,:,1)+.5870*I(:,:,2)+.1140*I(:,:,3):
15 wmin{I2(:));
16 max(IZ2(:1):
17 n = Z55;
15 mwapZ = gray(n):;
15 figure,colormap (gray(=256)) ;
20 image (I2) ,title (' Processed Gray Scale Indexed Image')
21 colormap (maps) , colorhar:
22 figure, imhist(IZ):
23 iwwrite (IZ, 'news.tif');
24
25  F=s=s=s=s=s=============== ((Qrp =====================
26h
27 I3 = iwmcrop(IZ,[707 564 705 16907 ;
28 figure, imshow(I3)
29 figure, imhist (I3)
30 iwwrite (I3, 'newd.tif'):
&k w
b Tis=y2.m* ><i Tizzylm = ||mi
| script [tn 38 co 1 [owk

Appendix Figure F1 Image processing steps
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& Editor - C:\Documents and Settings\A dministrator\Desktop\Thesis\Floc Size.m

File Edit Text Desktop MWindow Help A

D H| {RRo | S| Rnl=R=1[u]
32 ================= zglect flog sS================ -
33

34 J = imadjust (I3, [0.1 0.83],([]):

35 figure, imshow(J):;

36 lewvel = gravthresh(J):

37

38 4============== ponvert to hinary s==============
39

40 BW = imZkbwi(J, lewel) :

41 figure, irnshow (B ;

4z imwrite (EW, 'newd, cif') ;2

43

44 f4============== phange background ===============
45

45 figure, imshow(~EW) ;

47 imwrite (~BW, 'newS.tif'])

45 ==
49  i============== count nunmher & ares =============
50

51 [labeled, numthijects] = bwlakbel (~BW,3):

52 numichjects

53 L = bwlabel |~BW);

&g s = regionprops(L,'all'}:

55  %=1i1)

56 hrea = sorti[=s.4Area] ) :

57

58 j================== [iameter =s=s==================

5]

18] for 1 = l:inumThjects

61 pixel({i} = sgrti(d4*area)/pi);:

62 end “w

: Tizzy2.m* ><| Tizzylm = !| Floc Size.m ><|

| script ln 7o Cal 1 |ovk

Appendix Figure F2 Image processing steps (cont’d)
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File Edit Text Desktop wWindow Help A X
D E| BB o | S| F BAODB &0
64 f========== ponwvertion pixel Lo um ========== |
65

(13 for i = l:inumChijects

a7 z(i) = pixel{i)*3.55*%1.4%10;

a5 end

63

70 s==================== [gLg ======s===========

71

72 3ize = sortiz):

73 pixel

74 size

75 Flot¥

76 numchijects

77 max = max(size)l; max

78 mwin = mwin(si=e): win

79 median = mediani{size): median

f=1n] mean = meanisize)l; mwean

51 =
g2 f================= Finish =======s============

53 I |
54

=1 w
5 Tissy2mt ><| Tizsyl i ><||ml

| script Lh 56 Col 24 |owR

Appendix Figure F3 Image processing steps (cont’d)




