undl 4

4
HANATYINATY LAZNITI 9170

l L%

b1 NTLTURUDNTUNADY (Start up)

? w v - Vo v
n17naaas LT unulaona s ldlornaanlranasnunlalarn wiuzaag
] - ) l9l ]
POINAT LARZLYNENT un ] Al UDa TN 200 RaT W%ﬂd%ﬂ““qwﬂﬁu Tauthumanng

l
i o l

UﬁiﬁiﬂTﬁﬂUWJﬁ%ﬂ“?G 4120917 Syt 1o, 30 U, uUﬂJUﬂLTNWqﬂﬁiWﬂﬁﬂQ?u

Mﬂﬂﬂqlaivﬁu 7ﬂﬁ7uLﬁTaaoLuﬁnwvﬁTﬂ7ﬂ?ﬂ?ﬁnmq 200 Anr ﬂﬂtﬂﬁﬂﬁ Filter

ﬁﬂ&ﬂ” ﬂd?ﬂ% 2 “JUTiﬁﬂiﬁﬂWUﬁﬂ TORN2" Uae 27 -~ 3 ﬂﬂnuuﬁﬂ °cm Tﬂﬂ

' L7
A

uquUﬁvqquw?Lwﬁ TG waiﬂuuuuﬁvquuulwalwuﬁTﬁTnTnnT 7qﬂm1mqu1ﬂﬂq

v v v

ﬂ? Filter uu H“"LﬁiﬂJﬁUUﬁﬂﬂﬁUﬁTﬂﬁﬁUﬁMﬂidﬂWiﬁ]wﬂ]ﬁiﬂﬂﬁNWﬂﬂdﬂﬁT

mquuwTﬁTnsnwuqunﬁinﬁ . Alualiily Finad settling
= v
tank wqguﬁ 3 uadﬂa@ﬁiwa%q1ULﬂﬂ

1NﬁﬁTV“““?” cUTh ﬁlﬂmqﬂﬁiﬁlﬂiﬂ”“ﬂﬁﬁﬁﬂﬂﬂ BODSUWV COD

faauﬂidTﬁTnmuwuwww aqnaaﬂLaﬂqmwaaﬁnnﬁ ainlﬁﬂ uﬁmquﬁwiﬁqﬂ L 179

i i v

NYENTALDATAFIUIEY BOD 19 COD Joﬁtﬂﬁﬂxmﬁﬂi U“?ﬂlhﬁlﬂiﬁwﬂmﬁﬁmanﬁmv
5
waauwi*iﬁin (Characteristics of the waste) uu“““anauW111unﬁiqq%

2 uag ]Wﬁﬁlu”“ﬁ“hm (JLlliauinﬂinwﬁnqiatn?q“uﬂﬁ COD JaauﬁTﬁTﬁsnﬂ

174 l ]
2

dﬁU»uﬁﬁﬂ”ﬁﬂﬂﬁ Filter L'?Waﬁ]ﬁs MﬁﬂﬂWﬂﬁ?ﬁHdﬂ“ﬂdﬂﬁ Fllter Uﬂﬁ@%

or ]

uWQAJﬁﬂq mqqalumuﬂqﬁuva nLTuMﬁanQLﬂiqvmwwGQUrﬂqq 9 ﬂﬁﬂﬂwiﬁqﬁ 5

maﬂqiﬁq% 48



1
P
N1TI99N 4 UdAIAN Variation in COD and BODSConcentration of Raw Sewage . £7981 10.30 U.

cop (mg1™ "’ i (a2~ : '
Date 5
1 2 S Average 1.5 2 3 Average

9 Jan. 21 216 218 218 217 110 116 116 114
s demy 2 . F 215 215 217 216 107 ' 107 112 109
Jan. 21 192 190 194 RN §7 97 99 98
Jan, 21 177 175 179 177 | 86 80 92 86
dan, 24 | . 214 214 212 213 95 96 92 ol
= Dn 21 198 zoo‘ 202 200 9k 98 102 98
fak,; 21 | 857 259 259 258 133 135 157 135
Average % 210 Average | 105

lUD Peaction Rate Constant "K# 294 Raw Sewage = 0,141 day-1
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oA 5 UERY

f COD at Various Hydraulic Loading Rates (lMedium 1" - 2" Gravel, Depth of Filter

1.8 m.)
o 3 LABracLERInLIes COD Applied to Filter | COD of Effluent COD of Final
% Tlaw e from Filter Effluent
un ; S e - o
Rate Loading Rate QQDJG mgl mgl ! ngl™ "
Noe. == =
ml min-1 m/w“Jday"q Date I NN Average | I IT Average I 11 Average
28 Dec. 20 218 54220 219 |48 50 kg b2 L2 41
1 25 1.08 29 Dec. 20 197 197 197 bl & L Lo L2 bq
30 Dec. 20 210 &t 211 50 52 51 4s L4s Ls
X Jan. 21 180 182 181 Le 48 L7 43 L4s Ly
2 50 2.6 Lk Jan. 21 200 202 201 52 52 52 45 L7 46
5 Jan. 21 205 205 205 54 56 55 L8 50 kg
24 Jan. 21 210 21k 212 60 62 61 58 58 58
2 75 3,24 2% -Jan. 21 208 210 209 62 B2 62 56 58 59
24 Jan. 21 235 235 235 65 67 66 62 64 63
27 Jan. 21 182 184 183 5558 5h 56 .98 52
L 100 4,32 28 Jan. 21 206 206 206 63 63 63 58 62 60
29 Jan. 21 187 189 188 {55 57 56 52 5k 53

0%



ﬂﬂ?ﬁﬁﬁ 6 U

nIM BOD5 at Various Hydraulic Loading Rates (Medium 1" - 2" Gravel, Depth of Filter
| .8 l'ﬂo)
s Sfsacterlativs BOD Applied to Filter|BOD.of Effluent | BODjof Final
e i g e R frof Filter EffTuent
e ~ ez, =1 -1 e
Rate Loading Rate Lo mgl mgl ngl
Noe 1 3 s - ; APRES
ml min~ |7 m ~day Date I II Average {I II Average| I II Average
28 Dec. 20 | 115 122 118 42 " 1% 12 10 10 10
1 25 1.08 29 Dec. 20 98 100 99 10 12 11 1090 10
30 Dec. 20 100 10k 102 187 2 12 1010 10
3 Jan., 21 91 91 91 12 13 10 10 10
2 50 24,16 4 Jan. 21 98 104 101 14 14 14 1248 12
5 Jan. 21 98 98 a8 14 14 14 2 qa 12
21 Jan. 21 103 10% 103 16 18 17 1% 12 16
3 75 3024 23 Jan. 21 98 102 100 15 17 16 4 15 14
24 Jan. 21 192 116 114 18 20 19 16 18 17
27 Jan. 21 88 92 90 |16 16 16 W 15 14
i 100 L,32 28 Jan. 21 97 102 99 17 .49 18 b R 7 16
29 Jan. 21 90 9k 92 1% 18 17 36 16 16

Le



ﬂﬁ?ﬁﬁﬁ 7 WAAYAT Variation of Total Nitrogen, Suspended Solids, Dissolved Cxygen, pH

at Various Flow Rates (Medium 1" - 2" Gravel, Depth of Filter 1.8 m.)

e Characteristics Total N 884 D.O. % pH
By | Influent Final % Influent Final % Influent Final gnfluent Final]
& SAlpLe Eff. Removed Eff. Removed Eff.
o g t;;;;\\\\\\‘ mgl—1 mgl-1 mglm1 mgl-1 mg;l-1
28 Dec. 20 25,82 2.2 90.74 77 6 92,21 0 8,12 B0
88 29 Déc. 20 $2.08 /20,7585 89.79 71 5 92.96 0 8.10 . - 8.35
30 Dec. 20 2%.15 2.52 7 88,14 22 5 93,05 0 8,00 =820
Average 89.88 Average 92.74 | Average average 8432
% Jany 21 21.83 2.10 90,38 64 8 87.50 0 8.00 B.25 '
50 4L Jan. 21 22.43 2.65p0 8818 70 8 88.57 o 8.00 829
5 dan. 21 22.35 2,63 88.23 73 9 87.67 0 8.00 8.20
Average 88.93 Average 87.91 | Average Average 8.23
21 Fan. 21 .79 k35 87.49 61 10 83.61 0 2,80 810
75 a8 Jan, 21 26.22 3.65 86.08 68 11 83.82 0 8+00-  Byao
24 Jan. 21 36.25 5.21 85.63 82 14 82.93% 0 8.00  &20
Average 86.40 Average 83.45 | Average Average 8.17 |
27 Ban. 21 2%.05.. 5.02 78,22 62 14 77.42 0 7.80 8.20
100 28 Jan. 21 2k,52 4,87 80.14 69 15 78.26 0 8.00 - 8:15
29 Jan. 21 23.15 '5.18 - 772.80 63 e 2099 0 8.10  8.30
Average 78.72 Average 77.82 | Average i Average 8.22

o
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ﬂﬁfﬁﬁd 8 UdnIm BOD5 at Various Depth and Flow Rates (Medium 1" - 2" Gravel, Depth

of Filter 1.8 m.)

draulic Loading | 1.94% 34000 5e832 7.776
3 -2 - Sy _— e
" an day (25 ml min~ ") (50 ©l min~ ) (75 wl min~ ) (100 ml min~ ')
a
Pact@riot 30 Dec. 20 51 Jan . 21 24 Jan, 21 29 Jan. 21
IS) iCs - £ e e
A 3 9 9
\ BOD5 % :BOD5 BC/D5 % BOD5 BOD5 % B(.)D5 BOD5 % BOD5
Depth (m, '\\\\\\\ mgl”q remaining mgl“q remaining mg;l”’i remaining mgl=1 remaining
0 : 102 100 o8 100 114 100 92 100
0.6 50 49 50 51 63 55 53 58
4.2 2k 23 27 b8 | 36 23 3 34
1.8 12 e 14 b 19 17 17 19
1




ﬂﬁ?ﬁéﬁ 9 ueny

(Medium 1" - 2" Gravel, Depth of Filter 1.8 m.)

AM Weight of Film Accumulation at Various Depth and Flow Rates

heracteristics
HyerUli Dry Weight Per Unit Weight of Stone (g/Kg.)
m3m_e c Loadin s N\ ’
day~.7 8’ 109"”“‘ 3.8‘«’8 5.832 7.776
._=1 . e =

.\;;;;;:\;‘\\\\\\\\\ (25 ml min™ ') (50 ml min Y (75 mwl min 1) (100 @l -min” ")
0 0.40 0.47 0.50 o5
0.3 0.92 142 T 32 1.49
046 1,18 Te51 1.90 2413
0.9 1425 146k 2,01 2.28
1.2 0.76 Y0¥ 1.40 2.19
145 0.50 0.68 1412 1,98
148 0.29 0440 0.73 1437

he
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ANTAIIN 10 UARIRY COD Removal Efficiency at Various Hydraulic and Organic Loading

Rates (Medium 1" = 2" Gravel, Depth of Filter 1.8 me)

’Hydraulic Influent COD COD Removal Efficiency{COD Removal Efficiency
Run | Flow Rate !Loading Rate CcOD Loading - " by Filter and Final
Now | mlemin™ ' mzm-jday-1 mg.l-1 g.m-sday-1 by Filter Alone (%) Settling Tank (%)
1 25 1,08 197 212476 7716 79+19
211 227488 75483 78467
181 390,96 74403 75469
% 50 2416 201 43k ,16 74,13 97411
205 422,80 73:%7 76409
212 686,88 71;23 72464
3 75 3.2 | 209 677.16 | 70433 ' 72473
: 235 76140 7191 , 73419
183 | 790.56 70449 7158
i 100 4,32 206 889,92 69.42 - - G 70487
188 812.16 70421 71481

49



! {
AT 11 LanIAn BOD5 Removal Efficiency at Various Hydraulic and Organic Loading

Rates (Medium 1" - 2" Gravel, Depth of Filter 1.8 m.)

! p——
E Hydraulic Influent BOD5 BOD5 Removal Efficiency BOD5 Removal Efficiency
Run | Flow Rate |Loading Rate BOD5 Loading \ _ by Filter and Final
Noe ml.min“1 mBrn-'Bcilay-’l mg.1_1 g.m-Bday-1 by Filter alone (%) Settling Tank (%)
118 127 4444 89.83 91452
1 25 1.08 99 106,92 83488 89.89
102 110, T8 88.23 90.19
91 196456 85471 89401
2 50 2.16 101 218.16 86.14 88e12
98 211,68 85471 : 87475
103 333,72 83,49 ' 8L b6
3 75 3.2k 100 324,00 84,00 86,400
114 369436 83.33% 85.08
90 388.80 824,22 Sl o il
" 100 L,32 99 L27.68 81.81 83483
: Y 397 4k 81452 82.60

9¢



{ t
AT 12 WdANAY COD at Various Hydraulic Loading Rates (Medium 2" - 3" Gravel, Depth of Filter

1.8 ms)

~~Characteristics . COD of Effluent COD of Final

pup |FL0W Hydraulic I COD Applied f: Filter | gpom Filtfg Effluenfq

No. Rate 3 Lgafing ??te \\‘\\\\f\\\\\\\\ ngel mgel mngel
ml.min. {m“m “day Date I N Average I 11 Average i II Averasge

2 Feb. 21 23R IRZ2 25¢ o 56 4L8 48 48
1 25 1.08 3 Feb. 21 180 181 181 46 L Lo L1 43 4o
4 Feb. 21 200 202 201 50 50 50 Lip Lg 45
9 Feb. 21 200 200 200 56 56 56 33 52
2 50 2e16 10 Feb. 21 176 178 177 b7 Lo 48 Ly 4y Ll
11 Feb. 21 192 194 193 = 83 3 A& 50 b9
15 Feb. 21| 165 167 166 52 52 52 L8 50 Lg
3 75 3424 16 Feb. 21 180 180 130 5% 58 58 %3 53 53
17 Feb. 21 196 198 197 62 64 63 58 58 58
20 Feb. 21 182 182 182 63 65 64 58 58 58
b | 100 L,32 22 Feb. 21 210 212 219 726 96 76 68 70 69
23 PFeb. 21 187 189 188 70 90 70 62 62 62
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MTINN 13 Ldndpn BOD5 at Various Hydraulic Loading Rates (Medium 2" - 30

Filter 1.8 m.)

Gravel, Depth of

t”——_" t
Flow EHydraulic Characteristics BOD5 Applied to Filter BOD5 of Effluent BOD5 Of Final
Run % from Filter Effluent
NO. Rate Loading Rate Mgl mg.l-1 mg.l-1
=1 - -1
mleming m3m 3day Date I II Average o II AveragelI II Average
! 2 Feb. 21 105 108 106 e 16 14 15 14
1 25 1.08 3 Feb. 21 82/ + 84 83 h 14 14 122 13 12
L Feb. 21 96 . 99 97 15 16 15 13 %3 13
9 Feb. 21 85 88 86 16 17 16 431 13
5 | =9 [ 216 10 Feb. 21 8o 83 81 hioidl RS L SN LR R
|
! 11 Feb. 21 90 1793 1 17:. 18 17 1% 1 14
. 2
15 Feb. 21 ERNGRE 76 17 © 18 17 15 15 15
3 75 3,24 16 Feb. 21 84 84 84 20 & 20 17 18 17
17 Febe 21 88 9 90 21 23 22 18 19 18
20 Feb. 21 181 85 83 goilins 22 20 21 20
4L 1100 L.32 22 Feb, 21 95 98 96 26 -1 26 2k 25 24
’ 23 Feb. 21 88 92 90 2k 25 24 31 g8 v viad
R e ———

W
oo
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] ]
a72afl 14 udnepn Variation of Total Nitrogen, Suspended Solids, Dissolved Oxygen, pH at
Various Flow Rates (ledium 2/ - 3" Gravel, Depth of Filter 1.8 m.)
4 Bt UER gharacterﬁstics é ST T P i i ]
{ Flow Teelone o Total N ; S84 DeOs pH |
Run . b i s ’
Tate Sa i Influent Final % ‘Influent Final % iInfluent Final Influent Final
g 29 s P "
- + \\\\\\\\:ii@ mgel ] Effe Zenmoved |mge.l Eff, Removed |ngel : BEE, Eff.
mlemin | Date -1 -1 = -1
‘ ! \\\\\\ mgel nige 1 ngel
2 Febes 21 23480 2452 89,4174, 86 12 86.05 0 L,50 2490 - BaE0
1 | 25 3 Feby 21 21.95 2,28 89.61 ; 66 10 84,84 0 3485 8.00 8.25
§ b Feb, 21. 22,50 - 2,65 BRUASECEE 12 83,33 0 3,80 | :8.00 .20
i | Average 89,08 | iverage 84,74 | Average L4.05 | Average 8.25
! 9 Feb. 21 | 31,27  L.16 " 8669 1 70 12 82.86 0 3.95 | 7.80 8.00
® 50 10 Feb. 21 | 21,56 3.05 [IB5.85 62 12 80.64 @ .0 260 7490 8215
11 Febo 21 | 22,30  3.10 ;86409 |+69 13 81,16 | o 3,85 | 8,00 fa¢
Average 86,21 ! Average 81.55 ! Average 3480 | Average 8.12
s S Rl L
15 Febe 227 21:05 3el5 83.61 ! 58 5 77053 0 iadie 780 8.00
A &
3 75 16 Feb. 21 422405 5490 “82¢%1 6L 15 76 .56 0 2475 7495 8.2
17 Feb. 21 22.42 4,05 81.93 72 18 75400 0 2485 8.00 8.20
Average 82,62 Average 76.38 | Average 2.90 | Average 8.13
20 Feb. 21 23415 6.85 70.41 65 17 73.85 0 2.90 7.80 7495
L | 100 22 Feb. 21 25432 7400 72,35 77 19 7467 0 2.80 8400 8415
23 Feb. 21 22433 6elt3 71420 67 18 o 0 2.65 8.00 8.20
g Average 71.32 Average 73+88 | Average 2.78,i Average 8.10

6¢



i :
M 15 LERIM BOD5 at Various Depth and Flow Rates (Medium 2" - 3¢ Gravel, Depth

of Filter 1.8 mo)

~lydraulic Loading 1.944-1 3.888_ 5.832 j 0,976
(25 ml.min~ ') (50 ml.min~ ') (75 ml.min™ ") (100 ml.min-1)
L Feb. 21 11°Feb+ 29 37 Felb,i21 23 Feb. 21
BOD5 % BOD5 BOD5 % BOD5 BOD5 % BOD5 BOD5 % BOD5
mg,l-1' remaining | mg.l” remaining mg“l"1 remaining mg.l_q remaining
o 97 100 91 100 90 100 90 100
0.6 50 52 21 56 56 62 59 66
g B 28 29 31 % 35 39 38 42
1.8 15 15 17 19 2z 2h 2k 27

O%



4 1
ﬁﬂiﬁﬂﬂ 16 UIAIAN Weight of ¥ilm Accumulation at Various Depth and Flow Rates

(Medium 2" - 3" Gravel, Depth of Filter 1,8 m.)

[~ Characteristics i Dry Q;ight Pér Unit Weightﬂof Stone (g/Kg)
e 5,388 5.832 ?.776
(25 ml min-q) (50 ml min-q) (75 ml min_1) (100 m1 min~1)
0 0.40 0e52 0o bt 0.93
0.3 0.78 1.05 1421 1.34
0.6 1.0k 1292 1461 1.79
0.9 0,96 150 1,48 1495
. P 073 077 0,95 1.91
1.5 Q57 BN G 0373 1.54
1.0 095 0431 0,45 1¢12
i

Ly
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ﬁﬁ?ﬂdﬁ 17 WTAYIAY COD Removal Efficiency at Various Hydraulic and Crganic Loading

Rates (Medium 2" -~ 3% Gravel, Depth of Filter 1.8 m.)

e a e - .

{ s i s

- . N { TR -
fun Flow Rite Hydraulic Influent COD COD Removal COD Removal
Loading Rate COD Loading Efficiency by Iilter sfficiency by Filter
| 70 lmlmin™ (PP day™ ng.1”" |z.n"laay™ Y Talone (%) and Final Settling

Tank (%)

} 1232 250456 75.56 79431
!
1 25 1,08 Rl b | 195,48 74,58 76479
201 217.08 Y592 7761
200 L32.00 72 «DQ 71,00
g 1 B 2.16 177 382432 PR 75,14
’ 193 k16,88 72.5% 7h .61
r, e b 2 ‘- ~ e L e P B A e ~ ‘4 it 70 T AT, 0 o e A LI AN U EE
f 166 537« Gl 68.57 70,48
‘g G g 3.24 180 503420 67.783 70,55
§ 197 638,25 68.02 70.56
T s S - A :
{
L | 100 hoz2 211 91152 63.98 | 67429
’ ; 188 8124146 | 62.76 § 67.02 b

ch
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ﬂﬂiﬁﬂﬁ 18 UEnI M BOD5 Removal Efficiency at Various Hydraulic and Organic Loading

Rates (Medium 2" - 37 Gravel, Depth of Filter 1.8 m.)

B [ e

e .

B

Run- | Flow Rate Hydraulic Influent BOD5 BCIgRemoval BOD. Rewmoval
i : Loading Rate BOD5 Loading {Efficiency by Filter Efficiency by Filter
Boe todimin™ ! mBm 3day mg.l-1 g.m"Bday"l Alone (%) and Final Settling
| Tank (%
] | 106 11b 45 84.90 “EH~‘86 79 ks
g 25 1.08 83 Co.6k 83515 85 .54
97 10k .76 8L .5h 85.60
TR T o Y e e e
2 50 eulb 81 1705 96 81445 83,95
91 196 .56 1432 84,61
TN W R R R R R L L R P e bt ]
76 256,24 F b 80.26
Lo 3,24 b | 272,16 76419 79,76
90 | 291460 .55 80,00
83 358456 ; 7%, 49 75.90 o
b 100 k%0 96 f hak,72 72,92 75,00
| 9 | 383,80 73433 76,67
el b E.
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CcOD ﬂaquﬁmqtmﬁ ( Influent) LA sUNTNEeN ( Effluent) 910 Trickling Filter

I {
4.3 ) BODg %gﬂﬂﬁéﬁﬂan

I 1 1
9n] ﬁﬁluﬂﬁluijm 8 uag uﬁ 9 4@y Percent BODg ﬁgnnﬁﬁhaan

> i

lay Filter AUN9LAYY tWag Filter fU Final settling tank % Hydraulic
L

Way Organic loading 914 9

t
77 8 ugndfle Percent BODg %nnnﬁwwaaniﬂu Filter R814

)l..

Lﬁﬂ?u@z Filter iy Final settling tand Versus Gram of BOD5

Applied per cubic meter of filter media per day ANNTINADIRNIY

5®ﬁuﬁﬁaaﬂu§tu;q ﬁéﬁ{ S ?mﬁn.ﬁ&Lﬂud‘u ( Correlation ccefficient)
ééizm%qq 0.96 = 0,87 ua:wuawﬁs:zaﬁnﬁwnﬂsnﬁéhﬂaa m - 2
Gravel filter §Mﬁﬂﬁ{1 81 éau W - 30 gravel filter ﬁuﬁﬂn;q
% %-Organic loading 983 BODg LRy équ;ﬂuaﬂagﬂﬁ 9 uaﬂeﬁq
Percent BCDy %Qﬂﬂﬁéh@aﬂiwﬁ Filterﬂaqatﬁﬂq a8 Filter U Final

N

&
settling tank Versus Volumetric Hydraulic Loading ﬁ?ﬁuﬂﬁwuﬁﬁhﬁﬂd
v t i v
TWsFAuan 17 Hydraulic loading rate 7 buls z3vdawnrnndnanas



100

BOR,, COD — mg ™!

Mean BAD;8 105mgl”’

b e e — —

Mean Temp. of Sewage 8 28°c

L L] 1 L L ]

o © | 2 3 q 5 6 j7’ TIME - DAY
%LJH a mmuﬁuwus*s H:nu COD IiE¥ BOD, UV Raw Sewage

- 1B
>

120
o
E
|

o MO
(@}
(14]

100

< 90

ﬂUDFﬂi"IIﬂUU"]C’DDtﬂ\J 0. 30 u.

Mean Temp. of Sewage $ 28°
Y = 053X —6.27
o R = 0.96
0; = 0.13
T : T T
150 200 250

COD-mgI™! (X)

sUn 5 ADWEUIUSSHII COD AU BODYUDY Raw Sewage
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Mean Temperature 28 ¢
Hydraulic Loading 8 1.08-4.32nfmay™
> 20| N3 {05
o Y = 0.36X-47I . Y = 0.42X —5.79 dos ~
- [ R= 0092 R = 0.96 4
o i o
E 0= 0.05 0,= 0.04 1 i€
| ! | R
© 3 -120 Q®
S 1B | 18
@® 9 '
Depth of Filter 1.8m o Depthof Filter 1.8 m
‘Medium [*~ 2_"2Gravel Medium 2'- 3" Gravel |5
(S =92mm™>) (S=I6?m2m~3)-'
|0 T T T ¥ T ] [ ¥ 1) T ) '
45 50 55 €0 65 50 60 70
COD - mgi™! (x)
‘:J._Jl"l 6 F’D’WLJﬁULUUSS HD"]\J COD flU BODUDL] Trlckllng Filter Effluent
Mean Temperature 28°c
Hydraulic Loading 8 1.08-4.32nimday'|
- L Y= 0.35X -4.6l Y = 046X -787 &
- . R= 0.94 o . R= 0.96 - '3.
5 § L,q:= 0.94 Q= 0.04 I
| 14 8 :
a’ I 80
(@] = = m
[00]
12 14
e Depth of Filter L8 m Depth of Filter 1.8m |
H Medium 1I'—2" Gravel ‘Medium 23" Gravel -
(S=92m°m°) (S=t7nftm>) |
] [ ] i 1] | B | | ] | |
40 45 50 55 60 40 50 60 70-
COD — mgl™' (X)

sUn 7 ADNIEWLISS:HO COD FU BOD, WDV Final settling Tank Effluent



Mean Temperature 8 28¢c g
e Hydraulic Loading 8 108-4.32m"° m day’
e o 485
2 0F 0 ]
| Filter Alone Filter Alone i
_ Y = 91.22-0.023X Jy=88I2-0039X 1
| = 0.97 (R = 0.7 i
& 0 "= 0.002 0,=0.003 -
e r j
85 x5 475
e | ]
m 3
- Medium I"- 2" Gravel Medium 2'- 3' Gravel 7
‘ 2 -3 2 -3 70
- (S = 167 m m’) (S = 92 mm~)
80 T ) - t L] | ] ] ] .
100 200 300 400 100 200 300 400
BOD, Applied — g m >day " (X)
Mean  Temperature 8 28° ¢
- Hydraulic Loading 8 108 — 4.32m mddy
- 490
- 90 Filter and Settling Tank Filter and Settling Tank™
2 L Y = 93.I7-0.023X Y = 90.5| — 0.037X :
| R = 096 R = 097 .
= = B = =
§ K 0, =0.002 0 = 0.003 .
€ ol :
& 851 480
S F ]
m -
" Medium 1"— 2" Gravel Medium 2"- 3" Gravel o© -
2 -3 >3 75
- (S = 167 m°m>) (s = 92nfm?)
80 ] ] T | L | ] ] ) 5
I00 200 300 400 1o 200 300 400
BOD, Applied — g m day (X)

sUn 8

DNSWaUD)  Organic Loading (IDANSATIN BOD,

BOD5 Removal — %. (y)

BOD5 Removal — % (Y)



i Mean Temperature 8 28°»c
e Organic Loading 8 89.64-—427.68 g.BOD,m > day ™'
& S :
90} ilter and Settling Tank e Filter and Settling Tank g
sl o o Y =9287-221X Y = 9062 -3.32X
- R=0.96,0,=0.24 R=098,0=027
8 -
= - <
®
e, F b _ :
& 85 Filter Alone OFilter Alone -180
8 [ Y=%098-219X % Y= 88.26-3.50X :
- R=0.98,0,=0.17 R<098,0,=0.23 "
- Medium I~ 2" Gravel Medium 2™ 3" Gravel -
- (S = 167 Mt m ) (S=92 mm?) -
80 [ ] L L] | ] 1] [ ] L L) ! i Ll 70
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ﬂﬂ?ﬁﬂﬂ 20 UdNINIT Comparative Efficiency of Trickling Filters Used in This Study and

in Other Trickling Filter Flants Treating Domestic Waste Water
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iDepth Operating| Hydraulic Loading BOD5 BOD5
| Trickling Filter Plant Hedium | On | //Z8mPe BuBaae=1l 3 =2, . gt
Filter =5 e ’“ "% linfluent| Bfficiency
Mo § mg;.l-'1 %
.. .IL T A o
baltimore, U.S.A¢1 Rock 2455 2545 » 1607 to 185 89.7-49
(2%” to %) 24,3
Bombay, India2 Rock 3470 29.7 - 104 228=408 | 73.4-58 4
(8% to 6)
Derby, UsKeo Rock (L") | 4583490°%0 20 (4.5 to | - 332 .| 70-k0
10.00 |
Frosis, Tosia.” Cravi¥—T5526-6to " 2.96 to  |140-161 | 87-83
(27 to 1Hd | 27,2 6454
Jerusalen, Israe15 Rock : 174 121 to 26.% - 9.45 to 132-347 | 69,8
(6% to 3/4); | 177
Kacohe, U.S.A.6 Rock ; IGZORN 28y - 16.2 186 79¢2
£ . { i
Palisades, UsSohs Rock ' 1.20 | 29.7 - 1421 B {799
vater Pollution Eesearch,U.K.7 Smooth Stone 2,00 16.0 1,19 to - 212 89;6-65,1
(3% to 18" | | k75
Water Pollution Research,U.K. Rock ! 2410 {10 to 20 |6 to 12 - 215=-222 | 4o-5
(65?_4;1 )Slag !
Water Pollutinn Research,U.K. Rock | 2410 110 to 20..16 o 42 - 215=222 | 36=11
; (6:1_411) I
Basalt |
Laboratory Flant Scale Gravel | 1.80 28 1.08 to 2.04 to 76-106 | 84.90-72.92
: (37 to 2%) i L,z2 - 184,16
Laboratory Plant Scale Gravel | 1.80 28 1.08 to 2.0k to 90-118 | 89.83-81.52
(2% to 1%) L, 32 : 8.16 ; B Ty

|



N

W

=
°

60
7

[vp!
]
™

(€3]
3]
@

See

See

Refe

°o

KEEFBR snd KRATZ (1940)

JOSLIN and Others (1971)
GRATHAN ard Others (1950)

RIGBI and Cthers (1956)

KALAKTLU (1970)

TOUNG and CHAN (1970)

DEPARTMERT OF

RES . (1952)

BRUCE and BOON

P

12

CIENTIFIC AND INDUSTRIAL

(1

Q
>4

C

o F



55

»u‘___z’r : &Y : DA c.:y 2 = s
mdanvtiiuanuazestiivlaennls 2vdmniilaein Trickling filteradd
v | S ! i t
nﬁsmwaaalwuﬁﬂﬂqﬁaﬁr~Lmﬁﬁqnnm Felquuglinnair sLurlngLrwnn udng
TuLuuQﬁam1nuuaamaﬂ¢JﬁmﬁﬂﬁWﬂﬁynﬁWﬂ

lu vi v
]

NLAN L AET ﬂiﬁaﬁ TLUNNTAATANLY Trickling filter

-7
Lummﬁmumwml Lﬂj‘ﬂ@’]ﬁﬂ’lutﬁ‘ﬂusluﬂj‘ L‘Vlﬁl?/]?_ll,i)‘"l #1151y Trickling
i 1

filter ﬂ1%lunwrmm@ﬂq ﬂﬁﬂﬁﬁdﬂﬂﬁﬁ BOD5 YTUIY 80 - 90 %  EwfL

fNa1g 1" - 2% Gravel gz 75 - 86 % @ WTuUAINGIY 2¢ - 3", Gravel
1 £ t t 1

€ -1 o o .
Galw Effluent fipq BODg @yTeW21y 10 - 24 mg.l  gwmfy Hydraulic

i 1
loading 7243V 1.08 - 4.32 mBm 3day A1 Dissolved Oxygen 984

! _1 1 $ 2 v 3
Effluent @glumqa 2,78 = L,05 mg.1” 1nualaeinnirveaasil Final

v i Y L] v t ll:'
effluent gwnroteavsdyavilnloalivluifin®m (Pollution) ununsnf

4.5 URYRIANINANYRY Filter

1 1 i » 3
A1789 2O0Dg umz COD ¥ ¥ ﬂnﬁﬁhaana~L?u%umwuﬁaﬁn§nﬂaq Filter
ll : i S
Tuu ﬂqua@qiuiﬂm 11 nawéﬁaﬁﬁﬂﬁsﬂwaﬂ BOD5 Mﬂawuaaﬁﬁq 9 994 Filter
I
dqnfu Flow rate qu 9 fiu Wnﬁﬁﬁﬁﬁﬂﬁiﬂﬁ?ﬂ BOD5 aon lUUT sy 40-50%
v ] I v

!
Tugnd 0.6 Lung LENI9IAINE Y Ua9snad ) 1 TNFUAILAINGY InnTde:
vi 13 =3 o ot
viulaon Filter Tildanens v - 2% cravel Nﬂ?vﬂﬂ%ﬂﬁﬂiuﬂqfﬂqwn BOD,

t = d
1n§\3m| #ilter TUMnNcae 2" - 3“ Grave. wmmam@' Flow rate

de
Raafu ue HnlﬂulﬂWUWOﬂ“dﬁG?ﬁﬂﬂﬁim Filter Pafanars 1 - 2n

t
Gravel Y Specific surface area dMNNIT Filter Je‘»‘ﬁﬁ”lﬂﬁqﬂ
'

2" - 3" Gravel Fo s AvB R SR a9 BOD,  §IMM



56

e $ e
4.6 A1 Nitrogen annITRean

! 4 i 1
Mngdinenalugld® 13 winefiean Total Kjeldahl Nitrogen
I . !
Removal efficiency 90¥ Filter # Hydraulic loading rate MY % NU
1 ] = i t ]
5 4 €
TNV average removal efficiency DULUTNITUING 70 - 89 % ziiiu
VL Ve ) ﬁl . . oG ’i = P 3 a e
ADNIIMTLT Iydraulic loading rate 92¥0 LulT eRudmunaTndn

v I
Q.8

Nitrogen MMENAIY FUIA5A9TNE9TLANAlT RUBINNNTAN TR Nitrogen
1
Lrilauf n319Re TINEA9 1% - 29 Gravel filter NUTZAWEMUMFNITH
1 ]
os . v f 2 = A
Nitrogen NINNIMAIMEIN 2% - 37 Gravel filter W Hydraulic loading

rate LPUIRU

1 1 i
4.7 ) Suspended Solids Wpnn1iRRaNUazANYBY pH

a
Suspended solids tH Effluent 98N Final settling tank
] ] 1 {
2y lu129 5 = 191,17 '8 Wil Trickling filter WiRARYT Flow rate
{ i ' t
o ’ : s e ¥ 2 -1
A9 1 DU @7U Suspended solids gy Influent UUAUTNT LU 61-86mgel

?ﬁﬂzﬁﬁ 14 wdpiie Percentnirnafaaad Suspended solids ﬁ Hydraulic

loading rate AWG 9 WUJﬁﬂﬁTLﬁM Hydraulié loading rate Mﬁqﬁéﬂ

Percentp17n190n98¢ Suspended solids @y L%u % Hydraulic loading

Lﬁqﬁh 4,32m3m_3day-1 ﬁéq Percent suspended solids removal aé
]

TEWIN 74 - 78 %
,J g B ! {
LAZNENTING 7 WazaTINY 14 UIA9ANDNTYASDIWLAY AN2RY pH
U ] ) i ) ]
984 Influent BUHIN 7.8 - .12 ©JURN28Y PH 989 Effluent ay1uﬂdd
=

¥ t |4 1 v 11
7.95 - 8.40 T Flow rate mig 7 fu F9pARlReIn Filter fiedaslunnefiu

i v 2 ¢ J
uanin narLwIuees pE L usanranuaylutduuluaaruaiun ( NH,HCO) 1uiaq



Nitrogen Removal — %

- Total

Suspended Solids Removal - %

Mean Temperature 8 28°c

0 Medium I"-2" Gravel (S = lS?rrf rﬁ:)
Q0 - A Medium2™-3" Gravel (S=92m m’)
g6 L
82
78 -
74
70 =

| 2 3 RN o
Hydraulic Loading — m m day”

sUn 13 BnBwadndHydraulic Loading (oMNSATI0 N

Mean Temperature g 28°¢

| & »%

O Medium I~2"Gravel (S = 167r2 m )
. [ » -3

A Medium 2-3 Gravel (S =92m m )

70 T T L !
I . 2 &4 S5

Hydraulic Loading — m m day”
SUA 14 BN5WAUDY Hydradiic Loading CIDANSARI S.S.



58

4.8 P1YAN Dissolved Oxygen

1
~
INOTINU T LAz ﬂﬁ?ﬁqv 14 MINTNAARY WUINAN Dissolved
l
Oxygen 283 Trickling filter effluent M Hydraulic loading rate
] t ] 1 ]

2l V! agﬂuﬁaq 2.78 - 4.05 mg,l‘1 %quﬁquVLuuaw Effluent vifu
perobic Auuaarz Lilamaieacluinrweanafno %q::ﬁhﬁaq Dissolved

v )
Oxygen ﬂuwﬁﬁuﬁaqﬁuqu Nitrified effluent AU BALAKRISHNAN and
ECKENFELDER (1989) 1;§ny1 jiitrification 984 Trickling filter
1;%U;1 Dissolved Oxygen qu Lffluent 999 Trickling filter ﬁﬁéq

: s =
d9nNa 2 mg.l"1 UL UY Nitrified effluent

4.9 Accumulation of Biological Film

Ul ll
P
?ﬁﬂgﬂ% 15 ﬁv?ﬁ% 18 uﬂﬂﬁiﬂkﬂuDQMUﬂﬁﬂﬂﬁﬁ1ﬂﬁﬂvﬁﬂMﬂﬁuuﬁ “ﬁﬂ
174 174 ] 4
& ) 5 oP
7ﬁﬂl%tu5:vunﬁ<ﬁ Triciling filter WA7 ﬁQanuﬁqmnﬁlﬁuﬂaw 2l Film

v 1 I

g’ i if
090 9| Lﬁw @tLUU?&'!“ﬂ NN LU Biomass ﬁﬁu5ﬂm 19 U8 uﬂm 20 luu
] 1

ﬂﬁ?uﬂﬂﬂﬁﬁ Dry weight -of film per kilogram of stone ﬁﬁ?ﬁﬂ%ﬁﬂﬁq b
M99 Filter ﬁﬂﬁuﬁﬁnaqqmuﬁw 1%~ 2% Gravel WAT 2% - 3" Gravel

v
Tﬂﬂ1%,Flow rete éqe o UMY HEUKELEKIAN (1945) 15§wﬂ?uqmmaa

i 1 ]

Film ﬁﬂawm§q%qq o 989 Filter UAZWUANIATTZWING 2 09 4 Grams of
dry film per kilogram of stone ?ﬁﬁiﬂﬁ 19 uazrﬂﬁ 20 ?xtﬁu;q

] 2 ]
nr ity iatlnees Film WVLmu:u~umq7 ZUT 0.9 e ¥INIINGY UAZIZADY 7

' \ v
& a

l 14
g =2 °
ARG SR AN Famrdsaurng Bionass Hiludsimadlunarrindn
2 i 0 b7 '
= e g Lo °
WTELMTUMMﬂ%IuhﬁL'dﬂuﬁutmﬁﬂﬁqu Filter UATUdAdLALUUDIAINITAITAZEY
! ' o’

BOD @R MAIN1e 1 999 Filter yzufulfnanl auns 4finAT Accumulation of

]

> o o =
biological film ?TL??@%@Q Film @MWTumMnany 1" - 2" Gravel UAT



sUn 15 IF0VED Gravel Before Placement in Filter

( I"-2" Gravel )

sUn 6 18008 Gravel Before Placement in Filter
( 2'- 3" Gravel )

0%



§LJF1’ 18 Id0UB) Growth of Biomass on Gravel (2-3" Gravel)



&1

® Flow Rate LO8 mj rijday”
Top O Flow Rate 2.16 m” mday
3 A Flow Rate 3.24¢ m® ni3day ™!
: Flow Rate ® moday !
0.3
g 06}
I
£ 09F
LY
a
L2
1.5
il Mean Temp 8 28¢
v v 1 T 1 M 77 T LTt 17 T
05 1.0 - 15 20 25
Weight — g.kg Stone !

A 18 IHOVFAN Film Accumnulation (NIUADNIELCNODXDFlter
{ Meduim ['- 2" Gravel )

1.08 m m day !
Top 216 m>m dey &
324n? m day ¥
0.3 4.32 m3m day i
06
£
I 0.9
£
a |2
o
1.5
1.8 Mean Temp 8 28°c
L] L] | 1 L] 1 1) L} | | | | T L] P Ll 1] L] | Ll ¥ i i
0.5 1.0 I5 2.0
Weight - g kg Stone

SUA 20 IF0VAN Film Accumulation CNIUADNIEICNIUDIETIFitter
( Medium 2"- 3' Gravel )



62

e
0s29 - 2.28 Grams of dry film per kilogram of stone %Gﬂgiuﬁﬁﬂ

: 1
."'1 o @
999 Flow rate 25 - 100 mlemins = guif%fiend 2" - 3" Gravel NLwilau
: S |
AINGIY 17 - 2% CGravel uﬂﬁﬁﬁﬂﬂdGrams ¢of dry film per kilogram
t ! A é ! 5 -
of stone BUTSUIN 015 =~ 1.95 ULEANTNIN ﬂi:ﬁ%ﬁﬂﬁﬂ1uﬂ1?ﬂ39ﬂﬂﬁ
v

]
BOD, 284NN 19 - 2% Gravel F9mMNdINee 2" - 3" Gravel MY

LI |
(T
a’]'u’lﬁ‘if?:\l ,]

G 3mm'u|u Filter il 7=MUWIn Protozoa, Rotifer
t [ ;
Tudaan92eq Filter yosEffluent 9ag Filter w9n Paramcccium 9
1
WUUANMAN Psychoda £lies  3yiinuuniINg I uuueay Filter 97U
1

1 L4
< o
Psychcda larvae UEsWIN Worms 9siiagnrsaawialily Filter Te9zime

1
agnuaqmﬂo%nﬁﬁnﬂﬁq

4,10 Performance of Filters by Various Formulations

3 [ 1
& 2 a
FANNATIN 21 PIAGTANN 32 Lﬁuﬁﬁiu@ﬁﬁﬁﬁﬂﬂd Observed
1
efficiency UazpCalculated efficiepey Tﬁupmjmqq G aqujnTrlck—

ling filter nl uan Recirculaticn am?wﬁaumaq Observed |18 Cal-

culated efficiency ATy Filter Miﬂu?:ﬁ§ﬂ1Uﬂﬁiﬂﬁm 33 LLRzANTIY
elt ot 3 "4‘ ijl“ N K s . s - :
N 34 hr Ul nllLEndiNyaYay Observed trickling filter data 31

| | E7 [ ]
S o - <
etelarduels Teudadhraaauiiy 100 % 1y Ideal case

NRC's Formulation  pAllgDd Efficiency I Volumetric
4
crganic loading I13¢ Recirculaticn factor aquﬂqqugaﬂﬂq Filter
v J ] ’ a '*4' o
ua: i Mruuﬁlﬁﬁﬂﬁﬁ ﬂﬁﬂ@dﬂ?zﬁ%ﬁﬂﬁﬂﬁﬂﬂuﬁmiﬂ (Calculated efficiency)
]

nquuwnmaeTﬂ?ﬁﬁ Obperved data (w1 laln

VELZ's Formulation paida4¢ Strength 789 Influent |4z
1 1 ]

i o :
Strength 989 Effluent UANgAd 9 ALUIAI Filter aauﬂwﬂﬂo@mugﬁ



63
% ] % o |
- a
W8y Hydraulic loading (UUMUNMNTIA 92LUBUIMNI Calculated effi-
' s
ciency ﬁﬂﬁﬂﬂﬂnﬁﬁ Obscrved data 92 Aukﬂﬂ Filter

TEN STATES' Formulation ﬁ%ﬁﬁ%ﬂ Efficiency !l8% Recir=-
e R 1
culati-n s 279178481999 Hydraulic 482 Organic loading,
7% M
QmMﬂMu7Zﬂﬁ1MZGGSQ Filter ?:Lﬁﬂi??ﬁﬂﬁ Celculated efficiencyllfifl

A9l Observaed data 1AM

t
ECKENFELDER'S Formulation Lﬂuﬂﬂiiﬁugmiﬁﬁﬂ Efficiency
'
984 Filter, Hydraulic lﬁadinq rate UBSAININYAN Filter a4
vt 1
@mugiﬁm Organic 1lnading ‘UUﬁ ATIATINDN 9 Lﬁﬂlﬂﬁﬁﬁﬁﬂ@ﬂ Calculated

v

&y

efficiency 1nbnZlAUaMl Observed data 1N

1 1
a ™ ‘e o
GALLER and GOTAAS's Formulation Lﬁugﬂswrﬁuﬂﬁuﬁfmﬁﬁﬁ@
]
|9y Hydraulic lcading rate, Organic loading ANEN2DY Filter

y t t v
- o
hae amvammaquﬁtﬁu 9% L“uiﬂ?ﬂﬂ Uﬁd Calculated efficiency S lnatheg

o o "
fill Cbserved data mtﬂuﬁwﬁﬂlﬁuﬂu

t !
4 = o
LAMB and OWEN'S F.rmulation INUPALNEANY BOD 2183

= élk..

Effluent, BOU, 98y Influent, Volumetric hydraulic loadlng,

Specific surfacc arca FANFINTINUT 2B mmg ﬂﬂQUﬁLgﬂ ﬁuuﬁﬂQQOrganic
1 ]
loading, AMH{IIRY Filter Lumnmiledenrun v 2 iulnenend
] t
=)
Calculated cfficicncy — 1PAUANNIA Observed data - DO

aﬁﬂﬂﬂitﬂ HLu%dHﬂﬁﬂﬁﬂ Efficiency Tﬂﬂom$m1d " ﬁhhﬁﬁﬂq
t
Efficiency M ﬂ?ﬁﬁ T NARBINLAN gﬂfﬁﬂﬁ NRC, ECKENFELDER e
| v ] ]
-

v i
b & &t o 4
GALLER and GOTAAS i iﬁﬁ;ﬂataxQﬂwnnﬂu@maﬂ?ﬁﬂﬂﬁi%ﬂa@Qﬂaﬁgﬂrau i



]
a7l 21 ugnenar LT uuiuinls <3vEnmaeq Observed U8S Calculated 709 Trickling Filter

' 1 ]
Twugmiﬁaq NRC 7 Loading Rates n14 ¢ intlullna? Recirculation (Medium 472

Gravel, Depth of Filter 1.8 m.)

e

| BOD

e v  ai A i we ax

.

.,(\

BOD5 ;BOD5of g 5of Lffluent afficiency of Filter
Run|Flow Rate . g* ) § R : Observed Efficiency
Noe ml,min-1 iLoadlng e Calculated%ObservedjCalculatedngserved
'g.m_B day'1 mg.l- mg.1_1 ﬁ8.1_1 : % Calculated Efficiency
127,44 1 118 16.11 Ha 86.35 89.83 104,03
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(Medium 17" - 2" Gravel, Depth of Filter 1.8 m.)
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| mg. | 1bs ‘acy -1 - d
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mlemin 1 MG acrec 1day Inflf:nt Load1ng_1 Calculated [Observed |Calculated |Observed
No mg.l 1bs acre g3\l ! G a0 Calculated
day ! i | o | Efficiency
% %
106 1875 2136 | 16 79.85 8k.90 106432
1 25 2.12 83 1469 16+81 | 14 79.85 | 83,13 104,11
97 1716 19.58 %) 15 79.85 | 8,54 105.87
86 | 3043 1716} 16 80.05 | 81.39 101467
2 50 L2 81 2866 16314 15 80,05  81.48 10179
91 3220 18+ 14 17 80.05 | 81432 | 101459
76 4O3k 15.08 | 17 - | 80u46 | 77,65 | 96,8k
3 755 B 5 i 1459 16.64 ' 20 | 80.16 | 76.19 95.05
90 L7 17.80 | 22 80.16 ; 75455 9ke25
83 | 587k 1635 - |. 22 | 8030 | paue 91452
4 100 8.48 96 | 6794 18.85 | 26 | 80.30 | 72,92 90481
90 | 6370 o R I 80430 | 73.33 91.32
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Flow Rate

BOBBof
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Efficiency of Filter {Observed Efficiency

Sof Effluent
S ml.,min.1 deay-1 Inflg:nt Calculated |Observed | Calculated|Observed iCalculated Efficiency
Noe .mg.l mg.1-1 mg.l"1 % % i %
i |
E 118 1. 76 12 98451 89.83 | 91.19
1 25 0.036 @ 99 1.48 11 98451 88.88 | 90.22
? 102 1452 12 98.51 88.23 | 89.56
L9 2.68 13 97.05 85.71 | 88431
2 50 0,072 | 101 2.97 | (L 97.05 86, 1 88476
t & 98 288 b Tall 97.05 85.71 88431
103 L 48 17 95.65 83,49 87429
3 75 04108 | 100 L,35 16 95.65 84.00 87482
; | 114 4,96 19 95.65 83,53 87.12
i 90 5614 16 9k,29 82.22 87420
5 | 100 Lok | 99 5.66 18 94.29 81.81 86.76
5 | o2 5.26 17 94.29 | 81.52 86.46
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; Flow Rate 1 BOL: of i Bogsof Effluent ;Efficiency of Filter Observed Efficiency ;
Run | I e ! e
Cnlmin” woday " Tefluent | co) culated Dbserved | Gaioulated Observed | Caleulated Efficiency
No.i mgs 1 mgol-1 i mg.l—1 % % %
, ¥ - ‘
| 106 2.84 / b 0016 97.32 | 8490 | 8724
1 E 25 0.036 83 8,22 1 97.32 Bz, 9%, | 85,42
| | [T g7 2,60 15 97.32 8L, 5l é 86487
o L. 86 b, 18 16 oh.79 | 81.35 | 85.86
3.0 80 0.072 81 k.22 15 94479 81440 85496
f =791 b7k 17 94.79 81.%2 85.79
2 76 5479 17 92438 77.6% 84,03
3 75 .0.108 | 8k 6.40 20 92.38 76.15 82,47
% 90 6.86 22 92.38 75.55 81.78
§ B - < 8.23 22 90.08 7349 81.58
L | 100 Bovd L el - b 95 26 90.08 72.92 80495
L 90 8.92 2k 90,08 - ' 75433 5 81440
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b

Bt ot Ratio E SN & el
Run ﬁbrmul S Observed Efficiency/Calculated Efficiency %
.\\\‘ a 2':J:on S e s 7 e i TR T : e
oy Observea\‘\\\\_ NRC | VELZ |TEN STATES |[ECKENFELDER |GALLER & GOTAAS%LAMB & OWEN
Efficiency 3 { | i
89.83 104,03 | 99,67 * 13k.7h W08 T F1dk g 91.19
1 88.88 101.76 | 98.61 7 133.31 10k 7 111,25 i 90.22
88423 101.20 | 97.89 |~ 132.3% 103.70 190, 4l | 89.56
85471 1°2.55 | 95.09 | 128356 106.96 107 .06 . 88.31
2 86414 103497 | 95.57 + 129.20 107+50 107459 |. 88iz6
85.71 103.18 | 95.09 128,56 106,96 10706 i 88.31
83.49 104,86 | 92.63 125.23 108 . 8L : 104,01 87.29
= 84.00 105,20 | 9320 | 125,99 ' 109.50 | 104,65 87.82
S, 105.77 | 92,45 124,99 108,63 § 103.81 87432
| i i
§2.22 1049k | 91.22 g 123.32 | 111.05 | 102.35 87.20
n 81.81 105.52 | 90.77 | 122.71 | 110.49 | 101.8% 86,76
81452 104,30 | 90.45 122,27 110407 58 10148 86.46
tiean 103494 | 94,39 127460 107 .81 106,16 88425
Standard Deviation 1.48 | 3,12 4,22 2.38 3,75 1,46
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Trickling Filter without Recirculation (Depth of Filter 148 ma)

fon 5brmu1 Batio Cbserved Efficiency/Calculated 7ificiency
HO* | Observed T~ NRC | VELZ | TEN STATES| ECKENFELDEK CALLER & GOTAAS| L'MB & OWEN
Efficiency o | Wi o o

84,90 97.63 | 94.20 | 127434 99«79 |© 106,32 87+2k

1 83413 9h.17 | 92.23 | /1269 9771 10411 85.h2

94 o5k 96.67 | 93.80 126,80 99436 105487 56487

3139 96.94 | 90430 122,08 101,57 101.67 35486

2 31.48 96.59 | 90,40 e 101.62 101.79 85.96

31432 97,30 | 90,22 12197 101643 101.59 85.79

7763 9l ,69 | 86,13 116 o bkt 101 .20 96.84 84,03

34 76419 94.81 | 84.53 | 11k28 99 . 7 95.05 82,47

75455 $3.63 | 833824 T33P 98 L9 | 9k.25 81478

i 73,49 1 93.00 | 81.5k | 110,23 99.26 91452 81.58

4 72492 | 93.73 | 80,90 | 109437 98.49 90,81 80495

‘ 7333 93.59 | 81.36 109.99 99,04 91.32 81.40

Meano 95.14 87.45 118’23 99.78 98.43 84011

Standard Deviation 1675 4,97 e 72 1,37 580 2:34
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