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Advanced Sewage Treatment Process by Two stages
Intermittent Submerged Membrane SBR

Eun Suk Lee

Department of Environmental Engineering, Graduate School,

Pukyong National University

Abstract

A laboratory-scale submerged membrane sequencing batch reactor (SBR) was
fed with synthetic wastewater to investigate the possibility of simultaneous
removal of organic, nitrogen and phosphorus by intermittent aeration and internal
recycle.

Submerged membrane SBR consists of two compartments using a
microfiltration (MF) membrane with 0.4 gm pore size and a surface area of 4 m’.
MLSS concentration in lst reactor and 2nd reactor was in the range 3000-4000
mg/L and 5500-7000 mg/L, respectively, and Solid Retention time(SRT) was set
around 25 day.

During operating periods, C/N ratio in the feed, Hydraulic Retention
Time(HRT), mean dissolved oxygen(DO) concentration, aeration time in 2nd
reactor and organic loading rate were changed 35-5.7, 8-10 hours, 1-3 mg/L,
95-30 min and 0.67-072 kg/m>/d , respectively. Under flux of 0.21-0.28 m/d, the
SBR with membrane was successfully run over 180 day without the need for
chemical cleaning.
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TSS concentration of effluent was below 1 mg/L and mesophilic bacteria of
effluent was successfully removed. Thus, additional membrane was a suitable way
to get adequate water quality for water reuse.

When organic loading rate and aeration time were set at 0.72 kg/m*/d and
30min, the removal of COD, TN, TP was 99.8 %, 76.1 % and 829 %, respectively.

The experimental results during 1 cycle were simulated for searching optimal
parameters by ASM 2d model.

To enhance the removal of phosphorus, intermittent internal recycle and

aeration time in 2nd reactor were important factors.
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® xre ge AYANA F4E 1E JYste A2 FTAHAL 27 BIY FEY
SBR 24 7wz A 7129 SBR(Sequencing Batch Reactor) 3483%E 93 WHexE
A 1 wkezsel A 2 HLET Uym FW GAZ AFae gy Fe ARAA
FEAFE TAH

g2 B4 &¥A THPeE Id5E nE HHYI}E FHOEE % % A A3t 7]
g8 TAN QL AAsE BA, a2dx B4 AL FAY AAdE Y Tol At
A AT AALE AA] HF TAHLZE Ludzack-Ettinger, MLE (Modified

Ludzack-Ettinger), Bardenpho $e¢] glom, 2& A%y A% FHo2E A/O
Phostrip &% o] A, ZAa% A& FAd AAs e TAH o2 A2/0, Modified
Bardenpho, UCT(University of Cape Town), VIP F°| lomw, 3| HA FTAHeR
SBR ol it

Z SBRE $(FAx Ze @y, 7], A, FF9 dAE AA s T

Qe e THoE LMo folzu, FlAEe {HAe HE Aol
oA uk  §&4e Aol wE& Ao we WEe] At Aol
o] ti{Metcalf & Eddy, 2003).

i

o wd
ol o b

T

Az FAel B AR Wex oFd AWAE AH HPsE W&, SBR
A HE FA wA olFol MFrt MEEHed, A cA B3} Y T
% 3

A o 3 H
oJojum AW Fao] Adtslel He$e F£Ao) huhd ch(Rosenberger, 2002).

N

1960 o ©] FEE pore size7t Fol Hal Fo SS FEE 1 mg/LeolstE WA
sA% 4 9x "HShinl98)e A oA FEx AYE  (Smith1969)
MBR(Membrane Bioreactor) ©| ©} 81, Yamamoto(1989)) =l =& A& ¥
zo] A AANAA 5 Fo F7182 AZAste A4 MBRe| =dHA.

x4 MBRE 1%{] stage) MBR (Yamamoto,1989: Ueda,1996: Ng. 2000
Nagaoka,2002)3 222 stage) MBR(Se0,2000: Ujang,2002: Yoon,2000)2 Y& 4
gon SalutdME &g AR ofu HAuF (A, 200D, &S G4



2000) #Mg 5ol MBR ¥A & oldstd 48L& FysA

19 MBRS © dkg Zo MISS ¥5& %4 fAAA, AF §x7 ="
A8 o2 So nAE §48 ol AMI FLE Foln Xr| FAE UE
oz SAsHEAN gAZJE oFo] SrE L HFAE AFHoE ANIFe

28y 19 MBR 282 SRT7 23, 2+ E7)oliA E7)7F HAA ge 71

SAE gAs dojux Fowl 7] Fho] AR %o}l < WE Hito] gloiA
ole] AAEo) @A gtk (Murakami,2000).

2 ©& MBRE 19 MBRY &A1& FHstua wg £8 2 22 F&d, 4 1 ¥s
z 7129 84 €A 42 g 29 gon A 2 HF 2E F& AN,
A 1 gz MLSS ¥5E& #xsn g3 2 A 23$ K37 A A 2
W ZERE A 1 Ngxd U weg e #7018, #Ha AL Hss
& ol

2 & MBR #&& % we 2 2% ¥ X788 s 4 $(Seo,2000:
Ujang.2002), Al 1 #8xE ¥£7184A ofdstm ) 2 WgzE AHH2E XVsts
2 9(Yoon, 2000) o 2ou, 2 & MBR T4 2YAE &7l 730l £33
ol 2o)A2] UL WE 9o 2 AALS IA¥ & UK Ujang ,2002).

wed B AFE ol FAMEL FTHE F Us FHLBA G 2E F X2
$A8= 2 9 MBR 2422 7|89 4% ga Wy #ee ¥Hoz Y
WHukdo] AASW, A 1 wbgRI Paa o] Hn ujiukge] Ed ol¥FE
& 7] Fzre) HEE sgow A 2 wrexE UF wkg A Fabs Fhe] HI iR
Hhgo] By olF: XUIE AA T 7o) HEEF o {718, F4, 99 AA
1ge Eoln7 a0

T 7129 SBR EA9 lcycle AT

e GAZHEAAZE, 2000)4H 1AZtoR
B eARo A = o U5 A&

Hej7b 7hest e starat SRk

2 a7
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29t 7+g4 =2 SBR FAHe HH3E olF7 Hdd o A



A z2AL 24

o

Tl 48E FYsA.

e

sAzAo2E C/N 3}, HRT ¥3, ¥ DO ¥5 ¥, E£7]A3 "set COD
loading rate®] ¥W3} Fo2 $HIANLH, 1 cycled E&, 19 AES &7 93ko
T£7] A7t COD loading rate WEAIA Ad< FPsidad, Ao HE YD
ole] A3 ®Aro] Yolur Ao ois] Leotrr] st A W dof FFH &Y
Zo] 2 ol Wi HEA HPL AU

w3 e pore size 7t AobA v Eel A FHol UexE (Chiemchaisr,
1992) 2o Ao)lg sixAdel st Felmma AW F2 nAE WAl HYE
zastgel. a8l 1 cycled Ra W le] AFel #E AdFozFE ASM 2dE
ol4d UL £3a zt $H zAAML UIgE T4 &= AXE EEFHD
M st At SHHTh



M2%d 2adA

2-1. MBR (membrane bioreactor) system
2-1-1. MBR #49 574

B4 &ex FH ndg RIE 2xoz 7 Rg AEFA @ AL
1960‘“" o] 28 9] © o (Smith,1969) Yamamoto (1989)0) 2i&] 98 48 gz AH
12 AlA §718 2 FUEEES AsA Ho, dAs 4E AU Y2
222 g U 2vtz fHEHA & AL @E v 4E wE&EE THo
2l t}(Ueda, 1996 Dittrich,1996: Ogoshi,2000: Yoon,2000: Nagaoka,2002: Seo ,2002).

MBRE 71&9] & - #H¢ Afglxe Ad A 58 Hsz U@ JI_J% £ee
zAHe 4 4 ol AP Ags F2E oFE= FA W xz J
29338 A3 L 29 4 ArHRosenberger, 2002).

Shin(1998)& 02 m2] pore size?] MFZE ol &3ted 1 mg/Lolste] SS A
AL FAHGI

T MBRZ o] pore sizeZb A7l wjiol §2A SSy oz RE &A wfA = o
MLSS 352 XA S8 F U7 gio & {718 FadMz ¢HE 748
Ag # ey SRTE ZA #Astd &2A ZF3I= ol 5 AvHMuller,1995:
Chiemnchaisri,1992).

71Ee #4 A7 FAAME AAEE AHE AW ZeM ulBE FHo
oloju}x| 8l MBR-2 SRT(Sludge Retention Time)E ZHA /AT + Aol AE
Mg zaHE oAdZol AASK Fin WexE wAurr @ias Jdgs A
2ae AL s P & %"JD} 3% tHFan,1996: Rosenberger,2002).

#H Helo) Aesln e wdezs A UF (Ultra Filtration, @2 o 3), MF
(Micro Filtration) Z+9.2 Table —1eM chel 27, Hged, ¢ Z¥A Fol
vrEf L det

i rf n
mLm

lo



Table 2-1 MWCQ, TMP,and flux along pore size (3 %=, 1999)

Item MF UF NF RO
Pore Size 0.1 ~10gm 2~ 100nm 1~10nm <lnm
MWCCQO(dalton) - 1,000~100,000| 200~1000 <200
TMP (kPa) 20—100 50~700 500~ 1500 1000~ 8000
flux (m'/m' - d) 10~100 1~10 08~2 04~08
-~ 0.03 um
S
E Eflf.
. 32 l 34 36 38 40 $2 54 s 92 136 138 140
"o Time{d) Tine(d) Tine{d)
a) b) c)

Fig. 2-1 Rejection of coliphage Qf along experiment {Chiemchaisr,1992).
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Fig. 2-2 Removal of T-coliforms (Ogoshi,2000).

MBRE 02m ©l&2 pore size® 7H¥ UFZelu, MF%ol ol4 Eolu}
wol#] 22 a8 wAAlZ 4 glol(Chiemchaisri, 1992 Dittrich,1996) #+& <4
Ao Ay st Mold & Ur

Chiemchaisri(1992)% pore size7} 0.03 , 0.1 <l %& o} &&ted virus 8l A el
dete] ZAMSIGon, Fig 2-1d4 918 38 §EFoli virus TEZE @ked,
o] AL T Fwel 2" Szt 2% 9rEo] el pore size®. T pore size?} T&
Zrolg o g ol 2]d wAlEe B TYo] Felmr] WEolG A

Ogoshi(2000)E 0.2~04 m =g o]&ata 2] T-coliforms ¥ &l st
ANge dstgon Fig. 229 %ol oFd FEFAAM T-coliformsol %A
gk



Viscosity (mPa sec)

O 20 40 &0 80 X 120 140
Time (day)

Fig. 2-3 Variation of viscosity in mixed liguor (Nagaoka,2002).

, Aol Eotx w2 AFAZ MBRe]
Z7hE . oy HEA He dAHR FA871 A oAulAs Fasd,
MLSS% %7t =& 2 zoA= 9 fouling #AAo] #a dojubA  sioj(Muller
1995: Yamamoto,1989) 57|22 9 A3 o] o] Fojxof gt}

ool foulinge #71E Rzt & o o @2 dojubw  Nagaoka(2002)%
Fan(2000)2 flux’t =442 foulinge] o 2] Atz st

283 Nagaoka(2002) =21x9] HAo| Frtste A& nAdEe] drae
mZolgln stgom, Ueda(1996): =212l HAol %&FF %9 foulingol
welzle] f& dEE Fristng felA ML @F7) AsMe dHSA €2AE
7)Aot srtm 39 3, Yamamoto(1989)E MLSSH =9 g FA ol3teA
f-A et oknt et fluxE FAE £ Aok AT

w, Ho) we o) Ro) sef vty
K

. Nagaoka(2002)e= ¢¥Hoz Trlste RS ®7IE F37F 58 wWe &
237 gloy, 9218 By g dE 283 ¥4 &8 S "ojxd

o] foulinge Zo)s ol &37F vdxm s
a#ez, Ug 71 SRTRGE ARsiA SRTE #Asdd ¢AFE +3% =
fouling @AA4re] HAZE o|Folof & Aeojr}
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Fig. 2-4 Schematic of lstage MBR (Nagaoka,2002).



e 2z A7 19 MBRS 0.1-04 me MF %& F2 Abgstn, @4 &4
= 2:zo] ue AAAA F7) ADH HE7) Aoz g vHEA
¢712 9 AgEFE AAsE FHelth

19 MBRE %¢& MLSSHEZ #Asd JYEF F 53 Fas %
GAgzRE A4S AASE FHo) YREEojs], MLSS FEE 7000-16000 mg/L
(Yamamoto,1989), 8000-12000 mg/L (Ueda,1996), 5000-10000 mg/L  (Ng,
2000), 10000 mg/L(Ogoshi,2000), 6000-10000 mg/L (Nagaoka,2002) G2 &
A3

Ueda(1996)= HRTE 13-16 hr2 &ti, ¥7] A3 vlE7 AkE 2|5
Age =ga=d, U7 BODs 99 %, SS 100 %, T-N 83 %, T-P 70 %
AAEES IR

Tad, 7] A7bs wEs] Ae] SolsbdE DOZF A% EMste @
maba BAE 50 % 3EQY Aoz Jeptoni, Ueda(1996)E DO7F £71 Aol 4]
g0l a9, Al Bas @A ZopAn, o2 ) A £x=sb T-N
A Ao glol AARA A2 2ALFctn &3

Murakami(2000)= 0.1-0.4 me] =& #A A7 MBR large-scale plant 27E
§S 2 E-coil® &% $o)A A9 #&% + glled, BOD, COD o #& + %7
eyt 77 1.0 7.0 mg/Ldoh 2elm TNY AAEL 80 %F ¥y, TP
Ao Mpad AglzE fgo] AZsted Fod Fest AlS olgdtd FHAA
A A s o}

1 © MBR wWgzolad ®7] Azrd HE7] AME gEHez AEHEHE
A9 9o HalE FAld st A A Uth(Seo,2000)

27180 BEsid 239 244U 2P anxoic @AV oW SdE Lol

dob glA Hed, 28 By dAvE EAEA i
ole] W& oro] 23] AolzA Aerbic BACA A9 B FAE dojupA HFETh
£3 SRTS 47 fAste gz W €8x FEE 54 #2187 A&l <1

d7] ool Holx AEgH oz oo A7 A FeTh
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Fig. 2-5 Schematic of Zstage MBR {Yoon,2000).
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Raw wastewster Influent | = L ¥ Suction pump
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Feed tank st reactor 2ad reactor e

Fig. 2-6 Schematic of 2 stage MBR (Seo,2000).
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9 @ MBRS @4 ze# wg =& F A &9 A 1HEEE 7IEY 4
Zojx wkgzolw, A 2 Wgzol B FAAZ FHOZ A 2 wkeZelA A L
e = Bodbgo] At

=
1 ¥ MBReA #715 ¢ 2 2
olatol HTols 2 W MBRo} A5 fth

Seo(2000) = Al 1 w239l & 2 wexR BEF ¥y A BlEZ AL
Eoton 27}% 9 PhaseZ u¥o] A¥L S#sgdch 0.1mo pore size TE
olg &g on), HRTE 16-19 hr, SRTE 25day. MLSS = 2700-3400mg/L,
e we e 7 9 dste 100%2 AR en, 95 A4S COD.
T-N, T-P 9 27 ¥x7+ 217+ 283, 37.2, 4.9 mg/L AT

lphase & %7] A|zy/8]E7] A7ho} ZH4 30min/90min (Ml 1 ¥H&Z), 60min/60
min (Al 2 W2=z)olil, 2phase 2 Aeration time/ Non-aeration time< z} 7zt
60min/60min (2l 1 ¥$F), 60min/60 min (A 2 WEZ)olAh. HAYE AH=
CODE 5 2% 55 98 %, 95 %9 & §&& B2, T-N&l AL+ 1 phase
= 736 % 9o, 2 phase £ 91.6 %& ¥A verda, T-Pe A$-< 1 phase
= 466 % AT, 2 phase = o] B} 27 ¥& 66 %9 AAREL BAT G T
Seo(2000) = T-Po| AlA#&ol A A ¥e olf= Non-aeration timeol
2 o]Fol ol WE S & I ot ®Wr| WA FEEA 25yl Wil s

)
Fr
L
0,
plo
ol

Aol AAsE ol W FA=

Yoon(2000)= Seo(200002) MBR w¥rgxe} Azt wjszstd, AL Al 1495
% aeration® Al717 ¥ FAA GAES AR, A 2 ¥kgzE Fabd g
9io] aeratione A1A A FAHL FE F ]"\]i A o] A/O FA Y %—l":}

Yoon(2000)E A/OF AL @A Adstdd #7185 2 AFEFA AA &8

vl@aty] 98, A/OEA S MLSS ¥+ 2500- OOmg/L‘?a 31, A/O type MBRw}
MLSS EEiE 10000-15000mg/L2 §Askd £AstEth W dS 100-300 %2
o) sgon A 1 Wgze A 2 wgxel AFANE WHAlA dsed,
se49 442 BOD, COD, T-N, T-P 9 ¢ FE7} 2444 1773, 2498, 751, 109
mg/L At

A% ZTE COD, BOD o #9E Seo(200008 FLstA %A HEebgt o
T-N& A/OFAo] 48%, A/O type MBRol 50-60%% YEIWeH, Yoon (20000
A/O types] MBR2 T-N AA7 49 ol#& #g 29 & ¥t MLSSE
sl Fe AU DOF =7 e *EEM W2 ykE Fu0e] DO 58 2A
axse] A 1 LRI TR P BAE FAFA7 WEeln dH

28 T-P A$E A/O typedl MBRAIME & gol Pol, Yoon(20000= T-P
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22 T-Pe] #$E A/O typee] MBReIME J&o] wol, Yoon(2000)& T-P
A7 EES o7l AdAME THEAAIRSO)r18H00E 4183 A A 2] 7}
s olo} @ty AT

Ujang(2002)% 2 ¥ MBRZ A% F3staed, HRTE 24hr, SRTE 25day,
MLSS EEX 2500- 3800 mg/L , WF UF KFES 100%2 ML, %7)
Azre W ¥ AR 2eladen, Seo(200008h ol Al 1 whgaEs A 2 Elar
9E ¥y A7E BE7] Azke 2dE Fof $AEAT KFUF 48 COD,
T-N, T-P o ¥E7} 77} 625-678, 22.3-29.5, 10.9-12 mg/L Atk 49 Ane
COD 9 T-No| AAEL A 95 %, 96 % 2w, T-PY A$E 71 %-78 %=
AAEL 290

T-P AA&e] 7% E%e wrb ¥ ARBIEZ] Aol 119 #HR=d,
Ujang(2002)= cot& Z7A3 slus) 2 o F28 w7 A|Zko} o] FojA], 7|
Azbe) A wol 9 DO7F 0 mg/L® Hoialm, gdol A3 ojFo|Hr)
PAOS PHAZH @4to] @a] Aoyl Witz sATh

- 12 ~



2-2. SRTA W& JFAF A7 ad A7

2-2-1. SRT7} A4 A& 9%

Qaygen » 0,8 mgit

i
[R—
1Y l v %
AR B . i
M e | A i
i \ i
1 % i
L o ‘ L . H
i A o
; [ IR sy - v
I .._we‘
.
Fobio : |
3 . ¥ v 1
: ) 6y
4 ¢ . S we,
Lo o
i ; e
x! 1 -t . v
i :
i § et
! R B R LI )
i sarobic 3RT
i Oxygen = 2,0 mgfi i
i

. . 10 17 12 13 1 e
i asrobic SRT (d)

Fig. 2-7 Ammonia equilibrium (Goronszy, 1996).

Fig. 2-7% 2% SRT7 2e1d+% gmuectel §345 vE7 2& AL & F
Q= SRT7F AolA® 259Fu 4R vatel 43527 Re AU vl
G517 Srol QrAAHQ BAs7} o Fo{ W

¢

n

R
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2-2-2. SRT71 ¢l A A A&

T-P Ramoval efficiency(%)

10 20
SAT(duaye)
Fig. 2-8 Relationship between SRT and T-P removal efficiency (Choi, 1996).

R

Table 2-2 SVI, removal efficiency of COD and phosphorus during experimental
periods (Chang,1996)

SRT = od SRT = 10d SRT = 15d

Van : Va 0:10 1:9 1:4 1:2.3 0:10 1:9 114 1:2.3 0:10 1:9 1:4 1:2.3

COD (%) 96 95 96 96 96 96 96 96 96 96 96 094

P (%) 53 75 75 80 54 86 98 96 40 75 93 9%

SV1 373 368 379 229 314 311 175 69 128 95 85 59

- 14 -
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Fig. 2-9 Relations between phosphorus contained in sludge and SRT.
(Su,1996)

Kurata(1996)= SRT7F #&42 <o AA Hgel FTrigcrx sew, Choi
(1996)% Fig. 2-89] AXE Fs SRT7F #2+2 09 AX &28% UG
3t 29, Rodrigo(1996)%= SRT7ZF @epAH, o AAE AT VFA(Volatile fatty
acids) 437t ®obd < A7 Fr7pgvn Aot

¥, Chang(1996)9) Axtoll A ZTrizep Fr)zel Fd|7F #3 SRT 10¢# SRT
1599 ZAxE vasi &9 SRT7H #2 4 g9 /% & T/ $1 U9
AAAGo e AL B 4 vk SRT 5day? SRT 10dayolA = SRT 5Sday ¢ #
we oo AAZSEL HIEd, ok 99 Choi(1996)2] HAre FAEE B +
=

Su(1996) #8459 =& ¥4 #AA72, HRTE ZaA7I7d, F/ME
Z7A7) 024 SRTE &A FX8d9 U2 AHEES FAHAUGR A

aEl: Su(l996)E SRTZF BLF5 &AW Ao &Fel w7 dE 4%
SRTE #A3HA B 9 &% 718 FeAE H71FezN U9 AAEZES
=9 4 Ao At
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2-3. %718 5o & JF¥EF AA

2-3-1. §71% %7 A4 AA A= A4F

100
P

L4

=4

2

o

= 50
b

Ll

°

>

=]

E

o

2 0 - ——

05 04 03 o0z 01 O
N/ BOD Ratio

Fig. 2-10 Effect of the N/BOD ratio of the influent wastewater on the removal
efficiency of nitrogen and phosphorus (Osada,1991).

grgdoz A4 A ZAAM wad HEE dgsA dr HAsAE
97829 2Fol AAEA olZojAol &, AAsnA e i Pl Ui
Sind Fo] 842 &3 F&o] Fudth

Osada(1991 = Aag o Wad #7159 2 5EFE Fis U AA
%0 un F}Qed), Fig 2-109 Hed FHL e AASE d ¥
ole] AAEL vebdt}d. Osada(1991)E N/BOD7F 018d o 2Ax #H <
AAESe =kotm stged, Chuill99)sl A%+ #d59 COD/N7t 52 4
ALAMAZL Eoh st

Mo ﬂH
o}-_]
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Fig. 2-11 Influence of aeration/non -aeration cycle on nitrogen removal rate
(Nagaoka,2002).

Nagaoka (2002)= C/N W& 52 TANFIR {78 F3ol o} Fi9 AA
€8S vmagsd, 4718 57 08 g TOC /L/d € 99 A& AA £&2 80
o Wegm £712 27t 03 g TOC /L/dY ®e 44 AA T8 BT 60 %=
A ek
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2-3-2. %718 ¥ %7t A AAA 0= 9P

be
Anaerobic Aerobic
48 1
™ inltial Glucose Level:
—- 'l ——OmgsL
-‘d’ —e—- 100 mpiL
E 32 -1 —a— 230 m @b
y —— 500 mg/L
3 2 _1 —@—1000 ma/L
o
16 -1
LR §
0 T —— T T *
0.0 1.0 2.0 30 4.0 5.0 8.0

Time Elapsod (hr)

Fig. 2-12 Profiles of PO4-P in batch experiments with varying initial glucose
conditions (Wang,2002).

140
Acrobic

120 o
@
@ 100 - Inital Qlucoss Levetl:
-:l ——0 mglt
o 80 4 — 100 mght
; =250 Mg
F oo —a—S00 mygn.
o —gp— 1000 m A
: e
a

20
o A L4 L : F

g0 1.0 2.0 X 4.0 5.0 6.0
Time Elapsed (hr)

Fig. 2-13 Profiles of PHA from batch experiments with varying initial glucose
concentrations (Wang,2002).
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Wang(2002)= 27] 91 $:8 75 mg/LE 1, f718 ¥=& 7
A% FPsge, Fig. 2-12, 2-13dA4 28 #7189 =7 5255 7
SAR A &l Fo wEg 2 k9 PHA 27 582 ¢ & AUth

olze #7] wAHNAM #7718 (glucose)S PHAR HFd o vxr} Zasti
Hed, MEde s dd GFANEE sheRiAgezA de JuAE
dA @

ety o ¥& #71E FxoideE o ¥e PHAE AFIr] fs o #2
Uiz 7t oA su, o 2 A& wEAFNA He Aol
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2-4. D09 G e JFdF AA
2-4-1. DO ¥ 57t A AA v 9%
1) DO Fx7t A4t vlAs 9%
A23E 98 "Wed SRTE ot HozRE 78 me Jrz 78 7

o) B (Metcalf & Eddy,2003).

# Ky+N’ Ky+DO

)_kdn

un = specific growth rate for nitrification

Unm = maximum specific growth rate of nitrifying bacteria
N = nitrogen concentration

kan = endogenous decay coefficient for nitrifying organisms
DO = dissolved oxygen

Kn= half-velocity constant

20

SRT. d

15¢

10

&)

0 0.5 1 1.5 2 25 3
DO concentration, mg/L

Fig. 2-14 Effect of DO concentration on SRT required to achieve effluent NH4-N
concentration of 1 mg/L at 20 T in a CMAS system (Metcalf & Eddy,2003).
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9l Fig. 2-14914 DO7F 02 mg/L9 2 mg/LY w8 SRTEZHH T A4rg)
£z2 vmsi B9, 02mg/LY el Aast £%7 2 mg/le] AN £k 24
%A T2 eyt (Metcalf & Eddy,2003).

Chui(1996)s dwtd oz 428427 2 mg/ladd 4 mg/l B EAsre
AAsE gAdg 5 Yddn }ged,  Sutton(198DE w& AME &8 A7
A& ME &E4L FEF 3 mg/lolde FHolof grhn A Th

¥ Chiemchaisri(1992) €4 & £& 429 ¥%7F 05 mg/L € 9 AHH
Aa Ffo] Yojyton, 1 mg/L olAer FAFozA AMNE £& IEY 5

gJeln g AAHE olF7] dsiMe AA 3 mg/llojde EFULIL

_21_



2) DO F%7t g™ gl vAE I

guizez FALzdAH gadA &xE  ode Hoz FEHEHMetcalf
&Eddy,2003).

_1-1.42Y kXS NO;

0.= (536 K. +5 XK, 0+ NO; UK, +Do)(’7)

NO, K, . L4
R o +NO; XK, +D0 286 & X

rvox = NOs~N reduction rate

Y = biomass yield

k = maximum rate of substrate utilization

X = biomass concentration

S = concentration of growth-limiting substrate in solution (COD)
Ks = half-velocity constant

Ks~os = half-velocity constant for nitrate limited reaction

Ko = oxygen inhibition coefficient

DO = dissolved oxygen

ks = endogenous decay coefficient

n = ratio of substrate utilization rate with nitrate versus oxygen as the electron

acceptor

o] AeojA uE, 2ad $xE COD, NO-N, DO, #4& %, 9 7+
FATgHA AA F l wat gekxl=d, 1 % DO T W 2ol Fig. 2-15°0
el AT
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1.20

1.00F =

0.80% .

0.60

B-NQ3. K, = 0.2 mg/L
0.40F .
/R«NO3. K, = 0.02 mght

v

Frachon of maximum denitrdication rate

T " 1

0.00 i 1 i : t 1
g0 02 064 06 08 1.0 12 14 16 18 20

DO concentration, mg/L

Fig. 2-15 Effect of mixed-liquor DO concentration on maximum denitrification
rates {Metcalf &Eddy,2003).

DO7F 02 mg/LellMe €2 o7t 4 AL Hd €3 Fxd #l# 10-50
%UAT FL 5 gt (Metcalf &Eddy,2003).
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2-4-2. DO ¥ %7} 9 AAN nxE= 4F

A
HBPR
h recovery
xp * DR g et PHB
Puptake increme
Spot
k\‘—ﬁ.-—
B
wacrobic ~w-1T aerohic EBFR
pomet _ (MeOOVeY oo net PHB
| Paptakn J incTears
i
- T
‘ Xoha |
Spod | —
time

Fig. 2-16 Phosphate(Spo4-p) and PHB (XPHA) over a batch cycle in case of a
high(A) and a low(B) organic loading (Temmink,1996).

ASM 2D(Henze,1999)0lA A Alatn 9l oo #&&a A9 H3F &8 =29,
ole] wrE go| e A g 2w % AAvm vElY dEed, ols UAdE
oo} W&ol el AlZtRTH Qe Ao Heles Aol ¢ WaH HAFETh

WA olel AA T&E =olrl HaME g2 A7 olFdAE 7] AME
2235 2338 Fojof 3 dl, Temmink(1996)% 29 AMAE AME 7] Akl
gasriae shHoh

Fig. 216914 Ax Bo) vl3le #71% ¥27F 52 A2 24 A5 2 A
A F71Ee [ G dTs Ze &g dEdY 2Ex v BT 5
ol 2] o1 W Azhe Q) M Alzhel ulsf wal PAAHe TP B 4

oAl T Q1 AHE YT £7) Aol F3] FoAAkY I AAALEE =4
T e Aot

<X

o
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Table 2-3 Summary of the results from the experimental runs (Ana,1996)

Anero

Cyel bi Organi Released
Run yc.e © [ LEffluent concentrations Total removals phosphates*
duration | phase
) load »
duration
b (%) (g1COD {1COD |sCOD| TOC | PO4-F | NH4-N {NO3-N(| tCOD |sCOD| TOC |POs-P| POs-F
ours %
fuf - d) |(me/ 2| (me/ 2|/ )| (mg/ £ (mg/ 23 | mg/ £) | (%) | (26) | (%) | (%) {%)
P18 | es [80] - - ]-1 - - S B S -
Z 12 65 398 | 9721222 1| 98 1.7 16.65 03 70.1 | 831 | 926 | 811 1333
3 12 50 323 | 342 | 24 (123 077 068 368 | 785 1 835 | 826 52 2356
4 12 35 368 | 306 | 234 {143 052 0 1.1 85 | 88 | 833 92 2456
5 12 80 381 1756 28 138} 10 953 049 | 725} 81 | 816 Q 350
6 8 65 349 | 3731192 |47} 52 7.68 04 787 | H2| 8 393 788
"1 8 | s0 |4z | 45 {288 |69] 24 | an | 138 [8a|758] &8 | @ 72
8 8 35 38 | 396 | 1261 58 48 4.18 185 | 782 | &9 85 543 618

*In percent of cycle duration;

**At the end of the anaerobic phase, in percent of influent concentration.

Chang{1996)2] A}ellAde F7]9t 712 HRTH|ZE 1239 o F& 2 AAEE
ol & Uom, Ana(1996)E =718t ®rlel HRTE WHA7A A 9L
S8k

Table 2-39 23& & 7& cyele durationd 7Ha W Hr71Eth 37|AlZEe]
d 71 A7l e AAFLe] L AL B 4 glon ¥ I w715
o o 7HE 2 Ao AAEELE BUTHANa1996). '
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2-5. A4 Axs AAAA vlAE 9%

9
8
g 7
? podL P
= 6
.
7
EI§ 3 %] End of Denitrification
zZ 2 \‘ Batch Test of Feb. 10, 1994
I NOx-N Water Temp. 14 °C
1 N MLSS=2930 mg/l
0

Ne-
0 50 100 150 200
Reaction Time (min.)

Fig. 2-17 Typical results of the denitrification tests. (Mishima ,1996).

H7) wAdAM el WEy W A4 HFavh THSY A9 WE
o A 5] U (Rensink ,1991) 1o} w3 g3z Qo AAZEY dAE R AT
da=d, Su(l996)9 Osada(l99l) T % &7 gAcA NOs-Nel &3t ol 2]
W&o el g wol 7] @AM e ¢ A7 FelEvin AT

Starkenburg(1993)2 < #uldl VFAZE @& we ¥7] dAA NO3-No°|
z4smE gazge] Qotm Qe WES oAy F @Al AdzHA o W&ol
ogojun, VFAZ £8& ZA%E 23 F&3 9 wE o] FA Yojdr}il
asdt.

Mishima(1996)2] AgollA HW NO3-No] & = 9 FEs BAaskA R,
NOs-No| giojzsia, ole] wZo] dojub &b Fo] 19 =7t th4] F7HstAT

o} AL Kuba(1996)E At ol43dta & gAsix, 2 FA4A 23 Zh-g-o
g1 59} DPBDenitrifying phosphorus removing bacteria)& ol &3l ¢ AA THE
AFE AP 2L ARES Hol: Ut

DPBE= NO:-No| 21g o &2 A4zt 24 A$9 wtazixel d 44 &
Bo]x %, DPBE NO»-Ne| 5-10 mg/l. 450l A& whe Ad F&& wen
gt Kuba, 1996).

L0
£
a
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2-6. Q1 AA WG 71z A% A | A FF

oA Eo] AE FAS WA AL HAHEA Hed, didez A U g
dEFe 1-2 % A=/ ok

Jardin(1996)2 &3 £33 "ol g £2F FAAAE A A W U9
g% ZAEATH, 2 AoE Table 2-4.90 ey o

Plant [ 2 49389l 5 &4 €A E #4359 3, Plant 0+ EBPR(Enhanced
Biological Phosphorus Removal® X388 A WAS-1~4714 SRTE ¥HagAH
AdE v3Y93519 1, WAS-4¥ Plant 1,1 2% EBPRE A3 R}

212 W 919 ¥ 9 Px(mgP/gSS)7F 18-5962.2 Yelydton 2 T A 583
AA FHoz AT Aol €A W <l FF¥o| =AW, Fig 2-9 SRTH
g2 W gl FEFel A (Sy,1996)¢t SRT 109 F9-5 vluws) v £z
geko) 2 % Ax A eyt

oy 2

Table 2-4 Operation conditions of the pilot plants (Jardin,1996)

mode of aperation WAS-0 WAS-1 WAS-2 WAS-3 WAS-4
plant plant plant plant plant plant plant plant plant plant
parameter/plant
I. . 1 5 I I [ il I i
SRT {d] 53 49 53 48 46 44 44 40 102 106

infleent flow {my/h] 26 40 25 4.0 26 4.1 25 40 1.1 1.0

MLSS [g/1] 31 31 28 41 36 43 30 33 39 38
BODs [mg/1} 173 173 197 197 195 195 187 187 299 299
TDS, [mg/1] W@ 78 81 8 72 72 54 54 8 81

Py [mgP/mss] 180 183 181 257 180 576 185 451 596 589

_27_



10 T

[ 326 mg P/L filtered
o~ 8 3 |3% . J
1=X7) i | T particulate (7.6%)
oA : Iz 19% ]
> 6 ’
cx L T
So | B o-PO4 ]
as 4 M ppt/ads. P
,1% poly-P
o
2 ! B org.P
2 .
| BoSigae o (MLSS=4100 mg/L) {
3 I‘YY 3 L oy 1 h

0 A
SBR mixed liquor

Fig. 2-18 Phosphorus fractions of the biomass.
The mixed liquor sample was analyzed on day 191 at the end of period aerobic of
the SBR cycle the MLVSS/MLSS ratio was 0.70 (Comeau,1996)

Comean(1996)% & 2}x W ¢le] ko] dlsted AL QEd, Fig. 2-18¢4 2™
oAl Zo] NEFA ] ol oo B 14 %ol ThF A I 41 BT
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2-7. Activated Sludge Model NO.2d, ASM 2d¢] % HAA 9 QAx

Henze(1999)E B4 &2A FAAAM /718, A2, < AAA

g

e

A Ay 928 &3t Activated Sludge Model NO.2d, ASM 2d& Alqtstich

o] Zdlol ASM 2(Henze, 1995))¢} 7F3 2 zolE Bol:s Z1E <o) A 7o
7)zAe o AWek o)zt ALY AV EAE wo < HH

fol

o

P4 ALY Aol
Table 2-5~7& ASM 2del Yetd Ade Aoz 44

22, Fee QA Folh

R}

8 3E

Rials

A=,

Table 2-5 Stoichiometric matrix for ASM 2d for soluble and particulate components

{Henze,1999)
i Stoichiometric matrix for soluble components

i Process Component Soz Scop SNt Snos Sros SaLk

CXRTESS o, cOD N N P Mole
as>

Heterotrophic organism @ Xp

1 Growth on Scop -0.60 -1.60 -0.07 -0.02 0021

2 Denitrification with Scon -1.60  -0.07 -0.21 002 0036

3 Lysis 0.031 0.01 0.002

Phosphorus accumulating organisms

Xpao

4 Storage of PHA -1 0.40 0.009

5 Aerobic storage of PP -0.20 -1 0.016

6 Anoxic storage of PP -0.07 -1 0021

7 Aercbic growth -0.60 -0.07 -0.02 ~-0.004

8 Anoxic growth -(.07 -0.21 -0.02 0011

9 Lysis of PAO 0.031 0.01 0.002

10 Lysis of PP 1 ~0.016

11 Lysis of PHA 1 -0.016

Nitrifying organisms : Xa

12 Aerobic Growth -18.0 -4.24 417 -0.02 -0.60

13 Lysis 0.031 0.01

_29_
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Table 2-5 Stoichiometric matrix for ASM 2d for soluble and particulate components

{Henze,1999)

i Stoichiometric matrix for Particulate components

j Process Component X1 Xn Xpao Xpp Xptia Xa
express as> COD COoD COD P CcOD cOoD

Heterotrophic organism @ Xy

1 Growth on Scop 1

2 Denitrification with Scop 1

3 Lysis 0.10 -1

Phosphorus accumulating organisms

Xpao

4 Storage of PHA -0.40 1
5 Aercbic storage of PP 1 -0.20
6 Anoxic storage of PP 1 -0.20
7 Aerobic growth 1 -1.60
8 Anoxic growth 1 -1.60
9 Lysis of PAQ 0.10 -1

10 Lysis of PP -1

11 Lysis of PHA -1

Nitrifying organisms @ Xa 1

12 Aerobic Growth 0.10 -1

13 Lysis
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Table 2-6 Process rate equations for ASM2d. (Henze,1999)

j Process Process rate equation pj

Heterotrophic organism : Xu
1 Growth on Scop

o Sw . San __Swx  Sew . Swx .y
HKp+Se  KstScon  KumtSwm  KetSpw  KatSax "

2 Denitrification with Scon

- Ko . Swoy X Scun . Sy . Spo__ | Sa
- TN KU2+SC¥2 KN&):F+SNW KS+SU)D KNH1+SNH4 KP+SI‘(M KALK+SALK
3 Lysis
bH - XH
Phosphorus accumulating organisms ° Xpao
4 Storage of PHA
SCUD . SALK N xl‘l'/‘xv,\u

Qr8s " Ko +Scon  Kak+Sak  Kept XepXpao 00
5 Aerobic storage of PP

Sep Spoy . Saik . XpualXpag Kyax — Xpp/Xypag

W Kp+Se Koot Sme  Kak+Sak  Kena T XewarXeao " Ko+ Kyax— Xop/ Xeao
6 Anoxic storage of PP

o R Sww
: Ser K coit Sxan

7 Aerobic growth

S(L . S\'M ___SIRI_ R SALK . XPHA/XPAO

a0 - -X
Poa0” B +50  KumtSwm  RotSms  FamtSax  Kea T XpuaXpaa 7

8 Anoxic growth

S o

K
P10 S Ko £ S
10 hiti) NOY

9 Lysis of PAO
bpas - Xrao SALJ{/ (KALK +Sak}
10 Lysis of PP
by - Xpr. S/ (Kars + Saix)
11 Lysis of PHA
by - Xoua- Sa/ (Ka +Sa)

Nitrifying organisms : Xa
12 Aerobic Growth

] _%.92— . S‘;HI R SI‘UL . S!\LJS SX
A KtSe  KoutSan  KetSme  Kaw+¥Sax A

13 Lysis

by Xa

<Xy

+ Xrao
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Table 2-7 Difinition and typical values for the kinetic parameters of ASM2d

(Henze,1999)
Temperature 20T Units
Heterotrophic orgamism @ X
1y = Maximum growth rate on substrate 3.00 d”!
Iinos = Reduction factor for denitrification 0.80 -
by = Rate constant for lysis and decay 0.40 d
Koz = Saturation/ inhibition coefficient for oxygen 0.20 g O:m”
Ks = Saturation coefficient for growth on COD 4.00 g COD m™”
Knos = Saturation/ inhibition coefficient for nitrate 0.50 g Nm”’
Knua = Saturation coefficient for ammonium _ "
. 0.05 g Nm"
(nutrient)
Ky = Saturation coefficient for phosphate (nutrient} 0.01 gPm’
] . - . mole HCO;3
Kak = Saturation coefficient for atkalinity (HCOs ) 0.10 -
Phosphorus accumulating organisms - Xrao
g Xera g |
grua = Rate constant for storage of Xeua (base Xpr) 3.00 ong
PAG
g Xrp g !
arr = Rate constant for storage of Xpe 1.50 B
Xpao d
Lpao = Maximum growth rate of PAO 1.00 d"
nnos = Reduction factor for anoxic activity 060 -
beao = Rate for lysis of Xpao 0.20 d’
bee = Rate for lysis of Xpp 0.20 d’
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Table 2-7 Difinition and typical values for the kinetic parameters of ASM2d

{Henze, 1999)
Temperature 20T Units
brua = Rate for lysis of Xpua 0.20 4"
Koz = Saturation/ inhibition coefficient for oxygen 0.20 g O:m”
Knos = Saturation coefficient for nitrate, Swnos 0.50 g Nm”
Knus = Saturation coefficient for ammonium -
. 0.05 g Nm™
(nutrient)
Kps = Saturation coefficient for phosphorus in A
0.20 g Pm”
storage of PP
Kp = Saturation coefficient for phosphate (nutrient) 0.01 g Pm™
Kpp = Saturation coefficient for Poly-phosphate 001 g Xer g 'Xrao
Kmax = Maximum ratio of Xpp/Xeao 034 g Xer g 'Xeao
Kiwp = Inhibition coefficient for PP storage 002 g Xpp g'lXpAO
. .. g Xpua g '
Kpua = Saturation coefficient for PHA 0.01
Xpao
Nitrifying organisms @ Xa
Ba = Maximum growth rate of Xa 1.00 d’
ba = Rate for lysis of Xa 0.15 a’!
Koz = Saturation coefficient for oxygen 0.50 g O:m’
KnH4a = Saturation coefficient for ammonium 4
1.00 g Nm~
(substrate)
. .. .. ) mole HCOx
Kawk = Saturation coefficient for alkalinity (HCO3) 0.50 .
Kp = Saturation coefficient for phosphate (nutrient) 0.01 g Pm?
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Fig. 3-1 Schematic of experiment reactor.
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0 5 10 {i5 20 25 30 35 40 {45 50 55 60(min)
on off Influent
off on Effluent
off on Aeration
Internal

on off
recycle

Fig. 3-2 Operation condition of 1 cycle.

B glg o] Al8@ el Apeke ol Table 3-1o) ueuden £ &
FAHSFE ApLsg = QA4S Table 2-29 Zoot BA vH2 Tgble 3-3%
Figuy
Table 3-1 Membrane Specifications (D A})

Material Polyethylene -
Pore Size 0.4pm
Effective Membrane Anr
m
Hollow Fiber Surface area

Outer 450m

[nner 350
Thickness S0pm
Material ABS

Connector Size

20mm Urnion

Matertal of Parts

Range

Dimension 795mmLx525mmH
Weigh 1.0kg/Module
Operating Differential <40cmHg
pH Range 3~11
Performance . -
{C)Operating Temperature 5T
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Table 3-2 Composition of synthetic food

Item using reagent Concentration
CoD CeH1202 150 ~280 mgCOD/¢
Phosphorus KHoPO4 4 ~5 mgP/¢
Nitrogen NH4CI 35 ~50 mgh/¢
Alkalinity NaHCOs 220 —~280 wmgCalls/ ¢

Table 3-3 Analytical Item and methods (Standard Method 20th,1998)

Item Experimental methods

, Ammonia-selective electrode method
NHy -N . o
using known addition

Ion Chromatography

NO3 -N )
(Dionex co. ltd. DX~-100)
: Ion Chromatograph
NO; -N , Eraphy
(Dionex co. Itd. DX-100)
Ion Chromatograph
PO -P ‘ Erapiy
(Dionex co. Itd. DX-100)
COD Potassium Dichromate Reflux Method
SS Total solid dried at 103~105TC
T-N UV adsorption method
T-P Ascorbic acid method
Alkalinity Potentionmetric titration method
pH Electrode method
DO Electrode method
Mesophilic bacterialcfu/mL) HeE A THA YU H S AR, 1997)
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3-2.

Mo
ra

zd ag
3-2-1. C/N ¥}

#9 4 Ae NPE o 882 2N T, A DO F% 1 mg/L, HRT 104132},
COD 3% wWarAgezs CN 2 C/PE 74 3557 348-579 2 W3AA

COD, TN, TP #A A&

o

Bt}
3-2-2. HRT 93}

C/N = #H# 552 @iz, #H7 DO ¥% 1 mg/L, &34 53t 067 kg
COD-m3-d' HRTE 10474 8xztoz wzAl# COD, TN, TP2 A7
2EE By

3-2-3. 3¢ DO s% W3

C/N B 55 HRTE &Azre 2 a4dA712, 43 DO 5% 1 mg/L - 3 mg/L
2 wgAd 9 COD, CTPe A7l 488 2ot

3-2-4. X7] A ¥

O
2
rLr

_ HRT= 8417 ## DOE 3 mg/LE IHAIFIR, E7|ALE

B 55
= s lZ—l wW COD, TN, TP AA £&& B

BE-302 0 F
3-2-5. COD loading rate 3}
C/N #H# 55 HRTE 8% #H¥ DOE 3 mg/L E7IAZE 30 mine =

mwu, COD loading rate® 067 kg COD-m°-d' - 0720 kg
COD-m?-d's Wsaz o COD, TN, TP AA &% Bk
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3-3. lcycled} 2} AR AR

3-3-1. 71 A R FF AR Bigo 2 2} AR x5 W3

COD loading rate® 067 kg COD-m’-d" HRT:= 87k, TF DOE 3
mg/LE BAAZI lcycle®] E7] AlF R FEF AN WEE Fo] AL
s, 4 =@ gid leyclesl &4 4Ele otdl Fig. 3-3 , Fig. 3-49

2t

a. E£7] AZEE 308, FE S TV [12FFE 18 FoF A7 A%

0 5 10 45 20 25 30 35 40 45 B0 55 60(min)
on off Influent

off on Effluent
off on Aeration

on off Internal

recycle

Fig. 3-3 Operation condition of aeration time 30min and effluent time 18min.

b E71E 258010, F58 7] 10%%E 158 ok Azl As

0 5 10 15 20 25 30 i35 40 45 50 55 60(min)
on off Influent
off on off | Effluent
off on off | Aeration
Internal
on off
recycle

Fig. 3-4 Operation condition of aeration time 25min and effluent time 15min.
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3-3-2. COD loading rate #3lo] & 2} AP} ¥k W3}

HRTE 8A1ZH BT DOS 3 mg/l , E71A7F 30mine® 1AA7Z, COD
loading rate® 067 kg COD-m>*-d"' & 072 kg COD -m?-d' 2 ¥HAA
Ase 2=g3d=d, 24 214 A lcycled] &4 A8l Fig. 3-33 #Zt}

0 5 10 15 20 25 30 35 40 45 50 65 60{min)
on off Influent
off on Effluent
off on Aeration
on off Internal
recycle

Fig. 3-3 Operation condition of aeration time 30min and effluent time 18min.
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3-4. A W A9 FF #F HEA 29

COD loading ratel= 0720 kg COD-m*-d'oin, 7] A1zt 30&, B¢ D
o= 3 mg/ly | A W ] wi HEY AWML ofzfe] +H e
qge SR

0 5 10 15 120 25 130 35 40 45 50 |55 | 60(min)
on off Influent
off on Effluent
off on Aeration
on off Internal
recycle

Fig. 3-5 phosphorus contained in sludge from batch expernments.
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3-5. v W AE wA 23

Chiemchaisri(1992)& 8] pore size?t #7] wW&Eo] wAZolu} virusg WA
ee shx 1 um s He U $349 g vA 298 sPsden,
o gE  AFe wW= B 53 23 AFWH@EAR 19 3 (s
4 (Mesophilic)2l sl 2 Apgstgod, wael 48 o33 2o

Table 3-9 Composition of medium (H& & &4

of

4 Ay (345,197

Tryptone 5.0¢g

Yeast extract 2.0g
Glucose lg
Agar 15g
Distilled Water 1L

[}

o WlAE 121CAA 1587 2y Z7) A §F 7S HEste 35:05TAA
48+2A17F wikete] HA Y e £E AL
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4-1-1. &4 7| Fke] 2, MLSS , Flux, % ¢9

Temperature (C)
[x)
[e)]
4
.
“p

05-04 05-24 06-13 07-03 07-22 08-12 09-01 09-21 10-11 10-31 11-20
Date of measurement (month—-day)

Fig. 4-1 Variation of temperature during operating periods.

|0 2nd reactor O 1st reactor & effluent
8000
b *

__ 7000 RE IR T N R
< 6000 | ‘ee * . \o .
g 5000 f . Oho iy
G 000 % e * o = o & g ©
§ 3000 r e g o a o]
] *
o 2000 | Oof
¥ 1000

0 h—N = : ; —h—hA A A

05-24 06-13 07-03 07-23 08-12 09— 09-21 10-11 10~-31 11-20
Date of measurement (month-day)

Fig. 4-2 Variation of MLSS and Effluent TSS during operating periods.
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suction pressure

035

03 1 * .‘m * * L4

025 | . .

02 | S e *e - ¢ ¢

015 t
0.1

005 |
o . . . . . . .
05-24  06-13  07-03  07-23  08-12  09-01 0921  10-11  10-31

Date of measurement {month-day)

Flux {(m3/m2/d)

Fig. 4-3 Varation of flux during operating periods.

35 [[JfS] cmo o

; . . . . . x . |
05-24 06-13 07-03 07-23 08-12 09-01 09-21 10-11 10-3t

Date of measurement {(month—-day)

Fig. 4-4 Variation of pressure differentia during operating periods.
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SA7|ZEECY 2% WHE 20-32 T2 12 T W9
MLSS ®E& 3000-7000 mg/L2 WHasd=d, @4 4
Az grE o gud7AlE £3A #HE AFA @3
o]l %o SRTE 20-304 2 H#3Arch
0o sl $&49 TSSE 02-06 mg/LE 1 mg/L ol8E HAstuct

=3 Zasg §2 g agse] APL B9, 5y BV 5E2T5 FE
otzio] mo] FAL o £ ot et 1099 F3 HRaE 4F /1T SIS,
0% qtae =x PotEd, ol 9¥ oF =2 & HIIE AlA MLSSFE7F 7000
mg/LoAl A 6000 mg/Loldl® wolx3, #F DO FEE Eol7l A £3F EF
Z7t5)ol w gwe] el BE o] zeolay] W& olth(Yamamoto(1989), Ueda

$ 72 Feb MLSS ¥ %7b 7000 mg/L i, ¥ Fe{irb 028 m3/mz/d
o) oA HZotEeol 35 cmHgE HFow, olhE v EWel FAz ¥l
pasol wel fouling ®Ael Btou, 9 Az "aHA gkou, oAl W

1}
Fr1H g dojFh

o

_45_



4-1-2. A 71F%e F71E L A4 A9 F= W3

$x7)7+ Fokel COD, TN, TP 55 wWaol oid st Fig 4-5~4-100]
LheR 21T

[¢ influent DEffuent

[N
(e
(=

'

3 250 . ’.“’00~ w o ¢
S 200 PN G o A
5 150 *
g *
8 100
(]

50 |
O &
C 9 : . og &° ”%"DIEL@E!?: i o a0

0608 0628 07-18 08-07 08-27 09-16 10-06 10-26 11-15
Date of measurement (month-day)

Fig. 4-5 Variation of COD influent and effluent concentration during operating

periods.

100 P o g 2 »—* " ey
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O
O A 1 L 1 1 i .. )

06-08 (06-28 07-18 0807 08-27  09-16 10-06 10-26 11-15
Date of measurement {month—-day)

Fig. 4-6 Variation of COD removal efficiency during operating periods.

_46-



[# Influent O Effluent
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Fig. 4-7 Variation of TN influent and effluent concentration during operating

TN removal {%)
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Fig. 4-8 Variation of TN removal efficiency during operating periods.
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A [0 Influent OEffluent
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g L . o Ow.s." . "\“’ ¢
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Fig. 4-9 Variation of TP influent and effluent concentration during operating

periods.
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Fig. 4-10 Variation of TP removal efficiency during operating periods.
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o

4-2. 7 S A AdHd g2 AEagg v
4-2-1. C/N ®91std o2 COD, TN, TPs AHA

Table 4-1 COD, TN and TP removal with variation of C/N

COD ™ TP

C/N

Influent | Effluent | Removal | Influent | Effluent | Removal | Influent | Effluent | Removal

{mg/L) | (mg/L) (%) (mg/L) | (mg/L) (%) (mg/L) | (mg/L) (%6}

35 | 14582 339 | 9768 | 41.85 | 949 | 77.32 4.20 367 1262

4.8 | 200.00 | 0.00 100 4209 | 768 | 8083 4.15 3.01 2747

5.7 1232101 2082 | 91.03 | 4083 | 726 | 8218 401 2.13 46.97

C/N 7} ZrzpebE2 TN, TP o A4 Z4& wdes, TN ZAee 229
AbEE]E COD7F Bolald €2 F&e] Frtstg7] W&ol th(Osada,1991: Chui,1996).

TP ZASE A 1w o ¥7 A odge] CODE PHAR AstwHA
ole] WZo] ot o], PHAZ AEuel gol AALFE 4 2 93z 37
ZRoM e 2o 43 #A8x AANRZ COD2 Z7E A8 "7 =AM g ¢
PHAZ} A=A 7] of F-o] tH{(Wang,2002).
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4-2-2. HRT W 3ldl @t & COD, TN, TP9 AA

Table 4-2 COD, TN and TP removal with variation of HRT

COD TN TP
HRT

(hr) | Influent | Efftuen | Removal | Influent | Effluen | Removal | Influent | Effluen | Removal

(mg/L} | {(mg/L) (%a) {mg/L) | (mg/L) (%) {mg/L) | (mg/L) (%)

10 {23210 2082 | 91.03 | 4083 | 7.26 82.18 4.01 213 46.97

8 23762 2877 | 8789 | 46.76 | 8.04 82.81 427 165 61.45

HRT7t #A8F=2 TN AA&S 43 w4 Jehuoy, TP
apol7t AA vrebsdTh

o) Gu(l1996)2 SUAT e s A F2AF1Z, HRT(Hydraulic Retention
Time)& #ZAAAAY, F/ME F7AgezA e AAZgE FgA10HR

B¥eE AAE

st2c}. HRT7F Z7betd &2 58t71 Z718Edl, Nagaoka(2002)2] Adedl ofstd
axnse A0S d AL AALZEE A vewth
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4-2-3. 3 & DO ¥x9 wsld & COD, TN, TPY AA

Table 4-3 COD, TN and TP removal with variation of mean DO concentration

DO COD TN TP
(mg/'L) Influent | Effluent | Removal |Influent| Effluent | Removal |Influent| Effluent | Removal
{mg/L) | (mg/L) (%) (mg/L})}| (mg/L) (%) (mg/L) | (mg/L) (%)
1 23762 28.77 8789 | 46.76 8.04 82.81 427 1.65 61.45
3 23864 7.28 96.65 | 4980 | 12.9% 74.00 4.30 1.70 60.42
Dissolved Oxygen {2nd reactor)
# average DO 1mg/L O average DO 3"rg/Lj
, Aeration time -
5§ 6 a
s 5 o il
= 0
2 4 10 O L0
SE3 o o & "
8 2 u] d Q' *
1 '3 C’““-vv'“vvvvu
3 o Lo S ——" - )
0 10 20 30 40 50 &0
Time {min)

Fig. 4-11 variation of DO concentration.
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#BFE DO FE7H FUhed BAR FE QY g ES] ZEo] HUSA o=
CODAA 7t = A vebsth

e Al 2 wg FelA T Frlel AAEvt gase APFH DO 543
Z7tatEd, 7 DO $5E | mg/lolA 3 mg/LE F7HA71E HE DOEE7Y 1
mg/LY WE #HIZ DO F57F & 2 mg/LelA R, DO =73 mg/l I wWE A3
DO & %7t 6-7 mg/L7hAl &ebihs Figold & 5 vk

olg A S|W, ®717F By ojFe] A 2 wg Ze Al A L g HE Fo
dojubm, FAlY A 2 whexx 44 2P0l Hojop dEd, BESE DO FEI
=7 =9, we BA4A 2 el A RahA HZ gd HEE HojiltHMetcalf
&Eddy,2003).

A 2e f71E FEel dstd F4% 9Y mAdEe] NOs-N w4l DOE
olgated §r1E8L ARdnz w©x g Hojx, HAAL TN AASE oA
e Aol TP AA&LE vlx
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4-2-4. ¥£7] Azt Aisd) ©dE COD, TN, TP AA

Table 4-4 COD, TN and TP removal with variation of aeration time

Aeration COoD TN TP
time
(min) Influent | Effluent | Removal |Influent | Effluent | Removal | Influent | Effluent | Removal
m

{mg/L) | {mg/L) (%) (mg/L}| {mg/L) (%) (mg/L) | (mg/L) (%)

25 238641 728 | 9695 | 4980 | 129 | 74.00 4.30 170 | 60.42

30 22343, 099 89.36 | 4517 | 1296 | 72.86 4.35 1.20 72.50

£7] Alzbel Z7bst®, COD, TNS ¥¥ DO 5% ¥st 49z vxd APz,
72z} CODE 23 ¥, TNE Z3 %2 A7 &8 Heido.

X7 Algro] FelAw Al 2 wgzolM Al 1 WEE2 R ko] oy
Ao P4 Pzl 5E o gAHcH, o e FAVIRLRAM tF cycleR
del 2 @ el s DO Fo 9gs ¥tk
Zrol AlgtAAl sz ¥4 FH&ol o

agM, E7] Aol 2R F47
goldth o]% 22y dsAE £2 Tepd A # Tyl AAF Agetel do
e DO %2 4ol o8 cycles] Tz Pl gFYol HxF dor 2
Aol m@a e Ayl Azel deted §71% ¥ vF 2F o Felok 2
Ao ARAT

a2y TPe A$E A4AEsol 12%Y F7iske HE B & Aduh ol &7
EXERE

7

ol W& 2wwr 7] A 9 43 FEr wenz IIIANLE
=g 474 59 §% @7 TPY 3571 v Jetdg & 5 AATHASM 2d,1999:
Temnink,1996).
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4-2-5. COD loading rate ¥ 3ol @& COD, TN, TP9 AA

Table 4-5 COD, TN and TP removal with variation of COD loading rate
COD
loading

COD TN TP

rate
(kgCOD Influent | Effluent | Removal | Influent| Effluent | Removal |Influent | Effluent | Removal

g,;, ah (mg/L) | (mg/L} (%) | (mg/L)| (mg/L) (%) (mg/L) | (mg/L) (%)
em?-

0.72 {24155| 040 | 99.83 {4951 | 1182 | 76.14 | 466 | 080 82.94

0.67 |223.43| 0.99 9956 | 45.17 | 1226 | 72.86 | 4.35 1.20 72.50

SRT7F ZHags2 e AAgol & Ro2 YEFRTHSU,1996).
Nagacka(2002)= C/N H]|F 52 3AAFD {72 Rte] uwe 2o A
eg rlastaed, f71E ¥ 08 g TOC /L/d o wel BA A 2&2 80

% AEATL KB R 03 g TOC /LAY el 24 AR e FF 60 %2
S e
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4-3. lcycle2l 2t A8 A%

4-3-1. £7) At 2 §2 AL 970 mg 4 Q89 vE Ag

J ¢ Aeration 25min & Aeration 30min|
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Fig 4-12 Variation of NI4-N concentration according to aeration time change

(1st reactor).

A [TAeration 25min O Aeration 30min E
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35
3t s D ® |

NH4-N conc. (ma/L)
[he)
.
.

Time {(min)

Fig. 4-13 Variation of NHs-N concentration according to aeration time change
(2nd reactor).

_55_



[0 Aeration 25min O Aeration 30min

12

=

o 10 |

E 5t

g 67

(@)

o 4t

< o2

m L ] * * | [ ]
3 & ] n + ® v * )
< 9 10 20 30 40 50 60

Time (min)

Fig. 4-14 Variation of NOs-N concentration according to aeration time change

(1st reactor).

(0 Aeration 25min O Aeration 30min

13
%12— o a u}
11
e
LN o ?o ¢ o ¢
o 8F . (] *
u]
z 7| .
g of G
25 i "
0 10 20 30 40 50 60

Time {(min)

Fig. 4-15 Variation of NO3-N concentration according to aeration time change
(2nd reactor).
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Fig. 4-16 Variation of POs~P concentration according to aeration time change

(1st reactor).
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Fig. 4-17 Variation of POs~P concentration according to aeration time change

(2nd reactor).
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NHe-Nol 29 2 1 wheZoAe Aasrt dojA] geng NHe-Ne|
e Wa go) A JUehded, A 2 wE ZolAdE ¥ Er] A HAS
oojuim X7] A|7he) & A% ¢lol  E7] AlZtol 25min # 30mind W A 2
wreze] NHo-Ne F= & 923 33 2wy

NO-Nel A2s al 1 wgxoaEs x7] Azte] @Al vz AFo
Holon} A 2 9 FoAi= E7] Alge] o] W NOy-Nef F=7F oz xdoh

ol3= 7] Az7te] ZelA A$ DO ¥ F7letd thd cycledl Het AA H3L
Bl E 7] AlZbel el AAlAel BxA Fzro] FojEo 2L {718 Fate] A wd
A 7ol Zrasdy] B 22 g £33 NOs;-Neoj Fob A foh

PO~P Wale] gloldiE, E7] Agte] HojAFE 19 FA o] @opAn, uatA
A 18ke zolMel ol wEerE B Jebwen] Al 2 wkgzolA <l FAHol ®o}
7] A7 30ming we] PO.,-PY BE7F o wA GERsTh

ooy
(o]
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1 cycle?] &4 =& :
ok W Ekgo]l Eud @yl ate]l HH,
Fzho) sjdeizl ulET] A el FAba Fhe] flnh
AA leycle 1A ZFAA el AAAQY 3
Table 4-6 x4 Zo] vietvtet

Table 4-6 Actual time of anoxic. anaerchic and aerobic time with variation of

aeration time

. Anoxic Anaerobic Aerobic
A?eratlon
time Time |Fraction| Time |Fraction{ Time |Fraction
(min) (%) (min) (%) {(min) (%)
25min 33 55 12.2 20.3 14.8 24.7
30min 30 50 12.2 20.3 17.8 29.7

Table 4-691A E@, A& &7 Aztap &) Az ¥lg Adn Tebe] B,
E7] Alzbe] 258 @ wli &7 Alzh 7] Ajztol 1@ 121 olA%h 30¥ Y we
7] Ak &7l AlZEol 10 1.460iH

Chang(1996)2] Asol A= Z719 @7)e] HRTHIZF 11 234 Wl $£& o AAES
o] &4 gl9louv] Ana(1996)= H7isk 719 w7 7 0 15 ¥ 9 bF w9
AAEZES B

_59_
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Fig. 4-18 Variation of NHs-N concentration according to COD loading rate change

(Ist reactor).

* 0.72kg/m3/d 0 0.67kg/m3/d

5
= *
2ol
- ¢ O *
3T
S *
S 2r .
Tt + 0 a
I
Z O Q ] A 1 1 ’ ' Y .
0 10 20 30 40 50 60
Time (min)

Fig. 4-19 Variation of NHs-N concentration according to COD loading rate change
(2nd reactor),
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Fig. 4-20 Variation of NOs-N concentration according to COD loading rate change
{1st reactor).
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Fig. 4-21 Variation of NO3-N concentration according to COD loading rate change
(2nd reactor).
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Fig. 4-22 Variation of POs-P concentration according to COD loading rate change

(1st reactor).
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Fig. 4-23 Variation of PO3-N concentration according to COD loading rate change
(2nd reactor).
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Fig. 4-24 Variation of mgXpp/gVss from batch experiment.
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Fig. 4-25 Variation of mgXpp/gVss and dissolved phosphorus from batch experiment
(1st reactor).
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Fig. 4-26 Variation of mgXpp/gVss and dissolved phosphorus  from batch experiment
(2nd reactor).
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4-5.  71F9 2 &t MBR A4 #9 #7182 2 A4, 99 AA & vz

Table 4-7 COD, TN and TP removal between other 2 & MBRs and this

experiment

Experimental G.T.seo Z Ujang
data (2000) (2002)
C/N 49 7.6 27.7
Cc/p 518 57.8 60.2
Influent 41 o3
(mg/L) 6 3.0 674.0
) Effluent
COD (mg/L) 40 96 16.0
Hemoval 98.3 %6 97.6
(%) ' ' '
Influent
(mg/L) 495 37.2 243
Effluent 3 0.9
TN (mg/L) 118 1) .
Removal
(%) 76.1 90.6 96.3
Influent 7 49 112
(mg/L) 4 ' '
Effluent
TP (mg/L) 08 20 2.6
Removal
826 55.2 771
(%)

>
ok
=
Al
X

Table 4-79A4 B3 #7189 AAEL & 2 @ MBR
el o TN Al e o8 A6 v w3 A gt

Osada(1991)= C/N7F 2252 249 AAL] o s, 8 d7d4
& FAd ulsh C/NHZE wol TN AAgol 94 W& Aoz Algdnk &3¢
TPel #HAd Yoid 2 FA wims] 2 o C/P7F WFol: AAE2 e,
ol Icyclegl 219 ATl B AYS 2 o A9 wEI Ao] HFH o] U3
goli} & AL B RoF Al dTh

ol

R
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Fig. 4-27 Mesophilic bacteria colony forming unit per mL in reactor and effluent.
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Fig. 5-2 Comparison between simulated and observed NHs-N concentration
{(1st reactor).
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Fig. 5-3 Comparison between simulated and observed NH4-N concentration
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Fig. 5-4 Comparison between simulated and observed NO3-N concentration
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Fig. 5-7 Comparison between simulated and observed POs-N concentration
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Table 5-1 Calculation of growth rate from results of Modeling

Growth, phosphorus release and phosphorus uptake rate

Condition
Bu (1/d) | Bawm (1/d) | Heao (1/d) | apua (1/d) | qee (1/d)
Aeration 2bmin
COD loading rate 6.00 1.500 0.230 1.175 0.344
0.67kg/m'/d
Aeration 30min
COD loading rate 6.605 1.998 1.200 3.444 17797
0.72kg/m'/d
Aeration 30min
COD loading rate 6.00 1.499 0.380 1.198 0.569
0.67kg/m'/d
2ddozREl A5 oAE FA £2F BHU 37 Aol T, grua, ave
s oAe B & Yok o)k By Aol E7kshE 9 FHol g& At 19E
M o) MEE HoldA el £E F FEib BobAS 2
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