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HRT Day COD effluent %COD removal VS§S VFA Alkalinity pH
(days) (mg/1) (mg/1) (mg/l CH,COOH) | (mg/l CaCO,)

10 15 3,245 459 2,560 2,450 2,025 7.53
20 1,816 69.7 1,845 1,350 2,075 7.55

25 1,025 829 2,042 750 1,725 172

30 746 87.6 1,978 575 2,225 7.60

35 346 94.2 1,578 650 1,675 7.64

40 350 94.2 1,590 750 2,075 7.7

45 341 94.3 1,610 600 2,150 7.96

50 340 94.3 1,655 460 2,050 195

55 339 94.4 1,668 450 2,000 7.96

60 348 94.2 1,645 475 2,150 8.17

7 65 707 88.2 1,432 638 2,150 793
68 800 86.7 1,675 900 2,175 7.93

EE! 924 g4.6 1,835 975 2,150 8.07

74 1,143 81.0 1,542 1,088 2,175 8.09

77 1,256 79.1 1,625 1,200 2,150 8.11

80 1,277 78.7 1,754 1,238 2,125 793

83 1,286 78.6 1,635 1,345 2,000 8.20

86 1,270 78.8 1,344 1,536 2,425 8.05

89 1,289 78.5 1,542 1,620 2,550 214

92 1,285 78.6 1,622 1,535 2,500 8.23

95 ,239 794 1,632 1,426 2,350 8.14

98 1,250 79.2 1,642 1,246 2,450 8.15

101 1,220 79.7 1,675 1,325 2,275 8.09

104 1,238 79.4 1,632 1,250 2,344 8.14
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HRT Day COD effluent %COD removal VSS VFA Alkalinity pH
(days) (mg/1) (mg/) (mg/1 CH,COOH) | (mgA CaCOQy

5 107 1,432 76.1 1,520 1,455 2,050 7.95
110 1,495 75.1 1,532 1,650 2,035 7.84

113 1,536 T4.4 1,515 1,450 1,945 1.75

116 1,575 73.8 1,505 1,530 2,125 7.61

119 1,605 73.3 1,523 1,450 2,245 7.58

122 1,685 719 1,500 1,360 2,100 7.55

125 1,704 71.6 1,623 1,670 2,250 1.75

128 1,756 70.7 1,480 1,330 2,025 1.72

131 1,832 69.5 1,452 1,575 2,100 744

134 1,885 68.6 1,544 1,620 2,100 1.77

137 ) 1,902 68.3 1,445 1,400 1,950 7.98

140 1,954 67.4 1,532 1,420 2,005 71.73

143 1,936 67.7 1,435 1,600 2,230 7.75

146 1974 67.1 1,460 1,430 2,150 7.65

149 1,935 67.8 1,436 1,445 2,125 7.65

152 1,954 67.4 1,433 1,500 2,050 7.87

155 1,993 66.8 1,402 1,400 1,990 7.76

4 158 2,154 64.1 1,425 1,640 2,025 7.75
161 2,354 60.8 1,410 1,450 1,750 7.63

164 2,246 62.6 1,366 1,510 1,845 7.52

167 2,564 57.3 1,365 1,470 1,750 7.64

170 2,456 59.1 1,328 1,660 1,750 7.54

173 2413 59.8 1,324 1,620 1,750 7.42

176 2,365 60.6 1,354 1,750 1,850 133

179 2,485 58.6 1,235 1,780 1,900 7.34
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HRT Day COD effluent %COD removal VSS VFA Alkalinity pH

(days) (mg/) (mg/) (mg/l CH,COOH) | (mg/l CaCO,)
4 182 2,564 57.3 1,335 1,725 1,875 135
185 2,613 56.5 1,435 1,595 1,750 7.32
188 2,421 59.7 1,232 1,790 1,950 7.34
191 2,545 57.6 1,254 1,685 1,850 7.22
194 2413 59.8 1,080 1,625 1,825 7.10
197 2,399 60.0 1,135 1,750 1,900 7.05
200 2,3%0 60.2 1,075 1,790 1,925 7.01
203 2,401 60.0 1,110 1,750 1,850 6.95
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MTHAUIN 7 ANUHUIRANT NN UUAINATINTBAAWITTIRBTA1)

Frothedi ATIMURALE T (micron)
SATsTUIIYNANIBUNId ITBZANNIAY Aufimsumzvesdanaenses
(kg.COD/eu.m.-day) (days) (sq.m.fcuw.m.)

0.3 0.6 0.9 1.2 4 5 7 10 100 358 423

1 5532 | 6286 35.79 30.11 1624 | 2956 | 4322 | 6286 | 628 | 1052 | 1055
2 60.14 | 8286 42.35 32.66 1724 | 2935 | 385 | 8286 | 828 | 853 | 94
3 8000 | 7143 55.45 35.44 19.54 | 4435 | 6012 | 7143 | 7143 | 195 | 1429
4 6543 | 7955 59.44 27.15 2066 | 3521 | 5932 | 7955 | 7955 | 2044 | 7.06
5 70.21 89.43 56.23 24.1 2544 | 3215 | 4522 | 8943 | 8943 | 2565 | 1422
6 6674 | 6548 54.44 27.35 2311 | 4532 | 4731 | 6548 | 6548 | 2895 | 1538
7 71.23 75.35 56.23 32.65 2039 | 4152 | 653 | 7535 | 7535 | 1877 | 842
8 6235 | 59.42 39.65 29.78 2435 | 3888 | 3965 | 5942 | so.42 | 1714 | 7.8
9 6422 | 6522 37.21 23.35 1955 | 3945 | 4031 | 6522 | 6522 20 10.77
10 6732 | 75 56.23 28.51 2555 | 2534 | 3143 | 7as | 7115 | 1538 | 94
11 59.33 58.32 40.21 27.22 23.22 26.98 32.15 58.32 58.32 20.35 7.55
2 5839 | 5429 43.44 28.17 2015 | 2877 | 3744 | 5429 | 5429 | 1429 | o941
13 67.12 | 6795 49.51 29.51 1692 | 3799 | 5569 | 6795 | 6795 | 241 7.06
14 7523 | 7475 58.22 30.11 2033 | 3054 | 5941 | 7475 | 7475 | 2433 | 1832
15 71.24 71.65 61.33 28.57 18.45 321 65.41 71.65 71.65 26.54 15.24
16 8232 | 76.54 60.24 38.88 1654 | 3677 | 4532 | 7654 | 7654 | 1538 | 164s
17 59.23 68.22 52.45 35.64 2145 | 2935 | 6633 | 6822 | 6822 | 1827 | 1735
18 61.32 63.25 45.55 28.57 16.55 30.56 41.03 63.25 63.25 18.35 12.65
19 5544 | 6432 55.32 25.46 1535 | 3655 | 4799 | 6432 | 6432 | 1254 | 1176
20 6999 | 69.35 53.12 35,88 17.35 | 3066 | 4035 | 6935 | 6935 | 1811 | 1565
21 6832 | 5832 48.05 2435 15.48 | 3562 | 5001 | 5832 | 5832 | 1599 | 1145
2 6544 | 5574 50.8 25.56 1732 | 3465 | 4356 | 5574 | ss74 | 1055 | 1235
23 75.15 67.35 55.43 42.54 26.03 44.68 4568 67.35 67.35 20.21 15.18
24 7835 | 6824 58.55 30.65 2488 | 4232 | 4282 | 6824 | 6824 | 1744 | 1645
25 68.55 | 6258 60.41 39.44 244 | 3277 | 494 | 6258 | 6258 | 1656 | 1924
wds | 67.14 | 68.14 51.43 30.47 2022 | 3486 | 4771 | 6814 | 6814 | 1832 | 1254
S.D. 7.37 8.49 7.78 5.06 343 5.78 10.11 8.49 8.49 5.06 372
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MANUIN B HBUATISHNNABAATNATIILY Nonlinear-regression ﬁ'l"'iUﬂ'Ii'ﬂ"l'lJ"lﬂ‘lJ’iﬁﬁﬂﬁﬂ'l“

szupinimihnd@ouvunsesl¥erne Taolsdeyannudududlsdinmaduazeon

JEHZIIANAL

POLYMATH Results
No Title 06-19-2546

Nonlinear reqression {L-M)
Model: Se = a*Si*x*HRT*y

Variable Ini guess Value 95% confidence
a 0.001 8.7E-14 1.54BE-14
X 4 4.7869553 0.0186309
¥y 3 -2.6575592 0.0B1531%

Nonlinear regression settings
Max # iterations = 300

Precision

R"2 = 0.9583495
R*2adj = 0.9375242
Rmsd = 155.45816
Variance = 2.96E+05
General

Sample size =7

# Model vars =3
# Indep vars =2
# Iterations =115
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L < - 4 . . a ar o = A
MAKRUIN G HAAATIZHNNAUAATATIULY Nonlinear-regression @1M5UN IS MWL sZANT NN

szvninfaindanvunses¥erns TaslddoyannudududToanautwazoon

FTEZOAHNUMN LA WURA IS UNIZVDISINA19NT B

POLYMATH Resuits

No Title 06-19-2546

Nonlinear reqression (L-M)
Model: Se = a*Six*HRT*y*Asp*z

Variable Ini guess Value 95% confidence
a 0.001 5.444E-17 1.955E-17
X 4 4.493378 0.0383704
Y 3 -2.433113 0.1570234
z 2 2.0873175 0.0640559

Nonlinear regression settings
Max # iterations = 300

Precision

R"2 = 0.9682929
R*2adj = 0.9492687
Rmsd = 130.4755
Variance = 2.758E+05
General

Sample size =9

# Model vars =4
# Indep vars =3
# Iterations =36
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AFAIATIZHHIUAY
1. 418d {Chemical Oxygen Demand, COD) 1a67% Dichromate Reflux method (APHA,
AWWA_ and WEF, 1995)
= - ﬂ ] e, - n’: o [ A o o =3 ot o
ma loaluanfSuuesndinunanuandsans e ldlumseond ladaissunsdly
a’ 9/ o o o“I a ar 1 a - o 4
wildnaodiumiveulasenleduaziin Taverfondnnisi1 ensdunidannsagnaendlad
o = o L 3 o 2 aao dy o d" P - = 9 '
T8 lasdnavesndounteldanziliunse dUidsoniiviiatuiigunaligetdeaiims
» 9 P a 4 [} a P 3 LYY = =1 o - u’q’vd
dunwldmsivdnd  dwmfuaseninlfiiiududueondouiivarsas lumsinsiedilaen
Wldadonlalaswa mszsingn uazaunsnsendladersdunidlda adleAdisiumm
N » o . N
fileaftuswand USummssunIdlninfodavuafuuaiiSedosaatn'ld wazh
wuniSetovanan1uld

A A o
MTDduBIAY E!'L!ﬂ‘im

) , ny

1. inseadionIFlunsSvand (Refluxing apparatus)
4

2. YIADDS LUV

=
a3ny

1. msazanouasgiuleifaueu Tudloudiamda (FAS) 025 M azay Fe(NH,),
o 3 td
(S0,), 6H,0 98 n3u Twuinau 1A conc.H,S0, 20 Hadaas MldiduudnlfuiTunsdae
» 1) » .
wndunulSnassudiu 1 8as msazawilvzdoninmanududuiiniveuluudaz u
aasazawnasg ldamGonlalnswe
3/ o as =i as
msmnnududuvesmsazaouinsgumessausu digudama (FAS)
¥
Lihansazaomnasg Tdmdonlalnsim 10 Haddas Wi 90 fiaddas @unsa
»
dorSnidudu 30 Haddas Aalddundninnlamsa  AuesTauoy Tuidloudama (FaS)
8 o oA o v - L4 a gd : o P
025 M TaelfieTsoududnmes 2-3 ven Wududinwes yaganldousimiviuunudon
e
Fudhaaua
N13A1LIW
Tua3Aved FAS = [1511a K,Cr,0, (@) X0.25] 7 5w FAS #11F (ua)

2. wsavaeuaTg i lldm@onlalnswa 0.0417 M azao K,Cr,0, (uuah

gangll 103 e uwaiBod uid 2 $2Tu9) 12.259 5y luhnduudnlsuiSuandu 1 ans
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3. msazawnsadansn e Ag,SO, uar conc.H,SO, A1edadiu Ag,SO, 5.5 NTu

@0 conc.H,80, 1 nlansu Aanald 2-3 5u 1 Ag,S0, azanarewinnld
da o~ ar
4. HANBIAIINY AN K (HgSO,)
5. sazaop 15ouBUARIRDS aza1v 1,10-phenanthroline monohydrate 1.485 NN
» .

uay FeSO,.7H,0 695 Hiadniu hniwnausuldilSuies 100 daddas
et ) o
15 RAIIEH

as

1. A9A1061915u1as 20 Haaans ldluviaswanddimiumiais loq
o da o as ') o o =y
2. WusamesiTndama (HgSo,) 04 nSuuaziiaufa 3-4 e @umsazaionsa
FayIn(wau Ag,S0,) 5 Nadans a613d19
3aanasazanewnsgiu Ildadoulalnsom 00417 M 10 linddns
4. WumsazansaFanIn (nau Ag,S0,) 25 ladans waylmidiu
@ o a o v e & o : v o
5. e HanFsaudetuns oA UeS Almivaniou
N v ¥ .
6. am ianudaurinmsiddng 2 $21ue dassnaB3Iou Thinduiiage
ADUAUIYDT
7. lamsala Tnsuanyiniiunedls FAS 0.25 M Tatldasazaiomo1sou 2-3
a o I'd = q‘ : =y - :
woadlududiawes yagAniasunmiviuunudoadiuiiimiauas
o o 9 : a = - o1 e : o t ° =1 a o & o
8. Muuan laslniinaululSuasimidinidaes vnssHanaiviioua

[l Q’I‘ a o o
sy1anlszmssaiimsalinldndeamiiuday

AU
COD (un/a) = [(A-B)XMX8,000] / 1/surdr0613 (a.)
Ty
COD = f1Chemical Oxygen Demand
A = SuwFas RlFdmivunasd  (Haddas)
= USnu FAS #lddmiudiesn dadaas)
M = lua15Aveq FAS

2. e udiasziva g (Volatile suspended solid) (APHA, AWWA, and WEF, 1995)
N3 110
voaudaszmedte (laansuaas)

= Haansu/ans a1suvIvuany) (Haansw/ans a1sNman)
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2.1 YT a5 Iuaoy (Suspended solid) (APHA, AWWA, and WEF, 1995)

A A o
lﬂiﬂquauﬁgqﬂﬂiﬂl

1. aszaunseslond G/F iduriqudnats 4.7 wudmns
.4 o« =
2. NFWYAIUDT AUY 100 QRUIANTUAILNAT
3. INTDIQADINIA
4. Jovius (Desiccator)
5. IOV
A o a
6. N399%02188A
ada o
Ei Tl PR

=,

] * »
1. sunseaensas i afigaivgd 103-105 ©x dszana 1 2 Tueie B ¥Bululov

a

=

e udhdammimiinnszatunses auy@iniiu A un.

2. domlfinasdaniinh FeerldrueadefaldTnosznuetiaioeiiqn 2.5 un.
(RumMiminuesnszaIunos)

3. mnszatvaslunsaeynmed Fsded funieagaeima

4. Whhndudanszaunsealiiflonuas IWgngadamiudunsaoyamed

5. nseanetiniATiasfidens Taverdiuusspasia

6. Whindudadraveadaiianegrans wsunuanazsesunitezus

7. DaunSoegaeinia 151hnfu Aunszaunsaaldaruznily illouiugeuuds
figungdi 103-105 %% sunhezuds Woanlszine 1 $2Tus

8. A WEumgaimgiivealu Taviunds Wi niminnszaunseslm auYAN
W B un.
N1SATHIN

USuamisuviuany (Uaaniu/aas) = [(B-Ax1000]/5uasa001001 (addns)

2.2 USinavesuiafindony (APHA, AWWA, and WEF, 1995)
4 &
i3psiie
1. 1AV 1WA (Muffle furnance) figaingii 550 %
I
] ¥ .
LihnuszmoidaiimiSnsvsadaiea  wdnih Tk Indlumt Iihigungd

[a) -'l : o d' =
550 o yupsznaiminaan sz 15-20 W)
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1 9 o ] = = o & : a < o = 1
2. ﬂaﬂﬂﬂlﬁlﬂuﬁd'i]ul“’lqmﬂqu'ﬂﬂ\ﬂulﬂﬁ‘mﬂlﬂﬂi ‘lfQﬂTu‘]ﬂuﬂilﬂQtl‘lJQﬂlﬂﬁﬂﬂg
{Fixed solid)
A1SATUIN
d o -3 L a a w -
ﬂfﬂﬂllﬂl\]“!ﬂﬁaﬂg (uaaﬂmz‘am)

o o o i a an N [l 4
= (HaAnsuUeddIRMAD x1000)/(HadanT Al081aR 14)

3. NIATTINEAY (Volatile Fatty acid) tag amwauilua1s (Alkalinity) Tasis lamsm
(Direct titration method) (APHA, AWWA, and WEF, 1995)
3 lasnasnseiviudinseniolu 24 $27ua

4 A '
1nInIteuarnllnsal

A‘l - L)
1. 3eedeTannudlunsa-aia
¥
2. UAWUUIA 50 ¥A. 2 DY LaZUINUUTA
3. oI (Hot plate)
¢'| 9 1 1 a3 . .

4. 15090 u las1Hun M an (Magnetic stirrer)

5. TnnosuuIa 200 a5
. a
18 unil

o o o
1. asazaneuniies Wy 7.00
Y] o o
2. ersazaivivines Wiew 4.00
3. msevawnsadayinas g Andudu 0.1 uedia
= o bl 9 o o

4. sazonlwdenlaasonled arumdudu 0.1 usdira
asf
IBA15H

c‘l’ ar 1 : ny -:; s ] » = [] 4:{
1. samegnimefiszmnia luduszmsdinlianazneu nazSumwizauinla
L »

2. maimlatininesuuia 200 avau

3. WuwSerianuiiunia-an areasazaratwliiedyia 2 a1 WMoy

4. 3ANDY U NI TN

s Jemsmimsdgesazatonsaniasgu tvdmasanal laoldnseanauuvau
wan sndSuiesnsafifioy 4 uda lamsnassuRey 3.50 ¥30 3.30

o ava adawd 1 oy
6. aulvimeni Yszanw 3 win Naldisuimigumgiivnes
» } »
7. lwsmimedsmsazaeaanasguauiestuiy 4 Tasniuaaeanal mns

Tamsnasnniiey 4 sudaiies 7 wwisunasannin e lums lamsnnfies 4 84 7
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NIAIUIN

MW

1. manuilusenhifiaianug (Total alkalinity) (un /a.) Tug)) caco,)
— (ua,1930.1 N nyadan3niilfoufieniiu 4) x 0.1x50x1000
1. Y1986 X 50
2. anmwarndiudaiiieaninn1snsaszmede (Volatile acid alkalinity) n/a.) 1u
31l caCo,)
= (ua. y8e 0.1 N ladion'lansonlydldinduudies 4 u 7) x 0.1x50x1000
1. vonivd x 50
3. msfmnenfinunsalvliuszmedis (Volatile fatty acid) (nsa) Tugal
CH,COOH)
3l 1 anmanudiudiaiiesninmsnsasemedte < 180 wn/a. CaCo,
. Unnunsaluliussmedio wnsa. Tugd CH,CO0H)
= anmanudludaiiosninnisnsasemedie xi
nsd 2 anmanuilumaiisninnisnsasznedie > 180 un/a. CaCo,
Psinunse lviiussivedie unsa. Tugy CH,CO0H)

= ﬂﬂ'lﬂﬂ']'lm‘ﬂuﬁi'lx‘llﬁﬂdmﬂﬂﬁﬂiﬂixlﬂﬂﬁ"lﬂ x1.5

4. A muvealdndaz (Biofilm thickness) (AL1n3971n Rittman and McCarty ,1980a)
A A
11709140
1. 1A504 Scanning electron microscopy
2. Tov e (Dessiceator)
¥
3. IR0 ULTS
4.9ununnuisu
AHN15U3
0 e L] Y ¢ 1 o e o O o
1L hdegnhiifauiwnzeguuii Tdoufigavail 80 % wiu 1 $2Tua
o o 1 P 9/ o [ o 9 1 =1 e 9 9
2. e uiidiumssund: iy 1 Taviuetssundezgaingiivisu Taviuds
3. idredni 18 lihimsndeunes uaziir luifunseq Scanning electron microscopy
egANuMBIENT i imzeguuAlme

4. JannumnianFazeinaina o 1491030 Scanning electron microscopy
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2 o e ¢ < o .
5. ANUTUFUN NS Yo IWANTIZ (Biofilm moisture relative) (fA111/29910 Rittman and
McCarty ,1980a)
-
15031
4 L
1. IA594%a1D0A
1 3
2. OUUNY
ae
IBN1IN

o ] ¢ e

1. 11A7961 (AINA1INT) ATHANTIZINITegUURY Faimin duyaA A un.

o o L] -3

2. WIABEN (AINANNTBN) ﬁﬁﬂﬁu%azsm:aguuﬁo Tuoufigumad 80 ®a w1
$1T33 sudaet 1
3hwretufidumssuuda luduB3i ladudeundszeumpiiviifu Tovunts
nnhnidegd I TS ahmingnade aungd B un,
4. iwetunnde 3 Tdwlfazen udni lusuiigumgd 80 %o wiu 1 F2Tua
PRI
sahdaedndirnunisouuda iu13i Tovwdseuniwsgamgiividy Tavuds
ymhnieeed I8l Faimindnats qUYA C un,
MIAIUIN

ANUFUFURINTYRIRANT IS 1HUA) = [(A-C)x100 J/(A-B)

6. WufiduNIZ VeI INA1INTBS
A A
tA384il8
o4 4 -
1. fiineivia 1000 ang
2. ASTUDNAN
5NN
o _ o ] = « = < ¥ e o g
1. Wimnannsedlaluiinnesving 1000 dasvuwdy udniuswaudanannses
AUYA A A2
1 :‘ o o 0‘: ° a o oy =g 1 = 4 o o
2. lahaaluiinineswiowminhimsinlSnasidildasludnnesoudy auyd B mi
14 ]
3. AMaMmAUARIAINA1INTBY AUYA C A3,
DISAIHIN

¥ [
AURAISUMIZYIRINRNNTBY (Ar) = [(AXC)A1000-B)]x100



