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Advanced Sewage Treatment
by Continuous Inflow SBR with Media

Yoon-5ik Cho

Department of Environmental Engineering, Graduate School,

FPukyong National University

Abstract

SBR(Sequencing batch Reactor) process has many merits in a wastewater
treatment process such as the effective removal of the organics and nutrients, the
smaller ground, the easier maintenance and operation. And nowadays the modified
SBR is on a increasing trends for the development of autcmalic control system.

This study was conducted to improve the efficiency of removal rate of TN and
TP in adding anoxic reactor to basic SBR process. This reactor consists of 2
reactors, anoxic reactor and basic SBR. influent water and return sludge were
flowed in anoxic reactor. It takes 4 hours in a cycle.

This study was conducted with various conditions such as reactor 2 initial
condition c¢hange., scttle condition change, media packed rate change, elc. The
average influent concentration of COD¢,, TN, TP were 250mg/L, 45mg/L, 4.5mg/L.

The removal efficiency CODcr was above 90%, in all case. I'N, TP were removed
80% and 82% in condition of media packed rate 20%.

And we constructed remote monitoring system on this reactor as a part of

automatic control system.
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SBR(Sequencing Batch Reactor) #92 874 woxs 8oz 43 4 e
WAk Zlega v Hlintermittent) BH5 3 £ %'ﬁ'“ﬂ%(ﬁll and draw) 9-&Z2l0 2
o ginh ool mad el wbg el AR 7F s A ahe] gkt Bgrelo) A, A
A o, sl wE BAe SdE el AEeR Aejshs el

g5 FHE 20471 = Aol AEEe dA A AARen SR 2 g
A Mejof sbd de] Bgso] AE T ASAY shr el 3 e, 2o g4 &
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HEAAA, ORPAMEEAA AN 2 494 59 Process monitoring®] 823 743 0]
Al 21214l o] 8 Sensorz} AiEsle], AulH oz Aghxv)e] 20 SBRe| &4 4
Hol Ald=Aa AA 9 AAeE F48d adx FE500d.

SBRS #HX#as 29 54 4238 A7y, 4dg dAd, A9l v ge ¢
AzAE7 Bo 2713 3 dgeRe AEd 5% F1H R Aolatbe Held, 3
Lol SBR ol wigpAQl WA= 7 E PL(ﬂﬂ MMI SYSTEME o] &% PC Ao} A
= WEg 5 ok o2 et Tl AF xR AT Ael & B HAd@ & i
= = 1y

ol FHEEkA Helc vle]a R ER A A, control system, PLC, SCADA system, A%
N9 A gA Se A8 20 AeAce, 4AR% 4§l oA SBR gold

= ob g BEEO ©d A4 WA Decanter) 59 71440l BAl9) WAL A2

daek Ao A AA A"e AN, 'BEA vl R A, A A §9 o9

7FA SBRE AdG Aws w4 Vs BEE 852 27 SBRe dF el o
ol FAoltt. KIDEA, PSBR, BioGest, OMNIFLO, CBT, Oxi-Sequencer, AquaSBR,

AquaMSBR, CASS, ICEAS, CAST, Fluidyne 5% SBR2 FILL, REACT, SETTLE,
DRAW, IDLES] 712 ZA o] @32 w2 Auicle FAE 718t 712 & EAES 7}
A ek,
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(1) gEsky 2z 34y
Winogradsky(1891)¢] 313 A¥e]A]  ¢tEUel2  olgald FAase  dusie

Nitrosomonas?h oty AaE il 447 ADS= Nigobacter’t HelH9

rur‘

mﬂ

Painter(1970)8] 7% Nitrosococcus, Niyrospira. Nitrosocyeits, Nitrosoglea 59 2

HobE algtste oluXE i Mgz olAMy Ais Als)s- Nitrosomonas®}

Nirobacters] 218 R HTh Painter(1970) op24A A9} 244 Hag At gk

ST TEE 2o $5dYR AR S 9 Eviard Schmidi(1959)¢] ATl o gw o
TE

ol
ORRE 1000557 - FEABIRE HAY T slor, ol T A wag bin g

[

‘ochtﬁ} Chang(1975)% ?i‘oé%k*é—‘l] AL bacteria, fungl, actinomycotess 2] of
HEFe mAEe] e dHES da Aadstd o Eadery gars) ol &
WERY I0WA R A7) gl FEgda e R Aaslgo Awa glFojth. 4
GUAE ek AN AABA A alkalinityr} pHel © 98e w-th Bock
(1988) & #7718 7142 acetate, pyruvate, glucerined o] & 5o Nitrobacter?) "éZJ
HE Bag b ded o)5e 571/87) zZANA ofhAMd A7) Nitrobacter?) 474

Aeteick wR o seAele] o4 ol e o Be A7 € e,

>~
o off o

o

7h ESH A Akete] e

1) AlE

Nitrosomonas, <& &9 europaea, N. oligocarbogenes’t tR1UolE hydroxil-
amine(NH:OH)E A4 obzE g (nitrite) 0.2 28pA e} ohe 250 gmue} Algom=

Nitrosospira, Nitrosococcus, Nitrosolobus?t 2 tHFocht and Verstrate, 1977),

v} Akshel g

GEUolb Ak Ar2 AE 9 0o oyx] AYe e Aoe HA]ect
Nitrosomonas 2NHs" + 302 — 2NO, + 4H™ + 2.0 (2.1)
Nitrobacter 2NGe” + Oy — 2NOy (2.2)



Yot sbstel Hl® HFEAG U WMEL olmuoel | molW 66 84 kealo]w} o}
Ak AR 175 keal® Z9Hol Xk (Painter, 1970). Nitrosomonase: Nigro-

bacter &= ol WGl gl olUXE AN FA0) oSk o X 4

of W ol A9 vldlahdy oldae g Aoy AaAl7 s AT dRuel 2 o)A
Thes Absk A7) Ao o we AlMErs g Azt TaAEcl oux] koo a(2)
A b

Total reaction : NH + 20, — NO; + 2H' + H.0 (2.3)

shel AelM, ghmujebe] ghdgl MEE 98 aTHE 2ATE 457 g/ N oxidized
9 ANE HE 343 g/gd A A2 A8 1.14 ggol 7z AR
ol wloh oldstgaet 48 AEFor DY Boja = Aol 9 Ase o
stel SiA7bAl mejeld gsT Abad G 457 g/eg-NRU HY. Wezernak it
Gannon(1967) Aal 2l FA4k4 4vli: ofwol 232 sl Al L5E 392 g/g- N3}
chdibd hekE 8 AMEEE L1 g/g- NS ¥ 4.33 g/g Nolgltbs A ey
vl EPACIA] 38 Nitrogen Control Mannual(1975)9) o}z 41 dtan aglez = Al
of drgstil 4.2 g/g-Neol Ak g-pEke uebdvh o] A& 015 gVsS/g NI -N
oxidized?} 0.02 gVSS/gNO, -N oxidized 2 AE QA 52 Abgato] A9 AT

T
O]IL o] = o]-/n)\

NH o+ 1,830z + 1.98HCO, —
0.21CsH-0:N + 0.98N0y + 10410 + 1.88HCOy (2.4)

A Qe GEoprt AdshE s Foh B 9] alkalinityZb 4R E = AL RaZch o
? mgNH,"-Ne] babd of o} 7.14 mg/Lias CaCOx) alkalinity7} 22 8= Aoz og
Ao ZAegre] FdFd gryel wE7F 25 mg/lold, WF AEdcd pEg
alkalinity £ 80 mg/L(as CaCOnZ FA38H7] Y&lA= 260 me/L9 alkalinity7} 2 @ &fc},

o,

o) AEshd 248 kinetics

dabst ARl AANRe A4 SRTE A A Erlx F4L 4gsts Aol
AT TAxd] &5 §244a, pH 58 FdUAstel vk 4A SRTE Monode] 414
woh A dRMor REE £4% ¢ A o ATE Fetel e ey ndy
AAACIA HE ER Poduska(1973)2 G249 gmyol 522 dA% T 5
IBh2 fxakz] g bdAe s Adee/EFsne Ataid
SRTa = S#x(SRT) (2.5)
Vo= [YoulSe=8) + Xi + You(New) JQ(SRT /X (2.6)
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N (2608 SRI7F ¥AZ S48 Baleks o) 1] AaEel anele wezu )
culg MLSSS) s 299U olaolr], Seixe) Py
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CHMetealf and Eddy, 1991), BODY 9 SS® 58 I &

gl

i ek A Ao of gko- b
= oo e oy Fa

} } SRT = 7\1)].§1_ [J}JJ.;O] UF z.;\] )\1’_04 ‘ﬂ_’"_._;r ﬁ}]f}% Fy O][_}v

T A

. -1
SRT =~ "k ) (2.7)

ARG AR EEAES WAL S ueleha B Fad QAE AT AL A

A9k WAEF ASE AAR0T AZS] ol2l 922 L0 7 Monodsel 44E b

(“"max}N
by = — (2.8)
K, + N
vhgE e otk Aae) X E A fAHol @ A A @I 2.8 b
AR wopAa Adidew SRTE AojxA dol ARSE Aan 9A A
!

Nitrobactero] ¢ Nitrosomonas®] €18 W2vjo} AE& 2 77

t)
wpol obaate] wEE grmuols] sizo) el ok

vh ABESH A Faksbel u) AL ol gk
1) pH
ST pHob A EAE pIAES olde A F4&S S8 5 9 tKStankewich, 1972:
Haug and McCarty, 1972). Hall{1974)2 pH 7.079.49 Ho|r]= gds 2alss o
olubin, 8.3clatol e A8 datsisl dohda) 2 Rusddol pH 7.20]58 96 A
oAl gl oE ga g o] EPAcl o)l Alstelch
Hoph = (7o) [1-0.833797] (2.9)

University of capetown(1984)°)4] Asta 2l g3 7o}
UmpH = (HIL.T.Z)(Z.SS)']H-?E (2}.0)

oAolA pH 6.541419 FHakehg e pH 7.29] 4209 55%% A dTh pH 6.5 4 ¢
Nitrobacter® A 35 b 60%A Eoi g (Blum,  1991). #H w9 oM E 3
HA o v AES ?OM 20T, pH 6.99Y A% A4a&E pH 7.0001419 84%

o] -3t
Al Ao2 BusdtiAntoniou , 1990). 15CelA 9 pH 6.89 A413&& pH 7.82)

“;



H20e9) 2ok s o] v 2melais pHel dFke] 2 Ao Wi axE va
e glellA A EE dEuy pHY AFES W owig

A

Downing(1964)+% &-&2 4 0.3 mg/L ol 4o 52 Had g7 0F darsly) Qo)
webd o ak9lon] Schoberl® Engel(1964)2] A# oA = 1.0 mg/Lolarel ioj s
Nitrosomonas®| 918 ofdikghel] gako] U2l 2.0 mg/lLol el FXdAls Nirobacter
o dibsbol odabs A eketth EF 1.0 mg/Lel DOFES 25C T35T e 3 abs o) 4]
Nirobacter winogrdski®l FA1&¢ g 5P o] Fof Hr} 1.0 mg/LY ¥ ¥o)As 20,
237, 29, 35T Y X3rx FTAEY 79, 80, 70, 58% AR g vehgld.

GdselAs o] 8% HddME DOZF 1.0 mg/Loldold Aatslge] olufg Wy orm
Ao el Downing ef al. 19641 Wild ef af, 1971). Whurman(1963)2) ol A
T DOTEZE 40904 7.0 mg/leR We o dasige Wsoh oy, 1.0 me/LolAM
ZoolErh 52 90% A4 =9 WAiEES BT Negeld Haworth(1969):= DO%E7 1.0
mg/LelA 3.0 mg/Le@ FolAm As gL Tl 2rEs Ao wuaych
DO 43E Jehdl=de 9B Yolsng DOE %S @428 double Monod kinetics
sol dubyow o] &y 3 9}

(R IN DO
My = e e (2.11)
Kit N Kot DO

C) RE

EREREE)

o
= o
k-
)
2

".f.c"i'
o,
Jo
)
ot
£
i
L
2

%}\é =2 =

2o W& Ausle] £E: 2x7) 21E4E wez)s Age durdoz geun
e AFase] 2k 9 p,,..,F HAE] HEe 49e st e dasn
Ao wdAe oz ZEar|, pH, #5449 5 Solth Downing S(1964)0] 9

ul
A dE gEe HY=AA dejR &F v RS o|&Ele] &AL ahSolg nl=:
EPAQl Nitrogen Control manual(1975)141% 20T 81218 03705 d'9] Helg
Aerata 9k
el g gel Wl ASE QuEel EAodore o) waa Aanu e
oz @A 9tk Knowles 5{1965)2 2mol K,o #4248 ch2i o] Aotan
o,

L

a2

Kn - lo 0.051T-1.148 (2‘12)



ol A% ol 83k) 10T, 15, 20T el el K, 0.23, 041, 0.74 mg/L2t waspgich

=) gAbslzkg-o] s

obHAkE kg rE A bRyolE i 017 1.0 meg/LollA] Wl E gon ofnujel s
AR ol w1 57 20,0 mg/LelAl Al E el e plel Al gy ofe] olmard o @ o)
thebi obdakelo]l Watdo 2o Abstro o @o] wals W=y

o) COD/TNH]

starell Qdeix ¢Eluete) A9e §f7)=el vl& TNYE7F vl@A %o} COD/TNEE
A st gle] Ha AA S0l e)=e) Ak Ays] @oh BODS/TKNH| o] 27 dto)
apeh dibsh Ald 2 @, @Ak 2k g Batr Ao o ulge 50 2
HowbAlEe diba 2l = 39 d 2o (Metcalf and Eddy, 1991),

Ot
R

AEedq due) A § ool BEE sbxud], Sab AEgAe 93 3a4g o
wuol ghgdhs Zoln DO #Elo] dolur] Al&7lS5d AR Uolrt Eajal) o

2
& U Woludsh welol ol3he B2) A A Beel YOM. NO - NOS ~ NO
N0 o NS EAE dET SRR e avh gl G204 20004 A G%
ﬁ%-%ﬂﬂﬂ%ﬂﬂﬂ-ﬂ&ﬂQ.1&4,%%ﬁ¢ﬂ*%43‘§%wir%ﬂﬂOP}ﬂ%ﬂ

= AREEAs AUAAPT) Aol B& 2B olgdtA Hus gAvZo] A A3

FEE 1800 BgolA Aol whAyre Ae AWaE] 98 A Ty Azt
Aok 197610 Meusel B3} 4504 dalo] 7hA4sts &‘*% vl s w3
skl e, 1882de) Gayon® Dupeits "2 xA0)A 747} = ]
s gdoldts WE 27 AR gdd ddds mgge ‘5%% Zo|
algaet BA%F0] Gtk &AL Fagokoly Egdolol nd o) oa) do] B 2 g} =
gk wAB RS Achromobacter, Acinetobacter, Agro-  bacterium, Alfcaligenes,
Arthrobacter,  Bacillus, Chromobacterium, Coryne—  bacterium, Flavobacterium,
Hypobacterium, Rhodopseudomonas, Spiriflum, Vibrio 0] 9ou, o]g & iy eo
G wohd) AE o8¢ 5 Qov), A4 tart 9 A5 LES 9o 4 g
thoSHoelgRe wadesn §708s o olusuhig ey
Faracoceus deniirifier®t Thiobacillus de— nitrificanse 22t 4490 4828 A3

L.
Az olgdTh f7] wadel EAFTA o5 FL FH AYAon wE £ gl

o
e



flyphomicrobium& S013 79} Hajsalow =
vHE 2 prosthesisE® Wol doldlt}, o] 58 BrAY o B wal Zuhab %_L:%S ]35}"}

v k=g nkg

vk el el #wolsls qlabe dbatd s anaAved oo o) o =2
goluh. Ws-a Hrpeh vlgE FAAE} s :
el S S 4R AlEEHE Bde] Abg-gd f3s ohg i Zo] vehygl

v},

SCH3OIL + BNOs — 3Ny + 5C0O; + 7HL,0 + 60H (2.13)
5CH:COCH + 8NO: — 4Nz + 10C0O. + 6H.0 + 80H (2.14)
5CHy + 8NO2 — 4Ny + 5C0; + 6H0 + BOH (2.15)
CigHisOaN + 1ONOs™ — 5Ny + 10C0: + 3H.0 +NHs+ 100H" (2.16)

o] 4o Fagdo FANYoln, e megol A4 i%iﬂ #dd W 3.57 mg/LY
alkalinity7} 44 €tk BOD/NOs-N¢| Hl & 4.00|9, gk

m}o
ru‘}
i)
)
oX
o
e
off
i)
B
2
=)
R

REAYe R A Haich A AAZ A6 4@ vgb2 o] 9 7eke vpg o
v}
M o= 247(No) + 1.53Ni + 0.87D0O, (217
9 A& ol 48t AE CODRTHLE 3.710]7 Stensel $(1973)& 2@l 2o) 4 3459
o3 ]

lorf, o4& SRTO F&S ¥ Aow vehygrh SRTZ dolxw & AlE A
ey A A4z ddelr] Y8t ged cope 4x 4@l COD/N
Ll CODE AXEFAG olulA] Asbel AbgHlcts 7Fdse] ohg Ao oah 3+

COD = CODsy + CODg (2.18)
CODg = 2.86Ng (2.19)
CODy, = 1.42m (2.20)

= 44T Yoo} CODS F& VSSAAteko|n

m = YnCOD (2.21)

Yn& AT WA EFA S SRTe] dheroloh



Ygp = — (2,22)
1+ K4SRT

H(213)3 4 (2208 Freby
COD = 1.42(Yn)COD + 2.86Ng (2.23)
COD/NOR oA A4S ot dhal-ghd dhgo) A1 8@ CODe} AfEF A0 Al25 COD

E3
de MET S Ao VsSel 10%2) davh gRdel daw Fhgshd coD/NelE thew
2

COD/(Neg+ Ngy) (2.24)
COD/(Ng+0.10YnCOD) (2.25)

COD/N
COD/N

11

2 (2.23)9] Neg A (2.25) elats @ao] Bag COD/NEE 24 4= ik

COD 2.86
= — (2.26)
N -1.134Yn

W AEEE gl slA s 933

1) p

"*7“0] A E = 2 alkalinitys 4= pH7F AA3) Se1717) ok A4s ojale
g darskgel Wig pHe gae He ziom woln HA plis 7038 5oluh pil
6,05k 8.00l M2l HaEL pH 7.0942 50% 4welvh pHE 7.00014 4.0, 8.0°14 9.52
MAAE of valH o7 HAEL Fhasta Ao DAl pHEzTIA NOA 2
A7hAZ0 Aslo] AHE Aoz Lm%c}.

=) DO
Ak A elel A DOZE 0.2 mg/Lol 4y W Pseudomonas?l €4 A8 (Skerman
et al 1957). A% ”‘1 gAolA DO¥ AT A2 DO%FRE7F A4 288l D
FeE HWEHA Gerhe Aotk DO 09 AEul ks =76 o &
A4 DOFE, %"1194 27| A TESC AF3E T By dmye 9]

#5-dt} 4-channel 2FETFollA: 03708 mg/l, FAHSYATRYAE 0.

1c

D]A

Q

Ox=
1o
U

Hr

- B

_,
o
T

-

as
e

-

2
ol

===

o
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batch testel 4= 0.370.5 mg/LA =8 DOxX R4 wado] Baygict DO g4
Ak gk opfel el gel s deEs 30 DOFEIF 0.2 me/lLY W @EEo 0Y
o oF wNbgizeln) sl ofuk glol M wiailaiolct 2.0 me/L7A B E /Ir -2}z

CPEEST 10%A S Wzt Batchelor (1982)7 DOZF A8 2 ox8 - #2 71.0}5}33

=

Multiple Monod Kinetic Model2 o889 51, IAWPRCoA 5 Trak 4 2 H o 4

T A7 g9 mdeM L o]l& ol g5ttt Batchelor(1982) HEAT K2

0.25 mg/L= TAWPRCoI A &= 0.10 mg/lL% gkt

S K, NO
Ran =t (Epnd(Xn) X x X (2.41)
K+ S Ko + O NO, + NO
FEEE daAA gy dFEe AES 3rixdy Fabzdor Wikol vz
ol AA e dolM b Fod AL ddviyEe 44 #9ase ngAste} u
A gtol dasgh Alzkelu} oo W3t AsE M 9l Holth Nelson® Knowles(1978)
U Azospiriium©] A4AAE 9

Payne(1981)% Rayne(1969)2 &7
SEERAE R ow 40%el dasiits Wl 25 7

os A er, yika 2R 571850 58 sta ot dew LH:MD} £
AE2T *&M}EJ‘H Take Zdel gy olfelk ngo J15E of AL sAa gk

NO= DOY 93 ol Ao sorgEo)

o) 47182

45 Awe FAS 2L TR A AAFANE FHop drh AABolA=

\_

CoeE A olgE 4 dlmd B, T4k g 2 SrauE, v dus

G5 AEAGE V) B Fehy S9A] Seo] o Adssh= 47}#0411]# 2
oA dEg]l BUS Uorlt FE wagol 9H o 60% dTe e

Exs

-

biogast BAY U BAUOR ol2d § ’D} HEE ol g4l Eo] vEtge A4
A W] wge] st whaglo] olgd Sk Aol e Py dud g

{(Harremoes and Christensen, 1971).
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212 Aewd gl A4
() A=aka gl AlA e A
ol ol E = ApEfell poly-B-hydroxybutyrate(PHB)9l e &5 &7« oo
keehyl PHBY 9i4bE o) orthophosphate® A #aby] g oy Aoz A9k 34
cEtAe]l AEd Q1 15720%=A Skl o3 o AA8e wAE5e A9 107 30%
of Bapatoh reivd, b EE dlge Prlada 5712002 foad 9le mo) M=
abe= wAlFo] HHEo g2

& o AHS Sk olg ANE SeAd 2 dhue
] ‘

ZA 7, A EAGA = )
- 37 8%7}%] OI u:]' :ﬂ Aﬂ?—}
Ll

5 90% ol A D& ook @40 o ol BA Aol WBEA ) 2 7|9
st ¢lubs AL 2z $3 AL Levingt Shapiro(1965)e) 9#flAdcl., Fuhs?l Chen

(1975}% Acinetobacte 7} %L 2A] acetate 2 T AWk Hshart chain fatty acids,
SCFAs)o]l &g, AEWz 908 FYguszsts vgsge gt Osborng
Nicholls(1978)& Acinetobacter 7t A2 o oo ES A zulir A3sla #HAd
Qe s olv A o2 ALg#iA phosphated a4 0% wEsksd Barnardel) @)
AtEl nitrateZl gl @714 @A Agsga shach

{2y b A7 wel

Comeau 5(1986)% Acinctobacterdl &3r AZ a3 ¢lajAe] ofst %—ﬂ"‘“ﬂ 45 4
=5 ARSI e #r "3 ol E M #Hg poly-Po 7hEel Zat gAg oy
AE Fudel £9% acelatesd H+ 3} €4 qEZvre Z3ale] acetateT acetyl-CoAR
A= deg vepkoh o #FoA |48 Aol FHol2d ortho-Prt WEHW,
acetyl-CoAs TCA cycleof~] A ™ NADHE w39} A4 4789 PHRBZ #Hag
vhoelal mo1 2o Adbd PHBO bR okAlal 2EES ZhA da, olga 7
TEol & Foodo]lQl w&ol2H ortho-Pe AEU A3 poly-PE o) 7158
ok Adelth 1 % Comeau EE2 Wentzel®t Minodl| 9& 4% B89t Wentzel
FA(1992)2 ATP/ADPH] 2} NADII/NADHIZ} poly-P2l PHBE| StAap BEa= Z A&
Aapegae] Ao 1@ HrZF7ielA NADH/NADHI S &bzl 2babA o12ha) wheo
GiAStd ATP/ADPHIY g2 8 Zgddn sigid, 27124094 PHBY #3: 49

AqUYAE 3FaL, 1 AF F7hE ATP/ADPRIE poly-P @A ol&Ht}

Mino 2 2(1987)2 7] AdeolN glycogen® 319 acetate’} PHBE AALwiA o
S WEsbY, olwl 2 mole] acetate=2HE 1 mole] glo] WEslA Hu), F&5ee 5714
Fefel M 1S Wentzel?] oAt vlah R PHRERE w5350 thA] A4y of
ofgh A& ohZ B WAl fH S AT ¢ e Hol dErh Ming RYL
Acinetobacter7t EMP 425 714 4= fivpe Apidol 714 AeEiolA EMP

=S ai
ARZE 2ast S Raegel sirk mepA, oled Zeg 5237 48l EMP 427}

i



obul Enter-Doudorff(ED) 425 Aok s1aste) dag Mine 290] Mino®t Arun
(158920 o s Aoz 9!

drlet deol 9 Ao R alA e ghald ol o] A PuH 3o ofe 7}/‘f o] &
ol thdsfol ol HAoleh, Acinetobacterst £33 91ghS a3, @714 Abelo]A] & ]—%
o) PHBR 243 poly-P7} ortho-P2 d#tslo] dhgsul, 455 5740 4ol
Ay frrlEe) A@ege) ey A 9le ool AdFstis FE s QA
(3) W&EatA 2l A A vl A= ofo)at

A=a l AANE pH, &%, fv1de] B, SRTS waldde #2 So] odae
AT g del A FHaked E35 redox potential S E7HAIZ) AL, 87| stressE 7 Al
7l ]l e Adlele Aoz 2 ok drjzAY 1 go AAAL 2 A A Yz

F71EE 5gAE FAATE Ao deid A Randall er 24, 1992). Wentzel 5 (1986)
7 Comeau 5-(1986)2 E7jzd oz §9% #ibdo) HE A5+ EHZ rsho] wgnk
<& Agel7] witel acetate® & VFA Bdo] 842 wesivln st}

Levin#h Shapiro(1965)2 £ 3¢l o) WE3 4#HE 9§ pHi: 77 80l2tn sgon,
Tracy®} Flammino(1987)% & 7] 2710lA] ¢l M=o e n|die] g pH 8.5 7 7.09
AoAe AEgs W gretn WwnEkgTh Groenetijn® Deinemat1992)2] £2-njoF A9
A3 opll 7578004 G ol AA} o) FolH o Acinetobacter?] 3

< pH 7.090 M Bt pH 8,504 42945 AFsstvia st

o
ol vl

oleldt ARE FR & ul, A Q1 AAZ Y A pHE 77802l AL o
T Ok Aedd dYY AATAL Ao B4 aA d%e Fou(Fkama et af,
19831 Siebritz er al, 1983: Ekama and Marais, 1984), AE3d 23 7153 47129
a7 deAolth, Ekama9h Marais (1983)2 1 mg/L.9] ¢lo] #4514 50~ 59 mg/L
o COD7F AnlEeka 3192w, Randall (1992)%¢ 50 mg/L9) COD7} An| =i B
Sttt @rlalola] ol fE fr1BY FHo w AL A < A mlo] A
6. Abu-Ghararah®t Randall(1991)2 AE&2 9 Ao acetater} 744 aBHolgtn
Hadhglers, Tam $(1994)2 SBR A2¥elA sodium acetate® methanol 9 glucose
7t AA wAE Age 2A A sodium acetater} 7F = e 9 AAEL e
AL ERS oY, Potgieterst Evans(1993)% acetate?} glucose Bt o #r&d) £ 3
Aolebal ahol=d], ol & acetates AAT gloj: A To o8] FEHE B glucoses
Aol Z857] el o]& 758 dehm LR volopd s ol sl

Rl
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221 KIDEA (V8] w72 2 s27) ¢4

Kumho & KIST Intermittently Decanted Extended Aeration)

SBR eiat frabetud shevh s A on folsls A vv), A Hels &
3l B S dhbe] Cycle® &b Faba, H14 Aol wrld AR vaeSe] 3
gkl 485 Lag-Time ol #3to] 44 @ g 5 A o)

o) SWE (FFuabda KISTZ 19954 sol7) &% ol 41]of 2 fﬂm—s’-%ﬂlﬂ:ﬂ% A

SRS FUA WA A SHol A TR SAVE U AE FAT 24 st} )
=1

—
A ERE B ARDEEE S0 fUREY f718% FE 93 A

BY wgEel £9, Wr), 27, Hd, B U LA olF 4] Fr)HoR o|Folx
o geA Aol el 45 ME A $4EUe FolE 2hslel AR
VREel ARHA HER s, wE quddd FuA olf P deiseAs vy ¥

47
g wMEshs st wEA v ol

FEA FHA A geledl Wt Gy WEGAY FRAEY o5

off

Z29] decanter= MEFW 7 o] wlEn o] 2Rl sy, PSBRE 4 9<FSko]
Ty Aelede] fdog MENE A &9 T o ASYS FPAA T3 W
F7HF etk ol 9 Me g Zrhe 9ugd,

Aol £elA 7ol EaEl S PSBRE AEYL A5AA AL A2 e

[»]
ofell ede 2 A ofgprlof i P shd WEF AL | AS F AT T

ol



2.2.3 BioGest-SBR(41 8 2k 2] SBER)

S kg zelal SRl Baba S0 Ad B Ogs B0l FAHOR olfef#ul, 37|27
Al SRR Rfe 2719 A0) S5 S S asws vl Aelsld B8 TRe
Atk el EVEE MAlslel BRE TR AelEhis 14K AL Air Veatd] #lE7
A8 olgstel A e et WRse 7ol

Frespd B 27wk DAY A4S A 4dd alge) 2400 ABsdon A
Slabis ZleE Al ENe whgE Fdel FRAA S B AN s ABA2 453
cdolth B o AR U} glol FRE AN FAERO A £ WE)

2.24 OMNIFLO SBR

Pl= USFilter(Ah el 2b3)4F<) Jet Tech(APel A 7{2§l SBR svstem©%, omniflo
process piping, [DSClnfluent Distribution & Sludge Collection) Manifold, Multiflo
Pump Column % 24 & ¥|% Decanter 522 45 gt}

el W vl Aol g FUs2wEl 2 4% DO controlel 9] gk AR

°of flow, & 7kA 2% BOD, H4, ¢ @ 47 "4 Fo dolo] Myqow wanz

ol AE Sojdele 2 B3 ¥715 Haold Egse] £EAA v o A4 AU
B8 Jhdvh Eojsb mube] $ 7bz] 2)5S 1749 778 Sl Decanter® H48 0
= flexible joint o ols 4212 Decanter?] =97t &= 12, o] & ~xyo) o
A on/off FW LH Y2 7‘?‘%3% e F gl rEelhg

2o upde] dodgoR wigdd WEAANIDSCIZ 3 20, 2y ofa] Lo
FAG W] AR Felx) pHEL0] /8T YW AFo] W2 dead zoneol

FAHA etk &2 wde] R glol 2] S FYRY 2 2% 0L FUuB

Aeldade] 48 e B vl Xxeafes A, WFST o4 §aku
dAe Z2agen 7hgdcl Aerator? E &L #HA 15%, A 50%7A A&
Zol/1 #lal 7htE o olom, @ 2714 IDSC manifold® 53 590 wjEe] Bl

ol ¢l oz AA Cycled] M AlHe B&A2 4= o)



225 CBT SBR(Cyclic Biological Treatment SBR)
- [CEAS(Intermittent Cycle Extended Acration System)

CBT SBR AZwle abrt 244170 dgdor foduviqe 2y 2 27544
271 " Dstel A wlalEel AdAl wjokg Al7ITA] AESEAE ool mHRulE o] Fo
s ASRS FEA #gEein F4donA, 7iEe SBRO&ww 48 FAr gy
UCEAS) o] EAHS sfd Rebsh Fo)t),

CRT+ Az §=4 @Azl 2= 2709 zone, hiological selector controlZ$k 3 dl&
49 complete mix reactor? FAMo} 9o Hel g m= f4e gz oW Fa)
& EEe FAGT olz CBTWY Agylsas #xel  fill-ratio A}
anoxic/anaerobic mixZ7F §olE A4e AL FHod £ 9oy FAZrlz o it A
Vel =48 d YR AE biomasse] A4S 3 A7) aalel pazsl ojgo] A A
gt IHGnfluent Housing Gate)?} ISPUnfluent Stabilization Partitionye} 9le] 49 &

e FEeA ek ARE A% P oA 24 FaE Tz

2.26 Oxi-Sequencer
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;
S &R A9ES B0 28D A%aE BE J)5S Sdans 45 A2

-2 & A, A& A AU Bio-Separator(FLax)e A o] ZojATh o)M=
L5 FAlel o] FolA 2wyt gl upe}
A 2REE PHHL F1E 4RE 215D Tl a4 seAE BEED, g fuz

HEMEE 2 A9 dAE /b Bio-Sequencer(3h$x)s bt} ol e Eabalol
SBR &4 3 glago] Aolsle WHoE 2o gEabs B, Haks

4
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i
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=
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o el AREA S AR §71EH FelBAgl wE, we o) A/ 0e BE S
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227 AquaSBR (Aqua-Aerobic SBR)
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2.2.10 SBR &€ v

Table 2.1

Comparison ol SBR system (1/3)
SBR KIDEA PSBR BioGest OMNIFLO
7]—2}4 l:l} r; J.!
F7 ¥l w2y,
Kumho &
Sequencing KIST w9k SER. o ' )
aA Batch Reactor | Intermittently . ¢l 9~ SBR |OMNIFLO SBR
Pumyang SBR
Decanted
Extended
Acration
B, @, @, s
Manufacturer 2544 KIST o 4 o A ERC Jet IEL.h- Inc/
U.S.Filter
T,
71 DPWS(1965)2] ’
IDEA
, g H) _ _
(red 54 FE R4 (a5
- a0 EH Y nad-82-%57] . ]
A+ Ta-Z-AH| o FY-wg-HA | FY-Er-gH
. E7-dl AR | -AH-sE A o] _ Lo
,u(}ﬁ_ N i _HDP%_%XH “Ho}‘fr*%‘xl
- A=
Cycle 3~24hr ~210% 1~ 8hr 240~ 360% 2103608
SR =] =R cho]nuk e vl ke z
wae TamaE] wangn | CoUEF L gowen | PUUE e
[ F 4 fAIr-Vent /52
HRT(hr} 18 1218 10~32 15~22 15~40
SRT(day) 20~40 25~35 20~42 20~42 20~40
oA F/M
213 (kg BODs/kg 0.04~0.3 0.03~0.06 0.07~0.27 0.07~0.27 0.05~0.2
-MLES-day)
MLSS(mg/L}| 3,000~9.000 | 2,500~6,500 | 2,000~4,000 | 2,000~4,000 | 2,500~5,000
Process(BAAS)
dnizhd, Lal [} |5 2] 2 = Al E Dzanter
H g el S
= e A7 E=doAda P HE /A E7], A53l5YS
5 ool 34, AN e Aerator
v ol w
Dry pit pump
O‘t(g = Z—] pa 2] o} =
TEARAA | KER
EE R WS Mg
Qo2 &5 SAzHEAQ o
i) WAl 3 ) oA e S - ] A E
: RS Sl SUEEEE
28R N k] 2] o
FE £ 28




Table 2.1 Comparison of SBR system (2/3)
CBT Bio-Sequencer AquaSBR AquaMSBR CASS
=3 4] ol gk Al £ e 2]
X7, ) . =4,
Aqua Aerobic | Aqua Aerobic - o
. Cyelic o ~ N H s Jaky
&g . ECO SBR Syslem System . o
Biological . o SBR., Cycelic
SBR Modified SBR ‘
Treatment Activated
SBR Sludge System
Babcock
\ Aorobi N Aorobi King-Wilkinson
) Aqua Acrobic | Aqua Acrobic
Manufacturer H ol s1e]ef} g4 =2 e el N . ‘ b . N R
System System
Transenviro -
U.SA, Canada,
Il ABJ 1n ECO Process . i .
- WPCC 9 & Equipment.
ICEAS Inc
78] 59
@y | CRER
(145D 0 o) 0ol mo WHEF-Q) - E 7] (A4 79} (A% A5
S B R R R NN B S S R S N e I E PRI 2
ke A R [ E S SR e S ERss
-FA-= _ -
| el 77
Cycle 4hr 6hr 1.8hr 3hr 240~ 360+
e Z B2 A A
B RS (O o 3
) gdbg x| E-gErlR-av] F49
HEg- g AU A E] kg = 2%/ . .
JEYRFA | Z2-SBR/UE S | S 2/REY
SRR ;
i
HRT(hr) 10~18 18~32 18~30 18--36 15~40
SRT(day) 20~30 10~20 20~35
=%l F/M
D24 |kg-BODs/kg| 0.05~0.3 0.05~0.1 0.15~04 0.05~0.2 0.05~0.2
MLSS-day)
MLSS(mg/L)] 3,000~8,000 | 2.500~6,500 | 2,000—5,000 | 2.000~3.000 | 2,500~5,000
DOMAW 7],
Influent o e o] o .
. A FAN G | HATHFAZ | A TR
) Housing Gate, Fda 417 ° o .
=4 Pre R A2 o n] dhEEite] & |RUIEEAY ER
] act RN
TR R el e | AgAanty | Aaedste
Director .
47w
HEFul & A o] | &) 2w
vReh] A o) X YA 2 B, dxda, qR,
3y 3, cquaeel (RREErde,| A3Cdl | Fuesz
ER R A&au)Erts | dedrjga He,
pany  |dseagss
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Table 2.1 Comparison of SBR system (3/3)

ICEAS CAST Fluidyne
5 2 7).
77 ol @A)
7| S A
FEE a2y,
Intermittent .
. Cwvclic
&7 Cvcle .
Activated
Extended R
) Sludge
Aeration .
lechnology
System
USA
Austgen Bigjet Austria,
Manufacturer System(ABJ} S & FdYSeng
n F.C.(1995)
WPCC(1976)
. U.S A (1984)
719
[Fluidyne Corp.
ZJ\' [93aY ‘6‘;{ —
(@ gahm | T DA
F- it - el 5
w27)-%7]-
. Zl-meb-sE ] LR -nkg -
A4 E7|-E7-FE . _ )
- FAFD-FH] —EF-FA
AREZIRE R R
)R A
s E/-3A
UO)—TEF
Cycle 240~300% 240 ~360% 5.9hr
tlolale = Hio oz )z
wez A T et
) /A2 Ll
HIRT(hr) 16 15~40 18-—-32
SRT{day) 20~30 20~ 35 2030
7l F/M
912k {kg:-BODs/kg] 0.04~0.06 0.05~0.2 0.05-0.1
‘MLSS-day)
MLSS(mg/Ly)|| 4,000~5,000 | 2,500~5,000 | 2,500~5,000
U
A2 A el
qguage, | [ OEUAE
7 Gora i sadw
I Bz ey e 1
A
' 2, By
449 9
EECEL:
Egyz g,
A7) B NEREIES
a3 7 9, SER L CEES
HE o o] ekt
e
%2l v n
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2 Aol AEE SBR S FE F19 Reactor2 FAES gloy, fEa244 [11L9)
Reactor 12+ 33L¢]  Reactor 2% A7 o] olch v &2 | 23] wd Feas
HFatel of 30U steady state FHlel o]z whair] x|t ow, oF 9pde] Ay £y
Bl SRT 30-40day = -#-43sk% o).

RES7l S Rdds FEFas AAstd URe 27 2522CTE FAE 5 9
o, 4 Reactorvptt $HdE8 5 flelld AFaAlolgazt #ad wunkrg

nE dAGA FAE F oglksE uSdu Reactor 18 HAA AHEZ $AEHon,

m

Tk 71bE o wbvlE Sl

e
4
)
o
<
H
9]
=
12
o

Reactor 2 JXY-ol& #£7)

Influent
I &7
I
Ll\:_ﬁlx% Effluent
Waste
L1 ]
1] : |
Mixer
1st Reactor | ]
I I I
8 ] D}GD
ODDD fu] DgO
Blower
Recycle 2nd Reactor

Fig. 3.1 Schematic diagram of continuous inflow SBR process.
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1

MRS 4ATHE SEVIR 8k, Reactor 1€ FAFAZ, Reactor 2% programming
o) upel BrE o uigsty] FAstnh Reactor 220 A7 DO 3-dmg O0L7F H 52 34

cu, plits 7 A RAskel wrgel Asvh Yelua e WM susic)

Ho

Reactor 132 4% f99 9b&50F §h8 & #5309l 9Febg Reactor 232 Aol §-8hat

Control Pancl®} 29 #HAxHel o8] pH, ORP, DO ol 94422 monitoring o
o2 vhEr f HA2 2AL AgHer frE 3 glu® 9ok SBR £39 SHAb
HEg 548 4 A8 AS572: 84440 552 236 DO meter, E7]-F4k2 AHe)

of 27 wWabe| wheb WigetA walsls Ao 2w pH meter, 4FEHE Y A 9 AHORP) A

— o
wol AT

2ol ARRE AlA s pH meter(pH-8000), ORP meter(US Filter Strantrol 880),

i jt

DO meter(DO-600) 3FFE 4aetsd o, 80C320KC, €AIRE3 ZrE Relay, Control
panel& Ap-&2&$iv)
Aol = e MMI(Man Machine Interface} PROGRAMS! CIMON, #o] A2de

STD SYSTEMo.2 fFAEe] glem B Ao AExao]s e ALEH #FEHE IBM &
5+ 71% PC(Pentium MMX 200)0]%it}H



®odgo] gy 5o Aae Table 31u 2ol

Tuble 3.1 Composition of synthetic wastewater

Item using reagent Concentraion
CODey CsH 1205 150-280 ngCOD/E
Phosphorus KH:PO, 4-5 ngP/s
Nitrogen NH,Cl 40-50 mgN/+¢
Alkalinity NaHCO, 220-280 mgCaCOy/0

ALHUY SBR T a4 nEAE Ad 4% #9e Fig 32 ~ Fig 34 191
Fig. 3490 vvets FAA7A, a3 2 ah4s 28gsidct

Phase 12| 4% FUA0E 195822 Reactor 19 F9YUstZ, Reactor 29 &7 308
= GAkh Zre g Fol &7 308IE T Reactor EF AL FHoed Fog X,
3

Reactor 2¢] F4F2 3#2F 308 5710 e A58 vwsdd

Time(min)
0-30 30-150 150-195 165-240
Reactor

Inftuent 195

Reactor 1

Reactor 2 Oxic 120 Settle 45 draw 45

RZ2—R1 Recvele 195

Fig. 3.2 Operating condition of continuous inflow SBR process (Phase 1).
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Phase 2¢ 7

o

9- Phase 134 $9% 2 d x4~ Reactor 22| 27] 3025 7] 4
3k gy Pzho s o) Phase |9 Phase 29 #elEA4E v mdled »ghu}
Time(min)
0-30 30-150
Reactor

Reactor 1

Influent 195

150-195 195-240

Reactor 2

RZ2—R1

Oxic 150

Settle 45 draw 45

Recycle 165

Fig. 3.3 Operating condition of continuous inflow SBR process (Phase 2).

Phase 32] 4

Aok Ae-e A

71 Phase 29 ¢

Aol FdAl Reactor 12 #¢), 9 S &
EAdg durgho
Time(min)
0-30 30-150 150-195 195-240
Reactor
Influent 150
Reactor 1

Reactor 2

RZ2—R1

Oxic 150

Settle 45

draw 45

Recycle 120

Tig. 34 Operating condition of continuous inflow SBR process (Phase 3).
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L
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94294 SBR 49 98 AviFel $A54L Al 935S, CODy, NH N,
NOs —N. NO; =N, PO, =P, TN, TP & ¥Aagon, PAauys ofgel Table 3.2}

Table 3.2 Analytical item and methods (Standard Method 20th, 18998)

ltems Experimental methods

NH," =N Ammonia-selective electrode method
TN UV adsorption method
TP Ascorbic acid method

NQOa =N [on Chromatography

(Dionex co. Itd. DX-100)
NQO, -N lon Chromatography

(Dionex co. ltd. DX~100)
PO P lon Chromatography

(Dionex co. ltd. DX-100)

COD¢, Potassium Dichromate Reflux method
SS Total solid dried at 1037 105C
Alkalinity Titration method
pH Electrode method
DO Electrode method
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34 Hlciol 54

=oadgel Abgd vilvlobn ARl Saran vlvjobiis 542 Table 333 €tk

= —

Table 3.3 Media specification

Media type
Character Saran-1000D
unit weight (kg/m™) 55
porosity (%) 97
specific surface area(m®/m’) 400
packed rate (m*/m” 0.3
specific gravily(kg/m”) 0.08
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3.5.1 B gol
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CorotPane | T Metwok
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Etharnet Cliant

TR T

Fig. 3.5 Control system.
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AllAnalog Input) Card®] &3l Zg8dch vlela=Z 241803200214 =73 E Sensor
DATAS RS-232C F4loz pCe #He®rh aof4 PCE Sensor DataZ HAI7HAH

RUE e HTe B2elE ON/OFFats BH S 9A RS-232C B4R vlojaz=
AAfell el Al drer elojAR TR A= HEe] ON/OFF ®"# S ol delels +5F

fAzol Bmol R AT FAEL PHa ®oh

ol

£

i

Aol A 280 2= PLC(Programmable Logic Controller)7} obd STD system2.z
Zylof i}, ol MPU(Microprocessor Unit) §84F 730 24 PLCE WA &l
DCS(Distribution Control System) = SCADA(Supervisery Control & Data Acguisition)

PEE T F ol AN AFH ASHOZ HE b5 Azsgolt),
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3.5.2 A~ZEgo

13 MMI
ool fo = ke e Uy AEES H f PCo) MMI(Man Machine Interface)
tool‘{] CIMONS Ab#obg o, ol 7198 +4(Open Svstem Architectrue), WE S A,

ACS(Automatic Calling System) %°1 7} SCADA(Supervisory Contral & Data
Acquisition) solutione]th, W5 oAb =2 il 9lelA = Visual Basic Script®

Aslo] glvt.

BLOWER

Fig. 3.6 SBR automatic control system.
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Fig. 3.7 SBR operating condition set up page.
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CIMON® A 22819 Client-Server B o153 #4& #)8e] 214590 CIMON-CSNeta}
o2 Ao A2 AS 98 CIMON-Netd & 7b9) #pa] WEYa Tamad o
A4ase olvh ol F, CIMON-CSNets> Ethernet(TCP/IP)YHE A @3ts TRw golw,
CIMON-Net Ethernet{ENET)®} RS232C/MODEM(CNET) & ) {3k,

&& CIMON-Enet Ab43 Alxelold] Client #1 CIMONZ 8919 Server #1/#2
CIMONS &9 39 /O dsfelaz 1kgsty, 7 2] dolHE s 5 sle 7ol
Ch W8 Server #1 2 #2 CIMONS CIMON-Enet Server(FEP)2 AR wof zHzte] o o)
1S 4F¢lel CIMON Client #1olA4 A48t 719 & F38e. Client #1 CIMONe] glH
2% zpalo] Adivbel CIMON-Enet Cliento] B A Ao Server® HA8t= 4-$ Server
#1 4 #2 CIMON 279 ele]E W (Peer-To-Peer)®] 7Fg st}

R
C hent #1 {CIMON)

CIMON-ENet

Server #1 (CIMON) Server ﬂz1 (CIMON)
Eﬁﬁ EI T, 1% L° T, "
il 1] I
10 Devices IO Devices

Fig. 3.8 Stand-Alone system,

WE 93 A2 T2 dbAlo i Stand-Alone System, #4F A48 o] F 3 A28l Fo
e, B w3xEE CIMON-Enet(Ethernet)& ©]43F STAND-ALONE A4S g3
o] ServerPC$ ClientPCol 47 dAisjo] 9l 5 CIMON Atelo] TAG# S +#F4AA ¥
of vhgzo] MAZo] 9l Sensor FES AT E ClientPCoA ZUHH & £+ 1A
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[51

A4 A 2
11 & 4rd 4 SBRe| #2154

111 EH7EF 2] SBR w30 MLSS w83

YI0FE g xS AlFrEle]l R Evlel 90U Heix] HAIE A ok
ctoelFRER SRTE 30-40¢ 2 & 3 el

Goronszy(1996) oot SRT7ZF  doldg-= ek alel  Aazglslr o] Fol &),
Rodrigo(1996}& SRT7F #&+& ¢ 2 A4S 213 VFA 4370 "ol ¢ A7 8] 2
7rghehal shgTh ¥ ovhgERT @Y o8 SBR ¥HE9 &4 SRTAAM =2 spafsko)

Reactor 1 4000~5000mg/L, Reactor 2% 6000~7000mg/Le 2 FAstded, -§7)
T G o8t

¥ %&E 05kgCODe/m%day ¢tk Pak & Jung(1995)2) o4 &
| 24kg/m’/day 742 &) &71% 235 ZAA MLSS $L7 Z8&4s 478 o rmuoly =
A, WA Aro AAHASES FotAle Rem By, zgls, § SBR 3HE FolA
2obAlE A MLSS 7000mg/L2 fAE L Q4 T olfR B ouksx: wd a9
FA & o
a
7000 § 4 ,%;i - o o R .
o 6000 |- gl © Hoo -
E e - o F T Tee g
2 4000 + R e 2 JR 1S e
3 0 O - e _
Omj ¢ Reactor 1
2000 L4 0O Reactor 2
1000 | - R
0
0] 30 &) «W0 120 150 180 210 240
Day

Fig. 41 Varnation of MLSS during operating periods.

MLVSS ##> 80%, SVI= 90-100& #Askglcr dif e A5 794 SBRel MLVSS
F& 10%, SVI 150, SRT 30¢ Hefd & #Atanl 6 g sl SFHHAC
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CODINP2] ml& £ 56:10:0ei9in), TCODITN Al 5628 £7|% Hahg v] L4 4

Naes AEAU gl Sevbebel W C/Nn| A S kel oltiw FA8 2 @)
drh. Y Chui19962l 4§ fd49 COD/NZ 5daf 92 Art Erin ’5‘]'5314.
Shin(1996)ef el&tl 24 COD/PH = 20052 o] o4 fA" u dr/37] 2004 E&
AAN TEF FAT AUk

F/MV &= 0.1kgCODo/kgMLSS/day ol o, Pak & Jung(1995)e) oeb# o] F/MulAl 3
el Frld AAEE 1y

#d7lbEshel 20 Reactor 1, Reactor 2 24 @2 2% dAlste] 25T ez
FASY oW, Z)4) DOE Hof dmg/l. =9l Aast D 9 AlHZ 9§ oA
#2837 9d Reactor 2ol F71A7H 150%c® £4dd9ow 1 Cycle timee 44

{F HRT+= 12hrel i,
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FAY @ FA2dPhase 1, 2, 3o g CODe ¥% 9 AAHEL Fig. 42, Fig.
13e 7b7h bRl Aejes Ay oF 159 A mRE A A8 ngd o,
130 4 o1% = Phase2e]l Z¥lo & 40Uz 2-48k2dth 21 o] & 602UE Phase 39
Lo §Azle] Hel4d L2 vlwdkel Bsivl Phasel, Phase?, Phase3®] COD¢ #H o
AHEEL 9%, 90%, 93RE o] 7R &d Z Ao A A anosol Ay A A E L E Ho
itoslen Phase3o] thh w2 AAEES 22 A& Phasedel AAA ¢, w3 5
A B OB FEAIRA] BlAEe o|F {Y]E ke WE 2ue AzhEu
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Fig. 4.2 Vanation of COD¢ during operating periods.
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Removal efficiency CODer during operating periods.
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FA 3 FHEA(Phase 1, 2, 3 WE TN 55 9 AASE Fig. 44, Fig. 459
47 Gehyddeh Aees A3 9 09 AEVH G £88 2P0, Phasel

vl

& 1309 7k, Phase2t 109 7F, Phase3& 60U 7 FHdte] Aul4ag& dlwsle] nqto)

Phasel, Phase?, Phase32l TN #HaalAEZ &L 72%, 65%, 7% &2 Phasez?] a1 A
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Fig. 44 Variation of TN during operating pertods.
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Fig. 45 Removal efficiency TN during operating periods.
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Fig. 4.6 Variation of NHy -N during cperating periods.
[Prase] -
Ww ,;E.. .»Mwﬂ.»»rr..mm»./,.M«E.-w” —— “A.A, S ’,_‘H,.”H
~ Vei TR B we ot
< wt tee . .- ! :
o . I
g 0o T o .
* ' 1
: s
9 40 _. _ S — f S o - N
?? | ' + removal rate
i o : : o
= ] v
O L 1 1 ! L : L 1
0 0 60 €N 120 150 180 210 240

Fig. 4.7 Removal efficiency NH.'-N during operating periods.
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A% Fe 08 SHeh SBRY ZF FAEA & Ao @i 4AH &S Table 419 B

watedrh 7b Aelge Gugtozad gy don wuRs 9y Hwgel 2y AN

FIEE AZTE 0% oo vEgten A Az & Aels melx gt A
4 A AT Phase 1, 32 72% ol4 22 yEisted vl Phase 25 65% 2 oA wre )

A&L 1ol ol Reactor 29 £7] 3082 &) 2 wiglx ¢ Jrlo R Boo 74

NHs -N®] 7 9ol Phase3ol Al AdAl & 9 dh4S 34 Sgo2M 37 opxg
el Aol mzhe NH-N7F FE3 A7 x50 72 100%0] 24718 AA 289 8
=

TP2] 4o = Phase3ell A A f9] 2 wb&2 84 ggoaX o7] vpx|e 2R3
Al P ouptake2 el A#HE TP7 §E&A42 fAse] 80%e ¥& AA Z8S Holu

2,

Table 4.1 Average removal efficiencies of operating conditions

0 ti O f1

peratng PEFRE  cODer TN | NHS-N | TP
condition Davys

Fhase 1 130day 90.39% 72.15% 87.55% 50.03%
Phase 2 40day 90.28% 65.06% 49.94% 64.20%
Phase 3 60day 93.33% 74.57% 99.72% 79.73%
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Fig. 410 Variation of PO,* P concentration in initial 30min (Reactor 1).
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Fig. 4.12 Variation of NOs; -N concentration in initial 30min (Reactor 2).
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Table 4.2 Varation of operating condition in settle time

cone. Nt on| T | CODe [NHY N TN TP
B AL | A4A% | AAL | Avls
unit{mg/L) unit(%)
Phase 2 (44 9, vE8 she= 49

inf. 256.28 34.87 44.78 4.57
90.4%| &89.9% 65.4% 624%

eff. 24.53 3.02 155 1.72

Phase 3 (#HA] #4, w&g a4 e 4%

tnf. 255.96 31.52 44.80 4.69
93.1%| 99.7% 68.3% 79.5%

off. 17.74 0.10 14.22 0.96

Table 4.3 Vanation during 4bmin in settle time
CODer |NHL~N|NOy -1 | pog-—p| CODer [NH:'"NINOs -N PO, -P
R R ! el | el | W | wale

unit(mg/L) unit{mg/1.)
Phase 2 (HHA #%, 948 5t 49

150min 35.62 0.17 9.03 0
-2.46] +253 ~-2.11 +1.43

195min 33,16 2.7 7.42 1.43

Phase 3 (HAA] #3], v4& 54 %= 49

150min 36.25 0.09 12.22 1.04
-11.28 ~-0.04 -0.72 0

195min 24.97 0.05 11.50 1.04




— - -

© — w o
1

|

!

NO3-N conc.(mg/!

~J

2.4

1.8

1.2

NH4—N conc.{mg/l

0.6

1 1 | 1 L

1% 155 160 165 170 175 180 185 190 195
TIME(rin)

Fig. 4.13 Variation of NO3 ~N concentration in settle time (Reactor 2).
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Fig. 4.14 Variation of NH4 -N concentration in settle time (Reactor 2).
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Fig. 4.16 Variation of POs"~P concentration in settle time (Reactor 2).
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7 PANEL _
NO At ITEM DI/DO SCALE
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Table 4.5 Digital tag of SBR system

PANEL
NO I Zdas] ITEM DI/DO SCALE
NAME
DIGITAL
_ SBRZ —
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TE e =
SBRZ ot s . .
6 1-6 Sk ON/OFF ouTPUT
EAclg
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= &0
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20 1-20 o o] 3 ON/OFF INPUT
g
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B TERT
, , SBRZ ,
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-1 |
SBR2
23 1-23 Y ON/OFF INPUT
E=0
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30 A/M
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31 o AM
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SBRZ ]
33 DO/ORP
SELECT
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