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##4970249421 : MAJOR ENVIRONMENTAL ENGINEERING

KEYWORDS : ACTIVATED SLUDGE/KINETIC PARAMETERS/INDUSTRIAL

WASTEWATER/COMPUTER MODEL
CHAEKKRIT JATURAPATTARAPOKIN : KINETIC PARAMETERS AND COMPUTER
MODEL OF INDUSTRIAL WASTEWATER TREATMENT PLANT. ADVISOR
ASSOC. PROF. SARUN TEJASEN, Fh.D., 80 pp.

This research objective was to improve the operation and control for activated sludge process of
Mavanakorn Industrial Estate by determining kinetic parameters of biological aerobic degradation of both soluble
and nonsoluble organics. Also, a compuier model imitating real wastewater treatment process was constructed.
This research contents were divided into two steps as follow.

First step included the determination of 1t , K., ¥, and b, for soluble organics (sCOD) and microbial
sludge, and determination of k, for influent suspended solids. Experiments were performed separately using
concentrations of real wastewater 25 = 300 mg COD/L, boiled wastewater 30 - 900 mg COD/L, microbial sludge
4,000 mg cellCOD/L, and influsnt suspended solids 8,000 and 12,000 mg COD/L. Kinelic parameters were
analyzed using non-linear Monod equation by SPSS and AQUASIM programs. Ratio of nbCODTCOD of
wastewalter, influent solids, and microbial sludge were also determined. Results from sCOD analysis found that
nbCOD/TCOD, fi, and K, of real wastewater were 0.363 £ 0.025,9.92 = 1.91 d', and 889 + 385 mg/L,
respectively. For boiled wastewater were 0,374 £ 0.008, 4.43 £ 0.325 d', and 47.5 £ 13.1 mg/L, respectively. Yicld
(¥, ) was 0.620 £ 0.038 mg cellCOD/mg-COD. Results from influent solids analysis found that nbCOD/TCOD, £,
and COD/MLSS were 0.752 £ 0.009, 0.907 £ 0.090 d’t, and 1.52 £ 0.013, respectively. And results from microbial
sludge analysis found that nbCODITCOD, &, and COD/MLSS were 0.862 £ 0.025, 0.176 £ 0.061 d', and 0.756 +
0.005, respectively.

Second step was the construction of computer model of Navanakorn wastewater treatment process by
AQUASIM. Kinetic parameters from first step and real operation conditions from Navanakom were applied in the
computer model. Data of COD and MLSS between real data from Mavanakorn reports and this computer model
were compared. Results were found that most of effluent TCOD (99%) was nondegradable (nbCOD) and 66% of
sludge in aeration tank was inert. These founded kinelic parameters can be used to improve the operation and

control of this wastewater treatment plant.
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3 DIMITLAZE 17
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A o 4
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9 YA 4
(7 =

10 Dyl 3
11 819 5
12 UTN5 6
13| i 4
14 | 9ug 30
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A 4
Influent Flow measurement Aerated grit | Grit to
Ll Ll
wastewater chamber chamber disposal
Y A 4
Aeration tank Aeration tank
pEssssssss=sYY 1 cumy T -E:TrTE ST = - I"~""=======-= 1
' No. 1 No. 2 '
1 1
1 1
1 1
1 1
1 1
1 1
! »i » »i » !
. Clarifier No. 1 Clarifier No. 2 Clarifier No. 3 g Clarifier No. 4 .
1 1
h T T T T h
| : 7/ N : |
\ 1 [ [ 1 \
\ 1 1 1 1 \
\ | | 1 | \
) | 1 1 | )
1 1 1 1
: | Return sludge | | Return sludge | :
1 - - P -2 L - P € -~ 1
' pump No. 1 pump No. 2 '
1 T T 1
1 " 1
! : ! !
1 Return sludge ' Effluent to public ' Return sludge 1
L e g Fmmmmmmm e — - 1
4 drain system .
| |
_________________ A R LS
1
|
1
v
Excess sludge
1
|
|m———m—m e mmm e —— - —— m]
1
]
1
1
' Sludge Dry sludge
[ | SN ’
| drying bed cake to disposal
1
1
Air -—— :
! |
v Yy
Excess sludge Sludge pumy Sludge thickener Sludge
2 L__ 2y g¢ pump Lo p 2 Y g
storage tank storage tank
|
1
A 4
Sludge Belt filter press Polymer Sludge
2 - -1 p €-- - y €-- -1 g
hopper Feed pump
[]
1
1
1
|
1
' Dry sludge

cake to disposal

~ [ o W 3’ = 4 a o 3 d ad a 4 Aa A A o W
‘§"]J‘V] 2.3 UAUATSUUUNUAUUTSLUASTAAD (UTHN DNHWTN FHNUF LDUIIUYITI 310A, 2007)



~ ] o w a o < Jd a a J aAa a o w
1NN 2.2 HUINTSVIUNITUDITSUUUIUA (VTN !@ﬂ%!’w%ﬂ FANNET LDUIUYTI 91DA, 2007)

YHIA (NN T)

a1aun HHILNITUINMS ”
NIN 817 N Free Board
1 | deguiindusow 3.85 10.00 | 8.00 0.50
J
2 5193a0a5 13 lnaveninde 2 ga 0.50 ~15.00 | ~1.20 ~0.50
3 UOANMIY 2 %A 2.50 6.00 | (@n)1.9 -
4 voanemaLed 1 50.00 50.00 3.40 0.50
5 valaueInIALen 2 38.80 70.00 3.40 0.50
6 veanaznougaieton 1-4 @ 24.00 2.10 ~0.30
7 Houazneua 1WA 1.40 5.30 3.00 0.70
8 ﬁWuﬁWﬂﬂzﬂ@u‘]gﬂ‘ﬁ 1-18 25.00 30.00 0.75 0.10
Fd
9 UogUININAIUAINNLNOUIAZUDANNI 1Y 1.20 5.00 2.00 0.50
10 FanuaNUTuTUaZ DL @7.00 3.00 0.50
11 HorfiuaznouNduiuA T uTuaznaY 2.00 2.00 3.00 0.70
Weig: & = iduriugudnaig
~ d‘ [ o o W
M1T NN 2.3 Lﬂim%ﬂmaxqﬂﬂimﬁumizuummﬂ
a o I d ad a 4 = o~ o L
(UﬁHﬂ ONBWIN FFNUE DUUYIT 91NA, 2007)
. v UIY
o w A = o 1T A v
;aun eazvun Muranag
)
A HS H v s ' H
1 w3oaguiinde quiiude’ld 278 Is veinos 60 hp. vogquilndes 2
1 v
2 130999831013 111 (Flow Meter)
2.1 1A503A0A3 1M IMaveniudednsz Uy (FL-1) 5199999313 I1ia 1
2.2 1n3099A8 313 Inavesnznouiounadulion 1 (FL-2) 1oIANeIMALDN 1 1
23 n3099A9n51M 3 Iavesnz nouieundVLeN 2 (FL-3) 1oIAN®INALDTN 2 1
3 A211N59 (Bar Screen)
3.1 AZUNTINIUANUNIIVBIFDIALUATINE 0.425 3. ADUUBANNT Y 2
32 | Azunseaziden ANNAI9U0IBINZLUATINIL 0.025 1. HaILBANNI Y 14
A a ' v 3, .
AT 0UANDINMADIDINA A 2.37 m’/min .
4 . UaAnNIY 1
UoIes 3 hp, 1425 rpm




~ X @ L4 o w 1
AN 2.3 m?mfuﬂmaxqﬂﬂimﬂlmizuumm (n9)

v
[

oW d‘ = o \ d' 13
faun 18808 AWHUINAY U
)
A a a 4
5 INTOUANDINALLVHIN (Surface Aerator)
5.1 IATDUANDINALLY Turbine BSD Favorit UOIANDINIAN 1 2
UBIABT YA 40 hp, 70 rpm
UYsz@NTNNUMIANDINALS - 3.5 kg-O,/kwh
52 | n30uANe MUY Turbine BSD Favorit UOIANDINIAN 1 4
UBIABTYUIA 25 hp, 72.5 tpm
YszANTMWMIANINA 1.8 - 1.5 kg-O,/kwh
53 | n30uAN0 MUY Turbine BSD Favorit UDIANDINAIN 2 8
UBINBTYUIA 25 hp, 72.5 tpm
YsgANTMWMIANDINIA 1.8 - 1.5 ke-O,/kwh
INT9INANNOUYHUA Half Bridge 817 12 1R oanaznou
6 v : 4
Mesuomasv1IA 1 hp, 1400 rpm 8ATINATO 40:1 dugaioton 1-4
INF0GUAZNOULLIY Screw Pump GUAZNOU IR 395-540 m/hr o o
7 . , . doanomalef 1-2 2
(AYTUDIADTVUIA 15 hp, 1460 rpm OATINATO 29:1
IN5OIGUAZNOULILY Positive Displacement guaznou'ld 55 m’hr | | o
8 " o uaznoudIUNY 2
UOIADIUUIA 25 hp
A H = S A MY 3
NTNFUUINENDULUY Submersible Pump qummﬂ“lﬂ 30 m'/hr Lz LA
9 . UonuaznoudIUNY 1
UOIABIUUIA 5 hp
J
4 » PR , UogquiINTodInaIy
NIDIFUUILUY Submersible Pump q‘ummﬂ"lﬂ 185 m'/hr ,
10 p AINAZNOULAZIINUD 2
UOIABTUUIA 4.2 hp 5
ANNIY
INFOIFUALNOULDL Positive Displacement famiyauA N
11 2
quagnowuld 10.m’/hr, 20.m TDH, 330 rpm, ¥9IABIYUIA 3 hp AzNOU
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2.1.3 YSnanivas

Aw & Jdad a s AAa A o v X & Av A (R y 2 agw
VTHN ©ONFNS N Famud oudiilese Hina Fuiuniininlinuimeanninge’ld
Y v Y [
drsszuihiiaiudevesiaugadrnssuuiuasiioastnaevlsinanindendigszuuiia
09/ = A " W I Aa 5’ A A Y u’;’
iy Tagidentiednnsianaiailugansieaeuilsmaniud@endngszun miniunsiaaeunaea
' Y 4 2 [ [
52821981 24 F2 109 TIUIU 2 A5 AIH ATIN 1 F39TUN 9 - 10 WOHMIAN W.A.2550 TagnsI9doL
A v v 1
NN 30 WALEZATIN 2 F9TUN 11 - 12 WUAIAL W.A.2550 ASIVAOUNN 5 WIT FIwans

a g} = d' 9 1 09/’ :/‘ d'
{5]‘3’Zﬁ]ﬁ@ﬂﬂiﬂWﬂ!u%ﬁﬂﬂHﬂq53Uﬂﬂﬂ 2 a5 uaaeluaisien 2.4

A a :} = Y o W a o I~ d ad a 4 a A a o w
MTNN 2.4 USuanivdudnszuuiinia (UTHN LRGN N FALNNE DUILUYTI 3109, 2007)

2 (7
(Y v

MINIITAOY afaii 1 adsii 2
Huii 9-10 W..2550 11-12 W.N.2550
AWHUIATIVADY UDANNTIANT Y (Grit Chamber Tank)
25A59a0U Rectangular Sharp Edged Weir 1.50 m Width
YSnaniide (@1.30./5%) 29.310.55 25,436.55
5@151m§vl‘ﬂmﬂ§'ﬂ (QU.N./%U.) 1,221.27 1,059.86
5@]51ﬂ1§vlﬁﬁ§ﬁq¢] (@u.u./%4.) 2,152.80 1,357.70
5@151&115'114@1@‘1;1@@ (A.3./%.) 902.75 1,024

v Y Y
INAsN 24 wunlSunanhidedhszuuitialiaisaiins lnaveniigege
1.76 ue46n31m3 Inamae maenanaunsalsasgeurilenszuiumsiitanieg aelu
& 4 o A o <o e J
sryuimslasmidasvesdnsims lnalinaremaiauvesssvuuenanidamunysuani

=1 { A o @ [ ] a [~ a oy =\ " W [
Wemasidnszuuiindaniny 29,310.55 au.u/ 5y aadludSuaniudemisy 8.50 av..ae

L 4 Lo a & 4 o . 0 &y £ da
wunve 1 15/5u (AN UNVIYIUIU 3,450‘15) gazdnmsarIvdesdumelununtay

E4
v W

v
RATIMNITUUIUATNDIT 52UV IVT NI ndelimadiga  auiulueuinadiiinisSuilys

= v v

£ 9 Y v
szuuswmindezilioasmsnaindorazanvazauiaiudelman)dsunlasnndoya
[ 1 Jd a :’ 4 a ¥ 3 a
@NﬂﬁTJﬁ'lﬂJ'liﬂﬂW’]ﬂ'liﬂlﬂ‘i11'lﬂli!'lL’(?ffJﬁﬂg!ﬂﬂ"ﬁuﬂﬁﬂllﬂ"llﬂﬂuﬂuq@ﬁTWﬂiiﬂJHQUﬂiiuau']ﬂﬂ

" @ [ [ ng/‘ a o < d ad a 4 a g aAa o w
NNY 42,600 AU.N./IU ANUUUITHN LONFINTN HFNUE 1DUIUYTI 91NA %dmummﬂﬁ’ﬂammu

v ' v
Ysmnanindeluewnaithgszuutiniaindesiiny 50,000 av.u./iu



2.1.4 apHAUTANVAVD I U

a

UIH

11

<3 S ad a 4 a A a o w 1< o [} 3’ =1 A 9 =
N IDNHKINTN BHLNUEA LDUILUYTI 31NA Lﬂ'U@]'J@ﬂTQuTLﬁﬂLW@i%iuﬂWﬁﬁﬂ‘HW

[ va g’ = a o Aa < Y [l qaj 1< @ 1
ANHUSTNUAUUTYUDIUANYATIHNTINUIUAT Tagaudumsinualedenswsmiuaiogg

o A g A & o
LUUIIY (Composite Sample) Glu’mﬁ 9-10 NOHNIAY NW.A. 2550 uazﬂiﬂﬁﬁmgﬂumammuu

593 (Composite Sample) TUiuf 11 - 12 wguaan w.a. 2550 Fawah lauaas 13 lumsran 2.5

=~ wa o A A 9
A1319N 2.5 FUUAU TNV

o W a o 3 s ad a 4 a A o o
VUVIUA (UTEHN ODHFINITN FANUE L’E]umﬁﬂiﬂ 109, 2007)

o ' Sufifudeshain
WINNINDT Hive
9 - 10 W.N.2550 11 - 12 W.A.2550

1.pH 7.30 7.15
2. BODq mg/l 108 126
3.COD mg/l 334.40 399.52
4. NH,-N mg/l N 24.30 26.21
5. Org-N mg/IN 7.34 291
6. Nitrate mg/I N <0.001 0.002
7. Nitrite mg/I N 0.004 <0.0005
8. TKN mg/l N 31.64 29.12
9. Total Phosphorus mg/l P 2.76 5.91
10. SS mg/l 208 150
11. TS mg/l 1,058 1,460
12. Dissolved Solids mg/l 850 1,310
13. Oil and Grease mg/l 17.33 17.33
14. Heavy Metal

14.1 Pb mg/l Pb <0.02 0.315

14.2 Cr mg/l Cr <0.05 <0.05

143 Cd mg/l Cd <0.002 <0.002

144 Ag mg/l Ag 0.049 <0.01

14.5 Hg mg/l Hg <0.0001 0.0001

14.6 Cu mg/l Cu 0.205 0.179

14.7 Ni mg/l Ni 0.657 1.612
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NA1TN 2.5 WUNFATIUYDI BOD, : N : PUAn11100: 5 : 1 FUWMIZEULN
Y Y
M3nTyan Tavewuans e uonNHEnLIiudel Oil and Grease Hag Ni ganIAIAIFIY
Y 4
hneanlssnugaamngsy (liifu 5.0 un/a. uag 1.0 un./a. Muday) waga1 BOD, ttag COD
9

v ] H 14 H
Aoudduoisuiudeyan Idanms@ussuuiihniaindenrmun  daiulumsesnuuy

o o 3‘ = o =R 9 d'
szuuiaiudeluilagiivaddsaluasian 2.6

A J A c?l = a o - & 4 a J aAa a o w
A1TNN 2.6 MANTUANUAUDIUNTY (UTHN ODHNIN FHNUET DUUYTI 3109, 2007)

U J d' 4
183 Yer] Mmnla
o & 4 o 5
WA UNVIINIHUA 15 5,016
o v J s el VW
891310135 19901 gnunasaeiuie 11560y 14.65
v
Usams 14 qﬂmﬁﬁmmﬁiﬁu 73,500
v
dadgumsnaning % 57.99
v
a o s 1w
USuaninge QNIIANIATAD TY 42,600
ANUIANTUVEI BOD, laansusoans 300
ANNTUTUUBI COD HaaNsuADANT 1,000
MazusINnimlugives BOD nlaniuseiu 12,780

2.1.5 MsUszdivdszansmmvesszuviinaiiuas

S dad a J aAa a o w Y I o 1 2‘ o Ay

DNHIWIN FFANUT DUIUYII 31N "lﬂmum’aawmmwwmazaaﬂmmzuu
tia Anududuazneu (MLSS) taza1 SV, vedaznou luduaneimaaz i9nz neunyuiiow
d‘ 9 a a a o @ :’ = d! a &Y wAa
LW61515’1J38ﬂf’J°]JﬂTﬁ‘1J‘§$L3Ju‘]J‘iZﬁﬂﬁﬂ1wmﬂﬁi$ﬂﬂﬂ1ﬂﬂu1lﬁﬂ FINANTIIATIECHANHUSAUUA

uanalumstan 2.7
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s % 4 J

M3 2.7 HamIuaeH e A ude (WS BTN Femnud eudidiese $11a, 2007)

Z =S v : s U A U A ﬁqmgnau
RIS fIRTRISTN] HuasgvIean DIUANDINA 1 DIUANDINA 2 -

- . Hy U
wmanmes | W T 4 A T3] 22| oAl o4l 23] 22l 24l 24
AIIN AIIN AIIN AIIN AIIN AIIN AIIN AIIN AN AIIN

1 2 1 2 1 2 1 2 1 2

USwnaninds | m/d | 29310 | 25436 \ p - - - - - -

pH 7.3 715 | 777 | 758 | 714 | 714 | 694 | 721 - -

N mg/l | 208 150 24 34 3 - - - - -

BOD, mg/l 108 126 144 | 192 | 585 645 600 735 - -

COD mg/l | 3344 | 39952 | 66.88 | 6538 | 2,358 | 2,106 | 2,640 | 3,341 - -
MLSS mg/l € 4 - X 3,060 | 2,900 | 2,680 | 4,320 | 1,630 | 2,860
MLVSS mg/l - - ! A 2,120 | 2,060 | 1,900 | 3,000 | 1,210 | 1,860

SV, ml/l . 4 - - 700 766 660 | 923 - -

SVI ml/g / E - - 333 372 347 307 - -

H ¥ Y Y Y H
1NN 2.7 Wenlasanansszauliavesindevudaziinaioonansz
i ]
wunszvihtiaiudedsaunsasivasnuanisnlugl Bob, uaz cop 14 uailenasana
anudutuvenzney lududneinidal MLSS, MLVSS uaz SV,, wuia1 SVI iagauinni
o a 1 @ : o a A d a
300 Mnliinaan 1z lswaavesasneu salidunauininmsiinznougaunsddunuluszuy
o o 9 a o ;1 =] Y o Aa E [ ] A&
niwadonu i duisddimsinngidannuaunsavewaazionszuumsiiveriy

Foyalumstsulgeszuninialuewaa agl1daasei 2.8
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v Y
A15197 2.8 VAN NNEINITDVBITLUVINUAT 1T

a o < d ad A J a A o w
(UTHN 1ONHINTN AN Lﬂu‘ﬂ&ﬁﬂi\‘] 2109, 2007)

219 HHWNTTUINMS AN NUTNITO (V.3 TH)
Pump Sump 44,352
1. Bar Screen 25,920
2. Aerated Grit Chamber 27,360
3. Aeration Tank
4. - Aeration Tank No. 1 11,252
- Aeration Tank No. 2 12,162
U 23,414
5. Final Setting Tank
- For Aeration Tank No. 1 10,848
- For Aeration Tank No. 2 10,848
ERY 21,696
6. Sludge Treatment
- Sludge Thickener 35,933
- Belt Press 10,000

Y
W 1

PINATN 2.8 WUNAIANUIINTZUIUNT Acrated Grit Chamber %uﬁq Final

Do

Y
£ o

H £ 1

Setting Tank szvuihTmindenlegmuszannsnitaiudelagega 21,696 avu/fu &
4

ANNANIT0HLYNTINA 1ABYUIAVB Final Setting Tank aIUATUIUMTTINTAAZNBY (Sludge

4 v k4 Y
Treatment) #1501 1TAnEnouNavu N udalu1lTna 10,000 av.3./5u
o ?:’ a o
2.2 szuuihdanuasnuute nitAAaand (Activated Sludge Process)

2.2.1 Voyanahl

Y
o/ o =

I as o 2 ad A a 9 ~A A A 9 a
Wuasihtau uden1835n15n19¥IINeN Iﬂﬂi‘]ﬂmﬂ‘ﬂlﬁEJW’Jﬂ‘V]Gl,G]fE)ﬂﬂ“]iH]Ll

@ @

I [ A o :‘ a < v I
(Aerobic Bacteria) 1Hudivianlumsdssaalsaisounsdluiinge szuuenndaaanily

v [ Y Y v
szuuihtiatindendeuldiuedaunivareamnsotinia lanaindeyuruuazindoainlssnu
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E4
1 o

Y i1
gadingsy maauszuuihimindelsznniiianugeendudeu owindedinaniugu

E}

A1ILUIAROUUALANHAUTNIMEMNAIE]  IWIHIZaUUANTINNULALAMTIANTIUINVD

yaunsdileliszuuivszdnamlumstiiageqa

Tuihgiin szuueniin@aadasimswannlsnuratoguuy iy szuuuuy
AIUANYTH (Completely Mix) N5z UIUMIU5uIaBosduAa (Contact Stabilization Process) 5311
AB09IUIBY (Oxidation Ditch) wazszuhiimindonmeatond (Sequencing Batch Reactor)

I
dludu
2.2.2 HANMIMNUVDIIZUY

[ 1 =

o w 3/ = a < v o 1 o
sypuihiadndonunuenanmaaand laena llilseneudediudide 2 dau fe
Y o

9
DUAUDINA (Aeration Tank) HAZOIANASNDU (Sedimentation Tank) ﬁnangﬂmmmmu

Jd ~

& A o I o ~ Y v A =
mmﬁmuﬁaﬂﬂamﬂummumnmm‘n@@mmu% ﬁfﬂ’wﬂ181Hﬂﬂl@lllf)1ﬂ1ﬁi]$llﬁﬂﬂ/‘l1/l

U

9
a a J =1 1 a

4 o 1 a a7 a a =~ 1 = g/
lﬁﬂ@1‘L!’JElﬁﬂﬂﬁ!ﬂifgmuiﬁﬂlﬂﬁﬂﬁuﬂiEJLL‘]J‘ULL?)Ii‘]Jﬂ YAUNTYH AU zggda1ua150UN3 8 1111

a

Y '
o

= Y 4 J g} a2 = o w 4 1 [
idoldoglugivosmsvoulaoonlaauazin - dudeidiunistihiiandles lvase lugeds

A v :’ i e SE T 1 & o Y [
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4
v A

v o 0. q U @ 1y = Y
1999) AU U fl]‘f.ﬁVI'lGlWWEUH KO’H+ So NNy So Llazﬁ'lil'lﬁﬂaﬂgﬂﬁuﬂ'liﬂ 2.1 ulﬂ L“]J'LWNL!
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Fex = Umi| ——— | Xe.n (2.2)
Ks + Ss

Ay v o Y A 2 1 Y a 7 s
mJﬂﬁVlUlﬂui]xuWUlﬂGl%mluﬁumi‘ﬂ 2.1 °]N’l]gﬁlfflﬂsh’iﬂ153lﬂ51$ﬁﬂ1ﬂﬂuwaﬁ1ﬁﬁi
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2. aUMIDATIMITANBAIVOIaT WV LIEIMDIIN31l () 1INA15191 2.9 TUNT
e A v o o oA
u“léfmmﬂﬁumﬁ Process Rate 11411077 4 Decay of heterotrophs AUNUAINMU (-1) NADANUN 5

E4
Active heterotrophic biomass (X ;) laaumsaail

'px™ _bHXB,H (23)

Tagh b,  =9a31MIdaIwAITUNIZURIaFNLVLEND 15 N1 (30.7)

1 b4
3. AUMIONIININNATITOINS () VINAIT NN 2.9 AUMIH IAINANNTS
= v o o g
Process Rate 111099 1 Aerobic growth of heterotrophs ANUAINYU (-1/Y,) NABDAVUN 2

Readily biodegradable substrate (S,) laaunsaail

UmH SS SO
I XB, H (24)
YH Ks + Ss Ko‘ n+ So

[

o = v = A Y g dy
sazlwihweudeanunuaunsi 1 aunsnaaglaumsi 4 1a udail

[== oD L XB, H (25)
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H
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AvaunasnaasilSsuiiounudeyan lavinnsnaassae i
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Y
faao 117l
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2.3.2.1 auN13VY09 Monod (Grady, Daigger ttay Lim, 1999) L‘]ﬂuﬁnmiﬁqéfmﬂﬂﬁ

Yo o & Aa v a 7 7 o &
NAADN ulﬂi‘ﬂﬂ’]iEl'ﬂllillllaglﬂuﬂuﬂllslﬂfcluﬂ'ﬁ'Jlﬂi’]gﬂﬂ'mauwaﬁ']ﬁﬁi UAUNITAIU

1 Um'S
U=—Tlx=

—_— (2.6)
X Ki+S

=1

A ) A A v @ A 1
ns i Idanaumsi 2.6 aziianyazasgl 2.9 wemaves g, lunsl
18 azamnsolsznunn &, 18 lae &, sinusnnududu S) i ld 1da = 2
1 Y o d Aa & v
msuanl 4 ez K lugduuui suiludedldldsunsuneuiiuaesn

a 4 Q/ __odeusl 1 a
mmia3mi1314m111mlwuﬁmaﬁ’eyjauuu“lmﬂwmﬁ’u (Non-linear relationship)

uA

M.,

(TN 2 :

v

719 2.9 Sasimaal§isenanududua1591M15A1999INTUNI5UBI Monod

(Grady, Daigger g Lim,.1999)

2.3.2.2 auN13UB Lineweaver-Burk (Grady, Daigger #a% Lim, 1999) 41910113 11

£ v
AUNTV8I Monod 1nwdaunay Taeunisasil (31 2.10)

J 2.7

w|F
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310 2.10 S5 IMsMAYRATORANMAUTHEITOIHITA ] 9INAUNITV09 Lineweaver-Burk

(Grady, Daigger LL8& Lim, 1999)

4
2.3.2.3 auN13U09 Hanes (Grady, Daigger #ag Lim, 1999) aum3Hu11nMstiaums
. 2 4 A 9 ' = 9 A
V99 Lineweaver-Burk 11USULNAANNNARIANADUYDIANNT Iﬂﬂﬂﬂlﬂ’mﬂW Smaz"lﬂ?mm‘s‘w

2.8 99NN

S 1 Ks
B i (2.8)
u U Un
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nszaeaanavestoyanasaduns il Taoluliswdrdwmidladwmianiie nsmlonaumsi



28
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) Y’N'E‘,ﬂﬁ 2.11 MIMIARAUNAMTATNNANMITH ﬁ?hlﬁ‘ﬂ'lﬂﬂﬂ@]mlﬂu Y LMy
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Yof Ao Joyad 1Alin13nTz188208 AULLUEINIINT IV Lineweaver-

v ] 9
4 ~ 9 ! A
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KJMH,

v

517 2.11 Sasmaial §AsernaNuduIUa15911137 199 9INTNN15UDI Hanes

(Grady, Daigger t8& Lim, 1999)

2.3.2.4 aunN13V04 Hofstee (Grady, Daigger !lag Lim, 1999) VINMIUITUNITUBY

9 v
Monod 1Nl (K+ SyS Idaumsaail (314 2.12)

(KS+SJ
Ue| —— | = U, (2.9)

224 U=U—Ks-| = (2.10)
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9y dyd 9 AN Y v A Y Y Y
Yoavesaunsil Ao Joyah ldlimsnszaedifuazanninsudunivldies
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Tag'lidoal¥nouniunesi e
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517 2.12 dasimanal §AzernnNuINTHA 97115019 9INENNTUDI Hofstee

(Grady, Daigger 4 Lim, 1999)
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a A v (L a a A A A dyo Y
Tuemsatiamernu naznunm 4 uaz K wldsunlas ldawsiavesuaiize Goetinln
J a 7 % @ 1T v ' '
msagdarimsiimesidulyldeinuinuazaisseiiasz e lunms14a1d10619 (typical) ua
o A < A 1
Tagia 1)udr arsemsndesaals 14157 (readily biodegradable substrate) U1 44 QAIUALAT K
A1 vmzhanseisiidesaaisladn (slowly biodegradable substrate) 9ziiA £ Awaza K, g9
oNADE1 1Y NN Twdnlia1 2 11929 0.61-0.64 hr' 1Azl K, 1U%FI9 4.2-5.8 mg-COD/L
luvmzn 2-aaeTsWluealian 4 14929 0.020-0.025 hr' wazal K 11929 1617 mg-COD/L
1 g 3 o {1 I 1
(Dang J. S. et al, 1989) Tisoauamua &, 419 ludwanarsennsndesaais’laiii wu nwan
1 a ' |
Taafif K, 0.2 mg-COD/L tazniangainiiai K, 0.5 mg-COD/L 1Judu (Chudoba J. et al, 1985)
09/ = a 9 a = J a [ ] Y Y A =
e laslnavzilsznevalea1saunidnales ia lago1derntienNuINIUE lof
Yy 9 @ 1 v 2’ a d o I s A =
unuANUINIY IAgs . endlea1usy Hudsnnvhsudadtnuasvhsuauraessuiuiia K
3‘ = <3| Y 1 A A
500 mg-COD/L (Jordon W. L. et al, 1971) tudesuamiluiiodnnavesarsisznoudie
a =4 a I~ Y o =1 [ :j = 1 [
M50UN3draten yrauazausanumiulana h Gsieauam g veuindeguruodluyis

0.12-0.55 hr' 1Az AN K, 14329 10-180 mg-COD/L (Henze M. et al, 1987)

o 1 4 o v A
Pala A. ttay Tokat E. (2002) “V]']ﬂTiﬁﬂB"lﬂ"l‘ﬂﬁuWﬁﬁ']ﬁﬁﬁlm%ﬁ"l@]’)iﬁ]ﬂ“]fﬂ‘ﬂ‘]f')ﬂsluﬂ”ﬁ
0o w AY S A Y o o Ag Y Y . .
ihiiaddeunmindegaainssudithe Tasaagaguildlunisnaaes 18un specific organic
flocculant (Marwichem DEC), powdered activated carbon (PAC), bentonite, activated clay Qg
% ) [ aan 4 4
commercial synthetic inorganic clay (Macrosorb) Gdﬁmﬂﬂﬂl%jiumﬂ;]ﬂ‘samummm i}ﬂﬂiz’dﬂﬂ
Aawv ay dy ] [~ 1 1 ~ a g o o @
GU’E)\T\‘]"IH'J%EJGH'HHLL‘UQ@@TTHJH 2 aIU Vlg]}l,l,ﬂ ﬁﬂ]&l'ﬁ’ﬁﬂﬂﬂi%“ﬂUW@T%%%Lﬂ@"ﬁuﬂﬂi$‘1J°1J1J1°1J@LL1J‘1J
] @ Y] [ d { a 1
ﬁgﬂ@uﬁ\?fl]'lﬂ@l')ﬂﬂ%ﬂllﬁ%?fﬁ\‘llﬂi'lgw uazﬁﬂmmﬁm’wﬁmmzﬁuGlumsmuizummzm
Y
4 o
vaunamansvesindegaamnssudithe
[ o a Ea @ dy = =3 = g’ = Y
{lu’d?usl]@\‘]ﬂ"I‘ﬁ“l/'lﬂﬁf’)\‘]ﬁ]gﬂWﬂTi?!ﬂﬁT%ﬁﬁ'Nc] PINU WT@@LLa%ﬁGUE]\‘]u'll,ﬁflﬁll'llslﬂ-@@ﬂ,

a o

MLSS, TSS, pH, DO 4188l dIumMInaAdauaigadsunyI1 DEC uag PAC Hilszaninng

u

A o w A J J @ Y
Vl?!ﬂi‘l!ﬂ1i‘ﬂ1‘ﬂﬂﬁ LLﬁZﬂWﬁﬁWﬂW%ﬁuWﬁﬁ"lﬁﬁﬁ’Eﬂﬁfliﬂiuﬂill SPSS 6.0 TﬂﬂﬁiNﬂiWW
v v d ' @ 4 J v o J @
ANUENRUT 32 N1/ G 17U ¢ 1o Y e &, tazas unstinnuduiussenans 1/s, fu 1/g

[

4 J 1 1 % 1 4 dy
INOWIAT K, 1Az k daua g 1900 g = kY vz ldnvaunamans aail

Y =0.76 mg MLSS/mg COD k, =0.026d"

K. =113.3 g COD/m’ L. =032d



31

v
o

Y
INNTNAVDINIHUA WU DEC uag PAC Uilszansamangalunisiiniag Iae DE

Q

@

e

]
120 mg/l a@mnsthiad’la 78% d@au PAC 200 mg/!l @unsaiitiadld 77% uavziiilywiiil

A o Y @
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a o o W 2’ = =} . £ 09/, 1 o = 9
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4 awv t:y ; ] 3 1 Y
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2 v Y
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9 o a o o w - = =
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a1 9 o

1 [ 1 d’ a Jd a
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aov 1 { % o a d 1 [ dyd Qsj = =y 3’
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= a A .
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oy oe . o =< o v A = [
Pala A. a2 Béliikbas O. (2005) shimsany1msmdaiiTed lulaswu uazveaesaly
o t% :’ =y Y o aan 4 1 4 4 [
Tsaihiaindeguru laglsaelgnsomuunuasiaziinvaunamans 9alszainnanvos
av 1 1 4 Y aaa
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o aaa LA
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aw o A v . . 1
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] o o < a
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DVBINUINY auifAvoninde Avaunamans
Henze M. et al (1987) ﬁuﬁﬂﬂzwu M, =2388132d"
K,  =10-180 mg/l
Dang J. S. et al (1989) nsauTsan L, =1464-1536d"
K =4.2-5.8 mg/l
2-naalsiuea U, =04806d"
K, =16-17 mg/l
Grady Jr. C. P. L. etal (1999) ﬁynﬁﬂﬁlgmu L. =6d
20 °¢ K, =20mg/
Y = 0.6 mg-VSS/mg-COD
k,  =040d"
Pala A. 18z Tokat E. (2002) Widveaavnssughihe . =032d"
COD = 400-600 mg/l K, =1133mgl
20-25 °C Y =0.76 mg-VSS/mg-COD
k, =0.026d"
Metcalf L. ttaz Eddy H. P. ﬁw;ﬁﬂﬁqwﬁu L. =2d
(2004) COD = 430 mg/l K,  =40mg/l
20 °C Y =04 mgVSS/mg-COD
kg =0.10d"
Nuhoglu A., Keskinlerb B. laz 1%11?{&1@1;11%14 M =55d"
Yildiz E. (2005) COD = 335-664 mg/l K,  =35gCOD/m’
20 °C
Pala A. 118 Boliikbas O. frn?mﬁlpﬂm Lo =11284d"
(2005) COD = 266-800 mg/l K,  =343mgl
20 °c Y = 0.7 mg-VSS/mg-COD
k, = =0.053d"
¥ATNI GNHTITN (2007) 1%118&1@1;11%1& M. =396d"
COD = 60-200 mg/I K, =4134mg/l

30 °C

S
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Variables

Age:  Description: Age of cell
Type: Formula Variable
Unit: d

Expression: (8000*X)/(Qout*X out+Qw*X wr)

b: Description: Degradation rate constant for microorganism
Type: Formula Variable
Unit: 1/d

Expression: 0.172

bns:  Description: Biodegradable non-soluble COD
Type: Dyn. Volume State Var.
Unit: g-COD/m3
Relative Accuracy: 1e-006

Absolute Accuracy: 1e-006

bns_in: Description: Initial conc. of biodegradable non-soluble COD
Type: Formula Variable
Unit: g-COD/m3

Expression: SS*0.248*1.52

bns_out: Description: Out conc. of biodegradable non-soluble COD
Type: Formula Variable
Unit: g-COD/m3
Expression: 0.19488%1.52



bns_wr: Description: Waste conc. of biodegradable non-soluble COD

Type: Formula Variable
Unit: g-COD/m3

Expression: (bns*(Qin+Qrec)-bns_out*(Qin-Qw))/(Qrec+Qw)
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bs:

Description: Biodegradable soluble COD
Type: Dyn. Volume State Var.

Unit: g-COD/m3

Relative Accuracy: 1e-006

Absolute Accuracy: 1e-006

bs_ini:

Description: Initial conc. of biodegradable soluble COD
Type: Formula Variable
Unit: g-COD/m3

Expression: COD*0.64

COD:

Description: Conc. of wastewater
Type: Formula Variable
Unit: g-COD/m3

Expression: 782

CODout: Description: Conc. of wastewater

Type: Formula Variable
Unit: g-COD/m3

Expression: bs+nbs
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Description: Degradation rate constant for SS
Type: Formula Variable
Unit: 1/d

Expression: 0.932

Description: Half saturation concentration for sCOD
Type: Formula Variable
Unit: g-COD/m3

Expression: 88.85

nbns:

Description: Recirculate conc. of non-biodegradable non-soluble COD
Type: Dyn. Volume State Var.

Unit: g-COD/m3

Relative Accuracy: 1e-006

Absolute Accuracy: 1e-006

nbns_in: Description: Initial conc. of non-biodegradable non-soluble COD

Type: Formula Variable
Unit: g-COD/m3

Expression: SS*0.752*1.52

nbns_out: Description: Final conc. of non-biodegradable non-soluble COD

Type: Formula Variable
Unit: g-COD/m3

Expression: 15.21%1.52




nbns_wr: Description: Waste conc. of non-biodegradable non-soluble COD

Type: Formula Variable
Unit: g-COD/m3

Expression: (nbns*(Qin+Qrec)-nbns_out*(Qin-Qw))/(Qrec+Qw)
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nbs:

Description: Conc. of non-biodegradable soluble COD
Type: Formula Variable
Unit: g-COD/m3

Expression: COD*0.36

Description: Discharge
Type: Program Variable
Unit: m3/d

Reference to: Discharge

Description: Water inflow
Type: Formula Variable
Unit: m3/d

Expression: 11141.8

Qout:

Description: Water outflow
Type: Formula Variable
Unit: m3/d

Expression: Qin-Qw

Qrec:

Description: Water recirculation
Type: Formula Variable
Unit: m3/d

Expression: 16385.1



Description: Water wasteflow
Type: Formula Variable
Unit: m3/d

Expression: 185
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SS:

Description: Suspended solid
Type: Formula Variable
Unit: g-COD/m3

Expression: 160*1.52

SSout:

Description: Suspended solid
Type: Formula Variable

Unit: g-COD/m3

Expression: bns_out+nbns_out+X out

Description: Time
Type: Program Variable
Unit: d

Reference to: Time

Description: Maximum specific growth rate of microorganism

Type: Formula Variable
Unit: 1/d

Expression: 9.919/0.76

Description: Volume
Type: Program Variable
Unit: m3

Reference to: Reactor Volume



Description: Microorganism
Type: Dyn. Volume State Var.
Unit: g-COD/m3

Relative Accuracy: 1e-006

Absolute Accuracy: 1e-006
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X ini:

Description: Initial conc. of microorganism
Type: Formula Variable
Unit: g-COD/m3

Expression: 2000*0.76

X out:

Description: Out conc. of microorganism
Type: Formula Variable
Unit: g-COD/m3

Expression: 6.99*0.76

X wr:

Description: Waste conc. of microorganism

Type: Formula Variable

Unit: g-COD/m3

Expression: (X*(Qin+Qrec)-X_out*(Qin-Qw))/(Qrec+Qw)

Description: Growth yield
Type: Formula Variable
Unit: g-CellCOD/g-sCOD

Expression: 0.62




Processes

DecayCell: Description: Decay rate of cell
Type: Dynamic Process
Rate: b*X
Stoichiometry:
Variable : Stoichiometric Coefticient

X:-1
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DecaySS: Description: Decay rate of SS
Type: Dynamic Process
Rate: k*bns
Stoichiometry:
Variable : Stoichiometric Coefficient

bns : -1

Degradation: Description: Degradation rate of sCOD
Type: Dynamic Process
Rate: (Um/Y)*(bs/(bs+Ks))*X
Stoichiometry:
Variable : Stoichiometric Coefficient

bs: -1

GrowthCell: Description: Growth rate of microorganism
Type: Dynamic Process
Rate: Um*(bs/(bs+Ks))*X
Stoichiometry:
Variable : Stoichiometric Coefficient

X:1



Compartments

ATank: Description: Aeration Tank
Type: Mixed Reactor Compartment
Compartment Index: 0
Active Variables: bns, bs, X, nbns
Active Processes: DecaySS, DecayCell, Degradation, GrowthCell
Initial Conditions:
Variable(Zone) : Initial Condition
X(Bulk Volume) : X_ini
bns(Bulk Volume) : bns_in
bs(Bulk Volume) : bs_ini
nbns(Bulk Volume) : nbns_in
Inflow: Qin
Loadings:
Variable : Loading
bns : Qin*bns_in
bs : Qin*bs_ini
nbns : nbns in*Qin
Volume: 8000
Accuracies:
Rel. Acc.-Q:-0.001
Abs. Acc. Q: 0.001
Rel. Acc. V: 0.001

Abs. Acc. V:0.001
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STank: Description: SettlingTank
Type: Mixed Reactor Compartment
Compartment Index: 0
Active Variables: bns, bs, X, nbns
Active Processes:
Initial Conditions:
Inflow: 0
Loadings:
Volume: 1300
Accuracies:
Rel. Acc. Q: 0.001
Abs. Acc. Q: 0.001
Rel. Acc. V: 0.001
Abs. Acc. V: 0.001
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Links

Link AS: Type: Advective Link
Link Index: 0
Compartment In: ATank
Connection In: Outflow
Compartment Out: STank
Connection Out: Inflow

Bifurcations:
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Link SA: Type: Advective Link
Link Index: 0
Compartment In: STank

Connection In: Outflow

Compartment Out:
Bifurcations:
Out:
Description:
Compartment Out:

Water Flow: Qout

Mass Loadings:

Variable : Loading

X : X out*Qout

bns : bns_out*Qout

nbns : nbns_out*Qout
Rec:

Description:

Compartment Out: ATank

Connection Out: Inflow



Water Flow: Qrec
Mass Loadings:
Variable : Loading
X : X _wr*Qrec
bns : bns_wr*Qrec
nbns : nbns_wr*Qrec
waste:
Description:
Compartment Out:
Water Flow: Qw
Mass Loadings:
Variable : Loading
X : X wr*Qw
bns : bns wr*Qw

nbns : nbns wr*Qw
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Definitions of Calculations

Calculation: Description:
Calculation Number: 0
Initial Time: 0
Initial State: given, made consistent
Step Size: 0.2
Num. Steps: 2250
Status: active for simulation

inactive for sensitivity analysis




Age:
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Plot Definitions

Description: Age of cell

Abscissa: Time

Title: Age of cell

Abscissa Label: time [d]

Ordinate Label: Age [d]

Curves: Type : Variable [CaleNum,Comp.,Zone, Time/Space]

Value : Age [0,ATank,Bulk Volume,0]

bns:

Description: Biodegradable non-soluble COD

Abscissa: Time

Title: Biodegradable non-soluble COD

Abscissa Label: time [d]

Ordinate Label: COD [g/m3]

Curves: Type : Variable [CalcNum,Comp.,Zone, Time/Space]
Value : bns [0,ATank,Bulk Volume,0]
Value : bns_in [0,ATank,Bulk Volume,0]
Value : bns_out [0,STank,Bulk Volume,0]

Value : bns_wr [0,STank,Bulk Volume,0]

bs:

Description: Biodegradable soluble COD

Abscissa: Time

Title: Biodegradable soluble COD

Abscissa Label: time [d]

Ordinate Label: COD [g/m3]

Curves: Type : Variable [CalcNum,Comp.,Zone, Time/Space]
Value : bs [0,ATank,Bulk Volume,0]
Value : bs_ini [0,ATank,Bulk Volume,0]

Value : bs [0,STank,Bulk Volume,0]
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COD: Description: COD

Abscissa: Time

Title: COD

Abscissa Label: time [d]

Ordinate Label: COD [g/m3]

Curves: Type : Variable [CalcNum,Comp.,Zone, Time/Space]
Value : COD [0,ATank,Bulk Volume,0]

Value : CODout [0,STank,Bulk Volume,0]

nbns:

Description: Non-biodegradable non-soluble COD

Abscissa: Time

Title: Non-biodegradable non-soluble COD

Abscissa Label: time [d]

Ordinate Label: COD [g/m3]

Curves: Type : Variable [CalcNum,Comp.,Zone, Time/Space]
Value : nbns [0,ATank,Bulk Volume,0]
Value : nbns_in [0,STank,Bulk Volume,0]
Value : nbns_out [0,STank,Bulk Volume,0]

Value : nbns_wr [0,STank,Bulk Volume,0]

nbs:

Description: Non-biodegradable soluble COD

Abscissa: Time

Title: Non-biodegradable soluble COD

Abscissa Label: time [d]

Ordinate Label: COD [g/m3]

Curves: Type : Variable [CalcNum,Comp.,Zone, Time/Space]
Value : nbs [0,ATank,Bulk Volume,0]

Value : nbs [0,STank,Bulk Volume,0]




Description: Flow

Abscissa: Time

Title: Flow

Abscissa Label: time [d]

Ordinate Label: Q [m3/d]

Curves: Type : Variable [CalcNum,Comp.,Zone, Time/Space]
Value : Qin [0,ATank,Bulk Volume,0]
Value : Qout [0,STank,Bulk Volume,0]
Value : Qrec [0,STank,Bulk Volume,0]

Value : Qw [0,STank,Bulk Volume,0]
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TSS:

Description: TSS

Abscissa: Time

Title: Total SS

Abscissa Label: time [d]

Ordinate Label: COD [g/m3]

Curves: Type : Variable [CalcNum,Comp.,Zone, Time/Space]
Value : SS [0,ATank,Bulk Volume,0]

Value : SSout [0,STank,Bulk Volume,0]

Description: Microorganism

Abscissa: Time

Title: Cell

Abscissa Label: time [d]

Ordinate Label: COD [g/m3]

Curves: Type : Variable [CalcNum,Comp.,Zone, Time/Space]
Value : X [0,ATank,Bulk Volume,0]
Value : X_ini [0,ATank,Bulk Volume,0]
Value : X _out [0,STank,Bulk Volume,0]

Value : X_wr [0,STank,Bulk Volume,0]
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