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The QOperating Parameters and Modelling of SBR
process using Activated Algae

Seong-Jae Kang

Department of Environmental Engineering, Graduate School,
Pukvong National University

Abstract

Wastewater treatment process using algae were involved stabilization pond
and lagoon etc. However, the above processes require long hydraulic retention
time(HRT) and a large area, And discrete algae cells in treated effluent often
cause problems. Activated algae process <can improve  precipitation
characteristics of algae and benefit effluent quality by algal-bacteria bio—floc
formation.

This study was conducted to Iinvestigate operating parameters that
sequencing batch reactor process using activated algae was used in
wastewater treatment and to understand the nutrients removal mechanism
generated in the system. Another purpose of this study was to develope a
model for sequencing batch reactor process using activated algae.

The operating parameters in this study were choice mixed liquid suspended
studge(MLSS), algae/bacteria ratio(A/B ratio), sludge retention time(SRT),
Ca®"ion concentration and influence concentration to investigate basic
performance characteristics of sequencing batch reactor process using
activated algae. We could obtain the following conclusions. It is our hope that
the results from this study will erhance the understanding and design data of

sequencing batch reactor process using activated algae.

~ viii -



The effects of MLSS on light penetration was key operating parameter in
sequencing batch reactor process using activated algae. In our experimental
condition(350mg/L~1450mg/L, 2000lux), the removal rate per unit volume was
increased with MLSS increase, But, the removal rate per unit microbe was
decreased after increasing. The interrelation was not clear between A/B ratio
and organic matter and nutrients removal efficiency. SRT 10 days and 20
days were more effective than SRT 5 days. SRT is related to waste sludge
volume and waste sludge must choice between reuse and waste. Therefore
effective SRT could be selected in use objective. The adding Ca®'ion was
improved the removal rate of nutrients. Specially, the removal efficiency of
phosphorus was improved 40% degree. The increase of COD. was increased
the growth of bacteria. Therefore, in COD. 600mg/L, A/B ratio was
diminished to 0.98.

The sequencing batch reactor process using activated algae could improve
HRT and removal rate of nutrients and organic matters than conventional
algae systems.

The results of Modelling that ASM 2d was simply and included growth and
lysis of algae item was showed similar tendency with experimental results of
this study. According to modelling results against of COD. 150mg/L, T-N
40.2mg/l. and T-P 5mg/L of influent, satisfied condition that is applied from
2008 effluent water quality of COD. 20mg/L, T-N 15mg/L and T-P
1.5mg/L(be considered of safety coefficient) can obtain at Case25 (MLSS
2130mg/L, A/B ratio 4.77, HRT 2days, SRT 15days).
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Fig. 2.1 The principal features of the symbioctic algal/bacteria interaction in

Activated algae system.
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ra 4 sl

gAzAEYel Avade Axue 574 YUz FX8r] A By elges
Adgn A4 PchMagram, 1992). whebA, Al2gE B es 337 fdM =
AHe 2F/eeo R $Ho a7

»

A

ok mﬁ

Man(BA3 S 2= 259 %)/ Mas (2L 2k gte|gole] huE 27t & o
o= 379 (451/119), S571 #& AZds 13 (325/262) 2.2 A3t 7o A A}



tha sk9l oW (Magram, 1992), ZH/4HE ol HE Hat 1772 FAFEE o AY
Al Ao EnAoleln &% tHMaiti et al, 1981).

(3) 2FER AFAZ (Sludge Retention Time ; SRT)
Az Feo| slitelnt

&
< L@ Ed AFALES
=
=

< e (Magram,

AHEY AFAGGSRT = AESE A adofs Fash
(Huang et al, 2001; Fikret et al, 2002). FA ¥ AJejo]A v
52 AAES YU ¥ 2FEA AFANS 2o A

1992).

)z AN FANA FH A MLSSE FAA7E o] Wel F&29 o &S
918 Zasithn &9t Regan, 1972). FH4 5L vl4EY FEd =
ok welA, AEe ez #7278 ¥ ‘self-shading'® Zolx Ao ety 3
ATHMcGriff et al., 1972).

d AFALE A g eole] $4stoe d3g A Rl Ao
FERE WAY, LA vAEANE 9FE vlAh Fig 22 e ¥ EA A
= 2de AnE Yetd ez Fdge 1 EH AFAIL 9
o RRPEA AFAZe] HoldFE JAE et @& kst vAlE] fdH
old + e A& JebdHGoronszy et dl,
E SeAW A8 @] xr] Wi A-EF 1y

a2 AFALS FASPHEHA E2 A FHE 7R SHAE ATIFezA g9 AA

82 Y9 4 UtHKurata et al, 1996; Su et al., 1996)

gbd | A E-#]8o] e Poly-P HH glol nHEA HF7FAIzIe] D42 A2
AFEE& Asar)

A $gsEe] £84 W9 Be Q FHFE 2L 4 Al A A
1 FAedtHWentzel et al, 1991). £ @22 A FAIZE 15, 20, 30¥94 =¥
B AFAztel kg o} sHAY < dHFel FrheH, ddgseAd o3
HrlEe ¢l RetEg AAsd, n¥EEA AFAZL 209dA M gL o] AAS
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ATHAL 5 2001).

Fig. 2.3 o3> A& A2 o] 83 SBREYHAAM 128
AL ¢l Lo AAZES UEY Aoy HAY n¥EER AFALES A
o]

WAL A EES

o
i
-
=
x
S
2
A
s
:{o
s
o o
>

oft

Oxygen = 0,5 mg/l Oxygen = 2,0 myg/t

P —
: \
\ \ 6,,... o
5
\ e G
\ \ ; e 107
. '\ . 12T
. i
\ \ — &C 2 —
™ o] & 12°¢ -4 P
% 0\ | N || e 5}‘: 3 Ao e 20%
z°? \ \ |- 16 Y
4 18%C - \
N ~ RN 20°C g k
E,z N 0\\ L 2 e
\\A\ N \0‘\ \.“‘ ) \"-‘ \-\
-4 :ﬁ"'\ N A P
T — B N S R 0 U el o
’ SRS SNAL SRR
BB etk BESR Fors
e ¢ j
@ 9 10 %1 92 13 14 16 4 9 10 11 12 13 14 18
aerobic SRT aerobic SRT {d}

Fig. 2.2. Ammonia equilibrium (Goronszy, 1996).
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I 2
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Fig. 2.3. Variations of nutrient removal efficiencies with

SRT (Fikret, 2002).

) S0l 4%

Fgd FABE Ca”, Mg” 2€ 271 FH01REL WFde 9 £ dRYoe A
et AHEE A (struvite)3HAL A4

24 159 AAC d3S v B, 2000; Nurdogan et al, 1995; Sukenik et
al., 1985},

FAXFFUANNE Ca® 3} 29 4ol 2% 9 AA 588 7oz daA o
o0], oletgh 7122 pHe} Ca® ¥ =) 9% Witk 2F9 FA % pHe 4
& £3o 23t Ca¥ol A whgavld HEs =S FrhMichael et al., 1979;
Magram, 1992; McGriff et al., 1972; Kim, 1999).
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Ao o3 AAEE AAEL FF Calcium phosphate (Ca(HaPOs):, CalilPOd)y -
Hy0O, CaHPOy, CallPOy - 21,0, Ca(OH)POws) o1, 2 ke %9 Ca’ ¥x=9 pH
o ubed AAATHKIm, 1999).

FHzFIYANA 2R AETAH P A9 LFEI 2y g Ca¥n e

3t 2lel gt Age) ol AU <o AAL BEAl WeI siFoir
9 MAke] 27~73%7F #aAe) s FrHE pHel o8 39 Ca®elex 9 A
Aof o]gh Helepi s TtHMagram, 1992).

£33 Cat'ol & S 271 ol 25L& EPS(extracellular polymetic substannce) ©l <
3 A EY PAA 23 binding agentd TS e Aoz ¥A vk 40~
100mg/Le] Ca”'ol2 ExolAd A71A4 Feixle adrolslrt TAHE FAHHA dA
o] Y7 sln ¥ Eel Ca’'o]l2 FRoldE nAEHHL Adfds 2L
e R e 4, 2002).

(5 718 ==

F4zFT 8L A A 2%, pH, EFAE, 2F F 293 4%
d

D 25 FEFE 4-40T7HA AF3E & Jdor, HBTAA I 4ZELS #4849
(Arceivala et al, 1970). 183l 4Colstel Al ZRFAYFE ZolAH, 20T/A = &
Fo BHEE 254 A A wEr 5 279 FE2HAE FIFE
vl A tHGoldmann et al, 1976), 3t 5+ B34 & Butolyel 3FEAE o
g& FvH(Magram, 1992).

@ pH : 279 dEHelor % MEAEZMN pHe
oA pHE tuvel ~xlg ¢lo] 38tz

» 1o,
o
oft
e
=
7

off _ﬂ

m
it
o,
P
S
ofg
e
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et al, 1972; Magram, 1992; Kim, 1999; Nurdogan et al., 1995).

@ T UAEY R & A2dldA de Baus wgxe] eld we =
A e v Curtis et al., 1994; Lee, 1999). U:}E]-H, EHALE 279 FHEE
= =8 2R7F Alzdle] #Hd aigo R o) Fo] &olgA a4 light/dark cycle
o] AR o]FARE LelFEr)

@ 2f F 0 2% Fot 48, B20HEY, Y04, 9IIRES 5o g2
WEo] AlA"Ue 2Fel 2L 2AFE AL EasTh

duitxen EAEYATYUAN $HSE FEE Chlorelle sp., Scenedesmus sp.,
Nizschia sp., Euglena sp., Cladophora sp., Osillatoria sp., Navicula sp. %°]t+
(Magram, 1992).

lo

® Light/dark cycle : =R 0¢ ZAste) # o|xE o439 ATPS NADPH
& TP, Yol 2e W WHA ATPS NADPHE o) &3to] CO8 A%
#7182 Fahachehi ), mebd, 2FALe AAAE Light 2349 dark 208
FRH 02 o] Fof Fojof Frf,

ARG 2He @3 o F@o) #=g&Ho Q7] mEe), glREe = F )k
o ArAANME Light : Da7l cycleS 1212, 14110 £E 16802 FtHMayo et
al., 1994; Baumgartem et al., 1999; Tam et al, 2000). refu}, $hyk-8o] Hi=A] Hlo]
glojept o] Fojx& whg-o] oft]: Chlorophyli-azt o] &% 4 U&= F2o 3349
A8 B ZAIAE g0 ool A F glom, UNT P& AEFA Y 9
1ZLAAZ2D% ¥g ZAYE o 20 o 34ujel 25 AAEE deliNe stgo(E,
1997).
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214, dFdia AAZ=

(N Bae AA7NA

e

FAZFTRANA Azl AL A A HY F, 8- Asue dae z
Gotel AEFA(EHAE), 2ol BHH 5 pHY FhE A drol 2=,
cel3 AxsubE e otsh gukelelobe] Aabal-w A A 2del o) AAD

D AEXEE (F3548)

S wHeole] Faw droln. xRs weldiole §HL U¥ Fa
Seje tRyobd AANHSN) o 444 d4 (NOy-Njolth gmijo}
Jee] AAEEs 849 AR 2 wece) % BE &

ghgol ole] AT

B>
lo
r>
8oy oy
3

dRUolyd AiE ZHAZYS HEXEE A 2FHAE dAdAE T AW
o] sbshel #Qo] w3 o] Eub protomotire forceol 2l#l N o]e] HEuhs F34
3 F, 2FAL @4AL AA A AW dae A5E 2RAZC FH
o] AALCHE, 1997).

z=He MEFAP oF AiAARL oy A= xFel Y 2L o}
of gk 2F9 F, 4% el whel i Aelw AW, 2 =4 45~-50%9 @
A, 8~10%9) A4, 1%9 ez FAs thHMagram, 1992). o1& EFHXE Ig

A o 01ge] A7 £FNA AAD & dvke A YErdth

BHe B oHCaliOaN) 9] Aol 2 g =hg ol A o 0.1gTSS/gNe= of 119%4 %9 2
27 AERA os) £FAAM A £ e Aoz @A Al 7, 2002).

guuely Azt Ay AxE olg@ TR AXFHAS 4@, @29 22
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dhegjole] A EFAHAAL A23)3 Z{Magram, 1992; ¥ &, 2002).

106 CO, + 66 HyO+ 16 NH, + PO, -+ Light— C| s H gy OisNig P + 118.50, (2.1)

106 COy + 90 H, O+ 16 NO; + PO, + Light— CosHys0 O NigP + 11850, (22)
CoHyy 04N, + 30y—> CoH.O,N + NH, + 3C0, + H,0 (2.3)

2} gFE e} 2E®Y (Ammonia stripping)

5= 3 A9 AHAA HMEFAHLE Fd dAiAAA FAH FAEUIE gz,
AlzElgio] Fo)-384 @738 HIAHoer AAE AASNE HFHAHA 98 @
o 259 #H3Ad 3 Al CO.9 o]& & gibA] A& (Carbonate-bicarbonat

equilibrium)2] °l ¥ & ¢k7]Al7] OH ¢ dAHez pHE J7HA71A B ohHMagram,
1992).

Heeol otruoly i E pHeE Sk weh NHe o2 %£¥ NHz 7FA2 &7
b 2 ®&& Fig. 24 ¢ 29 pH 8 o|stel A= NHy o] &0 tiF&& A8
gk pH7E 8ol 1022 F7bshdl NHy 7h2=7h 53%elA 847%74A 718 5 Qth
AAE NH; 7k=e dizlgez GEsA Jem of 7]ge] gyl 2B Folt).

ae}, g 3 de pHEY WHYe Fol ey sty dP2e 1
e pH 6~8a4 =4 s ok, 1997). wWelA, ¥L& pHelA OH o2& drd o}
o] thabat gl =4S vA £ At}(mm, 1999).

ArAAE A FH2HFITYP] ATAFe 279 FFAH w4 7I1dd pHE T
Zbell dtia & 4 glom, pH 92~95004 deoid dRYol 2EZ A 2J3te] 92%
9 =2 FAAAAZ Lol McGriff et al., 1972). BAZFZHAA FALAA &§
o] 52~66% dEUel ~Ee Pl o8 dojdti(Maiti et al., 1983).
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100

AMMONIA W MOLECULAR FORM, %

| . ; 1
110 2 ) 12

¥ VALUE

Fig. 2.4 Relation between pH Value and Percentage of
Ammonia in Aqueous solutions in the Molecular or
Free Molatile Form(Kim, 1989).

3) A23le} &AL (Nitrification and Denitrification)

AAE e ZYodel urg Pold ofF wAlEn gEuolA At ofAMY] AR,
oA A Wiz Doty AL g Asige #Aolv, Nidrosomonas, Nitrosococcus,

Nitrosopira@ < grelg]od ofsf gruetdd ALy oA ALR AstHEH,
Nitrobacter, Nitrospira, Nitrococcusel 98 o}&i4 dAixE oA Y d4s

AsEny AwrA o g Eopil w4 A= Nitrosomonas$t Nitrobacter7t -7 3tl.

a. dEUele] obAXAE ( Nitrosomonas )
NHY+1.50,—»NO; + H,O+ 2H* (2.6)

h. o} A AA Aa9 A4S ( Nitrobacter )

NOy + 0.50,—NO; @7

_17_,



c. AAHE

0.13NH;" + 0.2250, + 0.02C0, + 0.005 HCO; .
—0.005C,H,O,N+ 0.125NO; + 0.25H* +0.12H, 0

2 28% EU=R 1 g9 gRYoly A4 A44 AR AsdEd ARHE A4
2R ZFE 46 pOyg NHy-NolZ H% srgae 01 g VSS/g NH, -Neolm ¢zaw
B2 71 g alkalinity/g NHs'-Neo] o}

BEIA AU WEE Feod A4E D04 A2 AT BUAYE o]
: 2AA HseA fek ole

=2 1-
deje] 42§ P4/bAE BAAIE S 9 %P T et

e gl wred A e F kA A28 AN AAFEH Axe A
F ALE YEYM A= g dabd daR XA ol&ste Aol
oleldh gee] Ay d4d #HuAdL PG drh TS Ao Hay
A7k RE2G o Aoy, £8 b FEo Bl ﬂugfsm. T oA Ay
dash obd b A48 V1A HEA LR dartaz 99 @dsst sk

>

FAL T4 Y MAEC] B8F AT 2AGA g T4 2P A FaAE
A= & Al (electron accepton) &, F718& #A F A (electron donor)2 o] &3}

AR E F=dta AEE F4 } ezt Ao & 5 At

u
'3
r’.’.ﬂ

oM Sege A BAS Letus] fshel Ak, AN 44 1T ofd
MY Aot A5 AT 489U del weAS TEI Zo) vuhd 4 o

40+ H' + e — 410 (2.9)

a18..



Lo +Eut4e - LN, +2H0 (2.10)

ANo;+ AH e —E N, + AHO (2.11)

A 29~ (21D A 1ge] AAA Axe) FUL 286g2) AaBAG A EHv, AAd
AojA Abiel #ALE FrIE9 AEE 94 ol g}, mebd, A dae 238 f8A
B 47150 Az Bubgch ) 1ge] AN Aol FU2 YA 2869 F7E
o] Wasthe AL onjgtd 2y, o] HE AUAE 47 H¥ £2HE KUIES
v st MEZZ AREE Fr]EFo) doerg gdd 4A8EHE #7IES ¢ 9
23 gy 2 99,
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215, 9 AAA =

JEFTEAA B A5 2o AAAE HYRA% ATFY(FHAE) 29n
shefeobe] o8 wE-HYHA F1Ael ofF BAFHE GG F sdA #7147
= Aoz o)Fola + Ytk

() AxFA (F3H28)

iAo A 2F e deEete] FRE FULelrt HEdM 2/ M ol &
87 A% o9 Q& Al orthophosphate, PO )olth ZH7F 98 AFH5o A
EE @ AL 4 22), 237 2ok 2R BEAH 2AH oY, 2RAF
of &l 2% A&rh Qlolth o]l FEAbE] oM AAEHE 19 & F3I Agre
27 PE AY4HASH Ax e AFE 5 e ¥¥o] v o)A

& 'luxury uptake'€tal 3t Qlol AR E iAo A4EE HIA L wf ot}

gy, 2R AZFATezE B2 A9 AAEEE 4717 o2, A4 < A
#A& oA MEZAe 23 2 AALEL 1/10 A% o|tHMagram, 1992; Kim,
1999). 1 o) E ZF MNEZAHE Y3 A9 QTR vry] wjio)r}

dte|gjote] B o= FF oF 2-25%AR7E dojrt. whHTol A F|AE A
el WET Z7VEHAA A AJHH A AAH Fde] A& AxEHe 3
A gy ojm Q1 FHFHFLE 5~6%7HA o2 A ¥t

(2} 934 A4 (Chemical Precipitation)

Hpel EA8E AAE, FAtdol, wibds, eitviavlg 28l e F54

o Ao &F CO9 HAaHDT T A Fol pHAA JHAELS 3
2

%
. " yEe pHE Qe gHRe Y 2 9ge HAddg
Fig. 25 o+ A4del £35o] st Ca¥ ¥xo pHe 98-S Jehulsdith pH 9
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SRERINETE %SHE—E AAS T Holae vebd ol @3 ARstel HUge

Anbate) k& sbo M calcium phosphate?] FElT H7HAE R =dew 1 e
CalH:POy)2, Ca(HsPQs)e - HoO, CalHPOy4, CaHPOs - 2H:20, Cas(OH}POu)z ©]tt.

A zFTHAM Qo e AdL A AALEN MY 2 FdFE vE 5 e
Z1&olm olelgl Qo] AP wrgFulel pHE 9.0 ol o2 fA/stoof gt
(McGriff et al, 1972; Goldmann et al, 1975, Magram, 1992; Maiti ef al, 1998,
Michezel et al., 1979; Humenik et al., 1979: Hans et al, 1997).

o

e

20 AY \\\
\ ~
~ -+ smmfxc SEMAGE
J \\ —1— SRCOMDARY EFPTLULNY
io X \\ > s
AJ ~—
AN g o
- AN A NEEEN s —
<X s \ .\ N S~ rH 3
x NUN N o
x < T
E | \ N
: AN
a X ~
S
153 \ T —
o N
s \ PR 10
21 \-
g X L ~
N _ .
Nt Ry
.4 N ow .y
~
- \ - \,
X ~
3 PHR—L
- ~ |

o 30 “0 0 L - 100
CALCIUN COSCINTRATION (ng/L as Ca)

Fig. 2.5 Influence of pH and Calcium concentration on the
Orthophosphate Solubility (Kim, 1999).



A o) <ol dEE gund 2A #7149, FU4 2T GFAN Som 7
B bl o214 44 HPO,, HPOS , POS $9 #d2 Ay x glon,

FAVE FheRe BAE AH YAz wAA Ak
Ae] AANE Yol Er14ehE ANWA ARe] FYe} AL FHAA ¥ g &

HAAE Azghlo A Azigtezy d5Fe A8 AATL 5 Qo 719 7] A
AM A Fr71Ee] FEREE HHEY Fig. 26 o #AH v} 2o}

ANAEROBIC ! AEROBIC

SOLUBLE BOD

CONC.

(mglL ORTHOPf-lQSPHORUS

TIME

Fig. 2.6 Basic concept of biological phosphorus removal,
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FA&elA Fol ¢ $F$e nE MLSSol tated 20~25% MFatAT Hr|et
SAHE A A8 F9 9 TREE o Hoh ¥ 5~6%7HF FhehAl €
olep o] WAl o FHele] Q) YHPG W 4P e A F /HA dHR A
Wy a Qlrk WA SAdaAM &t o

484 Ca(PO:0H7 A4 gk deolthFerguson er al, 1973).

gle] ZelAz 2 &3] Boste M EEEZAM Acinetobacter calcoaceticus7t 2 @

EFF9 Ao AuFAegss Aoz rrE vk 494 ¢
AAEHEE 9 31 A E(phosphorus accumulating organism @ PAOs)# #Z& w4
2o gAwd s A FA$HE, olF nAEEL 3V EE T
olg F4stel thE Aag oz AUld HAslm tes 714 BN HARE
o] ARz VRS o83 AL WEHEA Ao Hrep E7|4EA Wentzel T
(1991)¢] AAE 1ol 7% hate] Fig. 2.7 # 2.8 FE3AcH
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loulside cell I f inside cell |
CH, COOH . CH3 COOH
T nolyP, X NADH» D
CH, €00 polyP, , NAD
* L 4
H* acetylCoA
M* M*
H+‘>< v
- -
— H+a
Hy PCa Ha PO& | —— NADH; j
™ Nap
_ OH™ ¥
OH PHB

Fig. 2.7 Phosphorus release under anaerobic
conditions{Wentzel et al. 1991).

PHB
Inutside csll I | Inside cell I
Hp O
synthesis \,_ 03
polyF, “ATP
)C NAD
nl:llyFl'_l_1 AD
NADH
. acetylCoA
H+a™
Eloot synthesis
- Glyoxylate
OH OH ycle
MY «
H* H’ 't - >’H+‘ ¢
NADHZ

Fig. 2.8 Phosphorus uptake under aerobic

conditions(Wentzel et al. 1991).
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54 0 eAAAe BE 54 oA AT vde 24

[o]
3
e wasid Al TEA de) »oln PE McKinneydAdl %9 dAES

A7tetd e g sdstnat sttHMagram, 1992). A ZFEYAA £34 X
dolzbes 24 wH ot 279 gom BFEAT whgd P2

(1) ereee}

el ae AL 4 (2128 po] YEE & gt |
v‘g — QF,— QF — KmFV (212)
ﬁsﬁww‘fif Ol Fel el oha Aeshe, 4 (2138 2ol veha
F,
WA,V Al R L Q: %, L/
Fi: 8499 BCOD, mg/L. F: #+%&42 BCOD, mg/L

. day”

il

Km : etejeiolel] o8 {712 8%
t 8y AFAEHRT=V/Q), d

vtelglote] AFEL 2 1% 2L v@gEYgez yEd 7 A
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dMp dF

T: Y—Et- (2.14)
d
o 714, —3/"73 Cwslen g o 498, A aanaw 13 e
Y AAA

We2jols EFe oz BAE @k dellole] WAZEFLS dopdr deH ol
714 dAAe] HHAA deE vebd 5 e, F4zRTHOAN 2214 o
MM TE 257 RS o183 5 gle A #AZ Ark(Magram, 1992).

( dMag
dt

)e= KegMagt, (2.15)

714, Keg @ AEFE, (33t9 27158 vt 2ol 3F (mg/L)/gotsls B2t
& dre gl e} F(mg/L)/day)
Mag : &4 el g)e} F, mgVSS/L

ta T AFARE F 271 AR B E
Alz=sdel A whel 2ot BSR4 A (2162 vEbd 5 gl

dMGB

ar YEmFV - QMap —(Q— Qw)MaBefj_KeBMaB Vi, (2.16)

V-

o7, Qw: A #H71Z L/d
Maper © +ETE S4E 4 e o & mgVSS/L

BRI, FEY ARG e o] Helgrh

MagV

= 2.17
i Q’w Ma’E + (Q - Qu:) Ma’Beff ( )

t
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(21602 2 218)0.82 B YEdE + 9

whepA, A

Mo YEKmFVi, )
57 V¥ Kegl,Vt, (218)

(218)2 2 (2129 dystd A (2192 He¥® F Ut}

_ Y(F—F)(1/1)
May= — Kot (2.19)

ARENEAED Aot AAZIE MY FE
dg BARAE 2

SPELIEEERE)

Qu-'MeB - ( Q - Qw) MBBeff (220)

dM
R (1 — fup) KepyMepVt, —

2 (221)3 2] Az d,

P A A, Megell s thA] 2 4
(2.21)

Mep= (L — fup) KepMaytt,
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(2 =%

HlZlokel Azt 174 88 Aold fol= &

2 44 2dse iy
obd thAbAE o] oy F&A Wiz ANl v, 2F ML FFHAE H)
A2t WA g dA A} i)Yol ),
FHZREHAA P4 HYBE Fuo AUE v S FHom 2Re AYE
Asiee, meld, 2Rel AE e 2ol ek 4 gt
dM
d:A — KsMa, (2.22)
Ks = o — b/ (MLSS) (2.23)
dM.
7] A, d“f‘ z52 44 mg/L/d

>
177}
BN
B
oX,
o
o
r
o
23]
<

FEL 4 2209 2o Uy 2 gk,

AM.
24 ), = KeyMayt (2.24)

dM _
o714, ( df") WA ES me/L/d
Key : 272 WAEEZAST, day-,

A BAZHFZE, mgVSS/L
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el g &

i

FAE 4 @263 2ol vebd 4 ok

dﬂ'{ﬂA
dit

= MazM,— QMay— (Q— Q) Ma,y— KeyMa, Vi, (2.25)

71X, MaxMa @ 2% Hd4JEE, mg/day

Maaest © &2 59 #FHF27F%, mg/L
Maaol thate] &9, 4 (22607 2t}

MazM,(t/V)

Mo = 7% i1,

(2.26)

stelzjokst fAbalAl, ReARobs R 2Rel HRgel UNEEEN T SER 53
],

A st Fade 2 Yetda 2 (2272

V( ai )= (1 —fu)KeMa, Vi, — QMe,— (@ — Q) Meyy (2.27)

o F 5 H/mg 2R

=)
[
ML &
Jr

By e ol M, Meaol disiA Fejstel AQuidstd, 4 (2.28)F 2o

.A/IEA = (1 7j‘dA)Ke,4MaAtsta (2~28)

-
e

g

MLSSE ¥y 282 vfayd adegz tAdge ASAxe @4 Iy »&
of et Za% -‘401%1“—? ALY IPE B B84 7149 2L T
, mAE A Teln EP4&0n Frgel A g3 AlsFdl %—33] . H &

g nHEES §23% LA W2 AAEd. gebA, HIded n¥E BATA

c&
S
\'F



= A 2299 24,

dMii

T

) - Qﬂ/ﬁ;iinf + 7l Mizv+ T2Mi’i V— Q,“,.ZM-ZZ - (Q - Qu)Mu’cff (229)

AV A, Miins » B8A Y #Y%5%, mgNVSS/L
riMii @ o] =2 e ols) Miig] 4%, mgNVSS/L/day
2Mii @ F71gde] AH) 25 Miie HAE % mgNVSS/L/day

FAz=HTY MLSSE ofefe] 7123 #AAE R F4H vk dopgie v
e 2 n4E F 2ad 4R, ¥ Bl frled el e}

Fe Tol4RE 2g4 o) FHe Ay $UY 2¥Y 292 £
=]
5

E i
7173 HFA=L Ade Aol

2el3 FoA wEA AGelN F

MTZ MGB-f- MeB+ MGA‘+‘ M€A+ MJR (230)
My = Mi+ Mii 231
Mi = Inf Mi(t/1) (2.32)

M’LT/ = [nfMZZ (ts/t) + fii(MaB—l_ M€B+ MQA + MEA) + Miicp (233)

A71A, Mns & B84 = mgNVSS/L
Mi : MLSSel A #4714 B84 3F mgVSS/A
Inf M; (f): #7173 B899 H9%, mgVSS/L
M; : MLSSlA 5714 B34 & mgNVSS/L
Inf My : ¥714 €84 FY%, mgNVSS/L
fi o &9 VSS HE mg #Y B84 VSS/mg 79 VSS

= e
fi: MAE F E714 B84 BE mg AEFT F7)A inert/ mg vAEH

7hs g

-—

3

>



Miio © 2714 9o el ol %84, mgNVSS/L
(3) shEvoby Ahe gASA

A5lel EAsE Ahe F704 B9 grUokd Bl W Relth YRUoHy
Azt vHels 2F el sl dA¥ox 2@ <18dW & vk FRUoH
dat 42e AE FHOl AR <N xde] wou ANY Wi U WA
o we gEely Wat W

Egxel oo el oa) AA
& (2343 2ol vehd % Ac}.

He} ¢, g=Yelyd Ao = meln
n} weha] grEulely Aae 2AFA4

) = QNHiy— QNI 11,V — 12,V 13

V( ¥ (2.34)

A7) M, NHa'we : 9 2ol A2ES mg/L
NHi'er : 3 ot2Uold ALEE mg/L

ok wteleiole] HE &, me/l/d

2m @ A4S, mg/L/d

3am © YR

rlam © &
A

A4 AEE AU Aagel oo AR wAH 2ol As ARG A,
A dAe EAFAAS A (2357 ok
dNO;
V( dt‘5 ) QNO3lnf QNoijf+ Tl V— TQ‘HHV (235)

A71M, NOs s = ¢ 244 B22%F5%, mg/l



rlaa @ A4S gk A& mg/L/d
e @ ©Edo 2t /"FI}]E' mg/L/d

ok wElote] A A% WH YU F suold xFs} et
Hate F2% 99 = PO, HPOSS, HoPOs ot} BAZFAAdoM <le] A
e dwog 279 veole] AF ek w& pHAA 2ol AAY Aol weh

M, 5714 <le] B 2 (23609 2Tk

V(_) - QPinf_ QPe[f“" Tlpv— T2PV (2.36)

A7|M, P ¢ F7148 A9 #%F
Pow @ 77174
rlp : F3hell 2% 7714 A9 AAE, mg/L/d
r2p » Aol o YA 1Y AAE, me/L/d

FHEZRTUANN FA2a7HL AF2RE F99: f7189 4S5 st A
=g WAAZF A% xRy A4 FHRFTYAM Ao THe A
(23Nex Addrct

dO
9 Ytomand = aQ(F, — F) + by fu Kep MagV t, + byfy, Key May Ve, (2.37)

dOZ

o 7] A, ( Vdemana © 28 T mgOy/L/d

714 e8] e s fl8) Bad M2 mgOs/mg Substrate removed

_32_



be ¢ 2relg)ole] A EEol HRF 4% mgOy/mg bacteria oxidized
ba @ ZFe WHAZE HLF MAa%F mgOy/mg algae oxidized

4Aksk whe Elote] AT RVl Fao opEAAY Wi AP Hiage 45
3 93 2ol EAF o, Ao FALATHE F ohFe] AaFgo] o]&E Fojnh

s
=
age sisterzA ofd F¥ 5 ok

i)

~
>
o
i
o
ret
>

NH + % 0, Matrosomonas NO; + 2H' + energy (2.38)
NO; + %02 Natrobacter, O; + energy (2.39)

Az el eolel] 9s] MAH AL 95%E AUAR o] FEH I A 5%P =R

AEe] Aagos Fadh 435g9 Aay gRUVoE dibd Haw g

o) 323g9] 4bhv dRUOIHAAE ofFAA iR AFATEH 2Adn o
iz 2i]e

gogre A3l vt o] o dRYely FAE syl &EFHE kb
Ed

40,

s

) = 435Q(N03;ff*N0\5;"ff) + 323Q(N02;ﬁ_N02:nf) (240)

natrification —

wWehal, F AL aTHS F71E9 A% vl4Ee] WGEF, dRYord dae Wi
ol WAW WP Foloh

FREFEYAA e FTY 5
e =Fe 4FEn AT AEDEEAN 25 F PTES FEFY,
4 Zeln AT ERAY 2R g AARE 2RFeRRy g &

H
sk zRA &)@ A ANES A 24D ANE & vk
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d0,

aM,
V(W );mmi'uctz.un - Y() ( dt4 ) {’ (241)
o 7] A,
dO
(th )p?’uduciiun : i%c’“ 9’]@‘ 2+ HE]F)\g , Mg O?/L/d
Yor : &F7F 442 o 2AsE 34 %, mg O/mg algae

( pr ) =79 A4S mg algae/L/d

a0
V( 2 ).surface KLa (CSA C) |4 (242)

o] 71 A,
AEZ7) A%, 4!

Cs: FoA EA 4429 3%, mg/l
C:AA 429 ¥x, mg/L

ol JEFEHAA o5 T3 F4olny olidsEAE FdgY @il
gtk F71Ee Absh, 93 vAEe] WASEd o8 AsHr 279 4RAE
Fotel AR A was, BAeAe 4 (2439 Hrh

dco2 ,

V{i—5:7=) = QC0sy— QCOyg+ 1100,V + Taco,V + 1o,V — 1uce, V. (2.43)

A7IM, COuur * 7HTY free CO2EE, mg/L
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COnit : A EF2 oatd ey %, mg/l

ricor ¢ SR EREE AAF G ot el MY E, mg/l/d

pcoz - 71 Eo] Abshe] olef A E o)iksterae] AAFE, mg/L/Ad
ricos - 2FS wrejglolel WA Fol o) AdE olibsiebAo A E, mg/l/d
&, mg/L/d

D EFe FHAe ol ol BT olHEVae T

ricoz -
Free CO:9] & 2] (2449 28 Axdslold 5 Ut

_ Alk. x H*
Free COQ = m (244)

o714, Alk. © 92 E, mg/l,  H: Faolee] &4, 10™

ki ogbabel AWA e d ke o wabe) $A sl
FE w5 olatstgart QolAW, @ab dTEL(COS ) FEol 2 waR
it gadRygEst FF0 =@ pH

rx

FRa QBYEWCOONA ) BBBAE A
U Eol dubAe) G EE ¥ & g7l HEelth

Iz

of

ol 4ol fr]8e] thAbaER 87%9] @Aabel 13%9] FAatstE vEhdh
M EFe} welgole] WA EL 100% Badsielvt

8) d#AEe] EFLA

% 239 4 97 e BAZH

AR e 2H AFE 98 o ugELE AL E5Y o+

FHAAM FLR3bTh
e EAFAE A (2453 o] vEd = Ak

( dA“C QAUC inf QAlkeff_ rlAlk‘ V - 7‘2‘4“:. I/“‘ TBAL‘E. V — TaAik V (2-45)
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71 M, Alkin * YT AL mg/L
Alkerr ¢ FEFF2] FAYE, mg/L
rak - AAYALR QlE) Wets ez ¥ E, mg/l/d
roaw ¢ AASIR Q1 Wale dZExe wEE, mg/l/d
raan D AR AE WIE dAE e MEE m
riak - Ao 712 & Hde ddyw veF mg/l/d

(9) McKinney &2l o]&% ALE9 g

rlo

A HIWHAM Fag AL T olfH: AFES AHodn HristeE Ao
T} ol & parameter & U¥-9 Ao 4R WMFEZ FAFHY vk Table 2.1
ol & Magram(1992)°) 23] ©] &% parameters < YEFNSIT

Table 2.1 The parameters and values were used by Magram(1992)

Parameter Definition Value
km Organic Substrate Removal Coefficient 15/hr at 20¢C
kl Metabolic constant for a pure carbohydrate 0.33

Keg Endogenous Respiration Rate Coefficient of Bacteria 0.05/hr at 30°C

Kea Endogenous Respiration Rate Coefficient of Algae 0.012/hr at 32T

bg The Oxygen Equivalent Coefficient of Bacteria 1.42
ba The Oxygen Equivalent Coefficient of Algae 1.6
Y The Bacterial Growth Yield Coefficient 0.48
fi The fraction of the inert volatile suspended solids 0.35
fap The Biodegradale organic fraction of Bacteria 0.8
faa The Biodegradale organic fraction of Algae 0.8
Yoz The Oxygen Yield of Algal Cells 1.6
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222 24+ 24

(1) ASIM 1 =%

1987 A4 A B A8 8 (IAWQ ; international association on water quality)®] ¥&
st wEAYAL AL 98 Fob ndie A7y 2FL BHEHA F
go] w3t &8 9% A E& wYe ASM NoldlActivated Sludge Model
No.)g A73tgEd, o1& %3 1x Ag shpol tig Adsd 223 75
Zo] 7b58t%th. ASM Nol9 A& 28 uhg 483 UEEEd 48 YU E 3
F(Matrix) & A8 ik Aol g oldisty] g FHes Jro Jrug
< b5 da B AR er A4 A3 FRE s FFHE o1& A
Abo]l folgt e E 3t

A7) e SHE RS T YAMNEX ner AA FRIPen, ARl dEew
A4 BiEE B AHE 2asie 54 2 2 o@R B4R TESH

(2) ASIM 2, 2d = ¢

ASM Nol € A% ndz 7ais Ho|9d &7]4 zdo] AEdE AA7
N2wele] g Boly] wFe] @74 7R =d¥ gloew, E=E 3 A
g2 QA Qe AATAG #I AF, FHAF MAETS 714 H dE=UNA
BAsotn 7bg sl e, ASM Nod o412l Ss7k Sash Spe) o2 el s At
714 zdstolA E4H0d ABL SpE S 2 HMHAE £ doH, e 59
o vigETe AT BATH F ¥4, 2%, JAEF 2 AXRAFel Tk
ASM No.2 oA ASM Nod o Hl&] 718 S A WEd Aol Xeao?t Fata
2R GFANS Agstn 43T £ Advke A E TEA Aejrh

ASM 2d= ASM 2014 PAOZF &8¢ ot v g Al &7 A% =4d< o8

= s A ®¥dldaA A FAHC] FHE A Anoxic growth on Sa and
Sk). ASM 2914 PAOE &E7|FAoA% fdstAl 43 7hgsivtae sdedt ASM
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2dol M = denitrifying PAO7} E3tso] FAMAzdM e A37ted PAOS E4&
BLAG R VA

{3) ASIM 3 24
ASM 32 374 10d7he] ASM 12| AHgoA =g AH™e Bastr] std g
B4 AEdoldE A8 N2E 7S A4S ASM 29 ASM 2detA A

A" g Q4 A ey Fd R AREE Mg Aol pHY AY T
44 F712  A=F v
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A3 A 8H2FE o4 SBREYY AR B7t

3.1 A&

g xFE o]% SBREYS Fhd wyElets MEFY ¥ BEAHQA sl 93
CHE Fo dE FET JUYUYFE Ayt TR WExue e F
2 zaol degole] Wg, nABA FHFAT Ca¥lole B FHolLe EA, &

el #ak 5 A8 7hd $AAAEC] 1 AAFAA JBE v1A + Ak

F F A MAEZ FRAL Betel BAT WA o Bak
gz 5714 wedels BAL fel Paw 4ad Fo Tl Aok u

4 wAst Aok Mg ¥

Bol 2@ o - Aol A EEL solAdA W Helm FET)
Zol5 sol BRYS B Aae wad AQE wA Ho) w
AP Eg) A% e & At webd, H4F o gEEEe £470 Bash

qAEe FEe ol nAgwWe zaeh deole] g wd BYEFIR A
T Fod vt 2 5 Jh 2FY TE7F oW B #

ArdARs ¥ 5 gled FoHes Be 714 uHPote] BEE #7129
gtell ol3k olalstgise] Aol FoEA Hol FFAHE S8 Had St F
S slo) ARel= HRAY 5SS Fold ATh ER, 374 delEote) BE7
ST f7120 A % oluHTAc WAL B9 £ goy HE xFe
wol e A o@ Aswdstel HA He) Asde WAHAAA HNn 2

1z

r

2
fle

|

N
O

OH‘ AR
=,

TolE &) dreEets] 4 dojrmAl "k
257 FEA vYe AZFY G fEA AAA = Aok =29, FHEF
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de LA A FAHSludge retention time, SRT)dl d&2 w3 g} w3 A

Asturgelols] A9 E FHARA ol Rr AREEA ol nHED AR

it

fdg Foll EE Ca”ole e AT A H44 AAEL 4T 5 AT &
7 &9 <o §=8 MAHAA E 5 U A A Mo w@e] 2oz gl
ouf ojeigt 33 HHLE A FelAM 9 FE AAIEe] HE Row U4
A g

WESHH AYALPNN F5o] Pals HAALE Sol 2 FFE WAL AR
F shibolth B3, $euael a4t ONAZE 9ol @B 49048 Ra R ON
W7k A A sel Fu ged 2 Phe)l B & vk

ABAAY BHEFEAY ATFE AABAoNAY W 2ol 2ol YT 4T
g RAE A 4ALR FUE Wel $AAR) U@ A7 AAHA 2eh,
UG A& 2 ZAFAAE 2Fe BRI GF0 eAdoR F 1Y 5 3
372 A% AAEEe] FAAALE, 1977). 2HE 2D o - A% APTY ©
F sl A AFAG B 2428 e ASEAE ATY AT At

e

webA, 2 Aol vl g We oldsta Wl JdERBE ol§3uE vt
Gotoll Wo] 243 A& zatyl BARFEHS HeEAS HosnA g ¢4
=RFHd 2 %S 7F e SAYA F MLSS, 79 we2)ote] v, nY

24 AFAR, Ca¥el 29 947, FUAFS Fro) Y 4P Boo] FAZFE o
&% SBRW PlA= S Foistn RS deted 2R AEsHE |
a EAo] gl
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32. A¥AA H AU

FY2FE o] &3 SBRIWA MLSS, =5/utda)e}l o], ndEA AFAT, Ca
ol &2 HIRF, FUTY FEWad w2 XHISAHS Hrrstr] fEke] ol&d 4

LeEREe B9 olmEz w$FzE AFePed, Jar Test7!{Phipps & Bird,
Model 7790-500)¢ W82 MA AT} Yo F&HE wEo] AU EE 2
5TE #A38Y 1 et EE 40pmo 2 39t AFEPoz 4OW FBF & o83}
o FEH =7 o 2000lux?t HEE 3o 24A T A5 A S RTh

< Light >

Fig. 3.1 Schematic diagram of experimental apparaus.
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HAZFE o443 SBREYNA MLSSe Fxo g Hg 543 zH/deH ot v
of g A5 e AFS fH FAdGE L do)F AR MHEE =
75 AAst] AP HAAM 2473 FF8A o] &3tAt ofu +HEFS Scenedesmus
sp. ©l™ E2F7 diFE ol AFe ol &8 FXE Fig. 3.1 vebd A34X
g ol gstgh

BAZHE o] 43 SBREYAA vAE FEo wtg HIYEHS 31%6}71 A A

He ARl AHI ol BEL 350, 590, 990, 1450mg/LE 3o,

vlo] M2 HEEPE uFEr] 4T YA vH oty A PHAA

&y G AATHoZ &3 FA HEUANE ol &P om EH9 vt oty
o

2]
H &2 028~160° 22 3o 28L 83590

A4 F4AFZ CODy 150mg/L, NHS-N 40~45mg/L, POsS-P 6~10mg/L,
Alkalinity 300mg/L2 ZAste] FYstgint. & 482 HEY o2 B4E A3
B Azbel 100ml¥ AMRE AHAHACH dPEFR Fo| wExd £FL L3L 9]
st

PR FE Fold dRAM ARG 2RE IHNYG JdERE |
Scenedesmus sp.& HE$ Z2F7F SHIG7E A R) A Fell= ARG =
91 Oscillatoria sp.”t 333l

HAZHE o 8% SBRETHAAN 1Y EH AFAIL w2 HASEHES &3] 9
3t Ago] = AV Z2FQ Oscillatoria sp7t $A8E Z2F7F o] £Hth 4940
A EAF AESA JIdd AATHAN U2 FAHEYAE AFHsd 27| E

gol H]E 1 18 AP on, F MLSSE 1000mg/LZ &t 9z
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2]
o

BHEFE o1 &F SBRTYAA Ca’'ol HrbRFol wE Ags49e n#a)

o CaClLg ol&3ts Ca’el&e FE7F 2000mg/L7t ¥ %2 stock sol. & %
4T Wasdd 2u8ast AsH3 F 45 F99 @2 100mLe FYste]
Z9 ¥E7F 100mg Ca’/Le) HEE e} FIPe4 AFALS B|BAP2Z FAL
%7 MLSS £ 1000mg/L, 27 ZF/4Hg o} v& L0E a3l LYdEE 4
BAE 5,10, 2047 4k oF 447 72 nIEA AFATGY, 104, 2086
7 e AE HAAND 3 08T APAA D ez (LY %Y UL FEA

A 7 % LY A2 FYFE FIAA,

it
2

9

X3

THEAR HAFADY Ca’olee HrSFo ot FAXFEHY AYUEAHL n&E
7 98 AYAN HQ5E BAASEE 2AS 2Ysged &7 9YAAE A%
w(Phase 1| : CODy 150mg/L, NH:'-N 20mg/L, POS -P 6mg/L, Alkalinity
300mg/L)2 2 olFelE L¥E(Phase 2 © CODer 300mg/L, NH«'-N 40mg/L,
PO’ -P 10mg/L, Alkalinity 600mg/L)2 F<)8t%ict.

A9 5 Hdle) e FHZFITH A EA

] Q

S =

Z¥ Fig. 319 Jebd @25 ALEH R AV 2 FQ Oscillatoria sp.g ©1 83
o

=

o=

27 mF/evlgel vlE 1 12 331 MLSSE 1000mg/LE srgith Fel8 A
FAZE BN, TYEA AFANE VYR AT T 4949 RS 2UU2
gelstel A9 FAstdch

#9942 Casel & CODe 300mg/L, NHs'-N 50mg/L, POs* -P 10mg/L,
Alkalinity 300~600mg/L, Case2¥ Casel® Z& F7A4 NHi-N 9 ¥x=%
10mg/L2 ®92om, Case3= COD., 600mg/l, NHs'-N 50mg/L, Cased¥ CODe
600mg/L, NHy-N 100mg/L2 7¥ste zAst2 PO, -P¥ 10mg/L, Alkalinity 30
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0~600mg/Le®2 ZAste] Yt

Fig. 329 330l 4gd) o]&8 2HFZ x4009 ]2 duAd Fdg AL Jehy
Atk Fig. 329 AbdelAM HaMe o8 HAE 2{Fo Fo] Scenedesmus sp.°)
=3

Fig. 3.2. Microscope photograph of Scenedes
mus sp. (x400).

Fig. 3.3 Microscope photogrape of
Oscillatoria sp. (x400).
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MLSS® el g zf/otelelol nlol we 548 e 4ge 8y ®
vE 49 FYsgn, 2gEP AR, Ca ool AT, FUF FE W
dgols d£53E a2 $42 #3v Table 31dv A5 T4 REg #4F
& JERIRATE 1 cycle® 244 7to 2 ARG R, $4& 1080l B2 F
st B 083 FF 0¥ TAHUT 2 ADE AAT BALL WA
ez Folinh FYAd PEMAeE 40rpmez wREE AT WL 24 A% E
Adgn ARARNE Aste] oF 47 7 2P ARAL v E¥AE A
7IMZ 308 APAF R gz 1LY g% drla fEAY 1 F 1L

J2E F948 FYsdch

Table 3.1 Time schedule during a cycle

Input React Settling Output

10min 1380min 30min 30min
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3.23. %Y

MLSS® %= R zR/ e ol vl e @4zieye] Aas R JFd7e A
ARAg ot $sle) AEE pH, DO, Temp. & #4331 A& 100mLE A3
dtark. nFEAFAZE, Calolee] HARE, FLF FEHs wWE FHEET
o YRS HPdHE= A3 A pH DO, =%, ¥ AZiE E4stx sHAE
ZF AP AFAL 2A B F A 0RA I U AR IL7F H
T8 AF5TE AFH3AY. 24L& CODq, NH4i-N, NO:-N, NOs;-N, POs;~P, T-N,
T-P, SS, Chl-a€ Table 3.2¢] Yetd R o] Standard Method (20th, 1998) R
+ 223 %M 7 (Integral Futura, France Alliance)Z o] &3lo A3 QJu).

wgxde] &S BEe] fste FstAnE(DONGWON VS-100)0& ol -&35H4

o

Table 3.2 Analytical method and instruments

Item Uint Analytical method and instruments
pH - pH meter (Orion 290A}
DO mg/L. DO meter (YSI 58)
Light intensity lux  Digital Itlumination meter (DX-200)
CODecr mg/L.  Potassium dichromate reflux method
NH;" -N mg/L Electrometeric method (Orion 720A)

UV adsorption method or Integral Futura,

T-N mg/L

France Alinance
Ascorbic acid method or Integral Futura,

TP mg/L )

France Alinance
T(V)SS mg/l.  Total solid dried at 103-105C(550T)
Chlorophyll~a mg/m’  Trichromatic method

NOy -N, NOs -N, PQ,* -P mg/L  Ion chromatography method (DX-100)
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33. A% ¢ 3

3.31. MLSSwEXo w& Az E4

(1) pH, DO9] W3}

MLSSH¥ #As¢A8 E&$ nastr] fote ¥E5 350, 590, 990, 1450mg/L= 8t¢]
g2 4¥E Fysidnl. pHY ¥3E Fig. 34 of UelUTh J% AlxglAag
pHY: ZFo FHA 28l o 10013 7Ax Frhste Ao d2iA UATHe],
1990). Fig. 34 oM X pH7F 77904 907R] Algkel wg} Z7lsleE A2 yveye
U908 9A e¢skth 3z pHel uid MLSSe 93& 24 vepvA gkt

rgzllel A pHe 718902 2A 2F FIAEA 719 A mAEe @FF

3t F7F e, FAhedewe 2F 2 vAES §1848, vldEe 4
AEEES & 4 Ak B ATelA CODe R NHe-N2| 347 719 o] Fefzl 9
=2 Fe F7hE dEda A &, raacdle] Al Fd pHe F7HE ST
agdy, 100149 AFE JdeEhlA FE AL 2k 2000 uxFER W7 gl
kis g B T Aol AU WE oI

o
2
lo,
rOK

FO{(
H
2
Lo

Fig. 35 dl& MLSS¥ DO9 #®gE Yerdidr. d¥&7ie] MLSSe $=7
990mg/L, 1450mg/LY o Z7] DO% 403l wA el ol MLSSE §353%
v ES DO FarE ™ ReR AAAT UL of 3YANH &7 MLSSEE
o} Aagle] DO7F 8mg/L7FR] Z7sl o,

4 2ok DOE pHe vl A2 #7189 43t} @bzt By AFRYH & Fo
2 2718 34 27 DOY FolE MLSS FE3AHAA &A=k
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10.0

—@— MLSS= 350mglL

{0~ MLSS= 590mg/L
--WF-- MLSS= 930mg/L
—%/—" MLSS = 1450mg/L

9.5

7.0

DO (mg/L)

0 20 4 60 80 100 120 140 160 180
Time (hrs)
Fig. 3.4. Variations of pH at each MLSS,
—&@— MLSS= 350mg/L
MLSS = 5%0mg/L
MLSS = 990mg/L
MLSS = 1450mg/L
o{ e , ’ . . ’ , ,
0 20 40 60 B0 100 120 140 180 180

Time (hrs)
Fig. 3.5 Variations of DO at each MLSS.
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2) w71& A5

MLSS 558 #718 AAFZEES nE3tr] ¢18 MLSSE 350, 590, 990, 1450mg/L&
stol B84 4He FYAAD 1 A Fig 36 o e,

b 2P 2420l oF 90% AE9 AAEZEE UEel #EFY FH
30mg/L els2 vebdd Chlamydomonas humicola & FfH+ %ol de =4
o,

85
Ed
=3
5
=)
o]
(=
=
=
X
to
z
2
g2
rir
PN
M,
=
@
o
=~
o
(ol
-
=
=
=
=
=2
>
0
o
=t
=4
[¢’]
w
oy
o
o
12
(0]
i
flo
o
N
i

Eag o o] &3t Ao R ddd doew, Chlorella spt F7188& BadoE o
235l Aoz dyd Ythlau et gl, 1995). 28y, Scenedesmus sp.E #7125
o] £31x ¢hom TulkA AukMt 2FY FARE w2 2FIE Aidste £
ENALE HTto] o] &dd HU1ES AFHA Hrh(e], 1990). ¥ A7AME Hu)A

HA7 $HE0] Scenedesmus sp.old FTghjgdolm g wbgFuo] T Al
3 AF A2 HIEAct

rh

2

Fig. 37 ol& db&A1z 24428 71222 & W {7189 AEEE e
b fdarel FEs 160mg/Lel A ditEel f18e] A WiEe MLSSH &
Aol e gtk ohyl, MLSSE 1450mg/Lel A -9+ 1185mg COD./L/dE
350mg/L 3% 590mg/Lel Al 135.7mg COD./L/d, 990mg/Lel M 1349mg COD/L/d Rt}
cha A debd o) MLSS7E 1450mg/Lel A Hel o] & go] b PR Wk
& udehl: Aelh SS @ #71EHe] AALEE MLSS/ w&+F 0776
kgCODcr/kgSS/doﬂi\i 0.163 kgCOD«/kgSS/d7HAl A A& 57 ¥ Aed Jewtl
o2 gk date a4 A F A ZFrheh MLSSe Z7tR F/M |7 gebA] 7] o

’ﬂ? O] E)r.

B 439 Ay Magram (1992)0] FF2A~E o &43A 7bmg COD«/L/d, 0059
kgCODa/kgSS/del AAZEE L& A 3 19979 714 2&TAHEA 9 2Hol
A e 0052 kgCOD/kgSS/dlchl-almg/m'}x0.181=SS(mg/L) & $4t]e] AA%HE K
o} ¥& Ayoln], 3 F2000& Asxe {71EdAs AAaAE 7IdE & 'l
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T Ry W 718 A7 THH How vheyh

...... O MLSS = 590mgiL
——%F-- MLSS= 99%0mg/L
— &/ MLSS =1450mg/L
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40
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Fig. 3.6 Variations of COD., at each MLSS.

MR (mg/L/d)
cod(kg/kgSSid) |

COD_ Removal Rate

350mg/L 590mgiL 990mgiL 1450mgiL

Initial 8S, mg/L

Fig. 3.7 The removal rate of COD. during 24 hours at each MLSS.
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(3) #HA2 AAEA

MLSS*s %o wh& NHs,-No AAEAL Fig. 38 o Jehliddt. 27 M2 AX
o] F4e 9% B49or NH-NE FF3lz2 gl AL 4+ ded, 27
o] #gAe 1% pHY F7he ¢RYoh 2EZ® 7|®E F3te] NHaNE
NHi(g)2 A#AA triges 4538 4 Ao gy, 248 odE2 NH-NE
NO;-No& AgA7ln gdndEed os) Nug)2 Hgso frlses UEd +

Tt

B 2¥e A MLSSY ¥57F 84 % NHeNe #z2A AAsRLH, #8
o] NHs-N9 ¥=7F 9 50mg/Ldm, MLSS 990mg/L ©delAl & ®k-g 7243 F9
100% #1A T&< veEld 2tk MLSS 590mg/L olstdll e dEyole a#HAL A
Ae wrh 71 AFAzte] Had Ao velwr) o3 Ade o F2H(1999)e A
TA 10976 90.2%° AAEEES ¢ AT Lau 519952 89 F 90%°] AA
S 9L ARG w2 AAFES YERITH

Fig. 39 o vehiddsel #2349 NH-No AALEE MLSSe wx=7t 374845
wE 7oz e MLSS 350mg/L, 590mg/L, 990mg/L, 1450mg/LellX Z+2} 6.13,
9.06, 12.81, 16.15mg NH-N/L/d o] 3, SSH-3lel wE NH.-Ne AAEEE Zt7
35.02, 30.69, 26.08, 22.27g NH;-N/kgSS/d& ‘hebutrh &, MLSS7E a8 w8 A
ALEE XY 2F9 57 509 2&FE AAcd JYHEFY AALE
otz Aoy 7gHEHLY e ZREEE ’self-shading’, auto-inhibitors®] 3 & of
A F Az FFHEES BaAE F dvHLlau et al, 1995). =&, A A FAIRE
o4 MLSS7F 528, F/M #l7 AUiAog votr AALEI a8 5 U

o

fl

]

il

Magram (1992)¢] ZF32E o]&% H¥oA AL 9Img NH+-N/L/AM, 72¢
NH,~N/kgSS/det & (19979 A3dA  dojd  21mg NHye-N/LA, 19.15g
NH:-N/kgSS/d Rt} & Axtolw, o] (19909 ZFoll 2g 2z g+ HPlA
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Yo7 1048mg NHy-N/L/d, 74.382 NHN/kgSS/d ¢+ vl A w2317 tha @7
i ve=4

T-No| 3%, NHe-N3 22 o) AAR8E Jeehzh MLSS 1450mg/Lel 75
T 48217 o] FF-E, 990mg/Lol sl M 72ARE 288 f&5 T-N& 7138
7l AAStTh o3 717 4BNZE T241%F Ol F f7)E % NHeNS $EoE X
o AZFEA7E o] FolA dFHel &Fo] o]FolFen NHy-N9 deguvke #7)
4 dael gee debdvn gdd 5 gld

Fig. 310 o] vebd T-N AMASEE A7 48A7HS 71522 e o, 350mg/L
ol A 3815mg T-N/L/d, 590mg/LolA 11.345mg T-N/L/d, 990mg/LollA 10.92mg
T-N/L/d, 1450mg/LA A 11.35mg T-N/L/d2 vehy 839 AL T 590mg/Le)
Aellde MLSSw =9 @¥e] ax A vebgcl aeh, SSad AASEE 2
Zt 218z T-N/kgSS/d, 3846g T-N/kgSS/d, 2205g T-N/kgSS/d, 1565¢
T-N/kgSS/dZ Ve 580mg/LoAlA 713 2829 Ao = ey}

2 AT dAe AAVIAE 279 3RS B Fig a9a Farg
-gd Ago 9§ AR A4AA 4 Utk 535, 2F 2 s Fiziol 54
AA wFIUFoE B3 § AAth Nurdogan 519959 2314, pH 9914 =Y
of 2Eg ) s AAHE NH-No k& 20%Axo)s, pH 1059 = 90%0)4
ojltti skt ¥ AFAAM pHE 900182 ey did Ryl AP
o AAL vvlg Ao AlF o
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Fig. 3.8 Variations of NH4—-N at each MLSS.
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Fig. 3.9 The removal rate of NHs~N during 48 hours at each MLSS.
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m (mg/L/id) ||
{g/kgSS/d)

TN Removal Rate

350mg/L 590mg/L 990mg/L 1450mg/L

Initial S, mg/L

Fig. 3.10 The removal rate of T-N during 48 hours at each MLSS.
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4 <19 AAS5H

MLSS ¥=7b sFAge mae FE nZsy] A M PO-PY AASA
% Fig. 3.11 o Jehdch

A9 AAE 2RATY FHLEF BYAl 71T pHY FHR FF) £FH 9
£ CalRe b Feles AR o8 $2RE Ca¥@e 27 Foleel shaty
Aol o3 Ade old AF AT T, vjdzel FE-FYHA 715l o A
9 4 vk

e

A¥e A= 10%HER T3 AAZEES YERAT ol AY AR E] W
& zF9 wHoly AErPgHde A4F Yo L7ES F3 W] #Eorh
Magram (1992)2 2F9 A A o] CipHisOsNePE A X AR F3e] 29%670] o]
ng zF9 FaFgvezs B QY AAEZES A7 oldu: st v
pHE 9 o]e® =727 284 phosphate?] Aoz 90%9 < AAEES
g 4 dgx A Ip F(8)E 2FY a5y AladdA 12 inorganic
orthophosphate salts ¢ Fdeolu ZF9} vlegjole] H3 ol o) AMAH, £L pH
(850l Ah el A, &3] Zhepel o] EAdte] 19 dif P el oaf AALG &
At} Michael 5{(1979) A7 == 919 90%E A &, oF 10%e =79 dtH
Zlote] FAd o8 AMAFHAGR s B AFAAE pHZE 900182 FAHAL
F4 F Dol uugr] WE WA 2% 1 A wWFFL A gl
a Ao #ggd 5 gl

>,

MILSS%E 27} 350mg/LoA1E 031mg PO«P/L/d, 1.74g PO, P/kgSS/d, MLSS s
7} 5%0mg/Lol A& 0.30mg POs-P/L/d, 1.00g POsP/kgSS/d, MLSS ¥ %7} 990mg/L
ol ME 029mg PO-P/L/A, 059 PO~P/kgSS/d, MLSS ¥E7b 1450mg/LolA
0.35mg PO4-P/L/d, 0.48g POs-P/kgSS/de] AAEEE BT

2 AgdN de Axe T o199 dEs dEd 053mg POP/L/,
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4.84gP0Os-P/kgSS/d Hth Bl S=3b A ofd wietom Magram (1992)¢] Q723 1

Ebvt 7.4mg POs-P/L/d, 591g POs-P/kgSS/d Bt} A7 @& grolt}, o]l zpo]2 W}
Bil= Aol pHel F712 A% AA7]Fe] B AFoA]l HAlsA] 29kL-L oudig),

2.0

e (mg/L/d)
EEED (g/kgSSid)

PO,-P Removal Rate

350mg/L 580mg/L 990mg/L 1450mg/L
Initial SS, mg/L

Fig. 3.11 The removat rate of PO;~P during 48 hours at each MLSS.
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(5 SS % ={ FEY ¥zl

MLSSE=el o3 #A+Ae S4& 2#37] A% 2PolA @dex el 85 =9
Chlorophyll-a% & 233l 0.181(Chlorophyll-as} SS2] AJ#@dAE F3 73 @b
2 gt Aad 2FFE WS Fig 312 o Jehydd

MLSS Z7bare 27] MLSS¥E7 30mg/LAMe 7Y% 500mg/LE F7heio
428mg/del F7H&S X932 5%0mg/LdA e 79%F 740mg/LE F7heted 429mg/d
o) #7}8-S, 090mg/LAME 1200mg/LE MLSS X7t Z7beled 60mg/de] 714
S W43, 1450mg/Loll A& 1700mg/LE 2718ke] 7lmg/de] F718 S Hat

MLSSS £ §71% 3 NHs-Nol & o, F w17 2447 = 4823703 & 4]
wA = 2R, 7157 NH-N7F A7 8s 50 met o F78% 744

st

gt o] Chlorophyll-a®l 2A4g %8 73 279 $¥EE #7187 NHe-No Zist
B2 49ge A% 3use 43S e 2R/ A4S 98 oagdRd)
ey, & - Ao A3 f ZHE oMIRAE 1) I7IFH THE 0.03%9)
olatslEb A 2) &} - H 4o TEH biocarbonate ¥i= carbonate?| el < A4
HE ol 4stekA, 3) & - dpolA wreele & oF HAHE oEgs: F
sl EE 5 ol WS B Y5 4 Avklp et al, 1982). =FE G ¥
2% gAade Frlg2 olitgda g olfdor frlEe wErh W& 270N
= vlxd A AR 4 JrH(Baumgarten et al, 1999). wtetA, {718 dFEE A
AR 24A17E o)l F e E A& FUIE 5 AN

24771 e CODo) Wi A7ddl uvtet 2&gFy HHPote] vEE F7HER
o AlEEo] A 1 FEE FEL w718 £dE o EAE COE )&
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| 03500/ L 5%0mg/L & 90mg/L B 1450mg/L |
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Fig. 3.12 Increased rate of SS and Chlorophyll-a at each MLSS.
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33.2. F/atelgfol wlo] w2 A5 12

(I} pH, DO2 W3t

279 dre et Hgo wE HEXMY FAL aEIH AN EHRFEEE
400mg/L, 800mg/LE a1 ABAM 147 $HHE AT FIA AATA
A A& AE 600or 5000mg/L, 800mg/l., 1400mg/L7} H 5% &% 9 343
259 v ejelg E@agiet o] o & wElole] Wl 747 028, 050, 0.57,
0.67, 1.00, 1.60 o] Ut

7o wrejelote] Hlgel mi HAeA 54 dPAAM WAL F pHS DO
AshE 7hzt Fig. 3133 3.14 o WehRd

FAAL F 24NL FHE pHE FAHE O BastATst B FTbehe
A% Uehdgith 27] pHb 7k FRAIAE 7189 Tash NHeNe| 24,
NOsNel g7t delwlem, pH a7 As NH-NS 247k F8 weoly
thowhgz] pHE Frt wrgEdel Hw f/0del gash @rid old &&
CO:8 4G, 200008 FFAel o8 Ol #2® AP AR BBT F At
2UNZE ol % pHe| Zal Aszte] sI@ JFolv), Fwkel Frhe A B o
Fo2 Z718 uehigich 2o, AAYoR pHE YUAA A% AxY we
pHslE 2] 72-849) WS Uehiglth ol e 2 2ER ¥ 2e 49 olg
o guidos ge Ty ARAT GE FYFNF B dEez 4A

G 9, zR/ddeelel sl 2 45E dlA AW pHI-HA-F Awe

DO B¢l ZFeb deelel wlol £ AolE dEIY. TdT 2R ¥
wol A zFeol deel v7t ¥E5E DOS FRE Ehevn, MLSSTE ¥EF%
DO F7h&e Btk 98 2RFEAA 2R/ M7k % &% DOZH o
2A Fste AL FFAA 1 DO Aol DOSl AMHT Yo £5E
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VPR TR MLSS7E &5 o] o] gl Aoz DO FAv thh =Hoh {7
=2 NH-NZ 238¢ DO Zagel AAE F DOE F7bsk] o 8mg/L7hA &
7hat el

86 88
as -~ 400/600 = 0.66 a4 - 800500 = 1.60
-0~ 800800 =1.00

a2 § | ¥ 8001400 =057

74

T2

3 704
0 P-4 © 3] a0 1w 1) a2 40 o & Lty

Time (h) Time (hr)

Fig. 3.13 Variations of pH at each Algae/Bacteria ratio.
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-~ 80(/500 = 1.60
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- 400/600 = 0.67
05 -~ 400/a0=0.50 051

~¥— 4001400 = 0.28
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Fig. 3.14 Variations of DO at each Algae/Bacteria ratio.
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(2 #7184 AHNEA
5 ddgele nlo g Hr]Ee AAEZSE Fig. 3.159 e

7t 2604 24N 7hol o 90%9) AATEE e Asgulel f718e) A7
= 5714 dHclel A% #2129 Ass DA g @ AUAPeRY o
g, B n4Y 9 $3o BeF DaUOR FHuE AT wuelols xfo
ALFAA o) gHoZ Azdulels AA

durdor ZFE AEAGLHAZ Hr1gd dial CO8 2& FrIgLE o &84
%}, Chlamydomonas humicola Z& ZFt% Ho] v F7 st Al acetate, glucose®t
FE F715S dAh92R o f(mixotrophy)dt7| & @t A2 H v (Aloice et al,
1994; Lau et al., 1995; Martinez et al., 1997), Chlorella sp. & A+%E #718& &4
Aoz o8 & 9ol dA Aok F, 2001). B dFdME dvlAF BFEd
Scenedesmus sp. 7} A3 sG A8, Chlorelia sp. 28 & 34 EAslgong of
o o FrIEY AAE AS F dov, =7 o3 AARTE 374 HHH g
ofell o3t #71E A7 FH WEor Huargich

259 mAee Ed H7158 MNP o 240 20mg/L ©l8he} & AR
Helgas 4 ¢ dddh 24N%g vlges B o 259 vl vzt 24
5 AALEE & Ao YElud ol Re Ziol 2% At Aake] @el 74
sbe] 2l ole] ol g #7|8 e asirt WA et Rew st
Fig. 3.16 o= 24M2H& 713202 3 o 72} =F/9tH 2lo} vlolA {71249 A4A%
=5 YEUAY. E2Fmg/L)/WEHEeHmg/L) F= (F1&)7F 400600 (0679 o
1351mg COD./L/d ¢ 2309¢ CODw/kgSS/d, 400/800 (0.50)¢ w 134.7mg
COD/L/d ¢ 187.0g CODu/kgSS/d, 400/1400 (0.28)" w 1238mg COD/L/d %
1168z COD./kgSS/d, 800/500 (1.60)2 w 139.1mg COD/L/d < 1905g
CODu/kgSS/d, 800/800 (10009 ® 1363mg COD./L/d 9 148.1g COD./kgSS/d,
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800/1400 (0.57)¢ = 131.9mg COD«/L/d ¢ 106.3g CODu/kgSS/d& Hebutt}.

160

[ —4- 400/600 = 0.67
- 400/800 = 0.50
1401 —W- 400/1400 = 0.23
-7~ 800/500 = 1.60
- 800/800 = 1.00
120 - s00i400=0,57 | ¥

COD_, (mg/L)

20 1

Time (hr)

Fig. 3.15 Variations of COD. at each Algae/Bacteria ratio.
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D (g/kgS$S/d)

250 1

200 1

COD_, Removal Rate

o
o
"
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Fig. 3.16 The removal rate of COD.: at each Algae/Bacteria ratio.
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3 2x A

B

g

/e ol v & g FHEFITHAA NHe-No| A754E& Fig. 3.17~3.20
of VeI

FUH 2HFFEAME 2f{/AtH o vJl #&55 NHe-N AARES Zoh o]
259 Fgde A% DO WA & AAUdSW DO =2 4ol NHi-N9
AAE w2 A vebgth 40mg/Le NHe-N7F 100% A7 7] sleide of 299 A

Alzke] a3t Hoz vebygrh dAES zEstME MLSS? B2 AL Hold
T Eajsact

rroeft

ic

Z5¢ @rdlglels] ule] wE& NHe-Ne AAL:EE 400600 067)¢ = 199mg
NHs-N/L/d 9 34.1g NHe-N/kgSS/d, 400/800 (0.50)4 @ 20.0mg NHs-N/L/d %
27.7g NHs-N/kgSS/d, 400/1400 (0.28)¥ ®w  174mg NH+-N/L/d ¢ 164g
NHs-N/kgSS/d, 800/500 (1.60)2 = 20.0mg NH,~N/L/d ¢ 27.3g NH.-N/kgSS/d,
8007800 (1.00)2 wf 182mg NHs-N/L/d ¢t 19.8g NHa-N/kgSS/d, 800/1400 (051 €
d 16.2mg NH+-N/L/d 9+ 13.1g NHe-N/kgSS/dZ vrebsieh 259 atefe]ole] 8]7t
FHE AASEE wEA Jehgon, oje 2HF9 FA o DO Aol x
gk7) w o]t

NOsN9l #$+ NIL-No| AlA&Ee] uldste] Zobstanh 471%e) 38 270
Sdel of Paz AAME NOrN Favh uEwxm olFRHE AAd
NH-Nel o] A48z NOr-Ne 5712 dehdeh NHeN7E A9 el
F9 NO&-N# #47 2 W 259 29o2 NOyNo| o8 oz #ug 4
SASATHAbe et al., 2002).

Faae AT, 50%FEe] AAS olFolHon, xF/MH e Hldl 2 T

=oehda ok WA MAEe 9ol R4S ARG 2 AR vehwt
ey, WA WAge] ol 1300mg/L skl e 7] EF/deeel u7k 05604
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Hrp gapdelds 1300mg/L oldelMe x7] ZH/utdH glel w7 104 A3 o)
peing

Egreh vreiglote] Mige] wmE Fdie AZELET 400600 (067)Y W 34mg
T-N/L/d ¢} 58z T-N/kgSS/d, 400/800 (050 ™ 105mg T-N/L/d 9 146g
T-N/kgSS/d, 400/1400 (0.28)2 @ 12.2mg T-N/L/d ¢ 115g T-N/kgSS/d, 800/500
(L6MY w 33mg T-N/L/d ¢ 45g T-N/kgSS/d, 800/800 (1.000¥ = 10.9mg
T-N/L/d =t 198g T-N/kgSS/d, 800/1400 (050Y @ 80mg T-N/L/d 9 65g
T-N/kgSS/d= vhebwtet,

2R Welelols] FAAN2Y 4@ F2AAA 5@ F1de 2R} WA F
Qo) o) g3 A% ANH-2d MAB) o8 NH-No| NOmNoz Asis gzt
NopZ th7)3e) 271515 2, B%4e) 710 pHel F7}2 NHeNo| NHxpZ 28
5o @715 3lo] v

¥ AT E ATRET BU-2Y Lg% AA} FA Bl o7
pH7E A%7I308<t 848 Wa ¥3h7] dio] gmuel 2223 Fof 9@ A7
Al doluA Bk Aol7l WEolch

rfr e
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NH N (mg'l)

40 ®
Time (h)

Tire {br}
Fig. 3.17 Variations of NH4s~N at each Algae/Bacteria ratio.

Tirre ()

Time (hr)

Fig. 3.18 Variations of NOs—N at each Algae/Bacteria ratio.
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40

I (mg/L/d)
: {9/kgSS/d)

NH,-N Removal Rate

400/600  400/80C 400/1400 800/500 BOG/B0Q  800/1400

initial Algae/Bacteria concentration

Fig. 3.19 The removal rate of NHs-N at each Algae/Bacteria ratio.

MR (mg/L/d)
{g/kgSSid)

TN Removal Rate

400/600 400/800 400/1400 800/500  800/800 800/1400
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Fig. 3.20 The removal rate of T-N at each Algae/Bacteria ratio.
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el AAL 2R wregole] AEFA, FHA 71AP pHFAR FFe 2
S C e wh gelewte] AMES YAE #H9A AW, 1Y B FAE

FE-e g zlatel 23 deold 5 S

2 r—~

259 wrel o} Mg We A9 AFEAHEL Fig. 321~324 of et

o oggo i njAlEe] o] Be4E AAZTE Frheld E=FH(mg/L)/HH )
(mg/1)¢] F57F 400/14003%} 800/140090 & 18A) 7o A 1009%2] A A7} o] FoiFl2
#, 400/8006 A= 40A1ZVell 819, 400/60001 4= 63%2 AAEES, 800/8000 4=
24X 7ke] 100%, 80075000 A& 40A17kell 72%2] A7 A&-& el e, 484
FOEREE AFRAE 3 £50) YN AR BGH ¥ dE 49 FIHEAY
o] \}E}yiTh

B oAgeA e AANE Axe] g4 mAEe A4 AY4AE 40E F 4
th. 28713 F pHrL 84 ol3t2 fAEHQALM At dojR+E pHIF 718
Qi e AAE 270 olFolAr] Wi et Wl o e dojpA
gete Aoz W=, wheole] 2$ SBR wExdA AAste FFANE B
Qo Al G787k o] Rl RE Ao, o] F B gzelH TR FTAA AT U
FFo) o|FojPow <la 29 HAHA doikg Aoz W4T F YN

Fol wrelgotel wl gl 2% PO~PY AALEE 48A0E 7IEes e W, 2
F(mg/L)/etE 2l otmg/L) el Hl&E s 400/600 (067 A= 2.1mg POJ.-P/L/d <
36g PO~P/kgSS/d, 400/800 (05014 28mg PO, P/L/d % 39g PO+~P/kgSS/d,
400/1400 (0.28)e1 4 4.0mg POs-P/L/d 3t 3.8¢ PO.P/kgSS/d, 800/500 (1.60)°0~
19mg PO.-P/L/d s} 2.6g PO.~P/kgSS/d, 800/800 (1.00)} A 3.0mg POsF/L/d ¢t
32g POs-P/kgSS/d, 800/1400 (057)°14 3.0mg POs-P/L/d 2 24g PO.~P/kgSS/AE
vhERGbTh e, 400/14003 800/800 ZElil 800/140091 M & 24413 F POP7L
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1009 A A S B2 24X7HE 7172 & de 2 AASer7 o was) Udee £ gl
c}.

et ol Mlgd ¥ Fole] AALEE 400600 067)Y W 22mg
T-P//d 2t 38g T-P/kgSS/d, 400/800 (0500 Wl 31lmg T-P/L/d ¢ 43¢
T-P/kgSS/d, 400/1400 (0.28)¥ ) 43mg T-P/L/d 9 4.0g T-P/kgSS/d, 800/500
(1600% = 23mg T-P/L/d ¢ 32g T-P/kgSS/d, 800/800 (1.000Y o 3.img
T-P/A/d ¢+ 34g T-P/kegSS/d, 800/1400 (057Y = 35mg T-P/L/d ¢ 28g
T-P/kgSS/d& JepRrl, T-P2l F$ox 4ALE 7[Fog 3N A7lH2g F3
W, 400/1400, 800/800, 800/14002] 7% 243t Fo A7 a7 WP AAL
=& o w2 vGepd 4 o

Table 3.3 Results of Phosphate and T-P removal rate at each Algae/Bacteria ratio

PO;-P removal rate T-P removal rate

mg/L/d g/kgSS/d mg/L/d g/kgSS/d
400/600 (0.67) 2.105 3.598 2.235 3.821
400/800 (0.50) 2.805 3.896 3.075 4.270
400/1400 (0.28) 4.000 3.444 4.265 4.024
800/500 (1.60) 1.880 2.680 2.315 3.170
800/800 (1.00) 2.969 3.205 3.085 3.353
400/1400 (0.57) 3.010 2.427 3.450 2.782
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—&- 800/500 = 1.60

-y 800/1400=0.57

PO P (mal)

PO ,-P{mgl)

0 2 40 & o 100

Time (hr) Tirve (he)

Fig. 3.21 Variations of PO+~P at each Algae/Bacteria ratio.
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- 800/500=1,60

\ e
R

0 x a0 60 a0 100 [} P} 40 ;1] -} 00

Tirme () Tirve ()

Fig. 3.22 Variations of T-P at each Algae/Bacteria ratio.
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EE (mg/L/d)
(g/kgSS/d)

P04-P Removal Rate

400/600  400/800 400/1400 800/500 800/800 800/1400
Initial Algae/Bacteria concentration

. 3.23 The remvoal rate of POs—P at each Algae/Bacteria ratio.
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400/600 400/800 400/1400 800/500 800/800 800/1400
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Fig. 3.24 The removal rate of T-P at each Algae/Bacteria ratio.
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(5 SS ¥ Chi-a =¥}

5o wrelglele] B g wE AP0 Fob Alawhge /o) dtelEel ¥EY
Z7b#2 Fig. 3.25 o JeER A

Z#9 %% Chlorophyli-a®] & 4% &+ 1 gel Chlorophyll-a®t SS9 4
#AAE T d& FOBDE Fakd AEAck SSo FrAELE = F(mg/L)
ure] 2 ok (mg/L)9) ¥ 571 400/6000% A 15mg/L/d, 400/80091 A 30meg/L/d, 400/1400°l]
A 40mg/L/d, 800/5000 41 35mg/L/d, 800/800914] 35mg/L/d, 800/140014 30mg/L/d
ol F7tge vehhold. aelx 2H BE S-S A7 356me/l/d, 305mg/L/d,
33.03mg/L/d, 22.08mg/L/d, 6.3dmg/L/d, 3.62mg/L/dZ ‘}E}%ET)

279 e AG ek A4 AT RS dERIRT SAsts) SRk
RS AT BAAE FAhThAE T ol Bel E7] BRI BEAE FA gashe
g

Atk ol #UIEF & JUAGF BFog el APEEC] F7

I EFE B2 FEFIAAR B2 & 4IFE 5 Ao FUHE ASE 5
o2 #Audti(Baumgarten ef al, 1999). wpA], A A<

T8 3 AFAlgte] 7 E ARA R AR 27 W7 255 FEE

3 =

epgtel,

Aol g F z=F9 welgor Ble 27 067, 050, 0.28, 1.60, 1.00, 057441 2
7t 068, 0.73, 0.39, 2.74, 1.67, 0.8302 2 F7}3lqTH.
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Table 3.4 Results of increasing rate and Algae/Bacteria ratio

Algae(mg/L) /

Increasing rate (mg/L/d) after 2day

A/B

after finish

Bacterialmg/L) Algae Bacteria SS operation
400/600 (0.67) 35.60 -50.6 15 0.68
400/800 (0.50) 30.50 -0.5 30 0.73
400/1400 (0,28) 33.03 6.97 40 0.39
800/500 (1.60) 22.08 12.92 35 2.74
800/800 (1.00) 28.66 65.34 35 1.67
800/1400 (0.57) 26.38 3.62 30 0.80
50
Nl S5S
= Algae

Increased $S and Algae (mg/L/d)

2!
q

40 1

30 1

20 1

10

400/600 400/800 400/1400 800/500 800/800 800/1400
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333 n¥EF AFAN wE M5 nE

(1) pH DO2] 3}

G xZFHE o/ &3 SBREHIAM nFEH iAol =2 pHe W3E Fig. 326

pHel w3 BN wE COe Ao} gAslo o Z7te f71&9] Aste w
2 AsEe A "Bl oF #AAE o]Folyo) HuHoE AFEY FUF(
CODe 150mg/L, NHa' -N 20mg/L, PO -P 6mg/L, Alk. 300mg/L)7} E°|3t Phase
(&3 997A)ell A pHE 85~99 7tx Asstsied, R8Ed AFAL 5404
109, 209 B} thd @A ey, ddFez g §FY5F(COD: 300mg/L,
NHs-N 40mg/L, POS -P 10mg/L, Alk. 600mg/L)7F £°1zt Phase (A 99 o
Fy| Al 8959 EE ZF7lo) o) pHE 78~95% YERY Phase I BRube 24
vhebsd o

K

79 B A2dg o4 HeAeA pHAF 10018 =A vEhe Aex B
H 32 9o (Buhr and Miller, 1985), Magram (1992)> 2 292 HRT, 49T %
E ol 2AdA 78-969 pH WS Jelde] B Anel fAMIAT Picot T
(191)9] Ay AT 8y AFAZL 8393 44904 44 pH 93, 922 e
Wl 282 Mayo $(1994)& #7182 F X7 150, 300mg/LAA =7E HIAE
o whe-zuo] Futite] A E o pHY 4673 % HAR2 e}, Carberry &
(PDE 4718 559 ZF7he wez fubie] FHE opy|AlA pHe #4E u
etk shsdeh

=

NEHEA A FAT] EEFE MLSSS F7IR ghyigele] &3 x2Fe| Yol 57t
st BT g4 5 pH 271890 AA FY59 F7kel met FAaFEUE pHE
w2 Al 3] 2=
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) dAgrh FAZIE F 10004 AW 1306704 stk Magram (1992)9] 49
A B AT Fabgd 2H 28~142707 LhEbdm, Picot H(1991)& 186, 225
AR F7vebe Aoz vekth a¥Ed AFARIe] BE5E FidFe] 2T
WA Hsagn APz fu4e Bk AL W DOE FadUAcht A
A3 Z71eldnh nEEA AFADN YA F94] 257 2L Phase [ 9 AS-
o 10AE7A Asstd oy 449 557 58 Phase DM 4949 227}
Z7hat9 g W 474A) Fas,

i
X
Hu
>
)
L
fujy
B
!
P
i
Jor
o
i}
e

FUF FE F74el W& DOY #TAE nYE
5
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Fig. 3.26 Variations of pH at each SRT.
) \v/
> : | 7
0 d 7
1 —@— influence - O 2 O % //f
o SRT =5days "/ v Q’
——WF—— SRT=10days O X )
} =5/~ SRT=20days L
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Operating Days (day)

Fig. 3.27 Variations of DO at each SRT.
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2 F7ted AAEA

BHEzHE ol8&F SBRITHUAM nHEA AFAT BE 7189 AALEE
3.28

Fig. of e A
ﬂé‘é%é AFAZE 1093 2099 44 Phase 1, OelA B 90% olie] AALE
Hlou, 1324 AFAR 598 A= vHEote w27t n¥EA AFAZL

lO‘?-JJ—} 208 Hrt el COD.Y AAZE it 2deH, YT =7 =&
Phase T oA 80% AE7A "olHr)

o]# g AF= Magram (1992)¢] A+ Z@3et mwd o, {9049 =7 350mg/L7t
A Eo = S0mg/Leolate] HEsE Urhule] 230mg/Le FYFAM 60mg/Le] &
TE YEhY AaEn addon $AFHUY. 18T Picot 5(1991)8 ZAte} v
Al et A RAIT 290A BT 0%l AALES U B daE 52
A AFAT 8L} 44l M 7zt 80% <k 68%E tEbN Rl B3} Z A o)

100

9

S BO-

2

£

2

(]

©

2wl

£

2 -@)- SRT =5days

DE w4 O SRT=10days

8 -W- SRT=20days

a Y y Y y
0 5 10 15 20 25

Operating Days (day)
Fig. 3.28 The removal efficiency of COD. at each SRT.

_76_.



BANFEFEE o]4% SBREWINA 2BEA AFAN] W& NH,/-N9 AHEES
Fig. 3.29 o vehdo},

At Vel So] 942 57 20mg/LY] Phase 1elME 24 n3¥Ed AFA
Zholl A 99% 0l o2 uehdth #3149 FE7 40mg/LE F7HA1Z Phase MM+«
THEA AFAL 10, 204l E HBAA AALZES JERI oY, ¥ Ed AF
Azt 5 el A e AAREC] 80%olE7HA AT

Magram (1992)& 2z #7)gle) A3l MLVSSZE 1200mg/L7F FIRS o,
NH,'-N¢ AAEEo] 3438 gotgort MLVSSZE ¢ 500mg/LA =AM E FEH
9 AAFESES 42 & AUtk 2 A7dN nFEA AFAIZ 209, 1084 F 1l
= MLVSS7F 500~1000mg/LA = 5o Magram¥ Z+< XH2&&S$ ey ¥
24 AFAZ 5YdAE MLVSS7E 200~400mg/LE 2 =& JEre] #d2
FE7b 4A0mg/LE F7HAS o sl REEAY Ao uEut & S9N
THER AT A ¥ o Aol Aol RHatd My x&ol Fid
9rii Wk Picot $(1991)& Fastd MFAT 893 49A 2z 92%,
04%¢ AAZTEES dehel St AFAL 29 +HE ¥ 2 NHO-N
AN e ez AU

HEFD AFAD 4E F A2 AARZELS Fig 330 o JeEpA e, 30~80%
Aro AAEES JEMYUY nEEH AFANEEE 209004 ik =4 dERt
o, 5de A A Bkt 959 e 4iH o2 @& Phase [HO= AFE
o] Phase HolA AAHoz & AAZEL Btk °RE 478 s F7H
o gk MLVSSS 7tst DO #a ol wE gaqe Zadsiel pHe $7i2 A%
dryol 2EYFe A2 wdd & Utk

Magram (1992)& Kreft 52 £3& &3 ol sEgYo] pH 8.00) oA
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BTt st B HYPqAE F83] dold F Ax 7)1Fe]l A, Phasel ©] Phase
N8Bt pH7F o2 Esids 4 58 2 o gl o3 daA4747 o 2o 982
o F Aoy s

40 4

—4&)- SRT = 5days
~( SRT=10days
-W- SRT=20days

20 1

NH,-N Removal Efficiency (%)

0 5 1.0 1'5 2'0 25
Operating Days (day)
Fig. 3.29 The removal efficiency of NHy-N at each SRT.

100

=]
[=]

80 1

40

-4~ SRT =5days
- $RY =10days

—W- SRT=20days

20 1

TN Removal Efficiency (%)

0 5 10 15 20 25
Operating Days {day)
Fig. 3.30 The removal efficiency of T-N at each SRT.
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(4) <o} AA%A

G £FE ol4F SBREYAAN n8HEF AFAN 12 F A AALES Fig
331 of Jeplsih

A Ee JYELEL 10~40%AEE Bl & AATES ®Bow, 2P A
FAIZel WE ol A gtk BHAEHFE )& SBREYAM - AT F
AAAEL FaAARAH AEFACESEE) 2y gte|ote] 4 FE-HAIAHA
Aol 9@ BYZYL FEF F A ANNNE AeZ ojFd & Uk ¥
A go] FAFFe] AFole F U9 I3y Fde /=T & dv ol W
= Ao AERAT BgdEHez Qo) AAHof Ak Ieu, 2R SHE
olo] A3 HYHATezE H& A9 AAZES 7IEy] A8 FEA e 9
dbefgjore] A EEAAoNA AL @A 2%, dheEjole 2~25% H =Xl
?.10}"4. 9 FH o] o] Fo) MG ol 5~6%%ko] 2le]y] wEelrt.

i)

1

Michael 51979 & A7E& F 9%/ Ca’' ok Aol =% Adez A7
W ook 10%A =] AXFEAF 8 AAHUGR i HE dTAEE =
Ao A ot AAE HAd &3 Aol ol AEFA A% FE& 7
3 Row wustn Ykp et al, 1982; Picot et al., 1991; Magram, 1992).

wakAd, & <o AAEES AA d5ue) 24 Ca'Fe 9¥e v 2A U
Bl Roz dddr) o] (1991)% 23 Ag el 20~50mg/Lel Ca7b JAHtE AT
Picot $(1991)& 124~138mg/L9 Ca7} Atk &ttt Michael 5(1979)2 #U+%
100mg/1.2] Ca?} &&5o] ke 3l Picot 51992 ¥-& Fxel Ca’l US
W o] AALEe] o agon A AR YA 4YAM 4 T1%2
PO -Pe AZEEE A€ F AL S
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Operating Days (day)

Fig. 3.31 The removal efficiency of T-P at each SRT.
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(5) SS ¥ xFe wLwd

FHEFS 0|43 SBREWCIA HEA AFAG) B2 AFHAFHE DR
dw Aol mFsh viH Elokel 1391 MBS Fig. 332 o WebiLch

i)

: ZH/aH oo v agEd At 2 AFgg e AR e
gt 2@ EA AFAL 5L E 2] 10 oA HE 2722 FIERAL, 1A
FAZ 109 E F7 54 2, 123 HAFAL 04X P 4082 ¥

ot 23], #9452 HE7 AL Phase oA E EfF/ Aot vzt 24 S48t
Aom, #3149 ¥E7} ¥ Phase OolA T uheejore] o] gop 2 w7t 43
A FAHAGT 2387 dadte AEE vEREAC

Maiti $(1988)2 ¥ &4 AFAL FAQl HHo2 1779 xF/utE 2o} A
2 vebddn 3993, Magram (1992)9] A@elMe 2@ EH AFAEAY £ 84
AFANS delgle W, 3-89 FH/eH ol v E GERRE 22]al Oswald

AFAAE d&ste] Faleh AFAz wek 2{/abE kel W7 FEhAH,
23 FeaF A FAD) 49 olHold FrIEFEY ¥F T o]FE VSSH iR
2ol xFen ¥usch B A7 FEgE AFALE 29E Maiti 5 2t 27
Z 79 urelgotel w7k ®A Geld olf F9 3z AAF = Uth

rl

l



Algae/Bacteria ratio

Sday 10day 20cay
SRT, day

Fig. 3.32 Average of Algae/Bacteria ratio at each SRT.
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334, Ca®ol2d] 97 A5 n#

(1) pHe DO®| ®is}.

Ca’ol &g Fxo) wet v e Aute ¥ vk 500mg/Lelstel e 9
o wolyes A3E HE A EAEH AP FYS A &y, SR
QolME EAMGFE F2AA Sole BHolEE Foldi std FFALE T
A% g ces At Frge FUAYIE @tk 800mg/L o) del e
o3¥ BB Wizt dAE S AHHE FuTHL F, 2002),

=

ﬂJ

GHZFS 0] &% SBREWHAM Ca’ol&9 92 nAsty] Yot 2FEZ A7
A7He 59, 10Y, 0¥ 2 33 w2 Ca'ol&¢ X7l 100ppmo] =& Flst

gt} 7t7be] pHel WEE Fig. 333 of dehigch pHE Ca¥'ol &g FAHE W7t
764~895 2 FUFA Fke W] 7869835 b vA e

B oA A Ca¥'el2 g FAL o pH7L olxlt AL CaClE FH3IY] A
o] hydroxyapatite =3 Z2] 884 wg(3HPO,S +5Ca” +40H = Cas(OH)(POu)s +
3H0) 31 $59 OH o]&0] ARHE2 ¥hgxu pH7b Wl Aoz dddn
(Sukenik et al, 1985, Nurdogan and Oswald, 1995). 2213, 13 &F A FAJte] 5
d defrt 109, 209 R opd =4 e

Ny Eekel DO9| WEE Fig 334 .o et Ca¥oleg F98E W DO
=02 oA 10 AX 2 Eo] Mg el er], Caloled FYAA dke
13.067hA1 vEbE ARk 2 vEiwch g, 2P EA A FAde] 45, fdsE
7} =&42 DOE 24 YETH ol Caioleg FURS W 2HF Tl
Z 5o Ca'ole AYsS Ad EFHFI} o)FojA L AAHLR £7FS Yy
i Aol 8-S xR Bl o) Ak MAROE FF g Frd o
7t ¥ #H7] o8 oA 3 (Nurdogan and Oswald, 1995).
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Fig. 3.33 Variations of pH at each SRT with/without adding Ca* .

(@ : SRT bd, b : SRT 10d, ¢ : SRT 20d, d : Ca = 100mg/L).
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12 1 Y/ Influence
:T 10 1
3°1 0 ° .
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Fig. 3.34 Variations of DO at SRT 20d with adding Ca®.
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(2 F7182 A7ag

O

Hol A Ca¥ol &g FUPS wel FUstA ogres W 1y
Aol AATES Fig. 335 o el gt

#7188 AALES Calole g FUNA BRE Wb CaVoled FAUS W
o 4UHoR Ror], Caoled FYUS W nHRA AFAel 109, 202
Al AAEEo] 5UNA ®Tk T BA e

A4 CODer FE7F 110014 350mg/Le]l HHAA Ca¥ol &S FshA] ¥k o
TPEA AFAEZ zhzt HF 01%, 92%, 94% 2 TA JEen, Ca¥eleg
£ W W 74%, 84%, 80%= uvEWth 53, ¥ EA A FAIT 54
Ca’ol29 #9207 #2&49 COD.F =7 200mg/L7HA Lzt A %7 %l
ko] 2 Ao vEbr)

e N orlr e
oo
=2 2%

r1r o

2
off
ot

Ca”el &2t 279 weHgole 42ZYo] Adgtdeoz Qs Lg-dol o 42 A
Aol Al og ol g4 Mot o3 Fr1EH AARLEC] i wopAl
Aog #oEr} Ca¥ol&e] FYoz welH A4l Picot (19918 287 A F A
b 893 492 et d& 80%¢% 68%, Nurdogan S(1995)9] 2] &3
AFA 5982 TS AL 802% HF FE A AFAZ 292 &
g 2 AYgARE 22 58S YA
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100

80 +

40 1

Ca = 0mg/L Ca =100mg/L

20 1

COD_, removal efficiency (%)

SRT = 5day, 10day, 20day 5day, 10day, 20day

Fig. 3.3%5 The removal efficiency of CODg at each SRT
with/without adding Ca®’.
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3 A2 AARS

FHZFE 0] 23 SBREYNA Ca® o) &9 £ W& NH,-N2 W38 Fig. 336

Ca’o] & 100mg/LE FYAL o o 20mg/Lel NHe-NE 52 A7 dojron,
40mg/Le] NH-N7F #95%0<€ wWE 30mg/Le NHe-NZF AA=SLh Ca¥'d 98
BEAE B AAELE FE3] dolx FEF2 NHe-NE 28mg/L7HR Eobzlth tiA]
Ca®'9] #4& A2APYL W §$&59 NH-NE 10mg/Lolstz wa A wolsc
2B AFATl WLAM F&259 FE7b 7HF @3 Ca'FY I3 A 3
E4ert b w3t 28 EF AFA 208 2oiE 5994 &9 FEE v
2 A vErstd

Fig. 337 cl& zZ 28E%4 AFADTE Ca"F9AL st FA3A @%e e
NHs-N A7 Z &S Gehiidel, AMH oz Ca¥FdstA Sds o AARZEo B
Ao tehgon o Ca’F Yo A =Fo T ote] HESH s}
upe} FEA S AAUAELY) A YEOE #UE 4 Atk Ca¥F YA ¥R
e nYPEA HFAID A4F AALZE] B2 Aoz deyoy 100mg/legl
Ca® & FYHUE v 2FED AFAL 1040AM 713 & AAZEL VAR
o, 1¥Ed AFAZ 5do]l TYEAFAL 2098 A ¥ AAEZES UEY
Atk

o

F Aae 74, Fig. 338 ol YEbd AAE FU959 FE7 25mg/L A =AM e 7
AP AFATAM B%ol Y AAEES YEHAL FYT FE7F 40mg/L
Ao NE o 60%HE AAFAL Ca”oleg FPsA AT W 40%FE A
EARUTE AAl FABEA 60% A 0% 7R A A EE0) o sl

Ca’ol &8 F3tA ¢k et vlwatw, 93t kS W= NO3-Neo| 15mg/L
A AAEEY HE FYAYE 2mg/LelstE A, DOZF 1.0mg/L °l3 &
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Pl slo] WAE B&S EolEX ol 2ol dolus Qo tehgvk

FAIZE 20914 FALe WSE VYEAAT & 8 A7

Fig. 3.39 o 2gEZ2 A
= o 30mg/LAES] FHA AAH

A ek 25mg/Lel EAL7 AAHJT 2 o)
o}, oju] NQOs;-No| A2 A glsich

0 + SRT = 5days
...... (-~ SRT = 10days W/VW\\"\

——%NF-- SRT = 20days

~-X7— Influence /WW 57

40

NH,"-N (mg/L)

Operating Days (day)

Fig. 3.36 Variations of NHs-N at each SRT with adding Ca®'
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Z
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0

Fig. 3.37 The remvoal efficiency of NHs-N at each SRT
with/without adding Ca®'.

@ SRT =5days
~{)~ SRT =10days
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TN Removal Efficiency (%)
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Fig. 3.38 The removal efficiency of T-N at each SRT
with adding Ca®'.
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Fig. 3.39 Variations of T-N of SRT 20d with/without adding Ca™.
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(4) 9 AAxE

FH2FE o] 43 SBREWAAM Ca” ol£9 5o w& PO,PY AAZLEE Fig.
340 o Jetldd F949 v dmg/l. AECAE nHEH AFAZ 1049
A 0O%AEZ 71 5L AAAZEES By nyERA A /AN Y, 209 £o7
AAEES e U,

PO~PS AAE AZEA g AARTHE S 9§ pHel F5o2 Ca¥ole
3} ge FEolestd Ayl A% s Fdo) & Pre AAdrh Y A
FAZbe] uhat AAREANA Aol U= AL pHe d& Aoz Wud 5 gt
2EEA AFAZL 10Ul A pHZY 8~94 012 i, ¥ ED HFAD 09dH=
75~82% 7174 @7l wWiEel #gA e & nFEA AFALA HEH A
dolg Ao AL #4949 FES 95mg/LAA SRS o, $259 $E 9
Al Eol o, Ca’ole g FUA 4 FE59 vRE A FAA e
Ca*ol &2 AFPA fE5E thA] ol

ek

Fig. 341 dl& Ca*ol&2 FdatAl %S me YRS do AAEES Y
b, AAHeR Caoles FIF AS HF 0%PER 5 AARSE vehllE
AL 4 F AL, FAA UL e HT 0%FER XL AAZESE EATh
ol PO-Po &3 HA] 2§ A7 dgo] A& YehdlE ot
Picot S(1991)% Q19 AAFEL 4 313} Zo] pH, 7 Ca”ol&9 s5s 4@
BA7 W% =oda #Q) Ca¥ole & PONDeA = <l e o AA7 o
iz wrfe] ASolE Caloleg Hsbslol sokm 8lgth. Michael F(1979)%
Ca’ol&o] H7HEUS W, pHY F712 99 AAZES F/HZE + AR, pH
10914 95%2 AARZEES A& F ook z2Ea AAH Q9 90% ol 4L FHEHH
A ofsf AAHJAGL kA

mlo

PO-P = -3.415 pH + 33795 (R® = 0.854) = 0.064 Ca - 347 (R® = 0.388) (3.1
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Z¢19 A7l Aol E POs-P 2 AL R rhHFig. 342). 6mg/L AE9] F¢
M Ca’e 100mg/l FUHS o pH 8~914 60~H%7A £ AATES =
Hov 95mg/l. AFAME 50% F=2 AARES R

10

AV VA%Vt VY
¢ ] —@— SRT=5days ) ca® ON
...... O SRT = 10days Ca™" OFF /
=l ——%F-- SRT=20days
g' 64 -/~ Influence
o vl Yy O
S 4l VAV
o Navs
o
2.
[
[
o b O0—— : : |
0 5 10 15 20 25

Operating Days (day)

Fig. 3.40 The remvoal efficiency of POs~P at each SRT with adding Ca®"
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o | SRT =5day, 10day, 20day

40

20

Ca=100mg/L

=20 1

PO,-P removal efficiency (%)

SRT = 5day, 10day, 20day

-40

Fig. 3.41 The remvoal efficiency of PO4-P at each SRT
with/without adding Ca®'.
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Fig. 3.42 The removal efficiency of T-P at each SRT with adding Ca®.
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(5) SS @ Chl-a® W3

GHEFE o4 SBREYAAM Ca¥el&2 100mg/LE FUAE ®, TLEH

7SSe] #3}9} Chlorophyll-a2l W& zgjn g7zt Fete] H 2F/ueleo} A

: Fig. 343~3.459 Jebiglth, g ZAFAT 5delAe HE 600mg/L, ¥ EA
FAZE 109 1100mg/L, 2@ 2AFA 20D ME F7F 1300me/Le] VSS=
$AYAL. Ca”ol €2 FUetA 2 o wwsjsid, ooz & P22
MLVSS/t §A5E Aoz el o]AL Ca’olo] iAol HAAE F4A
717] W&o F&3H = SS7F Fa7] WEeE AddtiLau et al, 1995 Nurdogan et
al., 1995).

d:vu

Chloropyll-a8l %ol ¥ EQ FAFALe] 5UeA 2098 dojds= Fotste
Aoz vestth Ca¥ol£& FR8A dde e} vusy nHEFA AFAL 5Y
ol A= ¢ 500mg/m’, 109141+ 1000mg/m’, 20delAE 2000mg/mAE o A o
ekt

F/ubd o} vl A7 B AL Fvhstgon, E7 10dA nEEH AFA
7holl wetb 7zt 514, 5.10, 6.8272] F 713kl
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Fig. 3.43 Variations of VSS at each SRT with/without adding Ca®'.
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Fig. 3.44 Variations of Chlorophyll-a at each SRT with adding Ca®".
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Fig. 3.45 Average of Alagae/Bacteria ratio at each SRT with adding Ca®",
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BYEFE o8 SBREYAN FdTrd FE¥F wE Mg5HS 22387 9
o] FYae BEE COD/NH:-N/PO-PE ZH2E 300/50/10(Casel), 300/100/10
(Case2), 600/50/10(Case3), 600/100/10(Cased)2 3ted XS F3hatdey. = A7 o}
Bt pHS DOE Fig. 346 3} 347 o =48t}

COD 300mg/L, NH4-N 100mg/L, PO4~P 9.5mg/Le 74 $-(Case2)dl pH7} 6.4 7}A)
o715 Hgot, g Aoy pHt 8452 FAHQ pHE 37)4 orele)
oboll og f71Ee] AEE WA COS FB3 AAsetelole] o F NH,-Ne|
AU g2k en 2R 2R 9 COo 2o gAH ol g@
2232 FA0h Case2e] A5 AUBHE T0%AE B4 dolker} f7183e
$How SAEL 0~B50%FEE o} pH) FA7l dojd Aoz WeHo

DO ZASole 449 COD.H NHs-N2| 57 555 a2 7239
Casel®] AFolvt DO7F 20mg/LAE #FA5HA 2 & F$oE 03mg/L AER &
A Ay 18 EALYF FHES5E MLSSYE 718t Case3, Casedol] M
ZH/E el vlel  Fasiadch MLSSe 7kt mH/atdlglel vle] A
self-shading @4 #3dd § bao AT TFo 9 abain g 9o
A Z4-8%1o] ol wE-xulel DOE ¥HAh
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Operating Days (day)

Fig. 3.46 Variations of pH at each Case.
{COD/NH4~N/POs-P, Case 1 & 300/50/10, Case 2 @ 300/100/10, Case 3 : 600/50/10, Case 4 : 600/100/10)

10
® @ casel
8 (O case2
v Casel
— v . \/ Cased
= 6
o
E
o Jo Ve
° °
®
0 o
15 20 25

Operating Days (day)

Fig. 3.47 Variations of DO at each Case.
{COD/NH-N/PO4-P, Case 1 @ 300/50/10, Case 2 @ 300/100/10, Case 3 : 600/50/10, Case 4 : 600/100/10)
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(2 F718d9 AAEA

%ﬂ“éiw‘rzr—‘é o] &3t SBREYAM Fd49 w8 2 s W F715R2 Aga
A3Z Fig. 348 o vebdoh

COD4 FEE 300mg/L, 600mg/LE U39 E W, 7 Cased] 2% Hit 90%0]4
o AAZE&SE YR A@Fe] EE 40mg/LolstR ‘«}E}LP A HAHAE
25 URT 538, FdFd CODe 600mg/LY ™ (Case3,4)7F 300mg/LA™
(Casel2) Bt} HZ&L g4 ¥4 YeEbwo Nurdogan 5(1995)2 1&3HA 83
FRdA HE COD7t 529mg/Lo] strs Ml o £ 8 AFAZ 5LddA A
st Wb 77.4%(HE ) ~80.2%(Ca0F7he] A7 E4 S 92 AHE AUt o
A, B x2RE o4 SBRIHL 2 R7|E9Y wRox <t Mz ges o
2 F UdE Fyojth

100

95 1

85 4

Casel Case2 Case3 Cased

COD_, removal efficiency (%)

80

Fig. 3.48 The removal efficiency of COD. at each Case.
{(COD/NHe-N/PO-P, Case 1 @ 300/50/10, Case 2 @ 300/100/10, Case 3 : 600/50/10, Case 4 : 600/100/10)
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272 o]&3 SBRETHAA F3+2 s=Wsld wE NH:-NE AAZSS
Fig. 3.49¢) vl 2iel, NH-N9| ¥ %7} 50mg/L{Casel 3)l| A= S 90%°ld &2
AAEZSS JeE g en], 100mg/L (Case2ddl e Hi 74%9 56%= AsEe 74
o5tk AAFE] wepHorn, #7189 TE/ ¥ Casedd A folis AAZE]
44 wrobH T NHe-N9 AAEZSEL §7189 571 1, 949 NH-N F=7t
we Al AAZE =ovr e AAFeRZE 7 CasedE 24.54mg/L/d,
3797mg/L/d, 23.33mg/L/d, 2753mg/L/d2 Yehd #d49 NHs-N $E7F 32
7NEe eyt e u o B ko] AAHUC

Fig. 350 ol F2Ax9 AAZSS veblidrh Casel & BT 70%, Case2oll e H
7+ 50%, Case3°Ale T 85%, 2@l Casedol A+ H o 61%2 AAZEE ERA
Atk AAZES C/NHZF 285%, #4459 NHeN F&7F @&55 AALE0]
=7 vgwgt zeud FEi9 AARoeRE 2z CasedE 1880mg/L/d,
26.71mg/L/d, 23.78mg/L/d, 30.26mg/L/A2 et C/NBIZF 255, 999 NHy-N
¥E7t BL4E o] B8 %o AAHUG. B 499 AFeA C/NHSE 39 BY
(Case2)l M % FA49 AATEL A 50%HEE e} & C/Nyl9 F e
A2A7 e Aol AARES 70T 5 UAATh
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NH,-N removal efficiency (%)

Fig. 3.49 The remvoal efficiency of NH4-N at each Case.
{COD/NH4-N/POy-P, Case 1 : 300/50/10, Case 2 : 300/100/10, Case 3 : 600/50/10, Case 4 : 600/100/10)
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= 207

< Casel Case2 Case3 Cased

Fig. 3.50 The removal efficiency of T-N at each Case.
(COD/NH.-N/PO4-P, Case 1 @ 300/50/10, Case 2 * 300/100/10, Case 3 : 600/50/10, Case 4 @ 600/100/10)
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(4 el A5

e
2L
By

$42FE o]4% SBRITWAA Fda9 ol e A543 1@ A% 4

oA E219 AAEE&E Fig. 351 o Yehlglth

Casell M= BT 16%2 AAFTEL Yehlg s Case2ol e HT 43%, Case3dlA
= BT 675%, Casedol e B 67%2 AAZLEE el #9559 COD«
o] et 2T 3420 U ¥ETE U9 AMIEE L AR g
weh E9e] AAFELE F CasedE 076mg/L/d, 195mg/L/d, 3.23mg/L/d,
322mg/L/d2 UER} 99459 COD.9 %7t ¥&42, FA2 $E7 &7

& AARE =540

100

80
Case1 Case2

60 1

40 1

20 1
Casel Cased

TP removal efficiency (%)

Fig. 3.51 The removal efficiency of T-P at each Case.
(CODa/NHi-N/PO+P, Case 1 @ 300/50/10, Case 2 @ 300/100/10, Case 3 : 600+50/10, Case 4 : 600/100/10)
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(5) SS ¥ Chlorophyll-a2] 3}

FYZ2FE o8 SBREPAM e o Walel mE MLVSSe| W& Fig.
52 o Jetldth 99 CODs =7t &% MLVSSS 37h3E =2
ettt 2832 f7189 FE7t 92 Casel® CaseZoll A+ NHa-NY F =7}
5 MLVSS7ZE =4 AAHYD, #7189 v&7t & Case3d CaseddHE
A 7189 AR7F AL Case3dlAd HT MLVSSZE 2 ALZ vestt,
Eo AAR] BEFE, GdH &9 22 7z g% 4w Be *i%‘%k
nAEe] MEFA B PR o]8d4E MLVSS#HE 2 o2 et (Table
3.5).

|95}
21,
lo

o m% o
o _s;

E

Fig. 353 ol =< weleleote] vl E Yetu et MLVSSe] Agets & A%
vehele, #7189 F5r) @e Casel(HT 279)7 Case2(Hyt 2.18)F Case3(H
T 1.30)7 Cased(F1 098)HU = HUiHoz 279 AFES 212 F59Y 1A
B Frb&e] w7) wiEe] /e we ol vl xA vEsh

Table 3.5 The removal rates of organic matter and nutrients at each Case

Removal rate

Case 1 Case 2 Case 3 Case 4
(mg/d)
COD., 242.97 231.9 573 545
T-N 37.07 03.42 47,57 60.51
T-P 1.52 3.89 6.46 6.45

{COD/NH4-N/PQ4-P, Case 1 : 300/50/10, Case 2 : 300/100/10, Case 3 : 600/50/10, Case 4 @ 600/100/10)
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Fig. 3.52 Variations of VSS at each Case.
(COD./NHs~N/POy-P, Case 1 : 300/50/10, Case 2 : 3004100710, Case 3 @ 600/50/10, Case 4 : 600/100/10)

Casel Case2 Casel Cased

Algae/Bacteria ratio

Fig. 3.53 Variations of A/B ratio at each Case.
(CODW/NHi-N/POs ‘P, Case 1 : 300/50/10, Case 2 : 300/100/10, Case 3 : 800/50/10, Case 4 : 600/100/10)

- 105 -



336. a9

ZFE ol &35 SBREHAA 3} -
T, 2f/ME ol v, u¥Ed
o] Mg e AFAAES

=

P

AAe 50l J2L vA 5 3
N B AT Cat'o] &g A}
st g Zo

rr

A5

ofj

4o

[s] [=] A
5, AT F

K1

1) MLSSH 3} - #5254 & 2000 luxe] #e] Azl AAHA AAZEL Fig.
3547 Table 3.69 234t COD2 MLSSe A#glo]l 24A17hg el 80%0]4 Al A
S5, NHe-N, T-N, T-Po] AALZEL 482 LE 71F02 MLSS7H F71€
T7tehe Aoz el 48417 o] £ 7 EH MLSSHEHE nAdEe AlEE g
EEdAo) vedt TAE &

AAZFe R Eu MLSSY 7+ F/M Hlg 2=
o= yeht MLSSe| F7tel wi 238 A ity

100
804

60

401

Removal efficiency (%)

Fig. 3.54 Removal efficiency at each MLSS.
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Table 3.6 The results of removal rate at each MLSS

MLSS I Removal
(mg/L) tem % me/L/d 2/kgSS/d
CoDa 85.79 135.74 776.0
450 NH,-N 95.95 6.13 35.03
T-N 09.74 3.82 21.80
PO,-P 06.17 0.31 1.743
COD. 88.02 135.74 460.1
c50 NH,-N 39.13 9.06 30.70
T-N 29.20 11.35 38.46
PO,-P 05.90 0.30 1.000
CODw 87.50 134.93 972.6
090 NH4-N 56.70 12.91 26.08
T-N 28.01 10.92 22.05
PO,-P 06.63 0.29 0.586
COD. 80.82 118.48 163.4
L150 NH;-N 71.78 16.15 22.27
T-N 29.03 11.35 15.65
PO,-P 06.87 0.35 0.483

* CODLE 24M7T7) &, e

- 107 -



2) :“n‘/u—] Eﬂaol' 2] H]of [t}__. O - - - °,,] A H g g2 F 355‘17]r

l ] ] £ C Dcr, NH4 N, N P g = g

Table 3.7 4‘]«1 ;E}vl-[:]- )\ah_ﬁ UH Lﬂoi}‘ B les , ] .
. ey

AAZEHE 2 AuBAE 2ol

1300mg/LE AFAN HYH 27] 2

: shejelo} wlsh #71%, FFGF
otk wH, B oMARY IS wol

F/erE P ok Hl7b Estvh

Removal efficiency (%)

Ilg' 3'55 P‘enlo‘al eff]CIe"C} at eaCh 1ll .
gaE/BaCtEI 1a ratio
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Table 3.7 The results of removal rate at each A/B ratio
. Removal
A/B ratio Item 7 ma/L/d keSo/d
COD, 83.47 123.89 116.81
0.28 NH4-N 86.78 17.36 16.37
T-N 46.61 12.19 11.50
T-P 96,52 8.53 8.05
COD., 90.78 134.67 187.04
0.50 NH,-N 99.85 19.97 27.74
’ T-N 37.00 10.54 14.64
T 7891 3.08 4.27
COD 88.89 131.86 106.34
0.57 NH,-N 81.18 16.24 13.09
' T-N 34.83 8.04 6.47
T-F 95.11 £5.90 5.56
CODe 91.05 135.07 230.89
0.67 NH4—N 99.6 19.92 34.05
’ T-N 13.93 3.4 5.81
T-P 63.74 2.24 3.82
COD.r 01.87 136.28 148.13
1.00 NH4-N 90.85 18.17 19.75
T-N 45.44 10.90 11.85
T-pP 94 .66 6.17 6.71
COD., 93.76 139.09 190.53
160 NHi—-N 99.78 19.96 27.34
T-N 15.52 3.31 4.53
T-P 70.69 2.32 3.17

* CODe2 24X 7,

& & 4843 7)E
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3) 2HEA AFAL & AAEELE CODy, NHs N, T-NolA4| EF ngE3
FAZE 5l WAEe FE7t Ho 71 & AAEZEES JEMUL,
PO-PE Aol nyEd AFALY &

1043 2080 AAEZEE Axd Ads dehigieoy, 2928 AFADS €
2ol Az 9o gemz HE|e o|&EH ut A nFEA A
Ak gl " 4 Ao AAHY AAEEL Fig. 35637 Table 3.8 WeEbH A
=3

FaAA YAAH 2FE

Removal efficiency (%)

Fig. 3.56 Removal efficiency at each SKT.
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1)

drefejole] AEEEE B ANSAFA FIA

8t17] W&ol CODet NHy-No A AEEE ozt

Ca’ o] &g 100ppm F3el met FPata Fg wel w& Ca’ol2e) 279

99 Gawde WMEEHOT

[o]
m

wrobg o), Ca®'ol 0] VSS9
2 vol & ZuUe VSSe FEE FUAA T Szt gstd #HHe Anm
T-N3} T-Po| AA&ZEL =27 F7hstdch. AAAA

A7 E&S Fig. 3579
Table 3.8 vFeR] A et

Removal efficiency (%)

Fig 3.57 Removal efficiency at each SRT with adding Ca®
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Table 3.8 The results of removal rate at each SRT with/without adding Ca”

SRT ltem Removal
(day) % me/L/d g/kgSS/d
COD.r 90.96 204 56 297 33
5 NHy-N 84.82 26.71 3882
T-N 48.64 17.69 25,71
T-P 25.44 2.16 3.14
CODer 92,12 210.04 168.30
Ca® = 0 NHs-N 93.25 30.23 24.22
Oppm T-N 57.19 20.84 16.70
T-p 25.60 2.18 1.75
COD 93.63 21379 120.92
% NH,-N 94.01 30.56 17.29
T-N 59.26 21.57 12.20
T-P 23.97 2.08 1.17
CODer 76.52 178.14 134.05
NH,-N 93.47 27.59 21.00
° T-N 85.17 28.52 91.71
T-P 74.44 5.77 4.39
CODe 84.63 198.76 89.69
Ca®*= NH,-N 96.66 29.15 13.15
100ppm 10 T-N 89.15 30.36 13.70
T-P 81.90 6.23 2.81
CODu 78.63 185.61 75.76
) NH,-N 89.13 25.54 10.43
0 T-N 82.95 27.33 11.16
T-p 61.69 1.81 1.96

Ca®"=100ppmol A Ca” o2& F4sta @ Adt A9 4842 71 &

5 e FERFe ©E CODy2 AATES FYT 2 CODFE7F 300mg/Lo
A 600mg/L7HA F71sh 2 90% o9l =& AAEZES vehl vk NHe-N9 AAE

£2 Fd49 NH-NY &7}
ek T-N# T-PY AAZEL +U4 COD=9 F=7}
th. AAHQ AALEE Fig. 3585 Table 399 #otch,

Uorz

=T =
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Fig. 3.58 Removal efficiency at each influent concentration.

Table 3.9 The results of removal rate at each influent concentration

Influent Removal
Concentration Item
% /L/d /kgSS/d
COD«/NH,-N/PO;-P ’ me g/ke
COD.: §2.47 243.32 83.10
NHs-N 98.22 49.08 16.76
300/50/10 T-N 69.03 37.59 12.84
T-P 14.47 1.62 0.52
COD,, 92.82 231.86 77.29
NHy-N 75.01 75.94 25.31
300/100/10 T-N 48.50 53.42 17.81
T-P 42.47 3.89 1.30
COD: 95.87 573.07 158.05
NH+—N 90.75 46.57 12.87
600/50710 T-N 82.00 4757 13.12
T-P 64.27 5.46 1.78
CODy 95.19 545.66 155.46
NH;—N 59.11 650.51 15.60
600/100/10 T-N 60.82 60.51 17.24
T-P 69.84 6.45 1.84
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M 4 & 3Y2HE 043 SBR 349 34 4 2 239
4.1. BHZRFE o1 &% SBRFHY T3 34

411, RHE49 2A5A)

i
)

349 2FAA}E ©) 83 McKinney S #82 o, 324 &4 Yo 49
MLSSell g d82set zx//u ol vlo] we d38%s 4832 w1 o
ez 49 nPEA AFANF Loy IFA FUF s=UEA o
A d s olgirt.

Mo 4 oot

(1) 2H2d AR 24gde FEwg

4% SBRFHAAM McKinney ¥4 & o843t =&d ZHEH AFA
7 b Elolet 2/ W E Fig. 4.1~43 o WA

ubg| g o= BCODSY wiAZHE-& &8 o ¢ko] Frhairt 32 oa Add F 2
gotel ¥y RFEA AFADL 5LAAM TTmg/dL, 104IAM 132mg/T, 20¥%A
238mg/L & JEY 23 EF JHAZL F4E wA vgwth i dE5ge 7
Z 9Bmg/L, 9Bmg/L, 178mg/L& WERG Aol A& ghel Hld] ok =A ERTh
7t 1 EA AFANANAM Mapd FEE 2 o)/ UL Meps] =€ AFA 3o
F42 2Ut Mag? 282 ng&F AFAL 5¥, 109, 2044 2z 45.45%,
29.42%, 1724% % ‘el ng 22 HFARrel A5 B4E e dH ok 28
o] Zopdr}

FZ7E e ol #7118 43 T 9 2" COE o) &dte] A3 FH
o# ANE F 2FC Erb nHEA AFAL 59, 109, 209d4M zZz
267mg/L, 492mg/L, 646mg/L.2 UEh} 28 EF {FAIze] E4E AlAgyd &
FERZ FAHAJG. b dEzre mdEA ARAIZ wel 22z 251mg/L,
626mg/L, 706mg/L= Jeht AMgrao a3 g9kt g EA A FAZ 6Y By}

ki

jar
%

- 114 -



1093 20994 Maad %ol ¥7 vehged, 10U 3 20U A = zFolzt gl vt
A Mexs LHEA AF A F45 a2 go] gohrivh Maad] &2 2 18=
4 ABA LN T7.64%, 63.45%, 4647% = HEG nHEAFAL] A5E BHE
Fo &2 Aot

ol 4 Sl A= 346, 10

McKinney&2)¢ll ola] AArd =R/ ot vl 2719 1.0
AzH 2ol = 1YE

Ao & 373, 09 E 271 o2 ks e
A AF AL wet zhz 27, 54, 40 22 YUERTH

X0
MMaB BMeB OMB B mreasured MB
290 f
<20 F
[o ]
E
g o |
©
g 100 |
C
o
Q

Fig. 4.1 Bacteria mass at each SRT.

(Mag : calculated active bacterial mass, Mey @ calcuated inert, organics bacterial mass,

MB : Map + Mep, measured MB | measured average value )
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MMaA EMeA OMA Elmeasured MA

Concentration, mg/L
g 8§ &8 8 8 8

8

=]

Fig. 4.2 Algae mass at each SRT.

(Mag : calculated active bacterial mass, Meg : calcuated inert, organics bacterial mass,
MB @ Mag + Meg, measured MB ' measured average value )

Ocalculated B measured

Algae/Bacteria ratio

10day
SRT, day

Fig. 4.3 Algae/Bacteria ration at each SRT.

- 116 -



(2) Ca”™elel HrHpel me LHE) FEws

FH2EZ o] 8% SBREHNA McKinney 24 & o83t %% Ca*'ol&e H7t
o} n3EA AFA 3 delaolsl 2FHY FEWEE Fig. 44~46 o e
2},

ZAo) ola Axg F wteEleld X nHEE AFAL 5YA 66.4mg/L, 10
Aol 4 124.8mg/L, 20%_101]*1 206.7mg/L 2 Vel 18 EA A FAZ 0] FTE =
el en], AEge n8E24 AFAL ot 2H7h 120me/L, 202mg/L, 173mg/Li
Ltebd Aabgiate EH: 2 Aols YEhdd. zF ngE83 AHFAZAAN Mapd ¥
T 2 Aelzt 91 Mesd HEv AFAL0]l Z4E 30 Magd] #&&

A HMFAT 5Y, 109, 209 M ztzt 4545%, 29.41%, 17.24% = Vel 8= A
FAIZbo) A2 A S e vhgPole & Aol

4o g A F 2FH vy I EF AFALT 5Y, 10Y, 20444 7
590.6mg/L, 976.2mg/L, 10183mg/LE UElY 2B EH HFAIto] F5& AAHU
e LR fAFQen, n¥EFE AFAL 599 209 Bk 10944M Maxe] %
o] ¥4 vetwta, 5¥7 204l ME Aolzb (A WHE, Meaz RHEF AFAL
o] 4% 12 %ol ol A2E F 2H2 FEE ¥ EF AFAN ot 4
7} 617mg/L, 1031mg/L, 1180mg/LZ vteb} Alabgt 2o A Jehdd

Maa® 8¢ 2zt 282 AFAZNA 7764%, 63.45%, 4647%2 ety 1 E &

AFALe 258 BYEF 22E FobHok

Ca®ele% 100mg/L2 938 ® Ca¥oleg Fstal o4& A9 vlaA
MLVSSS ¥=7F o 26 A= FA FAHUJLH, Z71E MLVSSY 5= 277
REES AT, o) AL Ca¥ol2o] 2F 44 EE WExv)d 2F Ca¥'ol
o] ARG 2T FHA F2F FFY Phe F FFE A AeE vERT
(g} 1995; Sukenik et al, 1985; Yakup ef al, 1995),

Ca’'ol o] #H7lENS W uHEA HFAL] W ANy =F/oHEc} vlE %
718l 1.0014 5UAE 889, 109 E 7.82, 2099l A e 493208 Frbetglch uhd,
Azzkel o3k zZF/geol vHlE n¥EEA AFAZ 5YA 514, 10HdA 510,
20994 6828 vjebutd.
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Aded 258 25 u¥Ed AFAzel deE H/dH Yol Hle RelAe A

o vebye)

[MMaB BMeB [IMB E

measured MB

Concentration, mg/L

Fig. 4.4 Bacteria mass at each SRT with adding Ca*".

(May : calculated active bacterial mass, Mep : calcuated inert, organics bacterial mass,
MB : Map + Mep, measured MB @ measured average value )
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Fig. 4.5 Algae mass at each SRT with adding Ca“".

(Mag : calculated active bacterial mass, Mes ' calcuated inert, organics bacterial mass,
MB : Mag + Meg, measured MB : measured average value )

10
[ calculated B measured

Algae/Bacteria ratio

Xay 10day
SRT, day

Fig. 4.6 Algae/Bacteria ratio at each SRT with adding Ca®".
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B 2HE o) &3 SBRETYHAAM McKinney 54 L oj&sle TE2d FU59 =W
sloll o3t e ol Z=H Y HEWIE Fig. 47~49 o JeEbdo

Aard % dgrelgole] FEE CODa/NHe-N/POs-P2] F%7F 300/50/104 41 271mg/L,
300/100/101 M 258mg/L, 600/50/10°1 4 638mg/L, 600/100/10°14 608mg/l. = e
wow MaEzre 2z 356mg/l, 410mg/L, 684mg/L, 774mg/LE vERY At 2o
AZgol da A Jeged, EF fFYFe 4718 FRt &5 E WE ot
FEE Frhegh

Zh FEdld A AME Magd FES FYU5 = ¥ Tob 300/50/1090 M=
47Tmg/L, 300/100/101 M= 45mg/L, 600/50/1091 M€ 110mg/L, 600/100/1091 4 =
106mg/LE  YEbET Aldbd Mess] ¥k dA #7189 FE FF= Lot
300/50/10%1 M= 224mg/L, 300/100/101 A= 214mg/L, 600/50/109 4  528me/L,
600/100/1091 X = 503mg/L= vHebdteh,

AME ZFe BEE COD/NHse-N/POs-P2l X7 300/50/10904  1080mg/L,
300/100/1091 A 1048mg/L, 600/50/1090 41 934mg/L, 600/100/1091 4 925mg/L & et
gon AZEge 994mg/L, 8%mg/L, 887mg/L, 757mg/LE e A4t Boe o
A 9t Yy §E FR7 ¥E€44E 27 v R A4

7t FrHdA AstEd Maa®l FEE 30050/1090 M€ 502me/L, 300/100/1090 A&
487mg/L., 600/50/10o1 A= 434mg/L, 600/100/1091 4+ 430mg/L& ‘tebsivh A4He
Mes2] X% 300/50/1091 M & 578mg/L, 300/100/10¢} 4+ 561mg/L, 600/50/1091 4
£ 500mg/L, 600/100/104 M+ 495mg/L= ‘}ERkTh,

el T = Wgd o Addd =2F/4Ho vl 2719 LodIAM 300/50/10°14
¥ 3.99, 300/100/109) A 2= 4.06, 600/50/10°0 4= 1.46, 600/100/1041 M & 1.4282 F7}8}
A dFFS #2279, 218, 1.30, 0982 vrEhd AAtg EroieE oo S /4

o) 47189 ¥Es B2 W weelotel el wEA et Azwdel EFH/
HlE gudew steba

Al
s
o

F
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o e}
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Fig. 4.7 Bacteria mass at each influent concentration.
(Magp :© calculated active bacterial mass, Megp @ calcuated inert, organics bacterial mass,

MB : Map + Mey, measured MB : measured average value )
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Fig. 4.8 Algae mass at each influent concentration.
(Map :© calculated active bacterial mass, Meg : calcuated inert, organics bacterial mass,

MB : Mag + Meg, measured MB ! measured average value )
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412 Aio EAFH

A 2FE o] &3 SBREZYAA McKinney3 2 & ol &3t =&d z 2314 d=x
244X E Fig. 410~4.12 ¢ Table 4.1 o YERRATH

o e

THED ARAIHGY, 109, 209), Ca'olee FA(ngEd AFAL 54, 10%,
204), FUFe  FEWSHCOD/NHN/PO,P  F%7F  300/50/10,  300/100/10,
600/50/10, 600/100/10)9) w& A@A= AAB NHe-No 42 242 26.7mg/d,
30.2mg/d, 30.6mg/d, 276mg/d, 29.2mg/d, 25.5mg/d, 49.1mg/d, 759mg/d, 46.Tmg/d,
54.8mg/d v}

uHEA AFAL g A3 F oAAY dRYord A F AAS A oF AA
FEAME 31.8%~335%2 R¥EA AFALY Srte wet nu g F77 YEbs
T NEFA o8] AAE i 187%~422%2 nHEF FHFAG) FETE
S3le] FaEHAY. 7e g4z} gdRUel 2EF P o AAE BiAeE 6%~
478%2 DY EA AFATEe] FrMEE gA verkh

l_.

Ca” ol &9 Hrlol P& Ax, & AZE 2oty FA F distd o3 AL
ArE 0%~49%2 L EAFALA BAY] s AEFAF A8 Ay
&8 0%~761% 71 2 9L vHen nFFAFALL] HEFE AMIEE
2 Ro eyt 7lg g2 7)1 Fe) o3 FaAALEE 198%~T02% =2 A LT
thgo g 2 4Fg nRAE 7)Fe . dgEAFAL] EFE AALL =

£ oox ro broax
>,\1

Ca’'o]l &8 HA7}aA ok AgAwte}) vlwA Ca’ol —g— A ¥ Ay AN
b AAAALd E HFES AXEE 0l Catole s HrMgen AEZRAH e
g 73] o AAsET dEdeld dart @
914 Fwo W Ug A3 F AAH dEYerd Fax F AR o3 AA
A2 47%~40.7%%2 e FU)189 TV Beg g ¢RYeY TRV E
Abglo] o3 AARE e @ Aoz epgrh AXFAdd o AAd
Ao e 109%~227%2 U5 st & F%g JehA @k, 7
& 713 o8 AARE B e 484%~T5%E FUF Fx Wse WE



ArAANN 7HF HF e Axse Ao JEEY f7189 27 %242 A
Age ok

LHED AFAGEY, 10Y, 20%), Ca'el29 FY(nFEA AFAZL 5Y, 109,
209), a9 FE™-HCOD,/NHN/POsP  FEZF 300/50/10, 300/100/10,
600/50/10, 600/100/10)e) & Agds AAE Fd4H9 ¢ Aidsel o3 NHi-N
AAFE W ge=z ZvZh 18.21mg/d, 20.37mg/d, 20.34mg/d, 26.47mg/d, 27.73mg/d,
2558mg/d, 36.06mg/d, 45.03mg/d, 44.46mg/d, 51.40mg/dE Yel} ZHEA A F A7+
o] 252, Ca¥ole e H UL W, 715 NH-NO 527 5842 AAZS &
A YEbs

mmm Nitrification fraction (%) —o— Removal rate (mg/d)

100
80 |}

9 k)
= 3
2 z
E 60 o
H] £
£ s
s E
-t —
g8 2
= o
s E
z &

20

Q

Phase1 Phase2 Phase3 Phase4 Phase5 Phase6 Phase7 Phase8 Phase9 Phase 10

Fig. 4.10 Nitrification fraction of Nitrogen balance at each phase.
( Phase 1: SRT 5day, Phase 2: SRT 10day, Phase 3. SRT 20day without adding Ca?*, Phase 4:
SRT 5day, Phase 5: SRT 10day, Phase 6: SRT 20day with adding Ca®', Phase 7: 300/50/10,
Phase 8: 300/100/10, Phase 9: 600/50/10, Phase 10: 600/100/10 at COD./NH;-N/PO4-P }
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Fig. 4.11 Synthesis fraction of Nitrogen balance at each phase.
( Phase 1. SRT 5day, Phase 2: SRT 10day, Phase 3: SRT 20day without adding Ca?", Phase 4:
SRT 5day, Phase 5 SRT 10day, Phase 6: SRT 20day with adding Ca®, Phase T7: 300/50/10,
Phase 8 300/100/1Q, Phase 9: 600/50/10, Phase 10: 600/100/10 at COD/NH~N/PO4-P )
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Fig. 4.12 Other fraction of Nitrogen balance at each phase.
( Phase 1: SRT b5day, Phase 2: SRT 10day, Phase 3 SRT 20day without adding Ca®", Phase 4:
SRT 5day, Phase 5: SRT 10day, Phase 6: SRT 20day with adding Ca?*, Phase 7@ 300/50/10,
I’hase 8. 300/100/10, Phase 9: 600/50/10, Phase 10: 600/100/10 at COD/NH-N/PO4+—P )
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Table 4.1 Ammonia-Nitrogen Balance at each Phase

2| 7] % A4k AEEAH 7| €}
(mg/d) (%) (mg/d) (%) (mg/d) (%) (mg/d)

Phase 1 26.7 31.8 8.5 42.2 11.3 26.0 6.9
Phase 2 30.2 32,6 9.9 30.1 9.1 37.3 11.3
Phase 3 30.6 33.5 10.2 18.7 5.7 47.9 14.6
Phase 4 276 4.1 1.1 76.1 21.0 19.8 5.5
Phase 5 29.2 4.9 1.4 53.9 15.7 41.2 12.0
Phase 6 25.5 0 0 30.0 7.7 70.2 17.9
Phase 7 49.1 26.5 13.0 17.4 8.5 56.1 27.6
Phase 8 75.9 40.7 30.9 10.9 8.2 48.4 36.8
Phase 9 46.7 4.7 2.2 227 10.6 72.6 33.9

Phase 10 54.8 6.2 3.4 18.8 10.3 75.1 41.1

( Phase 1: SRT 5day, Phase 2! SRT 10day, Phase 3: SRT 20day without adding Ca®', Phase 4:
SRT 5day, Phase 5: SRT 10day, Phase 6: SRT 20day with adding Ca®", Phase 7: 300/50/10,
Phase 8: 300/100/10, Phase 9: 600/50/10, Phase 10: 600/100/10 at COD./NH;-N/PO4-P )
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FAZFE ol 4% SBREWUAA AAE 279 deeole] AXFAA €3 58 F
A AARG 1 F Table 4201+ Z7F9F defejere] Ax3pgdol o8 AALHE AL
ol 4% Jehgch MiKinneyZ4 o) o3 AXFAde] o] 88 AAHFLS AMaw/'d, A
Mes/%, AMaa/¥d, AMey/dE F3 F, e ole] AXIFd oF ALAAZES
0.123(AMap)+0.07(AMep) 2 Al4tstar, ZF2] AZ @A o4 AaxAA S 0.0920A
Maa)+0.0307(AMea) 2 AlAberd ot z2h2te] #+52 ZF el qAdgd d#48 dx
9] %o]th{Magram, 1992).

RE z2AGM Z5el o MARE Daio o) @Al nHEA AFAL AF
2 25 od AA"E %S Folxm e ole] &) AAHE F& FUrEsdh
F7189 F=7t €52 dHgole] HAo) BobA wheeiole] M EF/Gel o) A
AHe dae G5 Fristdo I og xR PFSTHOE Hd ol 4
%57t wEcHRier et al, 2002; Mayo et al, 1994). 3=y, & 23 Zo] MFA
o] Heojd A 2F/ /o vzt oW, f7]22] At @E vheE]obo] A}
HEErt Zhsa, Z25E ATHA FE o)AsHdAaE o8Iy FAHA AFEE
& el o Z5He ofg AlAREo] A

~

e

Table 4.2 The removal rate of nitrogen by algae and bacteria synthesis

Phasel Phase2 Phase3 Phased PhascS Phase6 Phase7 Phase8 Phase9 PhaselQ

gHdel ofg AAF (mgdd) 113 91 57 210 157 77 8.5 8.2 106 103

2% (mg/d) 84 6.9 38 185 136 60 6.4 6.2 25 5.5
dhefl ] o} (mg/d) 2.9 2.3 1.9 25 2.1 1.6 2.1 20 5.0 48
5% (%) : 742 752 670 881 84 787 749 7h2 522 532
ehelE] o} (%) 258 248 330 119 136 213 251 248 478 468

( Phase 1: SRT bday, Phase 2: SRT 10day, Phase 3: SRT 20day without adding Ca®*, Phase 4:
SRT 5day, Phase 5! SRT 10day, Phase 6: SRT 20day with adding Ca®", Phase 7: 300/50/10,
Phase 8: 300/100/10, Phase 9: 600/50/10, Phase 10: 600/100/10 at COD./NH4~N/POs-P )
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413 99 24+

o} &% SBREW A McKinney#4 S o|&sle =&H Z} 2 <9
Fig. 413~4.149} Table 4.3o} YeluiAd o},

et
e ok

4
2
i

TEEA AFADGY, 109, 209), Ca¥olee FY(nFEA MFAZL 54, 109,
204), FYFe  FEWI(COD/NHNPO,P  F%7F  300/50/10,  300/100/10,
600/50/10, 600/100/10)e wE A¥AHR AY POsP F& ztzt 1.59mg/d,
1.57mg/d, 1.44mg/d, 4.36mg/d, 459mg/d, 3.76mg/d, 1.53mg/d, 3.89mg/d, 6.46mg/d,
6.45mg/d At AAZez 8 o nFEBF AFALAE s nHEH A FA
ol HLFE AAZ R, Ca¥olol FYHAS W AAFL FAA FAE
o] vl < 3w Ax wked FUF FE F AUIES FE7F #3, NHi-N¥
7t #SFE AAFE 9UTH

LEEAY AFARY i A9, F AAD 0 F AT g AA" A&
542%~100% %2 2324 AFALo F71E5-SE 2388 #Hasdo. FHddd o3 A
AH Qe 0%~458% 2 nHEQD A FAZ F7EFE A YErsth

Ca’'ol&9 H7tel W 23, F AAD ¢ T AZEFAHA o9& Q #L&L 27
0%~683% Ao, 1HED HFAL) HEFE A7as &

WAl o] AAY L 31.7%~73.0%= LPEY AFAL E5F AASE 3
c}.

Cao) &g #Hrletx @& APARY wwA Ca¥'ol & HA7ehx) & 45 ARG
el 98 diryel o) AARE W, Ca¥olLg AL W HEIHI A
of o& MlFo] nlsakrh

el wx=el st e 23, F AAY A T AXFAHA & AA=E
226%~749%= e on $U4 COD/NH-N/POs-PY FE=7F 300/50/109)
o= 74.9% @ 25.1%2 AE P2 vlFe] zlod g2 A 25 Hx
71&e] o & W F g AA s AR eyt

oX o
% o re

Lo
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Fig. 4.13 Synthesis fraction of Phosphorous Balance at each Phase,
( Phase 1: SRT 5day, Phase 2: SRT 10day, Phase 3: SRT 20day without adding Ca®*, Phase 4:
SRT 5day, PPhase 5 SRT 1Qday, Phase 6: SRT 20day with adding Ca®’, Phase 7: 300/50/10,
Phase 8: 300/100/10, Phase 9: 600/50/10, Phase 10: 600/100/10 at COD./NH;-N/PO4-P )
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Fig. 4.14 Other fraction of Phosphorous Balance at each Phase.
( Phase 1! SRT 5day, Phase 2: SRT 10day, Phase 3: SRT 20day without adding Ca®, Phase 4:
SRT 5day, Phase 5. SRT 10day, Phase 6: SRT 20day with adding Ca?", Phase 7: 300/50/10,
Phase 8: 300/100/10, Phase 9: 600/50/10, Phase 10: 600/100/10 at COD./NH;-N/PO4-P )



Table 4.3 Phosphorus Balance at each Phase

2] 7} 2k LEXRE 71}

(mg/d) (%) (mg/d) (%) (mg/d)
Phase 1 1.59 100 1.59 0 0
Phase 2 1.57 32.2 1.29 17.8 0.28
Phase 3 1.44 04.2 0.78 45.8 0.66
Phase 4 4.36 68.3 2.98 31.7 1.38
Phase 5 4.59 47.0 2.16 53.0 2.43
Phase 6 3.76 27.0 1.02 73.0 2.74
Phase 7 1.53 74.9 1.14 25.1 0.38
Phase 8 3.89 28.3 1.10 717 2.79
Phase 9 6.46 23.3 1.50 76.7 4.96
Phase 10 6.45 22.6 1.46 77.4 4.99

{ Phase 1: SRT 5day, Phase 2: SRT 10day, Phase 3: SRT 20day without adding Ca®*, Phase 4:
SRT 5day. Phase 5@ SRT 10day, Phase 6: SRT 20day with adding Ca®, Phase 7: 300/50/10,
Phase 8: 300/100/10, Phase §: 600/50/10, Phase 10: 600/100/10 at COD./NH4~N/PO4-P )
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AHY2H2 o] &3 SBREWANA 1S ANt 48L& £7F9 degoloirt. &F/
ube|elolo] A XS Bl 92 A AF} Table 44015 ZF9} vreglole] AMXH
Aol oaf ArEE 29 %€ JeEhAY. MiKinney s 2o €3] AEFA o &
Qo] 4& AMap/¥, AMen/Q, AMas/Y, AMea/2 2 F3 F, whggole] MEFAF
ol& <leo| A7 FES 0.026(AMap)+0.01{(AMes) 2 Al23lar, 27| MEZA A 27 <
2] AL 0.013(AMaa)+0.0025(0Mea) 2 AMstdch 42 FFeEd 74 G v
Mg THd 2 Solok(Magram, 1992).

Phase 9, 10& A3l 2F9 NEFAd o8 AAHHE o] Aulxoez Bte
o REEH AFAULo EFE ZF 3 AART G FHobA: HE ot 2
) AAHE F& F7Eidd. #7189 $E/ 22 E e ote] AF o] ®obA
ube2lope] AEFAC &) AAHE Q2 = F7HEAC

Table 4.4 The removal rate of phosphorus by algae and bacteria synthesis

Phasel Phase? Phasel Phase4 PhaseS PhaseS Phase7 Phase8 Phase9 PhaselQ

Aol 9% AAZ (mg/d) 16 1.3 0.8 30 22 1.0 1.1 1.1 1.5 1.5

2% (mg/d) 1.1 09 0.0 25 1.8 0.8 0.8 0.8 0.7 0.7
v 2] o} (mg/d) 05 04 0.3 05 0.4 0.2 0.3 0.3 0.8 08

25 (%) 711 699 611 846 830 740 697 701 458 4638
dhe] el ok (%) 289 301 339 154 170 260 303 209 542 332

( Phase 1: SRT bLday, Phase 2: SRT 10day, Phase 3: SRT 20day without adding Ca?", Phase 4:
SRT G5day, Phase 5: SRT 10day, Phase 6: SRT 20day with adding Ca?", Phase 7: 300/50/10,
Phase 8: 300/100/10, Phase 9: 600/50/10, Phase 10: 600/100/10 at COD./NH4~N/PO4-P )
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HEE Fig. 4. 15 o veldiic 2
A 3elA HEYF FAJAXE F Ca¥’ole P et mx|
T MLSS, Z5/dteElel v, 23 AFAL, Fd59 s294 F2EF AF/A
FF AETE Al #dE el M A

YYZFE ol &% SBREWY WEHS #Asbehrl 93 wEA matrixE Table
45% 2rh w714 weeors] 4Au Ad, 5714 A48 n4EY 4% Y, T
Mzzdel gAn4Ee] 439 A 2dn A% v4ge] AFS ASM 249 2
& olgstuon 2R Y4 AHEY FE Marixdl £ AT E 915t Frhshac

© 2do 542 A ASM2de| 2YE T3 st steEs 8 A COD
HEE Scod, Xiz HHE gt @A, 275 AR A ¥E FIMEoEH
processZk 278 F7HE ATk A, z=Fel AT gt @A dow AFHo|of g
T COuY &g BER 1A @t ol HEded F3HE dzeE, v ot
&, 71278 39 E otsgarz
AeFstdrt,

257t dHE FARDA Yo 2% T Fastch RIS NN Wl Wol
A-F= A @7 dFol =] A2 LFgsr=2 et 497 iEFEo). o]
I g 4 54 L0oE ATHIIE sl YEF AT A Ad¥AHoE 09A
LO7A) &7FA 7171 = @ tHBuhr and Miller, 1983). v} 2 A FolA 2 244174
Ao 8 FaHe AoE 347 Wi Live 34 1022 AFHe Aoz A
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Fig. 4.15 Schematic of SBR activated algae
system for modelling,
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dCOD . % COD,
er Qm in *—L*ROI _LR03 _R07+ R12

dt |4 Y'h Ydh

@ NH+-N o EdFA4

"’Nfgt“N - Qﬁxl\gwam —(im3+-YLM)RO5—i$nB(R01+R03 + RO ) — 4an, R13
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@ NO3-N 9 53574
dNOS—'N_ QinXNog“’N 1_Ydh 1
Pra v B PRl PR

@ POP o EA5A 4

dPO,—P  Q,xPO,—P
dt - vV
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® 0, o 22574
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d0, _ 1-Y, 4.57-Y,,
W - KLa(Os_ 02) - Y'h RO1 — Ya.ut RO5 — }/phuROS -
+ Y,RI13
® Heterotrophs ¢ &4z 2
dx,
e RO1 — RO2
@ HAv|AEe B34
dX,,
7 = R03 — R0O4
dara Vg BAg A2
d’Xaut .
pra R05 — R06
@ AxH v|AE B4z 2]
praa B
2 = R09 — R10
@ Xpp ¢ EAFA 4
@ Xpha ¢ "R
X, 1
Sla _ BOT — ¥, RO8 ——— RO9 — R12
at » Vo

® zRel RFAY

%@E = R13 — Rl4

B Xi o 22544

dX.
A% Jig(RO2 + RO4+ RO6 + R10) + fiy (R14)

I Aerobic growth of Xy
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Sep Scop Sy Spoy )X,
Ko+ So " Keop+ Scop” Ky + Sy 7 Kpoyw + Spoy '

ROL = g1,

2 Lysis of Xu

R0O2 = b, < X,
3 Anoxic growth of Xa
K S S S
RO3 — m coD NCB P4 x
tand Ko+ Spn " Koopt Scop ) Koy + Sy ( Kpo+ Spoy ) Xa

@ Lysis of X
RO4 = bdh X th

B Aerobic growth of Xau

802 SNH4 SP04 )X .

R05 = [/an
# t(KOZaut+ Son " Kymiaw + Snin * Kpotau + Spos

® Lysis of Xuu
RO6 = b, <X X,
(@ Anaerobic storage of PHA

SC'()D Xpao )X
Koop+ Seop K 1 Xop
X

RO7 = qppa(

(8 Aerobic storage of PP

S s ;'( Krm.x_ j(X
R08 P o2 pen £ L X a0
T ( K ppso + Sen I Kpoust Spou )(K;ha+ Xphe N Kpp+ Kma,x_-_)fﬂL s
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S ) 8 X
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q0 Lysis of Xpao
R10 =1b,, <X X,.,

pav

@ Lysis of Xy
RI1 = b, X X,

@ Lysis of Xpka
R12 == bpha x Xpha

@ GI'OWth Of Xa]gae

Sy Spo
R13 — Xa jae
e Kym + Sy N Kpoy + Spu ) X

@ LYSiS of Xalgae
Rl4 = balgaex X( e
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Table 4.5 The used matrix for modelling this study

Seod Snhd Snod Spod So2 Xh Xdh | Xaur [Xpao| Xpp Xpha | Xalgae|Xinert
Heterotrophic Organism s @ Xh
I Growth | . . 1
on Xh T YR -ixnB ~ixpB 1- ﬁ +1
 Lysis ixnB +ixpB -1 fi
Denitrifier : Xdh
. 1 i 1— Ydh ‘
@ Growth |~ ~ixni3 ‘m —ixphB + 1
4 Lysis ixnl3 +ixpl3 -1 fi
Nitrifier @ Xaut
-ixnl3 L
9 Growth 1 o L Bz
Yaut
B Lysis ixnB +ixpB fi
Phosphorus Accummulating Organisms(PAQ) : Xpao
D Storage
-1 Ypod -Ypod +1
of Xpha po e
B St
B Starage -1 ~Ypha +1 | -¥pha
ol Xpp
D Growth ) . 1-- L —
Ypao —ixnB3 —ixpl3 Yh +1 Y7o
"Q K:YSIS of ixnB +ixpB -1 fi
Xpao
D Lvsis
1 Lysis of 1 a0
Xpp
3 Lysis of
+1 -1
Xpha
Algae © Xalgae
3 Growth -ixnA -ixpA Yoz +1
1 Lysis ixnA iXpA -1 fi
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Fig. 4.16 The results of modelling for MLSS 350mg/L.
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Fig. 4.18 The results of modelling for MLSS 990mg/L.
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Fig. 4.19 The results of modelling for MLSS 1450mg/L.
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Table 4.6 The value of parameters for modelling at each MLSS

Parameter This study QUALZE Carberry Magram ASM 2d
balgar 0.05 0.05-05 0.0504 012
Baut 0.15 0.15
Ban 0.1 0.4
by 0.1 1.008 0.48 0.4
Do 0.2 0.2
Biha 0.2 0.2
Bop et 0.2 0.2
Qpha 1.6 3
Qo 0.8 1.6
Halgas 0.16 1-3 12.48
Hauw Q.67 1
Han 6.0 6
Uprao 1.0 1
Yaigae 0.74
You 0.24 0.24
Yan 0.63 0.63
Yn 0.63 0.48 0.63
Yoz 1.6 1.6 1.2 1.6
Yiao 0.63 0.63
Yoha 0.2 0.2
Yoot 0.4 0.4
Keos 150 150
Kipp 0.02 0.02
Kinax 0.34 0.34
Kondalgoe 0.1 0.01-0.3
Handou 1.0 1.0
Kunth,an 0.05 0.05
Kantpao 0.05 0.05
Kios 0.5 0.5
Kozau 0.5 0.5
Kozdn 0.2 0.26 0.2
Kozpao 0.2 0.2
Kozpha 0.2 0.2
Kozon 0.2 0.2
Kpha 0.01 0,01
Kpnhlgae 0.05 0.001-0.05
Kiotaum 0.01 0.01
Koodh.dn 0.01 0.01
Kup 0.01 0.01
Koypot 0.01 0.01
Kspot 0.2 0.2
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Fig. 4.21 The results of modelling for Algae/Bacteria ratio(400/800).
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Fig. 4.24 The results of modelling for
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B2 ], McKinney #2128 o] 23 2a42 A4 o (SRTY Ca’'9l &%)

<SRT 10¥9 49>

MLTSS(measured) = 690mg/L
MLVSS(measured) = 624mg/L

MLNVSS = 16.3mg/L

HRT = 2day

Wasting rate = 0.2L/d

TSS in the system = (690mg/L)x(2L) = 1380.6mg
VSS in the system = (624mg/L)x(2L) = 1248mg
TSS WAS = (690mg/L)x(0.2L/d) = 138.06mg/d
V55 WAS = (624mg/1)=(0.2L/d) = 124.8mg/d
TSS lost in effluent(measured) = 0 mg/L

V5SS lost in effluent(measured) = 0 mg/L

Total TSS removed = 138.06 + 0 = 138.06mg/d
Total VSS removed = 1248 + 0 = 124.8mg/d
MLSS increase = 0 mg/d

MLVSS increase = 0 mg/d

Total MLSS change = 13806 + 0 = 138.06mg/d
Total MLVSS change = 124.8 + 0 = 124.8mg/d
Total MLNVSS change = 13806 - 124.8 = 13.26mg/d
Influent TSS(measured) = 0 mg/d

Influent VSS({measured) = 0 mg/d

Influent NVSS = 0 mg/d

Influent Mi = 0 mg/d

Alalgae+bacteria) = 1248 - 0 + 0 = 124.8mg/d
SRT = 1380.6/138.06 = 10days
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Bacteria
Inf sol. COD(measured) = 2259 mg/L
Eff. sol. COD(measured) = 1555 mg/L
COD change
A COD = inf. sol. COD -eff. sol. COD
= (225.9mg/L)(IL/d) - (1555mg/L)(1L/d) = 210.04 mg/d
AMaxMsg = 0.48 (COD metabolised) = 0.48(210.04) = 100.82 mg/d

AMCLZMB
AMay = T Rott
Kes = 0.05hr
ta = 1
AMag = 100.82 — 7.76 mg/d

T+ (0.05)(24)(10){1)

Map = (AMag)(t/V) = (7.76)(10/2) = 38.78 mg/L
fag = 0.8
AMeg = (1-fap) Kep ts AMag ta = (0.2)(0.05)(24)(10)(7.76)(1) = 1861 mg/d
Meg = (AMeg)(t/V) = (18.61)(10/2) = 93.06 mg/L
ABacteria {(AMan + AMeg) = 7.76 + 1861 = 26.37 mg/d

Algae
AAlgae (AMaa + AMes) = 1248 - 26.37 = 9843 mg/d
Kea = 0012/hr

AAlgae

AMay = 7 +0.2Keytt,

98.43
1+ 0.2(0.012)(24)(10)(1)

Maa = (AMaa)(ts/V) = (62.46)(10/2) = 312.28 mg/L

AMea = 98.43 - 6246 = 35.97 mg/L

Mea = (AMea)(to/V) = (35.97)(10/2) = 175.85 mg/L

AMaxMa = AMaas + 5 AMea = 6246 + 5(35.97) = 242.31 mg/d

AMay = = 62.46 mg/d
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Nonvolatile Solids
ANVSS = 13.26 mg/d
NVSS in influent = Influent TSS - Influent VSS = 0 - 0 = 0 mg/d
Microbial NVSS = 0.1(AMar + AMeg + AMaa + AMea)
= 0.1(7.76 + 1861 + 62.46 + 35.98) = 12.48 mg/d

NVSS due to chemical precipitation

= ANVSS -~ NVSS in influent - Microbial NVSS

= 1326 - 0 - 1248 = 0.78 mg/d

Nitrogen

NH4-Nin (measured) = 30.69 mg/l.  NH:~Now (measured) = 0.46 mg/L

NO3-Nin (measured) = 0.2 mg/L NO3~Now (measured) = 10.06 mg/L

ANHs-N (measured) = (30.69 mg/L)(1L/d) - (0.46 mg/L)Y(1L/d) = 30.23 mg/d

AN due to nitrification = ANOs-N = (10.06mg/L)(1L/d)-(0.2mg/L)(1L/d) = 9.86mg/d
0.123(AMap)+0.07(AMeg)+0.092(AMax }+0.0307(AMea)
0.123(7.76)+0.07(18.61)+0.092(62.46)+0.0307(35.98)

9.11 mg/d

AN due to synthesis

1

AN loss to atmosphere
= ANH4-N (measured) — AN due to nitrification - AN due to synthesis
3023 - 9.86 - 9.11 = 11.26 mg/d

Phosphate

PO4Pi, (measured) = 6.7] mg/LL.  PO;Pou (measured) = 5.14 mg/L

APO4~P = (6.71 mg/LY(1L/) - (5.14 mg/L)1L/d) = 157 mg/d

APO4-P due to synthesis = 0.026(AMag)+0.01(AMeg)+0.013(AMaa)+0.0025(AMea)
= 0.026(7.76)+0.01(18.61)+0.013(62.46)+0.0025(35.98)
= 1.29 mg/d

APO4-P due to precipitation = APQs-P{measured) - APO,-P due to synthesis

=157 - 1.29 = 028 mg/d



Oxygen
02 production = 1.6 (AMaxM,) = 1.6 (242.33) = 387.33 mg/d
0, demand
(O, for oxidation of organic matter = 0.33 (COD metabolized)
= 0.33 (210.04) = 69.31 mg/d

02 for bacteria endogenous respiration = bp fag Keg Mag V ta

= 14(AMaxMy -(AMap -AMep)) = 1.4(100.82-(7.76-18.61)) = 156.35 mg/d
02 for algae endogenous respiration = ba fga Kea Maa V t,

= 1.6(AMaxMa -(AMaa -AMea)) = 1.6(242.33-(62.46-35.98)) = 345.36 mg/d
O for nitrification = 4.35(ANOs-N) = 4.35(9.86} = 42.40 mg/d
Total O. demand

O for oxidation of organic matter + Oz for bacteria endogenous respiration +
O for algae endogenous respiration + Oz for nitrification

69.31 + 156.35 + 34536 + 42.40 = 616.38 mg/d

I

Ca® = 0 mg/L Ca® = 100 mg/L

Sday 10day 20day Sday 10day 20day
MLTSS mg/l.  376.00 690.30 961.20 737.10 1223.00  1353.00
MLVSS mg/L  344.00 624.00 884.00 657.00 110100 1225.00
MLNVSS mg/L 32.00 66,30 77.20 80.10 122.00 128.00
HRT day 2.00 2.00 2.00 2.00 2.00 2.00
Wasting rate L/d Q.10 0.20 0.10 .40 .20 0.10
TSS in the system mg 752.00 1380.60 1922.10 1474.20 2446.00 2706.00
VSS in the system mg 688.00 1248.00 1768.00 1314.00 2202.00 2450.Q0
TSS WAS mg/d 150.40 138,06 96.12 294.84 244.60 135.30
VSS WAS mg/d  137.60 124.80 88.40 262.80 220.20 122.60
TSS lost in eff. mg/d 0.00 0.00 0.00 0.00 0.00 0.00
VSS lost in eff. mg/d 0.00 0.00 0.00 .00 0.00 0.00
Total TSS removed mg/d 150.40 138.06 96.12 294.84 244,60 136.30
Total VSS removed mg/d  137.60 124.80 88.10 262.80 220.20 122.50
MLSS increase mg/d .00 0.00 0.00 0.00 0.00 0.00
MLVSS increase mg/d 0.00 0.00 0.00 0.00 0.00 0.00
Total MLSS change mg/d 150.40 138.06 06.12 294.84 244,60 135.30
Total MLVSS change mg/d 137,60 124.80 88.40 262.80 220.20 122.50
Total MILNVSS change mg/d 12.80 13.26 7.72 32.04 24.40 12.80
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nl. TSS

Inl. VSS

Inf. NVSS

Inf. Mi

dalgaet+ bacteria)

SRT

BACTERIA

Inf. Total COD

Inf. Sol. COD

Eff. Sol. COD

COD change

dMax MB

dMaB

MaB

dMeB

MeB3

d Bacterta(dMaB+ dMeB)
ALGAE

d Algae(dMaA+ dMeA)
4 MaA

MaA

d MeA

MeA

d Max MA

Nonvolatile sclids

d NVSS

NVSS in inf.

Microhial NVSS

NVSS due o chemical
precipitation

Nitrogen

NH4 inf.

NHA eff.

NO3 inf.

NO3J eff.

d NH4

d N due to nitrification
d N due o synthesis
d N loss to atmosphere
Phosphate

PO4 inf.

PO4 eff.

d PO4

d PO4 due to synthesis
d PO4 due to precipitaion
Oxygen

02 production

02 for oxid. Of COD

02 for BAC. Endo respiration

mg/d
mg/d
mg/d
mg/d
mgfd
day

mg/L
mg/L
mg/L.
mg/d
mg/d
mg/d
mg/l.
mg/d
mg/l.
mg/d

mg/d
mg/d
mg/l.
me/d
mg/L,
mg/d

mg/d
mg/d
mg/d

mg/d

mg/L.
mg/L
mg/L
mg/L
mg/d
mg/d
mg/d
mg/d

mg/L
mg/L.
mg/d
mg/d
mg/d

mg/d
mg/d
mg/d

0.00
0.00
0.00
0.00
137.60
5.00

225.59

225.59
21.03

204.56
98.19
14.03
35.07
16.83
42.08
30.86

106.74
82,87

207.18
23.87
59.67

202.21

12.80
0.00
13.76

=-0.96

30.69
3.08
0.20
8.70

26,71
8.50

i1.26
6.95

6.71

5.13

1.59

1.67
-0.08

323.54
67.50
141.39

0.00
0.00
0.00
0.00
124.80
10.00

225.59
225.59
15.55
210.04
100.82
7.76
38.78
18.61
93.06
26.37

498.43
62.46
312.28
35.98
179.88
242.33

13.26
0.00
12.48

0.78

30.69
0.46
0.20
10.06
30.23
9.86
9.11
11.26

6.71
5.14
1.57
1.29
0.28

387.73

69.31
156.35
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0.00
0.00
0.00
0.00
88.40
20.00

225.59
225.59
11.80
213.79
102.62
4.10
41.05
19.70
197.03
23.81

64.59
30.02
300.15
34.53
345.77
202.90

7.72
0.00
8.84

~-1.12

30.69
0.13
0.20
10.42
30.56
10.22
5.71
14.63

6.71
527
1.44
0.78
0.66

324.64
70.55
165.50

0.00
.00
0.00
0.00
262,80
5.00

225.59
225.59
49.46
176.14
84.55
12.08
30.20
14.49
36.23
26.57

236,23
183.41
4568.62
52.82
132.05
147.51

32.04
0.G0
26.28

5.76

30.69
3.10
0.20
1.32

27.69
1.12

21.00
5.47

6.71
2.36
4.36
2.98
1.38

716.02
58,13
121.75

0.00
0.00
0.00
0.00
220.20
10.00

225,69
225.59
26.83
198.76
85.40
7.34
36.69
17.61
88.07
24,95

195,25
123.89
619.44
71.36
356.80
180.69

24.40
0.00
22.02

2.38

30.69
1.54
0.20
1.62
20.15
1.42
15.72
12.00

6.71
2.13
4.59
2.16
2.43

769.10
65,59

147.95

0.00
0.00
0.00
0.00
122.50
20.00

225.59
225.59
39.98
185.61
89.09
3.56
36.64
17.11
171.06
20.67

101.83
47.32
473.19
54.561
545.12
319.88

12.80
0.00
12.26

30.69
5.15
0.20
0.16

25.54

-0.04
7.66
17.92

6.71
2.96
3.76
1.02
2.74

511.80
61.25
143.69



02 for Alga. Endn respiration
0Z for Nitrification
Total 02 demand
Algae/Bacteria ratio
Bacteria (Mal3)
Algac (MaA)

total

MeA

MeB

total{iMeA+ MeB)
Total(algae+ bhacteria)
Lotal Algac

total Bacteria
Algae/Bacteria ratio

mp/d
mg/d
mg/d

mg/L
mg/l.
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

220.13
36.54
A74.07

35.07
207.18
242.25

659.67

42.08
101.76
344.00
266.85

77.15

3.46

345.36
12.40
6G13.42

38.78
312.28
351.06
179.88

03.06
272.94
624.00
49216
131.84

3.73

331.94
43.96
611.96

41.05
300.15
341.20
345.77
197.03
542.80
884.00
645.92
238.08

2.71

507.08
4.83
(91,79

30.20
158.52
188.71
132.05

36.23
168.29
657.00
590.57

66.43

8.89

685.05
6.12
904.71

36.69
619.44
606.14
356.80

88.07
444.86
1101.00
976.24
124,76

7.82

523.31
-0.17
728.08

35.64
473.19
508.83
545,12
171.06
716.17
1225.00
1018.31
206,69
4.93




B2 2. Nomenclature for used model

basgae 1/d Rate constant for lysis of Algae

Bt 1/d Rate constant for lysis of Nitrofiers

han 1/d Rate constant for lysis of Denitrifiers

b 1/d Rate constant for lysis of Heterotrophic organisms
Bpao 1/d Rate constant for lysis of Xpao

bona 1/d Rate constant for lysis of Xpha

Do 1/d Rate constant for lysis of Xpp

Qpha gCOD/gPAO/d  Rate constant for storage of PHA

Qo gPP/sPAO/d Rate constant for storage of PP

Hatgae 1/d Maximum growth rate of Algae

Fraut 1/d Maximum growth rate of Nitrifiers

s 1/d Maximum growth rate of Denitrifiers

Hn 1/d Maximum growth rate of Heterotrophic organisms
Hpao 1/d Maximum growth rate of Phosphorus accumulating organisms
Y algae gCOD/gC0; Yield coefficient of Algae

Yaut gCOD/gN Yield coefficient of Nitrifiers

Yan gCoD/gCOD Yield coefficient of Denitrifiers

Y gCOD/gCOD Yield coefficient of Heterotrophic organisms

Yo g0,/gCOD Oxygen production by algae growth

Y a0 gCOD/eCOD Yield coefficient (bicmass/PHA)

Yoha gCOD/gC0D PHA requirement for PP storage

Yot gP/gCOD PP requirement (Spo4 release) for PHA storage
Kot gCOD/mw Saturation coefficient for COD

Kigp gPP/gPAD Inhibition coeefficient for Xpp storage

Kinax gl'P/gPAO Maximum ration of Xpp/Xpao

Kohtalgae gN/m Saturation coefficient for NHy-N of Algae

Kondaut gN/m' Saturation coefficient for NH,—-N of Nitrifiers
Kondn.an eN/m’ Saturation coefficient for NHy-N of Denitri. and Heterctrophs
Knbipso gN/m’ Saturation coefficient for NHy-N of Xpao

Kroa gN/m’ Saturation/inhibition coefficient for nitrate

Kozaut g0/’ Saturation coefficient for oxygen of Nitrifiers

fiA gCOD/gCOD Fraction of inert COD generated in algae lysis
fiB gCOD/gCOD Fraction of inert COD generated in bacteria lysis
Kla 1/d Transfer rate of oxygen

t d Operation time

v m Volume of reactor
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Kozdbn 20q/m’ Saturation/inhibition coefficient for oxygen of ¥dh and Xh

Kozpas 20y/m’ Saturation coefficient for oxygen of Xpao

Kovona g0./m Saturation coefficient for oxygen of Xpha

Kozpp g0/ m’ Saturation coefficient for oxygen of Xpp

Koha gPHA/gPAQ  Saturation coefficient for PHA

Kpoialgae gl/m Saturation coefficient for phosphorus of Algae
Kpotaut gP/m’ Saturation coefficient for phosphorus of Nitrifiers
Kpothn gbP/m' Saturation coefficient for phosphorus of Xdh and Xh
Kop gPP/gPAC Saturation coefficient for poly phosphate

Kppos gP/m' Saturation coefficient for phosphorus in growth
Kepot gP/m’ Saturation coefficient for phosphours in PP storage
Xalgae gCOD/m’ Algae biomass

Xaut gCoOD/m’ Nitrifiers biomass

Xy gCOD/mr Heterotrophic organisms hiomass

Xah gCoOD/m’ Denitrifiers biomass

Xoso gCob/m’ Phosphorus accumulating organisms biomass

Xop gP/m Stored pely-phosphate of PAO

Xpha gCOD/m Ogranic storage products of PAQ

Xi gCOD/m’ [nert, non—-biodegradable organics

iXnA gN/gCOD N content of Algae

ixnB gN/gCOoD N content of Bacteria

ixpA gP/gCCD P content of Algae

ixpB gP/gCOD P content of Bacteria

Sy g/ Disseclved components concentration
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H= 3. The example of prediction of treat effluent using modified Modelling

LRSS RS et et T T T T TR T T

AQUASIM Versicn 2.1 {win/mfc) - Listing of System Definition

LEEE R SR LR ER TR el h s Rt T L T B S e T T

HAAIIEIAA KR F KRR IR AR KRR F R I RI AR AKX AKX T A Ak kdk bk khhkhhkakrh bk r Rk Ak

Variables

AR AR A KA AR AR A AR R AN EA TR AR AR NI AR A AR A A ARk k kb kkkhkh ek hk kA AKX
balgae: Description: Decay coefficient for algae

Type: Constant Variable

Unit: 1/min

Value: 3.4722e-005

Standard Deviation: 1

Minimum: 0

Maximum: 2

Sensitivity Analysis: inactive
Parameter Estimation: inactive

baut: Description: Decay coefficient for nitrifier
Type: Constant Variable

Unit: 1/min

Value: 0.000104166

Standard Deviation: 1

Minimum: 0

Maximum: 2

Sensitivity Analysis: inactive
Parameter Estimation: inactive

bdh: Description: Decay coefficient for Denitrifier
Type: Constant Variable

Unit: 1/min

Value: 6.94444e-005

Standard Deviation: 1

Minimum: 0

Maximum: 2

Sensitivity Analysis: inactive
Parameter Estimation: inactive

bh: Description: Decay coefficient for Heterotrophs
Type: Constant Variable

Unit: i/min

Value: 6.94446-005

Standard Oeviation: 1

Minimum: 0

Maximum: 2

Sensitivity Analysis: inactive
Parameter Estimation: inactive

bpao: Description: Decay coefficient for Xpao
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Type: Constant Variable

Unit: 1/min

value: 0.000138888
Standard Deviation: 1
Minimum: 0
Maximum: 2

Sensitivity Analysis: inactive
Parameter Estimaticn: inactive

bpha: Description: Decay coefficient for Xpha
Type: Constant Variable

Unit: 1/min

Value: 0.000138888

Standard Deviation: 1

Minimum: Q

Maximum: 2

Sensitivity Analysis: inactive
Parameter Estimation: inactive

bpp: Description: Decay coefficient for Xpp
Type: Constant Variable

Unit: 1/min

Value: 0.000138888

Standard Deviation: 1

Minimum: 0

Maximum: 2

Sensitivity Analysis: inactive
Parameter Estimation: inactive

CQD: Description:
Type: Dyn. Volume State Var.
Unit: mg/L

Relative Accuracy: 1e-006
Absolute Accuracy: 1e-006

CC0in: Description: inf COD
Type: Formula Variable

Unit: mg/L

Expression: 150

fiA: Description: Fraction of inert COD generated in
algae lysis

Type: Constant Variable

Unit: maCOD/mgCOD

Value: 0.1

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis® inactive
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Parameter Estimation: inactive

fiB: Description: Fraction of inert COD generated in
bacteria lysis

Type: Constant Variable

Unit: mgCOD/mgCoD

Value: 0.1

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

iXnA: Description: N content of Algae
Type: Constant Variable

Unit: mgN/mgCQCD

Value: 0.08

Standard Deviation: 1

Minimum: Q

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Type: Constant Variable
Unit: mgN/mgCO0D
Value: 0.07

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

IXpA: Cescription: P content of Algae
Type: Constant Variable

Unit: mgP/mgCOD

Value: 0.00775

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

ixpB: Description: P content of Bacteria
Type: Constant Variable

Unit: mgP/mgCOD

Value: 0.018

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
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Parameter Estimation: inactive

Kcod: Description: half~saturation coefficient for COD.
Type: Constant Variable

Unit: mgCOD/L

Value: 150

Standard Deviation: 5

Minimum: ]

Maximum: 500

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Kipp: Description: half-saturation coefficient for ipp.
Type: Constant Variable

Unit: gPP/gPAQ

Value: 0.02

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Kla: Description:

Type: Formula Variable
Unit: mg/L

Expression: 0.000694444
Kmax: Description: Maximum ratio of Xpp/Xpao
Type: Constant Variable
Unit: mgPP/mgPAQ
Value: 0.34

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Knhdalgae: Description: half-saturation coefficient for NH4. Xalgae
Type: Constant Variable

Unit: mgN/L

Value: 01

Standard Deviation: !

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive

Parameter Estimation: inactive

Knhdaut: Description: half-saturation coefficient for NH4, Xaut
Type: Constant Variable



Unit: mgN/L

Value: 1
Standard Deviation: 1
Minimum: 0
Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Knhddh: Cescription: half-saturation coefficient for NH4. Xdh
Type: Constant Variable

Unit: mgN/L

Value: 0.05

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Knhdh: Oescription: half-saturation coefficient for NH4. Xh
Type: Constant Variable

Unit: mgN/L

Value: 0.08

Standard Deviation: 1

Minimum: 4]

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Knhdpao: Description: half-saturation coefficient for NH4. Xpao
Type: Constant Variable

Unit: mgN/L

Value: 0.05

Standard Deviation: 1

Minimum: 0

Maximum: i0

Sensitivity Analysis: inactive
Parameter Cstimation: inactive

Kno3d: Description: half—-saturation coetficient for NO3
Type: Constant Variable

Unit: mglN/L

Value: 0.5

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive
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Type: Constant Variable

UJnit: mgO2/L
Value: 0.5
Standard Deviation: 1
Minimum: 0]
Maximum: 10

Sensitivity Analysls: inactive
Parameter Estimation: inactive

Ko2dh: Description: haif-saturation coefficient for 02, Xdh
Type: Constant Variable

Unit: mgQ2/L

Value: 0.2

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Ko2h: Description: half-saturation coefficient for 02,Xh
Type: Constant Variable

Unit: mgQO2/L

Value: 0.2

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Ko2pao: Descripticn: half-saturation coefficient for O2,Xpac
Type: Constant Variable

Unit: mgQ2/L

Value: 02

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

KoZpha: Description: half-saturation coefficient for 02 Xpha
Type: Constant Variable

Unit: mgQ2/L

Value: 0.2

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive



Ko2pp: Description: half-saturation coefficient for 02, Xpp
Type: Constant Variable

Unit: mgO2/L
Value: 0.2
Standard Deviation: 1
Minimum: 0
Maximum: 10

Sensitivity Apalysis: inactive
Parameter Estimation: inactive

Kpha: Description: half-saturation coefficient for Xpha
Type: Constant Variable

Unit: mgPHA/mgPAD

Value: 0.01

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Kpodalgae:  Description: half-saturation coefficient for PO4. Xalgae
Type: Constant Variable

Unit: mgP/L

Value: 0.05

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Kpodaut: Oescription: half-saturation coefficient for PO4. Xaut
Type: Constant Variable

Jnit: mgP/L

Value: 0.01

Standard Deviation: 1

Minimum: 0

Maximurm: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Kpoddh: Description: half-saturation coefficient for PO4. Xdh
Type: Constant Variable

Unit: mgP/L

Value: 0.01

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive
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Kpo4h: Description: half-saturation coefficient for PQ4. Xh

Type: Constant Variable
Unit: mgP/L

Value: 0.0t

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Kpp: Description: halt-saturation coefficient for Xpp
Type: Constant Variable

Unit: mgPP/mgPAQO

Value: 0.01

Standard Deviation. 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Pararneter Estimation’ inactive

Kppo4d: Description: half-saturation coefficient for PO4. Xpao
Type: Constant Variable

Unit: maP/L

Value: 0.0t

Standard Deviation: 1

Minimum: 0

Maxirmum: 10

Sensitlvity Analysis: inactive
Parameter Estimation: inactive

Kspod: Description: half-saturation coefficient for Xpp
Type: Constant Variable

Unit: mgP/L

Value: 0.2

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

NH4: Description:
Type: Dyn. Volume State Var.
Unit: mg/L

Relative Accuracy: 1e-006
Absolute Accuracy: 1e—008

NH4in: Description: inf NH4
Type: Formula Variable
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Saturation concentration of Oxygen

Unit: mg/L

Exprassion: 40

NQ3: Description:

Type Dyn. Volume State Var.
Unit: mg/l.

Relative Accuracy: 1e-006

Absolute Accuracy: 1e-006

NO3in Description: inf NO3
Type: Formula Variable

Unit: mg/L

Expression: 0.2

Qz: Description:

Type Dyn. Volume State Var.
Unit: mg/L

Relative Accuracy: 1e-006

Absolute Accuracy:  1e-006

02in: Description: inf 02
Type: Formula Variable

Unit: mg/L

Expression: 0.5

Os: Oescription:

Type: Formula Variable

Unit: mg/L

Expression: 7

POA4: Description:

Type: Dyn. Volume State Var.
Unit: mg/L

Relative Accuracy: 1e-006

Absolute Accuracy: 1e-0086

PO4in: Description: inf PO4
Type: Formula Variable

Unit: ma/L

Expression: 5

Qett: Description: Effluent flowrate
Type: Program Variable

Unit: L/min

Reference to: Discharge

Qin Description: inf Q
Type Formula Variable
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Unit: L/min

Expression: 0.000694444
Qinreactor:  Description: Qin+Qrs
Type: Formula Variable

Unit: L/min

Expression: 0

apha: Description: Rate constant for storage of PHA
Type: Constant Variable

Unit: m@COD/mgPAO/min
Value: 0.001083333

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

qpp: Oescription: Rate constant for storage of PP
Type: Constant Variable

Unit: mgPP/mgPAQ/min

Value: 0.000541666

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Qrs: Description: Sludge Recycle
Type: Formula Variable

Unit: L/min

Expression: 0.000694444

SRT: Description: Sludge age
Type: Formula Variable

Unit: min

Expression: 21600

t Description: time

Type: Program Variable

Unit: min

Reference to: Time

ualgae: Description: Maximum specific growth rate for Xalgae
Type: Constant Variable

Unit: 1/min

Value: 0.000108333

Standard Deviation: 1

Minimum: 0
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Maximum: 2
Sensitivity Analysis: inactive
Parameter Estimation: inactive

uaut: Description: Maximum specific growth rate for Xaut
Type: Constant Variable

Unit: 1/min

Value: 0.000395833

Standard Deviation: 1

Minimum: 0

Maximum: 2

Sensitivity Analysis: inactive
Parameter Estimation: inactive

udh: Description: Maximum specific growth rate for Xdh

Type: Constant Variable
Unit: 1/min

Value: 0.0041666
Standard Deviation: 1

Minimum: 0

Maximum: 2

Sensitivity Analysis: inactive
Parameter Estimation: inactive

uh: Description: Maximum specific growth rate for Xh
Type: Constant Variable

Unit: 1/min

Value: 0.00415666

Standard Deviation: 1

Minimum: 0

Maximum: 2

Sensitivity Analysis: inactive
Parameter Estimation: inactive

upao: Description: Maximum specific growth rate for Xpao
Type: Constant Variable

Unit: 1/min

Value: 6.94444e-005

Standard Deviation: 1

Minimum: 0

Maximum: 2

Sensitivity Analysis: inactive
Parameter Estimation: inactive

v: Description: Reactor volume
Type: Constant Variable

Unit: L

Value: 2

Standard Deviation: 1
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Minimum: 0
Maximum: 10
Sensitivity Analysis: inactive
Parameter Estimation: inactive

Xalgae: Description:
Type: Dyn. Volume State Var.
Unit: mg/L

Relative Accuracy: 1e-010
Absolute Accuracy: 1e-010

Xalgaein: Description:

Type: Formula Variable

Unit: mg/L

Expression: 1600

Xaut: Description:

Type: Dyn. Volume State Var.
Unit: mg/L

Relative Accuracy: 1e-010
Absolute Accuracy:  1e-010

Xautin: Description: inf Xaut
Type: Formula Variable

Unit: ma/L

Expression: 4

Xdh: Description:

Type: Dyn. Volume State Var.
Unit: mg/L

Relative Accuracy: 1e—-010
Absolute Accuracy: 1e~010

Xdhin: Description: inf Xdh
Type: Formuta Variable

Unit: mg/L

Expression: 144

xhe Description:

Type: Dyn. Yolume State Var,
Unit: mg/L

Relative Accuracy: 1e-010
Absolute Accuracy:  1e-010

Xhin: Description: int Xh
Type: Formula Variable
Unit: mg/L

Expression: 248
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Xi: Description: inert organic matter
Type: Dyn. Volume State Var.

Unit: mg/L

Relative Accuracy: 1e~010

Absolute Accuracy:  1e-010

Xiin: Description: inf Xi
Type: Formula Variable

Unit: ma/L

Expressicn: 0

Xpao: Description:

Type: Dyn. Volume State Var.
Unit: mg/L

Relative Accuracy: 1e-010
Absolute Accuracy: te-010

Xpaoin: Description: int Xpao
Type: Formula Variable

Unit: ma/L

Expression: 4

Xpha: Description:

Type: Dyn. Volume State Var.
Unit

Relative Accuracy: 1e-006
Absolute Accuracy:  1e-006

Xphain: Description:

Type: Formuia Variable

Unit: mg/L

Expression: 4

Xpp: Description:

Type: Dyn. Volume State Var.
Unit:

Relative Accuracy: 1e-006
Absolute Accuracy: 1e-006

Xppin: Description:

Type: Formula Variable

Unit: ma/L

Expression: 4

Yalgae: Description: Yield for Xalgae (mgvSS/mgC02=1/1.92) » (VSS»1.42=C0OD)
Type: Constant Variable

Unit: gCOD/gCO2

Valug: 0.74

Standard Deviation: 1
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Minimum: Q
Maximum: 20
Sensitivity Analysis: inactive
Parameter Estimation: inactive

Yaut: Description: Yield for Xaut
Type: Constant Variable

Unit:

Value: 0.24

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Ydh: Description: Yield for Xdh
Type: Constant Variable

Unit:

Value: 0.63

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Yh: Description: Yield for Xh
Type: Constant Variable

Unit:

Value: 0.63

Standard Ceviation: 1

Minkmum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Yo2! Description:

Type: Constant Variable
Unit: 002/gAlgae
Value: 1.6

Standard Ceviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Ypao: Description: Yield for Xpao
Type: Constant Variable

Unit:

Value: 0.63
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Standard Deviation: 1
Minimum: 0
Maximum: 10
Sensitivity Analysis: inactive
Parameter Estimation: inactive

Ypha: Cescription: PHA reguirement for PP storage
Type: Constant Variable

Unit:

Value: 0.2

Standard Deviation: 1

Minimum: 0

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

Ypo4d: Description: PP requirement for PHA storage
Type: Constant Variable

Unit:

Value: 0.4

Standard Deviation: 1

Minimum: ]

Maximum: 10

Sensitivity Analysis: inactive
Parameter Estimation: inactive

FhKAKAARXA R AR AARA AN KRR AR A A AN ARN A kA Ak hhhkdkkh ks hkk ko hhkk kA hdkkkkhhx

FARAATAR I A AN KA AR AR AR A R AR AR IR AN AR AR Ak Ak kA A kA Ak kA A kA A h AN kAR kkokd

Processes

EA K E IR AR KA AR R AR AT A kA A AR AR Ak A A AN A A A A A kA A A Ak kR Rk kkw

A1 Description: Growth of Heterotrophs

Type: Oynamic Process

Rate: if Xh>0 then
uh*{02/(02+Ko2h))*(COD/(COD+Kcod))*(NH4/(NHA+Knh4h))«(PO4/(PO4+Kpodh))xXh else O endif
Stoichiometry:

Variable : Stoichiometric Coefficient

COD : —-1/¥h 02 :1-(1/¥Yh} NH4 : —ixnB Xh:1 PQ4 : -ixpB

R2: Description: Decay of Heterotrophs
Type: Dynami¢ Process

Rate: if Xh>0 then bh*Xh else Q endif
Stoichiometry:

Variable : Stoichiometric Coefficient
Xi:fig Xh -1 NH4 : ixnB PO4 : ixpB

R3: Oescription: Growth of Denitifier
Type: Dynamic Process
Rate: if Xdh>0 then

udh*(Ko2dh/(02+Ko2dh))}*(COD/(COD+Kcod) }* (NH4/(NH4+Knh4dh} ) *(NO3/(NO3+Kno3))*(PO4/(PO4+Kp
o4dh))=Xdh else 0 endif
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Stoichiometry:

Variable : Stoichiometric Coefficient

COD : -1/¥dh NO3 : —(1-Ydh)/(2.86+Ydh) Xdh 1
NH4 : =ixnB PC4 . -ixpB

R4: Description: Decay of Denitrifier
Type: Dynamic Process
Rate: it Xdh>0 then bdh*Xdh else 0 endif

Stoichiometry:
Variable : Stoichiometric Coefficient
Xdh : =1 NH4 1 ixnB PO4 [ ixpB Xi: fiB

RS5: Description: Growth of Nitrifier
Type: Dynamic Process
Rate: if Xaut>0 then

uaut*(02/(02+Ko2aut)) *(NH4/(NH4+Knh4aut) )+ (PO4/(PO4+Kpodaut)) *Xaut else 0 endif

Stoichiometry:
Variable : Stoichiometric Coefficient

NH4 @ =ixnB-1/Yaut NO3 @ 1/vaut PO4: -ixpB 02 : —(4.57-Yaut)/vaut
Xaut © 1

R6&: Description: Decay of Nitrifier
Type: Dynamic Process
Rate: it Xaut>0 then baut*Xaut else 0 endif

Stoichiometry:
Variable : Stoichiometric Coefficient

NH4 @ ixnB PO4 :ixpB Xaut: -1 Xi:fiB

R7: Description: Storage of Xpha

Type: Dynamic Process

Aate: if Xpao>0 then gpha+*(COD/{COD+Kcod))x{{(Xop/Xpao)/(Xpp/(Xpac+Kpp)))*Xpao else 0 endif

Stoichiometry:
Variable : Stoichiometric Coefficient
COD: -1 PO4:Ypod4 Xpp:-Ypod Xpha:1l

R8: Description: Storage of Xpp
Type: Dynamic Process
Rate: if Xpao>0 then

app*(02/(02+Ko2pp))*(PO4/(PO4+Kspod)) +{{Xpha/Xpao)/(Xpha/Xpao+Kpha))*(Kmax—{Xpp/Xpao)/(Kipp
+Kmax-Xpp/Xpao))*Xpao else 0 endif

Stoichiometry:

Variable : Stoichiometric Coefficient

PO4 : -1 ¥pp i1 02 :-Ypha Xpha : —Ypha

R9: Description: Growth of Xpao
Type! Dynamic Process
Rate: if Xpao>0 then

upac*(02/(02+Ko02pao))=(NH4/(NH4+Knhdpao)) +(PO4/(PC4+Kppo4))*((Xpha/Xpac)/{(Xpha/Xpac)+Kpha
N*Xpao else 0 endif
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Stoichiometry:
Variable : Stoichiometric Coefficient

02 1-(1/¥pac) PO4 . -ixpB NH4 : -ixnB  Xpao :1 Xpha:@:-1/Ypao
R10: Description: Lysis of Xpao

Type: Dynamic Process

Rate: if Xpao>0 then bpao*Xpao else 0 endif

Stoichiometry:
Variable : Stoichiometric Coefficient
xpac: -1 NH4 :ixnB Xi:fiB PO4:ixpB

R1t1: Description: Lysis of Xpp
Type: Dynamic Process
Rate: it Xpp>0 then bpp*Xpp else 0 endif

Stoichiometry:
Variable : Stoichiometric Coefficient
Xpp -1 PO4:1

R12. Description: Lysis of Xpha
Type: Oynamic Process
Rate: if Xpha>0 then bpha+*Xpha else 0 endif

Stoichiometry:
Variable : Stoichiometric Coefficient
Xpha:-1 COD:1

R13: DOescription: Growth of Algae

Type: Dynamic Process

Rate: if Xalgae>0 then ualgae+(NH4/(NH4+Knh4algae))*(PO4/(PO4+Kpodalgae))xXalgae else O endif
Stoichiometry:

Variable @ Stoichiometric Coefficient

NH4 : -ixnA  PO4: -ixpA  Xalgae : 1 02 : Y¥o2

R14: Desgription: Lysis of Algae

Type: Dynamic Process

Rate: if Xalgae>0 then balgae*Xaigae else 0 endif

Stoichiometry:
Variable : Stoichiometric Coefficient
NH4 @ ixnA PO4 :ixpA Xi: fiA Xalgae @ -1

R15: Description: Kla
Type: Oynamic Process
Rate: Kla*(Os-02)

Stoichiometry:
Variable : Stoichiometric Coefficient

02 :1

R16: Description: SludgeRemoval
Type: Dynamic Process

Rate: 1/SRT
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Stoichiometry:

Variable : Stoichiometric Coefficient

Xalgae @ —Xalgae Xaut 1 —Xaut  Xdh @ —Xdh Xh : ~Xh
Xi =Xi Xpao : —Xpao

***kﬁi****i*ﬁ*k**t******k*******t**k***w*t*tt**ﬁ***t’(********#*ttt*tifir'x*
Compartments
*****t*tvr*ti**x***************************i****i*i****k********k**t*tt**
Reactor!: Description: KANG1

Type: Mixed Reactor Compartment

Compartment Index: 0

Active Variables:  COD, NH4, NO3, Xh, PO4, 02, Xdh, Xaut, Xpac, Xpha, Xpp, Xalgae, Alk
Active Processes:  R1. R2, R3, R4, 85, R6, R7, R8, R9. R10, R11, R12, R13, R14, R15,
initial Conditions:

Variable(Zone) : Initial Condition

Xalgae(Bulk Volume) : Xalgaein Xaut(Butk Volume) : Xaut Xdh(Buik Velume) @ Xdhin
Xh{Bulk Volume) : Xhin Xpao(Bulk Volume) : Xpacin Xi(Bulk Volume) : Xiin

Xpha(Bulk Volume) : Xphain Xpp{Butk Volume) : Xppin  Alk{Bulk Volume) : AlKiNn
NH4(Bulk Volume) : NH4in  PO4(Bulk Volume) : PO4in  NO3(Bulk velume) : NO3in
COD(Bulk Volume) : CQDin

Inflow: Qrs+Qin

Loadings:

Variable : Loading

Alk : Qin~Alkin+Qrs*Alk  COD © QIn*CODIN+Qrs*CCD  NH4 : Qin*NH4in+Qrs*NH4
NO3 : Qin*NO3in+Qrs«NO3 02 : Qin*02+Qrs*02

Xalgae : Qin=Xalgaein+Qrs*Xalgae P04 : Qin*PO4in+Qrs*P0O4

Xaut : Qin*xXautin+Qrs*Xaut Xdh : Qin*Xdhin+Qrs*Xdh

Xh @ Qin*Xhin+Qrs*Xh Xpao : Qin*XpaointQrs*Xpao Xi : Qin*Xiin+Qrs*Xi

Xpha : Qin*Xphain+Qrs*Xpha Xpp ' Qin*Xppin+Qrs*Xpp

Volume: 2

Accuracies:

Rel. Acc. Q¢ 0.001 Abs. Acc. Q¢ 0.001 Rel. Acc. V: 0.001
Abs. Acc. V! 0.001

zClaritier:  Description:

Type: Mixed Reactor Compartment
Compartment Index: 0

Active Variables:  COD, NH4, PO4, NO3
Active Processss:

Initial Conditions:

Inflow: 0

Loadings:

Volume: 0.1

Accuracies:

Rel. Acc. Q: 0.001 Abs. Acc. Q: 0.001 Rel. Acc. V: 0.001 Abs. Acc. V: 0.001

kAR AN AR ARK AR A RA A IR AR AR A A KRR A A AR A AR AR T AR AR AR AR AR RN I TR R A AKX

Links
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link1: Type: Advective Link
Link Index: 0

Compartment In: Reactor1

Connection [n: Qutflow

Compartment Qut: zClarifier

Connection Out: Inflow

Bifurcations:

Recycle:

Description:

Compartment Out: Reactor1

Connection Out:  Inflow

Water Flow: 0.00064444

MAAAIK AR AR RAAK AR A AR R AR ARk kA Aok kAo A&k &k ok k& sk & ok ok ok ek dedede ek ok ke kokeok

Hh Ak KAk Nk A AR AR A RI IR RE AR IR AR R RN A AR AT A AR KA AR XA AR TR Rk kA ke khkkhht

Cefinitions of Calculations

ARk AR A A AR AA AR TR A A AR A AR AT AR A AR A A AR AR A AN AR ANRA AR AR A XK AR A AN A ANk

calc1: Description:

Calculation Number: 0

Initial Time: =50

Initial State: given, made consistent
Step Size: 180

Num. Steps: 160

Status: active for simulation

inactive for sensitivity analysis

ok khkkkhk ok khk Ak k ko hk kR ARk kk kXA kA hkkrkkkhkkkhhkhkkhkrkhrhhhkkhkkwkkxhkrdd

FAHERA KRR R R R A A A MR R A RA AKX AR AR R AR KRN R A AR AR ARk hh kA h vk kddk

Plot Definitions
KRR AR AR AR AR AR AR AR A A AR AR AR R AR AR A AR R AKX RRA A AR A AR AR R A AR A,

plot1: Description:
Abscissa: Time

Title:

Abscissa Label: time (min}
Ordinate Labsl: Conc. {mg/L}
Curves:

Type : Variable [CalcNum,Comp.,Zone,Time/Space]
Value : COD [0,Reactor1,Bulk Volume,0)
Value : NH4 [0.Reactor1,Bulk Volume,0]
Value : NO3 [0,Reactor1,Bulk Volume, 0]
value : PO4 [0,Reactort.Bulk Volume,0]
Value : 02 [0,Reactort,Bulk Volume,0]
Value : Xalgae [0,Reactor,Bulk Volume,0]
Value : Xaut [0 Reactor1,Bulk Volume,0]
Value : Xh [0,Reactort,Bulk Voiume, 0]
Value : Xdh [0.Reactori.Bulk Volume.0]
Value : Xpao [0,Reactor!.Bulk Volume,0}
Value : CO2 [0.Reactor1,8ulk Volume,0}
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plot3: Description:

Abscissa: Time

Title:

Abscissa Labsl:

Ordinate Label:

Curves:

Type : Variable [CalcNum,Comp..Zene. Time/Space)
Value : Xalgae [0.Reactor1.Bulk Volume,Q]
Value : Xaut [0,Reactor,Bulk Volume,0}
Value 1 Xdh {0,Reactor1,Bulk Volume,0]
Value : Xh [0,Reactort,Bulk Volume,0]
Value : Xpao [0,Reactort,Bulk Volume,0]

plot4: Description:
Abscissa: Time
Title:

Abscissa Label:

Ordinate Label:

Curves:

Type : Variable [CalcNum,Comp..Zone,Time/Space)
Value : COD [0.Reactor1,Bulk Volume,0]
Value : NH4 [0,Reactor1 Bulk Volume,0]
Value : NO3 [Q,Reactor1,Bulk Volume,0]
Value : 02 [0,Reactor1,Bulk Volume,0]
Value : PC4 [0,Reactor?,Bulk Yolume,0)
Value : CO2 [0,Reactor1,Bulk Yolume,0]
Value : Alk [0,Reactor1,Bulk Volume,0}

KK AR RI TR AT I AR AR A KK KR AR N AR A I AR AR AR AR AR RN AR Rk ek ke kA ko hhhhdkd

KRR AN AR TR A AR T AN NIRRT RN T AR IR A AR ARERRA AR R AR A AR AR kA A kAo
Calculation Parameters

KA AK AT A ARARRE RN IR R AR AT RE KT AR IR R LR AR TR A ARk Ak h kA dhddoh k&
Numerical Parameters:  Maximum Int. Step Size: 1

Maximum Integrat. Order: 5

Number of Codiagonals: 1000

Maximum Number of Steps: 1000

Fit Method: secant

Max. Number of lterat.: 100

FHEERKREA KK KN AREREENKRRR XA TR AR AR KKk Ak kAT kR kAR Rk k ek sk kdkkhkkdkhxrhhrkhdk
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ZAS 2

FE 19I5 AFF o) FAFA A 32 FPH.

X e e ox) A FAe R Y FA 2 T3 AR o)E) FA oYY 25dY
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