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Objectives : The purpose of this study is to increase the denitrification and phosphorus removals by the oxygen
control of the anaerobic or anoxic period using the circulation of the supernants through the settled sludge and
multi-step addition of raw wastewater during the operation of the internal circulation sequence batch reactor
(ICSBR).

Methods : The internal circulation pipe at the bottom of SBR is installed to circulate the supernatant into the
settled sludge layer to create anoxic condition of non-aeration period instead of a stirrer in a SBR. And it is
attempted to develope the SBR that properly uses the organic materials of the raw wastewater as a carbon source
by the feeding the raw wastewater at a suitable time of the reaction period.

Results and Discussion : Dissolved oxygen (DO) concentration of the reactor decreases more rapidly with an
internal circulation to which the uniform pressure division method is applied, increasing the efficiency of about
40%. As the multi-step addition of raw wastewater proceeds, the nitrogen concentration of effluent is lowered and
the C/N (Carbon/Nitrogen) ratio is higher, the nitrogen removal rate is higher.

Conclusions : Circulating the supernatant to the bottom through settle sludge was effected to properly control the
dissolved oxygen in the reaction tank, thereby improving the denitrification efficiency by about 68%. Even the
higher the C/N ratio at the step addition can be expected the higher the nitrogen removal, it is noteworthy that the
optimum feeding ratio of the multi-step addition may be different depending on the C/N ratio.

Key Words : Internal Circulation, Multi-step Addition, Sequence Batch Reactor, Advanced Treatment

 Corresponding author E-mail: leetj@seoultech.ac.kr Tel: 02-970-6614 Fax: 02-971-5776
© 2020, Korean Society of Environmental Engineers



J. Korean Soc. Environ. Eng., 42(5), 280-288, 2020
https://doi.org/10.4491/KSEE.2020.42.5.280
ISSN 1225-5025, e-ISSN 2383-7810

HA S C ool =y 2DAAls|EHE2.7]|0
LHTT'_'S’-._I'J-l' E-l' |_|'7:"Tr H= %?_I' ﬁ‘—'.‘ —!Rl-.-_- |_|'o7|-—|
XIA.O| x A 1S
21 Q1 X2| 7§M0f 2ot H+t
O|ZQU'® - 0]|y5|2° - AHA3C . 512520 . o|EfxI2"
ST |STEtT U XISHTNH oL XIS 2T
S P g e
S
=X B 3= ICSBRS 24| QoA ASde HAAH E£HAEFS SHA17]0] §7] W FAALZ A AbA
Aol 7158 WA A4S el fAgoRA Aa D o) AAS Fojsias) sk,
g D SBR HIgo AXH YHELET-2 SBROJA H|2E7] 17He] FARA AL AJAS7] 3 wHE tiAlef As
e AHH SHUANFOT FBAA FAke 2AL AHSES ) LT BT B HAT A7k Y42
THHOEZN Yo f7] BAS sadoed HASA o]&3 4= = /NAE SBRS EstaiAl shch
Zup 2 B9 SR Ag3t YEESTe R AL eyl Kol w27 ZhAaste] oF 40%2] A-89]
Z7HHS ST b $908 AAVSE o B §Epe] ALFES TAUY 5 o, Eak Ao
A C/NH|7} 2345 dA A AL HolAE A2 &5kt
FE: A50] AUE SUNES Yeslols AR AT MR U] B2 Aol Kt HHs| 43
sto] 2R a8 HAaE=E oF 68% =718t THAE FUoAE CNEZE 245 =2 A4 AASS 7Y
5 9ot A4 g4 £ HES ONulo] neh oA teRd 4 Aok Aol F2slolof .
FHO: st ohbA $9l, A%4) slEurey), SEAe
LNE we A7l Aol g Wank clo] #Ad v of
Qe Ak Qon Helgyel nEskE 0|27 ¢
dutdg o 2 s gA AL f7E, e, 999 3 A3 e] AR ul s ket o]#gk x| AA] <
o AAE FAHoZ ¥y, At ¢=APeZ s &F WAL A0 AFY RS 4] TP x| @2 H
T oleAelis At BE ohel sl 24 B AZEEd ol A2 Swo] 2 A Tye) gy
3t ME7A e s Agolch? ueba g o] A0 AEe SAA&HA] HHE AEsta Q7] o]
G0 2TE sleAel At 28e0] digeis 4 o wehd wad Ao Aelgae] Ko o
A oo JleE 23 Aol S AAR Hel % & AZEY AUl 944 sEgrle) LEslE
w7k W asheho A5 "ast gk
s F SEEolY tFF felEd e A gttt A4t Sequence Batch Reactor (SBR) 5742 =42 {-(fill),
2 sk BAolo, Bls: % vIFRelRAe] FRE o 4hS(renction), X (settle), Wl E(draw), FA](idle)] Tl
Fola, fold 4Eo2 AREE A7t ol e wlulslel Aol Hehal A\7be] vjelol] weh kA om Jojuin 2%
oo tigt A=A Aol nfES FAKoR oL AF ARAR 7} B astal, AP Aozt go]stH, A9l
ojck. 1y e R Hol Wz|eke Ao n|gk f-alE ZrHsto] skg=9] QP A ] S A uf-$- vizlel A
Aol ot BRH MUk vhelsjosly) tEe] vlgks O meldTh™ olelgt gHom ola F) vhtm s
SEdo oigt 24 7] 2 Aot digt ALy dEXA Ae)gg A Qg vtk 52 (1,000 ton/day ©]3he] A
AW ek olel wlste] s F Want ole] Hele  elgel A SBR 50 Agol Asel ghrk et o

281

CHERRHE S8IS(X| M422 H|52 20204 5



Pul-Eip Lee et al,

SBAAA & 5 URol s4e] fee] o X7 ug
% Az} WiETgo DESE 9
dol Wedom oL REo] $lug(H
Dol A O] FAL: A 24 W | HFEE A 2
FiFo] gtk Aotk ole Belg o

o]20]7] SBR gAo] thFrel upgslsE 2 A 2|4l

£ g

2 FosetnA Sk WEeEe U5 Gt v
7] RS TAESL t7] B AbAo] AP HAST Tl
E2 UE 48NS A5 FUFORN FALL: T
Ae 343 2450l A FAEAL YASIA 549
A RYBE U5 AL SAVALL v 4
S ARl AR5 BRFORA S| WA TAU]
FHE U4 olgstel Wast Aol AHs FEshe 2
o]r;]—.mo)

YR4FHe o83t Ak 2710 Aol ol #9 o
Aok B1E7] W GANA I glo] AEe Ew sha
ol BYstel WA BACIA AUE 4 LA F st
oz Fgstaz W9 el glo] iyl F Ak Fug
2 HAB 4 gom BIY FYLt AFAS Y &
HAFS FUNEE NER $HE SeAFNA Ak &
282 B 4 9k FHo| ek of ] AFo] Leix
32 &7tk S(finger flow) e/} ofd WA o2 2%
s Bk & QES Hske o] Fashy F5ole]

o
oA g 7] 7 W] FAFE FATALE HET)

SHAR Bt {FdstER FADA A FAF
Hl227] gk Al A A Bl A eshe A =3

Fasjhn B
eha i Qo)A SBR BAe] nEAE A48}

7] 9150 SBR W1-g7] el AES HA g &K
5 TE 2VT 4 b WHEBHS FASL, BAY
$99E B3l §9U5E A ste] SURIE AMstn
A stich WSS SRS A gste] AEoll
shgol AHEole] MEEE FESH SAston B
of HlE7] WA FYuIRE

lo
B
N z o L 12
=

94

282 1. Korean Soc. Environ. Eng. Vol.42, No.5 May, 2020

1S

3. Water level controller
6. Internal circulation pump
9. Effluent

2. Influent
5. Effluent pump
8. Control box

1. Influent pump

4. Internal circulation pipe
7. Internal circulation line
10. Decanter

Fig. 1. Schematic diagram of the lab-scale modified SBR (ICSBR).
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Fig. 2. Operation process of ICSBR (a) and the conventional SBR (b).
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Fig. 3. Dissolved oxygen (DO) profiles in the conventional SBR
and ICSBR; MLSS 3,500 mg/L. Regression was attempted
by the exponential decay, single 2 parameter (Sigma
Plot, USA).
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Fig.4. Variations of ammonia and nitrate concentration of SBR

and ICSBR. Circles in the graph represent denitrification
of ICSBR (---) and conventional SBR (-).
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Fig. 5. Variations of nitrogen and phosphorus concentration
of ICSBR. Feeding of raw wastewater was accomplished
at the beginning with 40% of total effective volume.
Intial nitrogen and phosphorus concentration was 50
mg/L and 5 mg/L respectively.
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Fig. 6. Variations of nitrogen and phosphorus concentration
of ICSBR with the second step addition. Arrows in the
graph represent the feeding of raw wastewater, Intial
nitrogen and phosphorus concentration was 50 mg/L
and 5 mg/L respectively.
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concentration was 5 mg/L.
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Fig. 8. T-N concentration profiles of ICSBR with different C/N
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Fig. 10. Phosphorus release and uptake at SBR (a) and ICSBR
(b) process. Presence of nitrate inhibits phosphorus
release.
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SaEge] ANATE oF 68% Z/FeS Ly gic.
2) 7129 SBR A& FRATL] HaY A8 3
Fol gt A T FRABHNA BRI 718
HE] 9 SHOR B RYS AN 23t o
A YL AYTLE Mk W §ES SEE 7
A= Aoz Ho1ARFY 60% — 22-3-¢ 68% — 34}
29 85%) BANE RYL APVLE o RS 454
o AxHES FAY 5 on], PAFYAA ONH
7} EESE B2 AAAARE 71T 5 U, A
W Gl HA 14 EX 24 9459 W& ON
ulo] whef che A ek 4 glohe 218 Selg 4 9l
ek
3) Wkl Aol 2ol BRI B9, A9 WEY 4
7w haialA Aashe So2 ekt 718 el
Aot GARE S Mk 2 rstgon, 3
Abol 20| o] wheA| ARH S ICSBRE| 33} @
99 B9 Q9 WEI F47) AW WA o] o
99% ool AALE oF 4 ek
FUHOR MG ) B AFL F3h v

Bolg duE geAFoR Wiepste] daut qle) 4
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SEE wEA A GHERS Eole AL AT -+
A e, ojuf Yo FAX FUE Foll FUFE A
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