A B Gy 3

strilexegE 93
InSub pilot plantel4 HRTY
H3lo] w3 J3F

PN PN
S TR

20045 12)]



StrilexegE fst
InSub pilot plantell 4] HRT 2]
H3lo] W& J3F

fREZE G K

o i = LB AHIER s eE T

SRSl TE R LA fms RAES

whERE o & % W
% B 22 d B
% A s = A

YIPN- LN

20044 12



The Influence with HRT wvariation
on InSub pilot plant for advanced sewage

treatment

Hyun—Suk Kim
(Supervised by professor Mock Huh)

A thesis submitted in partial fulfillment of the requirement for the

degree of Master of Engineering

2004. 12.

This thesis has been examined and approved.

Thesis director, Doo—Yong Lee, Prof. of Environmental Engineering

Thesis director, Eun—Il Cho, Prof. of Environmental Engineering

Thesis director, Mock Huh, Prof. of Environmental Engineering

December. 2004

Department of Environmental Engineering
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY



SUIMIIMIATY ettt e ettt et e e e e e e e e et e eeeeeeees e st eeteeeeesesaeaseeaeenes vi
L AL bbb 1
I. O] 22 TLZ e 4
L A T et 4
2. BET A AU (o 4
3. AETA DA e 9
1) AAksk(nitrification) HEg oo 10

2) 23} (denitrification) RES .oivviiviiiiiicieeeeceeee e 13

4. BESE JAA . AT FHA S o000 17
5. A&7} (biological aerated filter : BAF) wWk&7] A| A= . 23
6. =718 HAHAYEAHAnSub) FA i, 28
D %718 JAAEAHLA] (InSub) <] 718 7d 28

2) R E718 AAAEARGA (InSub) 2] S5 e 29

3) HHFE7IY FAB =R (InSub) oA 9] 5D ... 30
AE B T e 31

Lo A3 A 2 AW e 31

2) AL BRI Tl W e 34
2 BT A A e 34
3. 2 A L U A E A e 35



IV. I B I s
1. HRTHS}o| W& SS&% W3 9 AAGZE e,
2. HRTH3}o| W& f71E55% W3l 9 AAZS o,
3. HRTH3} & Aas®: W3l 9 AAZSE .
4. HRTH3 ] W& T-PF%E W3 2D AATZE i,

N A e,

B L ] e



Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

L

© N > o

9.
10

11.

12.

13.

14.

15.

16.
17.

List of Figures

Process contributing to biofilm development. ....ccocovvenveneen... 5
Packed layer Profile. ..o 7
Diagram of metabolism with biofilm. ...coovooviieiiieiieieeeen, 7

Transformation of nitrogen in biological treatment

Dl O C S S ettt 10
Concept of the biological phosphorus removal. .....co......... 17
Schematic Diagram of the Model . .ccooiiniiiiiiiiiiiiieeane. 21
Biological phosphorus removal process. ......ccooevevveeeeivennnnn. 22

Schematic representation of possible combined
nitrification and denitrification mechanism by

microorganisms in porous media(Backti & Dick, 1992)... 24

Schematic flow diagram of InSub system. ..c..ccoveevvveneennn.. 31
. The SS concentration on influent, anaerobic/anoxic
and effluent and removal efficiency with the HRT. ....... 38
Variation of BODs concentration and removal
efficiency with the HR T . i, 40
Variation of CODwn concentration and removal
efficiency with the HRT . e, 40
Variation of COD concentration and removal
efficiency with the HRT . e, 41
Variation of NH; =N concentration and removal
efficiency with the HR T . e, 42
Variation of NO2 —N concentration with the HRT. ......... 42
Variation of NO3 —N concentration with the HRT. ......... 43
Variation of T—N concentration and removal



efficiency with the HRT . e, 43
Fig. 18. Variation of T—P concentration and removal

efficiency with the HR T . e, 45

_iv_



Table

Table
Table
Table
Table

1.

. Analytical items and methods
. Composition of the Influent used in this study

. Operating conditions in this study

List of Tables

The removal efficiency and SS, organic material
and nutrient substrate concentrations of influent and
effluent on the new advanced sewage treatment

processes in korea

. Temperature, pH, ORP and DO during operation



Summary

The InSub System(applied for a patent) was developed, as it
combined the indirectly aerated submerged biofilter (InSub) reactor
and Anaerobic/Anoxic reactor. This system which can eliminate
organism and nutrient salts at the same time, which is safe and
economical to be maintained and managed is more simple process
than the complicated existing biological advanced sewage treatment
system.

In this study, it looked into the characteristics of organics,
nitrogen and phosphorus removal with HRT for advanced sewage
treatment in field plant experiment by InSub system for the
commercialization of this system. The following results have been

reached:

1. As looking into SS concentration and the removal efficiency
with each HRT, in all operation conditions, it was kept that SS
concentration was below 3.83mg/L on the average, and it showed

that the removal efficiency was over 92.07%.
2. It showed that the removal efficiency of organics on each HRT
was similar. However, the removal efficiency was the highest at 9

hours of HRT.

3. It showed that the removal efficiencies of the nutrient salts

were similar both T—P and T—N. However, the highest removal

_Vi_



efficiency was shown at 9 hours of HRT

4. Therefore, the most suitable HRT of this study showed 9 hours.
As looking into the effluent concentration and removal efficiency of
each item at 9 hours of HRT, each effluent concentration for SS,
BODs, CODmn, and CODcr was 1.46mg/L, 7,09mg/L, 9.84mg/L and
16.42 mg/L. And their removal efficiencies were 96.98%. 90.59%,
77.18% and 83.92%, respectively. Each effluent concentration of
T—P and T-N was 10.42mg/l and 1.04mg/l. Their removal

efficiencies were 73.38% and 61.62%, respectively.

5. This field plant experiment(the state was without the internal
recycling.) followed a variety of HRT. The results confirmed that
it was to be high efficiency advanced sewage treatment system

when it combined the internal recycling.
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Organic Nitrogen
(Protein, Urea)

Bacterial Decomposition & Hydrolysis

v Assimilation Organic Nitrogen
Ammonia Nitrogen (Bacterial Cells)
T Lysis & Autooxidation |

| - Organic Nitrogen

Nitrite (Net Growth)

Nitrato Denitrification Nitrogen Gas

N.
Organic Carbon (Ny)
L » Nitrification

Fig. 4. Transformation of nitrogen in biological treatment process.

1) AAF3}(nitrification) WHE

Nitrosomonas

2NH;, + 30, > 4H" + 2H,0 + 2NO; + mnew cells 3)

Nitrobacter
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2NO, + 0Oy — 2NO; + new cells 4)

Total reaction

NH; + 20, > NO; + H,0 + H' + new cells 5)

dEYold Ao Atste) o WAsHE A ol A= 66~84kcal/mole
ola, opAArA ] AF3}= 17.5kcal/molec] WHAE= Zlow oA vk
(Painter, 1970). ®keF o] A/d el wl#ste] A7l Aok 71 o
W, Aatd oz ofFatd el Abslrct ofAald o hRyold Hiel At
st PAHE vAEY o] o BE Aotk (Water Environmental
Federation, 1992). o}&Aatdo A HAard oz AtslapA oA LAE = o
A= AAsts dovle e ouA® o] gdt(Kwelle, 1992).
BESHH A T o Aass Aakst w g Eo] dwhg EAsrt
of wal @EkR T} Mitrosomonas®] F&AF+ 0.056 ~ 0.29 g VSS/g
NH,"=N, Nitrobacter= 0.02 ~0.08g VSS/g NO; —-N=Z &
Autd o g MAEAS 9] 0.15g VSS/g NH, —Ngto] o]g€t}
(EPA, 1993).

Atshel e 2ot

rlr

A7 ARAL ew 2

NH{ + 1.830, + 1.98HCO; — 6)
0.98NO; + 0.021C;H,;0,N + 1.88H,CO; + 1.04H,0

o] 9} o], Hits} sletkEA o2 RE AAE YdRYoMd HAi 1gel diE)
A AR 4.33g0] AH|EHI, €7 = (CaCO3) &= 7.14g0] AEE L, Al
28 AlZEE 0.15g0] A, F7]eiE 0.08g0] An|Eth FHGrolA
A7t =7t SAY dEYokd AA¥EIE FOoW A3 e FEAl

Agstel AAtES BEse] Wastel AW pHE FAAAK @

y
‘

o
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(Richard, 1991). &k}t wbgol WA= pHE F&F2 7.0 ~ 8.0% 9] lA
= AAstel dFE A AL, EAskEY] pHi HE o] W ¢kl 57
wj ol pH7F AAbsh whgofl S WerE B btk ey AAkske] 9
a AAE= Aol 3 pHASE mdE2 dAol &S VA7 dEel
o L7 RS BFehs Jlo] st

BE 7Pt et g ] Abjlularel &4 flEc] daRv a1 @

o] &t} Hetetotrophic M= Ao autotrophich| & A4 H T}

o w27 W&o, = v|AWE = autotrophic MABEY B&L A3 Z
o WA AE FASTY, ZAksE mAEe] v &S o o] 1dE
T Utk

CZN'NV
ay N, + a- S,

7] A, Fy ; nitrifier fraction
avn © nitrifier yield coefficient, g VSS/gNH,"—N
a ' heterotrophs yield coefficient, g VSS/gBOD
N, © ammonia nitrogen removed, mg/L

S ¢ BOD removed, mg/L

AAbst WESS AMtA o R 4~45T2 WMol doAY™ Nitrosomonas
= 9F 25T, Nitrobacter= 10~20C7} HA o=z Leixlth(Abeling &
Sevyfried, 1992). 184 Grunditz® Dalhammar(2001) 2] <A+ 2]3}
" Nitrosomonas®l 735 35C, Nitrobacter®] 735 38TCelrl FHAo=
Aehs Adoer BauEth o9 & FH(genus)f VA EECIHE F
(species) ol wet = 9 4 ot H2A A 7o) vk 5 S
= HolFr)h

Ammonia oxidizers®] =FHlFe] Slo] S fsk pH HE& 5.8 ~



8.5 Xol™ nitrite oxidizers® At 6.5 ~ 852 HIHTH(Watson
5, 1989). pH7} 5.8 oslellA= HAAREIE dojubx] gb= Fow LA
tH(Princic &, 1998). 718 Aol 9std pHE 7.2¢14 5.8% w53
= W AR} whgo] AAGA AtEAT, pHE WA 722 Fo FAS
sl-go] 3| HHE oz BauHrh ol W2 pHE 2

AgE vl Al ¥ S5A4E YEhl Zlo] obdE &vldhth(Randall

oM,
o
jl
)
of
i)
>
Lo

2 5

o] Aojxi e &EAbLAE Ak Ths et A RE S SRTelA
v FTEI gEAAT FFHolol FTHEPA, 1993). duWbzow
& %]

=7F 1 mg/L ol Nitrobacter®

o} (Princic %, 1998).
AAkst jEge 5A4S dore

=
=
nitrite 5 st 2Ao] glo} o)ge] FeEkat 44 et} ol A4

mg/L, Cue 0.1 ~ 0.5 mg/Le &E°NAM Nitrosomonas® 737l =4
= A, NiZk Znel F%7F 3 mg/L ol/old HArste] 100% A=
F= Zow Ru¥Edrt A G713 ERE = Thiourea, Allyl—thiourea,

Histidine s°] ¢#*a T}

(2) 243} (denitrification) ®¥F&
AEed ZAAiks) vhgo o3 AAAE ZAEL 3283} o]kl 9

a AAE=H sIAES AEFEE & dERYotE Adsh= AE 9
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shrEa viA e gk, AFAEVE, Fad FeseA Tol AR

Ak b3 2 BE Wl S b dEshn g drasde b
wgoltt

SANSe] gojst Welok ofel AeSHA (f719A, 719 RA,
FIPA), BRAH 8 S5 R oA (7718, 1B EE

)& o] &8 = Stk 843t 485 73T 7 e nAEES ve
of &3ty : Pseudomonas, Bacillus, Spirillium, Hyphomicrobium,
Agrobacterium, Acinetobacter, Propionobacterium, Rhizobium,
Corynebacterium, Cytophaga, Thiobacillus, Alcaligenes ©|% 7}V4 4
g HAUE &S Pseudomonas (P. fluorescens, P. aeruginosa, P.
denitrificans) & Alcaligenes® E°F, =3 oA AP} (Painter,
1970., Tiedje, 1988). ol& vw|AEI= 8 Halobacterium I
Methanomonasv A2V A e} AbAa7 AREHAS o @ddks A Ak
2k o] &sk= AOE BN TH(Skrinede 5, 1982).
IRHS- 215 ©@skA| 7] Zlo] Monod Ao % xd=E 4 9lal, oA & o]

gotol GANAEY YAES thewh 2ol vrhd 4 QTh(US. EPA,

|doN = |JON,max T KN+ N x T Ks+C
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Arrhenius®

3% Media

R

o7 1.03 ~1.209

o)A Q]

=
=

A

H
fuy

Q]
=

20 5 ~ 30CeAAE
t TCellA 245 (mg NO3 —N/g VSS - day)
20CelA 2% (mg NO3 —N/g VSS - day)

Vi (T-20)

10) 7} #o] xd
Kr
Koo

A g oA B &AE (specific denitrification rate) > %o wal o
KT = Kgo .

TA¥5% v (Shin &, 1991).
o17]1A,

Al
&

¢+

froe
o

QO

iy
o}

D22 (0)

T

bel =7k A e pH7t st

i~

B

}  nitrate 2}

°©

] Al

=

pH 4.0 ~ 7.0 A=

]
=~
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AR o7 AAE o] &3517] witol HEEA]
719 AT osd &
=7} 0.5 mg/L A% &

E
ol WS B o= &£eA floc ol &FAATE 00l 7H7kE

—d
>
[
PN
Ay
o
KU o
o
XN
>~
a
-
2
9
o
v
Ll

g T

z3
2 5714 AeelA Qg By Luxury Uptaked o/ 88 Ay
e AAWA qlo] WEE

Anaerobic Aerobic

Soluble BOD

rd

Orthophosphorus

/

Conc.(mg/L)

Time

Fig. 5. Concept of the biological phosphorus removal.
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Luxury Uptake ° tjalr & ofd % ol &do] gy Qe Aoy
Acinetobacter’} =23+ A2 31 F7A AE A 715 PH
B2 A &% 1 Polyphosphate’} Orthophosphate® W3 o] WE¥

/14 AEeIA A3 §7180 AsEest AYHEA AL FYHAS

vy}
ol

L=
oA FH7F dojite= Ay o] AkA ¢)o] T2 Electron Acceptor =,
NO3 9} #e EdE0] A48t ALV ¢l AHoAE ¢lo WEo] W

A Hol AV xNA 19 WES a8 0% 7] fEM e NOs =

- oA Eo| B9} 72 e X HMAF(short chain fatty acid; SCFA)o] &

A AN F o g g wrt.
BESH A AANE oY FFY Y] wpold Hid ol5L

Bio—P X+ Poly—P "A&o|g}al 3 ol % Acinetobacter’} X4
A mABEolY o5 1®a7d (gram negative) V=R BHFEEbE L
TAlE st A= T2 sl GlycolysisE AR & 7]s0] dolso] glo
v TCA Cyclex 77|l de3st #mass HAgs itk
Acinetobacters} 32 Bio—P w|A=¢ 5A=S 1#ste] #lkd

< HZ AAE Rdes d9etd tea 2

@D Model I: Comeu/Wentzel & Ak (Wentzel, 1990)

o F7IA AE ¢ BV EHNA otAlHOIEZE EElE A lo] WEE T
AR 072 oA EHo]E (Ac) 7} Acetyl-CoAE AA PHBI(C4HeO2),]
2 Wzt o]F vkgs TSk tad 22 Ao® vehd 5 gl
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.

9nAc+9nATP+CoASH— (C4HeO02) ,CoA+9InADP+9nPi+2nCos 11)

=, 1moled] otMEHO]EZL Za=A 1mole] PI7F WEH= 2=
4 4 =t NAD(P)Hp oMAEHO|EZF TCA Cycles AXHA A

dEn olAlEl)Er} PHBZ wW3dls = 23 TCA Cycled AAE A
o] wojof g}
o 37173 AH : 7138 W o o] F3E 5 Qi
- PHB7} ZebA diabztg-of] ARSI Al Hsd A3 Alxset FAERA
AHE-F T},
- g8 AdEE Acetyl-CoAE W3t TCA Cycle® Z¢]3d}o] TCA
Cycles AA™A NADHz7} 4= NADH.7} AtsteA ATPE

lo

- BAE ATP= AIEF3 Poly—Pe Aol 859 Poly-PE
dsty] S Q1o Aok ol A7 Aed.

® Model T : Mino Model(Mino, 1987)

o AV A o] RHeMEe dVIA Al REgo® whskE 9
a7k dastts s APon A= Glycogen®] el gk oFAlE 0]
E7F PHBZ AZEHWA Q1S WEsh wbe2 thadt go] 2dH
o Bdlo] o]t 2moled] ofAHIOIEZFH 1moled] <Qlo] W&

o

(C¢H1005) +6nAc+3nATP— (C4Hs02) n+3nADP+3nPi+2nCos 12)

o 3714 A" 3714 Ao w2 Comeu/Wentzel 2] A|ekdt

Dot vl vpRh PHBRZY-E ®hpdhao] Al Aabs ool A%

fols
o,

td
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U=l @71 dAllA 9] REgo] HAE ¢ lvs Aol tEt o
PHB7} ofdl A28 Ad ardEz ATYHL/le 2usa @
Mino®] Model> A tEe] dddzte] s ke ZeomA
Acinetobacter’} EMPAZE AA 4 guts AMdoe Bsta &)
d dElel EMPZR 27F e skAl o] miso] gl

ol

@ Model T : Mino Model®] %8 dl4d3t7] $&l EMPAZ7F ofbd

Enter—Doudorff(ED) 42 & AXt= 7143%ke] WH3E¥E Mino Models

A bt ot

o F7IA AAHE 1 o] R AL U= @Y dECIA Y] W
Fig. 63 Z2d Mino7} AlAlshE Ry} vlzeto] o3 22w
Aoz F3hd 4 glom o] Rdof o5t 1.5mole ofAlH O] E 2]

A ZHE Imole? Qo] H=FHt}

ol rlo

M

(C6H1005) n+6nAc+4nATP— (C4HpO2) n +4nADP+4nPi+2nCoy 13)

3714 AMEl : MinoZb A|A8F o] Ao prom oA PHBZEY-E
grstEo]l AAE = ol F s

o

ol

AF7HA = obAlEIo| EVE 71l -5 sl Bkt obAlHo EZ} of

Uil Glucose & B350 gaids 2 RulSo] Bual g4 e Tl
1tk Mino7b A|AISH 223t Model M @319 Faj7F A= gl
o} ol ¥4dE = NADH:S %2 o] EMPZE 24 EDA2E A&sly] 1

ol Glucose?} AA Poly—P vy & s EaljzE= AL Er1s3ta
& 4 Atk 2k Glucoses©l AT -9+ Poly—P "|AES] ¥
ETEA] &S v =0l Glucoses YW oHAHOJER WSIA| ARl 73

l_‘

=
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Outside Inside cell

cell
Carbohydrate
acetate » acetate l
PolyPn ATP ATP
ED > H*+e”
pathway ,
PolyPn-1 ADP ADP |

}

pyruvate

v E

acetylCoA ‘—l

Pi == Pi « NADH
NAD

PHB

Fig. 6. Schematic Diagram of the Model .

oA dHE AESA Q AA AFs dAHoRE HYsd Fig. 73
#rh = obAEHOlEY e FEe SCFAZE @714 AHelA v 84
el Ao At oA wAEe] & FAHEY o5 FE FUF
o] &31d {71 (soluble BOD)ZYH &€ttt = otAlgo]Ey thE
o] SCFAZ} A7 AHolM mE FEHA ) EAsL JgA 1
Aol o8 FAHEH o5 FE FYF &34 f7]% (soluble
BOD) 2#E A Hh. d4d8 SCFAL Bio—P/Poly—P vl EE0] 23|
=37} =" A4¥ Polyphospate? 7FrisfiolA A E = olUA &
o] &3lo] 9lo] WEE I SCFAE PHBZ AlZujo] #dHc}

714 AdEe 9 FHse vAES] 9SS FAANIIEE Acineto -
bacters =9 AFEEE Zta glom hdst g stES VAR AFESE
7] wel @714 Z7o] Qe FHEUA FHCME wol HAHA e

L= S A 71de]l AREEEA le] AHFHEH A

f
Ru)
=2
R
rlr
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Phase Reaction

- transformation of SBOD into SCFA

) (facultative microbes)
Anaerobic phase )
] - transference of SCFA into cells
1. Fermentation
- phosphorus release
2. Phosphorus release .
accumulation of PHB as transformed

SCFA
Aerobic phase - PHB-oxidation
1. Phosphorus uptake - removal from phosphorus solution

2. New cells composition | - formation of a cell of rich phosphorus

Phosphorus removal

- phosphorus removal by waste sludge
1. Waste sludge

Fig. 7. Biological phosphorus removal process.

Polyphosphate H|& A& %W, Bio—P/Poly—P v E9o] Z71E ). o]y
gt o]lE5 HtECE AEsHoE Qe AASE dEe FVIHAGAA B
% (phosphorus release)3t A& S7]HAA vAE AX U2 43
(phosphorus uptake)dte] Q& Jol&eA] FHE wWiEAIZOZA AA
3HA ©t}(Barth, 1982).

I WE 9 AFA eI IFJIAEE FVIEY &, DO 4
NO3; —N9 =%, pH, ORP(oxidation reduction potential), &%, SRT
so® d4#A Qlth o7]A SRT+ UF oA BAE = &elA|Zo)
AojA a1, o]z Qe A=A Q1 AAZe] FiaHE ARE dst, Y
FogrobA ™ AR el WalivE "nh edxzde] wek 10~209 Abel g
SRT7} AA = AL Qo)
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5. 4 &0 Zh(biological aerated filter : BAF) HBF27| A|AH

ol WS FReA AlFAIRbe] whE 49 wash out H7] HTh

= Al A B Y

=)
o
ro
i,
2
oty
r]I
olo
o
1o
=
>
rlr
o
=)
ox

g3t AeA Haksts FAE A9 §EAL Ao Q8] SVI(sludge
volume index) 7} A3tEH Fd @&0] gold 4 Qi) njgEo] &9

of F&e A=y wg7E AREshd olH e P Astr wAshE A

o
dol glom AEE yrme) Aadg ARCE nitrite’t FHL FE )
o] BuHYTG (Garrido 5, 1997). BAFE %28 olqo] 15ER 1]
HEES PR 5 Qonw vy RuY AARE] ¢35 B o
A B G ofupr o Qs W] 23 AAAMe] Be glo] BA
Hog & ojge Adrt

Fig. 8 ojA¢8 A& iz 714 9 A4k s% & dehd sl
#H¢ W ammoniums AEE wREEel 37|14 A YeA  ammonia
oxidizers®l| 2]&|| nitrite® HA AFslE] 1 QFE: 9] nitrite oxidizerel] <3|
nitrate 2 AFstE R ), o]w &EAAE ammonium Aske] WA AFE-x]
22 R AR FEEA o nitrite oxidizerse& Al$HE WA
Aot B3 e ko w AaEs 343 bh s "ol AL &

= V1A HTE HER o] A= FUE FHEIYS vIdEC 7 2

AN
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A7t dojd & b T3 ammonium¥ AFEE nitrite7} FA] o] &4

st AlYo] A 714 ammonium AFsh7F dojd 7hsAe] Stk

Amnaerobic or
Anoxic pone ™, R

Aerobic

———ie
Amiimonia
oxidiers Wastewater
Mitrite S —
uxl.dutrs /{\
Denitrifiers & Ry =] — - O |
Anammox bacierinm - | i
E f“'- |"|- h B HHﬂ 'N
£ v &0,
3 J i
E M L
“ II == - MO M

Dnstance

Fig. 8. Schematic representation of possible combined
nitrification and denitrification mechanism by microorganisms in
porous media(Backti & Dick, 1992).

ok

ke

il

A el FEstE e oRs vad 22 o] 3tt.

=gty A Fote] FREAES) %A@ e AAsk, AATt
5]

D71 E AEE ez Giste 9 datstx) A4S
s TFAIA A wdel F-2E A= (biofilm) ol o8l
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Rt ($H3 5, 2002).

Table 1. The removal efficiency and SS, organic material and
nutrient substrate concentrations of influent and effluent on the

new advanced sewage treatment processes in korea

Concentration(mg/L) Removal

Company ltems efficiency
Influent Effluent (%)
SS 192.6 50 974
HD BOD 122.3 6.1 95.0
CODwn 65.7 88  86.6
(HRT:11.31hr) T-N 37.9 8.4 779
T-P 4.0 0.6] 838
SS 160.7 3.0 974
BOD 146.9 41 96.5
H CODwn 72.0 8.1 88.7
(HRT:13.55hr) COD¢ 265.5 19.5 91.4
T-N 27.5 8.3 654
TP 4.0 03 907
SS 1471 22 98.0
K BOD 104.5 o8 967
CODyn 65.4 8.1 87.6
(HRT:9.54hr) T-N 295 770 702
T-P 3.7 0.6] 801
SS 113.4 6.4 912
S BOD 101.4 57 934
CODn 54.9 92 825
(HRT:8.95hr) T-N 27.4 9.1 63.4
TP 3.3 09 678
SS 66.4 10.3] _ 80.3
SM BOD 69.1 6.2] 896
CODun 33.5 9.9 681
(HRT:13.79hr) T-N 23.0 11.6] 445
T—P 00 11 491
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6. ZtHF71d AXY=0{2(nSub)Z

0
>

D M E719 AH 8= 383 (InSub) & 712 74

InSub (indirectly aerated submerged biofilter) FX&= F7|v &
1A EFel g Rbg7IWe] MATF £8E = whgolth FUHH R olF
NNAZEZ 717 A8 s ddgde] &
U Ak o R AT wiA 2 dEEo] tAbEAo]l Al EH.
InSubZ A& W&z e 55 5o wet 4792 s
542 o 2o Z1A7 FAE A, /A AR Lol

“AZ(riser)” 2} FFal, SA9 A s B0l dojp: R
(downcomer) "2} gt} HFEHTE (base) &= InSubd=| o] Al 18] FQa38

S

A gkort, 7% ARG, A BEEE U S AR sgel

r°*'
12

e e
ks st

4»
15
=
[

Atk 714 2] 7] (gas separator or head space) & WEE7]9] SIF-EC
2 N It VA9 Ze7F Lot
InSubA| oA & W& FsFok sk 7o F4 FadxE zole

ot AHAH(AP) wZel Ty

AP=Hg(p,—0,=Hog(es —¢s,) 16)

o714, H : &5H9 #ol(m)
pi Aol M e A Bt i (kg/m')
pat BAFOlA S A H Uk (kg/m)
pr o Aol FA9 e Uk (kg/m)
ear - ATHOAAMY 71 AFHF

€ca ¢ SPH-OlA S 717 AT

12
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3) ARFH71E A=A A (InSub) <14 2 =59 <

InSub Aol A 71AH7F W71 2 F]lE o], 715l F7hgtel wet of
2 E5FYe] BEdn W2 VRSN VIEZTIY el Ha
717} Whg7]el M AL Ao w A, 71 A77F 2o ddst
. ol%  VIEXEEYY (bubble flow regime)’ olg} 3t 7]4H-40]
S7behel web FAlS] VIxEErE A Skt V1ES] SENETL E
obd Azzre] Mol FUhetd, By 2 dRE SAAA = VXY &
A7F dojdrt, o] @GS Aol P (transition regime)’ olgt FHr
717drEel v Srkekd 7129 "Wt Fkstal, 7S] AV)7F AA AL
71329 Eefol  EqfAREAY, WiV A GRFEEFYY (churn -
turbulent flow regime)’ o Z=23stAl #Hr}t 717 §5o] 4 F7HE el
ute} w24 AbsstE 2 EXAFE 713E(spherical caps bubbles or

bullet nosed bubbles)7} A o83t 55 JIdS ‘EHIEZSY

id

f

A (fully developed slug flow regime)’ ©|2} it} T2 EX3E 7]E9
A7 Y AR E= 78RSl S sl wel S7bskar, A Aol A2 S

AN Fohgh w71 Aol Fe wi= 7]E
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12
il
0
2

a
AL
1
0
IE

o B9 FEEHY d7/FArZE AFAT fig. 9, photo. 13} Z2 InSub

Anaerobic/Anoxic reactor Aerobic reactor(InSub)

V4

L
Hiluent

d

vaste sludge

Fig. 9. Schematic flow diagram of InSub system.

1. Pump 2. Flow meter 3. Circulation Pump
4. Blower 5. Media
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Photo 1. Photo of InSub system for pilot plant

Pilot Plants HAA AAe] 9E3 07 [nSub%s o] 3.3m, &F#3}
B3 A 5ol 247zt 1.5m, 0.25m¢ o]Td Fx=E UFZY F7=2 <

=5 AbskEalekar, 1] AAL dae] Aikstr
InSubx9 F7]EF2 AW 1.65m'/min €2 Blower Model—042) &

AP A1 wel dAto]l AL o A #(ECO-Diffuser,

ot

Model EG=700)% A}£3t9] InSubz We DOE 4mg/L °]% A%
= Sk wek AAF S g A E 45 FoF AAEAT fdEs

)4

2 BRAE Wt 4439 250We AU PFEE ) nE
23S Q3 125We «=3tE 2y} AR Ho] 9Jon FEHAS E5o] 4



_I‘;"_q:]aok% 21-_7(-161— 2~ ol % 3]_0%;].

oAFoq AbgE FAMAE (media)2 thed o UwtRA oel 24 £
2] & (polyurethane) AEX] GEAZA 20 FFHA )AL, 7]
95%°1% oo WEze T HY gl HA FAduA e
o7 HES £ glon, wjF el nAgE vAEe] DO Aol
Golgt T2 AZE]dTE. S FAAvE e AHAR]Fe] 0.04 £ 0.01°]

7] WEel HEx T Aldle wbexe] ARR s HER g€7]/5At

e}

ol

[}

O

2%, InSubZ Z+7} 4 &} 50cm, 30cme A Heof AH-EALFAS A5
3L, SEAAIZES] A el whel el Fa wl H3 o] FEkel| nhet

Photo. 20 # ATolA AFE Y SAwAA Y nAdE F2 d.59
¥WS #9743 (OLYMPUS, Model PH-2)°o.% Hojx vtebdl Zo|t}l. A}
oA wjde] i Y 7R ABE o] BAFPE O Q)5S U 4

215ich.

(a) (b)
Photo 2. Photograph of media before(a) and after attaching(b)

microbial
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z= Fh52 Aelaol tiste] Table 29
BAE T o714 BODE 20TCelA 597Fe] BOD=
= KoCro070] 93 W 2 AR 100°C oA KMnOyol 2] 3t

sto] =AsFgth. T-NI T-PE w8 H7] (autoclave) & o] &35fe] =
A7 dgoem, NH, =N, NOs —N, NO3 —N+= GF/CoA =& oz & &7
Sh e

RbgZ dlel disiA pH, ORP, 183 DO: 7|4 o=
of etk ol Fuel g BAL

9 Standard Method (1998) o] =3}o] A A&}t

NI\

Table 2. Analytical items and methods

ltems Analytical Methods
pH/ORP | Electrode Method(lstek 740 ; Korea)

DO Electrode Method(Orion 810 ; USE)

COD« Titrimetric Method(Open Reflux Method)
CODuwn Titrimetric Method(KMnQy4, Acidic)

BOD Winker Azide Modification Method(20°C, 5day)

SS Gravimetric Method(Dry oven, 105C)

T-N Spectrophotometric Method(K2S,0s, 220nm)
NH; =N Spectrophotometric Method(Indo-Phenol, 630nm)
NO2 -N Spectrophotometric Method(Diazo, 540nm)
NOs —-N Spectrophotometric Method

(Cadmium Reduction Method, 630nm)

T-P Spectrophotometric Method

AR ARE JREADY 1ARAA FEFE AHES]
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T 1~2A] Atolel AFH oM, AFHT A5 FA AR A AF
st AR FaE BAsk] Slsl 4TelA W Basiith & A el
a9 A4S Table 3o Yeb AT

F90 A s Ed 95 BODY ¢ 30%7F AAHE 14E A
FETE B Ao ANEE A FY B AFSERO] o B =

a AAAQ FETF W Aor ey
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Table 3. Composition of the Influent used in this study

ltem Maxium Minimum Mean
COD (mg/L) 173.21 53.35 102.11
CODuwin(mg/L) 59.40 31.68 43.12
BOD (mg/L) 161.82 13.70 75.35
SS (mg/L) 68.00 30.00 48.29
T-N (mg/L) 51.72 12.50 39.15
NHs"=N(mg/L) 26.40 9.15 16.16
NO2 —=N(mg/L) 0.10 0.01 0.05
NOs —N(mg/L) 2.89 0.43 1.21
T-P  (mg/L) 6.40 1.49 2.71

pH 7.80 6.92 7.19
BOD/T-N 3.13 1.10 1.92
BOD/T-P 25.28 9.19 27.80

2 A7) M TR Hive EFY 4L A FEE A
% ZratE wReAEv]I=9 ZF 10mg/Le 1mg/L °lstz shgdd o=z X4



- InSub system®] InSubx uWlol st E]d SAEHUAR A F3}o]
15947 AEA7194 HAFHES5Y CODw NH, 5 ANEZE F/d e el

T AEE Fragdh. 28y /s AA 2 AAsE St st
A dolwkar, o]i= InSubx %] Mediaol v]A=2] F2ro] w53k Zlof 7]Ql
1 Aox yuepqivh. wpebA mls ESUAR AlES] AAbst Breg o}
(BAC—300F) &} FHAE Foste] 2417Hs<t 94 4 glo] =43k
3 GdE e mEete] 295 AEAHE ARt 2 Ay Aaksiot
dojup7] Al on §EF7F A madlE

wE Gz S TAR AlE (A58 Nitcell—A) & @714 w4

flo
da
(o]
o
¥
0,
¥2
)

& (Pseudomonas, Micrococcus, Bacillus, Achromobacter) S 253}
o,

A AFRET7E A8 H =g & sy ehy A2t (hydraulic
retention time; HRT)& ®7Asto] A& Fegltt. 44 HRTE A48t
71 98l A FEEE 3.18m/min, AAFHAES F7)/FALZ9 InSubZ®
2V7y 20% = 3t%lal HRT+ 10hr, 9hr, 8hr, 7hre A= APxAS

2
WAstel AP Wateleh

Table 4. Operating conditions in this study

Packing Ratio

Superficial
P anaerobic/ InSub HRT Quantity

velocity .
anoxic reactor reactor

10 hr 13.8 L/min
9 hr 15.3 L/min
8 hr 17.3 L/min
7 hr 19.7 L/min

3.18 m/min 20 % 20 %
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Table 5+ ¥ HAFEIFAF

pu (e}

Mo

A7 B A, BINFAEE

InSubZ A el &%, pH, ORP 1831 DOE yYehjglth

Table 5. Temperature, pH, ORP and DO during operation period

Anaerobic/Anoxic
ltems Influent InSub reactor
reactor
"19.5 ~ 23.6 209 ~ 27.3 20.5 ~ 28.7
Temp.(C)
(20.9) (22.8) (23.7)
6.9 ~ 7.8 FHYS Y7L 6.0 ~ 8.1
pH
(7.2) (7.3) (7.2)
-263.4 ~ -126.7 | -439.1 ~ -313.5 | -225.2 ~ -76.7
ORP(mV)
(-201.8) (-357.1) (-148.2)
0.90 ~ 1.88 0.00 ~ 0.12 4.61 ~ 7.39
DO(mg/L)
(1.40) (0.03) (6.01)
* Minimum ~ Maximum (Average)

PHEAI 47124 29n PR 49 -

ofefell HER AT
1. HRT®# 3ol w2 SSsx 3 A HAHE

Fig. 10 Z}7te] HRTO| wh& 9k d7]/FAAx 1831 InSubXx Hj
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A HRTE H3+ WRHoz AdS 33l om, InSub systemeol] w24
E T A Egste] 24A = EHH samplings o3
th olgl %7] SS WiEFEEE 1.0mg/LE W& FEZ JEwton Ht
3.10mg/LZ AAAZEL 93.58%%F et S HRT 9hrellAle] SS
Z7)MEEEE 0.5mg/LE ofF W T2 YEtytyl Hy 1.46mg/LE
AAZES 96.98% = 7HF £ A&S Yebdoh HRT 8hrot 7hrdl 7
T vE4EE7F 2.83mg/Le 3.83mg/LE AAEZES 27 94.14%
2 92.07%% BE oA EA dEbgth oldd BE SN E
S AAEES dERE v 2 A3n o] JAy AED wkgUE

o] &3t 0] (2002) T ATFolAe H(2003) ol g3t pilot plantolA <

_u.4

\-Influent I Anoxic 3 effulent +efﬁciency\

100 -/”/'\-\. 100
90 4 90
J 80 4 80
2 3
E 70 4170 &
£ )
i 60 160 §
z QO
8 5
8 3
Z B

HRT(hr)

Fig. 10. The SS concentration on influent, anaerobic

/anoxic and effluent and removal efficiency with the HRT.

T el JitE BEoHRE AFHE(Table 1ol BliAE
InSub system< o}F =& AAGZES UERES & 5 AT o=

InSub A2 FHozAR F7]e s FdE iAol ol
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2. HRTH#3l0| E RIIEST Hat & HMAHEE

Fig. 11, Fig. 12, Fig. 13 HRTel wW& f71&54d % 9 AA&ZE
S olr 7] alx A9k d7)/FA Az 183 InSubx 9] W&l o
$ BODs, CODyn 283 CODes % 9 AIAEZES YER ST

7V =S AAES Holi: HRT 9Shrol Ao zF 5o gt 7+ 29 vj&
T 5 % AAgE disiA AuE¥ BODs)l 4% 7.09mg/L 4
90.59%°] 3. CODwn?! 7% 9.84mg/L 9 77.18% ~18]3l COD¢Sl 4%
16.42mg/L. % 83.92% % YEbtel. HRT 10hro) whaid+= BOD;S 7
%, 9.05mg/L ¥ 87.99%% CODwnq! 2% 13.78mg/L % 68.04%% 1+
Ebtom, CODe¢! 4% 23.63mg/Le W& 5% 4 76.86%2 AAZ
5 vebith 283 HRT Shroll thalAs= BODs9 4%, 8.79mg/L 2
88.33% % CODwnQ! 4% 10.72mg/L 9 75.14% % YEFSES™, CODcr
ol 3% 16.58mg/LY WiES % % 83.76%9 AAFZES YER
T3 HRT 7hrel disiAE BODs?! 49 13.05mg/L % 82.68%%
CODMa?! A% 13.0lmg/L % 69.83%% uYEFFSH CODiSl 3%
26.76mg/L % 73.79%° AA&ZES WEbda o o774 B HRT
Ohr$} 8hr& WA frAbakAl UeEbd Zlel| H]gte] 10hr$} 7hrolA <] |
A& Aoz d5e 4 5 A

3k, Table 19142 8yl A7)« &<l B8] InSub systemo 412 A|
Aagol 2w WA Yehvda Qled, ol 42l BOD/T-NH ¢}
BOD/T—PH|7} 747} 1.98} 2782 {714l vl3] YF=49] 5= A

@
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100 100

90 + .///-\.\. 490
-
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Fig. 11. Variation of BODs concentration and removal
efficiency with the HRT.

B Influent =Y Anoxic E= effulent & efficiency
100 100

90 1 90

removal efficiency(%)

HRT(hr)

Fig. 12. Variation of CODwy, concentration and removal
efficiency with the HRT.
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Fig. 13. Variation of COD. concentration and removal
efficiency with the HRT.

3. HRTH# St we A2s= ¥t % HAHEES

ArE ATl U A=A oz AdAE AAst= A5, trFe
NH;"=N7} %714 (aerobic) Aejeld mAE] s AEexoz it
3} (nitrification) AT} ©hA] FAka AFefelA] &2 3} (denitrification)
Hhgo] dojuf AAgigtEo] No2 AP o ZH o] Fojzitt & A A}
€% InSub system o] 3 AAibstel A S olF & U=F: AAW
Aowm A W Media WA= AAs7E dojual & 4 Media
o= gdlsih dojd = RS AAe B Aol s ks
S7120s WAANAM F71EH AAE Al AT F AU system O

EX HRTOl W& A z7olA

ol =4 @A yEhda AR el Al #@71%7] x£30
Aol & wkg el EAsHY] wiitel ukEe] fle G s AT el

Hjel AA &g =A vERtaL

o l+=d], Fig. 14, Fig. 15, Fig. 16, Fig.
178 95, ¥A42% 9 InSub®x #1%42 NH, —N, NO; —N, NO; —



N 2 T-N ¥%9¢} NH, -N, T-N AA&EES e},

B Influent &Y Anoxic E=effulent B efficiency
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1 80
_ S
<20 =
S %)
E 160 §
z 5
E o
z 140 ©
10 g
o

1 20

. \ .
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Fig. 14. Variation of NH4 =N concentration and removal
efficiency with the HRT.

B Influent @ Anoxic B effulent

NO2-N(mg/L)

% 1 % 1 —_—T 1

10hr 9hr 8hr 7hr
HRT(hr)

Fig. 15. Variation of NOs —N concentration with the HRT.
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30

10hr 9hr 8hr Thr
HRT(hr)

Fig. 16. Variation of NO3s —N concentration with the HRT.
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50
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30 |
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20

removal efficiency(%)
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Fig. 17. Variation of T—N concentration and removal
efficiency with the HRT.

T-N¥} NH,"-N& wW&FsE 2 AAZES 24w d, HRT 10hro)A
= 7zt7} 21.25mg/L @ 0.93mg/LE 45.72%, 94.25%° A7&, HRT
Ohrof & UEREEo] gl 2AdME 247 10.42mg/L 2 4.08mg/LZ
73.38%8} 74.75%9) WA FL& AAEE dERHC™, 8hrel A
17.13mg/L 4 6.64mg/LZ AAE&E 56.25%, 58.91%% 1, 7hrol 2%
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19.44mg/L$} 7.56mg/L9 W& %2 50.34% % 53.22%% lER:
ot o714 NH,' =N AA&E] 714 ¥ HRT 10hrolA 7H =&
AAES B Zolgt AbRE Y Fig. 159 Fig. 1694 et uhel ko]
kst ol o]Fold i gdsh= AdAo®E wA yeids o
AT (1999 7 7 (2002) Tl sk HAabsirt @dslel] s A
Aog e AY F718 AA L T-NAAE Holfd s & 4 e
o, 2 Ao A% HRTZF 10hre! A9 f718 AA 2 T-NAAEo] o
olx = AN}E Btk Wk Jeill Oh 5(1999) ] oahd opdAteo] &4
& Bade] RIS A WAL don, B A M= HRT
10hrellA] ols} fAbeE dAFS Btk webd T-N 9 {71582 AAel

b

T HRT7F 283 &S & & A3
4. HRT#H stof| w& T-P et o HMAEE

1

£

T-P9 7% HRT 10hrell i HEF sx¢ AAES
1.70mg/L ¥ 37.27%% 2 AAES depdd v, 9hrdd A$=
1.0dmg/L. ¥ 61.62%= YA =2 AAES HUY. 8hrd A
1.50mg/L ¥ 44.65%, 7hrel -9 1.68mg/L ¥ 38.01%= HRT7} Zro}
ol whep Hap vk AAES e

Aestaoz Qg AAst= dEe @714 W= (phosphorus
release) 3t <& S7|FHHANA wAE AE U= A3 (phosphorus
uptake) 3to] Ql& YJol&eiA Fu2 wiEA Ao 2A AATA

A owE B AFCd dBolste dFIAERE wUIES &, DO Y

N

NO3 —N9 5%, pH, ORP(oxidation reduction potential), &%, SRT
So7 4dHA bk T-POo AARES HRTV| S71Ee vt 234 <
Zbsbar QIAINE Wl w3 AAGES YERUStE e HRT 10hrol A+
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Q388 AAEEC] AR = AFS BT ol £ A AHE-H InSub
system©] A% % Media THAE AAarstr dojvt M
ieM = 2437t dojue s sto] Aabstel &4st7t wAlo Ay
A== A S, Fig. 14 ~ Fig. 164 XHolF ]
st oA AR EH GdE Bl AAHA Feta whgE el &
Abshd o] oz Q1o WEo] AdE AR Atz ¥TH(Vacher and
Connell, 1967). webd <l AA ol Astdis AAsH] 918
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Fig. 18. Variation of T—P concentration and removal
efficiency with the HRT.
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2 AFg= 1EE7E A A= T (indirectly aerated submerged
biofilter ; InSub) ¥ ¥ F7]/%At4 (anaerobic/anoxic) 3 78= A3AIA
ZHA] |EESE InSub system O ZH, 7)€ ExEty thdAQl system=
of vl Bt A4S Eestdt st Y systemC A AFEEHE 9
s A dA Ador, ARRFATAA HRTHS ] wE #71& 2 4
a2, Q19 AA 54 v 2o

1. Z+Zte] HRTo| W& SSHE 9 A AZES AHEH &
A it 3.83mg/Loldt® FARYCH, AALEL 92.07%014
ek,

Az
o7

Mo

2. 7189 AAEEL 7 HRTO diste] v|shAl yebbar glov
HRT 9hroflA 71 2 AAZES el

3. ggAFo AAEZEANNE T-NI T-P7} v]=3 A4S JeRgl o
T 9hrollA 7 =2 AAASS YJeERT)

©

4. B AT WoolMe AW HRTE 9hroZ yelyton 74zt s
F T % AAZES AyEw, SS 1.46mg/L % 96.98%°]H,
BODs, CODyn % CODgeoll thaliA 242be] wiEF5%=E 7.09mg/L,
9.84 mg/L % 16.42mg/Lolx, AAZES 90.59%, 77.18% 4
83.92%% Uetton, ggdiel v T-N % T-P9 wjE&Fsk
= 10.42mg/L 9 1.04mg/Lolx AAEELS 73.38% 2 61.62%%
LhERSE T
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