1 - 5 i 3

G A KB

RIS LA

g R R

20064 8H



o] HYS WETHE LB Hue= R
2006 8H

giEae] R T WM WS

FHZ R A

% R % %

% A & &

S B #& 8

% B__ &
WM AR KB

20064 8J1



The Study for Advanced treatment of
Domestic wastewater on Indirectly Aerated

Submerged Biofiltration(InSub) System

Jin-Young Kang
(Supervised by Professor Mock Huh)

A thesis submitted in partial fulfillment of the requirement
for the degree of Doctor of Environmental Engineering
2006 . 8.

This thesis has been examined and approved.
Thesis director, Eung-Ho Kim, Prof. of Civ. Eng.
Thesis director, Yong-Doo Lee, Prof. of Env. Eng.
Thesis director, Bu-Gil Kim, Prof. of Civ. Eng
Thesis director, Eun-1I Cho, Prof. of Env. Eng.
Thesis director, Mock Huh Prof. of Env. Eng.

August. 2006

Department of Environmental Engineering
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY



L 2 E7] 832 A8 vted H(InSub) FAE olg3 2FnEHY 712H

B 3
T 3
1) GUFHIZ] Bl B e 3
9) QUTMS] WL U oo 4
0 RYE T HPM] e 6
1) ALB] 2] orveeesseessmrers o 6
) ALE] A E| S B A e 8
3) ELATEFE GD HPH] e 9
4) SQ] QF0] FAEAD e 10
5) ALBJ Z 2 vversseesnee e 1
B ATp G LA e 14
1) A S ATZEO THE BB} oot e 14
9) MR T BTYEEA M B o 20
3) Z RGO TPE HBf oo 2%
A) O] ARZ O] MEARE B oo 32
D 36
[IL InSub®& |42l e FETET o Z o 38
1 AL oo e 38
1) QT U7 B B oo 38
9) QUFUIR Tl MG oo 39
O RPE D HPH] e S 41



3 AT F S e 50
DU SEEE] Malo] ME B oo 50
2) dE Ao wisle] W FEFEE0 M3l o, 60
3) HZTE InSub B o A9 WEGEIAET o 63

Qo B o e 67

IV. 484 % %2 InSub system& o] &3} LFITEXZEA e, 69

Lo AR e 69
D A 2 B A oo 69
2) DTG Z Q] e 70

20 B H R e 72
1) AR AR e 79
2) B EZ] e 73
3) FAFE W OMPM e 75

3BT G TE e 77
D 71 F 2ot A A FAIZE] W& 8 oo 77
2) W55 ol B2 e B 1ot PR Ve JBRARN e rrreosoooooooooe 83

Ao T e 90

V. 8% 2 InSub systemS o] &3t LAENLEHTYEA i, 9]

Lo AT B oo 91
D @FE R B A e 9]
2) DTG Y e 9]

20 AE B e 93
D) AR oo 93
2) BATE G MM e 08



101

3. ép_}_ \;_1 :l_'—ié.}

110

100

.mo

o m&

1

~

D &eta A FA

100
go

il

oy
B
4r

Ho

Gr
-

115

3) Pilot plant

117

4.

119

VI :’é&@ é%



Summary

The objective of this study carried out to develop InSub(Indirectly
Aerated Submerged Biofiltration) system which is mixed the indirectly
aerated reactor with submerged biofilm could resists against hydraulic
shock load, packaged high-tech advanced treatment technology for
domestic wastewater.

The result of this study were summarized as follow ;

1. It's confirmed that organic material, nitrogen and phosphorus could be
removed simultaneously on InSub reactor. However, It's confirmed that
system had to mix InSub with anoxic reactor to remove nitrogen oxide

for high efficiency of nitrogen and phosphorus

9 Recirculated velocity and time of water were increased in the InSub reactor
with increasing superficial ~velocity in - an internal column and especially
measured velocity in the lab. was higher than calculated velocity as superficial
velocity was faster. Recirculated time of water was from 255 to 36.2sec as
superficial velocity in an internal column was from 254 to 6.27m/min for InSub
of pilot plant. Therefore it was considered that anoxic or anacrobic zone existed

in InSub bottom

3. Optimum HRT of anoxic and InSub reactor was 4hr and 5hr, respectively.
And it was considered that if internal return was carried, cycle of backwashing
had to operate short for getting satisfactory quality of water and optimum

internal return rate was 100%



4. It showed that optimum HRT and SV was Shr and 3.82m/min in the pilot

plant

0. The result with variety HRT and superficial velocity in an internal
column was high treatment efficiency in spite of state without the
internal return. therefore it confirmed that it was to be high efficiency
advanced sewage treatment system when it combined the internal

return.

6. After this study, it has to be carried out dynamics of denitrification

and dephosphorization and variey of internal return to get high

treatment efficiency for commercialization of InSub system.
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Fig. 1. Schematic flow diagram of reactor.
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Table 1, Analytical items and methods

Item Analytical Methods

PH/ORP | Electrode Method(Istek 740 : Korea)

DO Electrode Method(Orion 810 : USE)

TCOD,, Titrimetric Method(Open Reflux Method)
TCODu, Titrimetric Method(KMnQ;, Acidic)

TBOD Winker Azide Modification Method(20C, dday)

TSS Gravimetric Method(Dry oven, 105C)

T-N Spectrophotometric Method(KzSBO& 220nm)
NH4 ' -N Spectrophotometric Method(lndo~PhenoI, 630nm)
NO, -N Spectrophotometric Method(Diazo, 540nm)

NO; -N Spectrophotometric Method

(Cadmium Reduction Method, 630nm)
T-pP Spectrophotometric Method
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Table 2. Composition of the domestic wastewater used in

this study

Item Maxium Minimum Mean
TCOD. (mg/¢) 622.25 370.50 496.38
TCODua(mg/ £) 208.84 152.54 180.69
TBOD (mg/¢) 37752 271.81 324.67
TSS (mg/ ¢) 176.65 82.00 129.32
T-N (mg/ ¢) 298.73 100.11 199.42
NH: -N(mg/ ¢) 263.05 87.61 175.33
NO. -N(mg/ ¢) 1.04 0.15 | 0.59
NO3 -N(mg/ ¢) 0.14 0.00 0.07
T-P  (mg/¥¢) 1691 | 3.58 12.74
pH 89 814 8.52
BOD/T-N 1.26 272 1.99
BOD/T-P 22.33 31.68 27.00
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Start
-

Superficial Velocity 1.2m/min, Packing Ratio 40% ]

- HRT 6, 12, 18, 24
v NO

HRT Calculation

Calculated HRT, Packing Ratio 40%
- Superficial Velocity 0.4, 0.8, 1.2m/min,

NO
Superficial Velocity
Calculation
Calculated HRT and Superficial Velocity
- Packing Ratio 20, 30, 40%
¢ NO

Packing Ratio

Calculation

Fig. 2. Flow diagram for this experimental procedure.
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r Hl Influent B Effluent -&- Removal Efficiency

1,000 — 100

900 | 490
< 800 F 1 80
) g
E 700 ¢ 170 <
g oy
=4 jed
E 600 4 60 '8
g 500 4 50 §F
S 400 - {4 Q
O o
S 300t 130 §
8 r
8 200 1 20

100 + 110

0 _ ~ ] L. ﬂ,,,J 0
6hr 12hr 18hr 24hr
HRT

Fig. 3. Varation of CODc, concentration and removal efficiency with the
HRT(Packing Ratio 40%. SV 1.20m/min).

1:- Influent &8 Effiuent -« Removal Efficiency J

1,000 - = 100

900 | 190
J 800 f s
£ ] S
= 700 1 70 =
o <
= 600 4 80 @
= ! Q
§ 500 <50 5
& 400 + la @
F £

£ 300 30
S N

o 200 T 1‘ 20

100 { 4 10

0 - (11 I TITTID _J 0

éhr 12hr 18hr 24hr
HRT

Fig. 4. Variation of CODua concentration and removal efficiency with
the HRT(Packing Ratio 40%. SV 1.20m/min).
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r- Influent 5 Effluent &~ Removal Efficiency

1,000 — 100

900 — 4 490
= 800 180
S o
£ 700 S0 €
g g
S 600 160
© Q
£ 500 150 &
g v
§ 400 40 g
S 300 3 5
QO 14

@ 200 20

100 10

0 0

12hr 18hr 24hr
HRT

Fig. 5. Variation of BODs concentration and removal efficiency with the

HRT(Packing Ratio 40%. SV 1.20m/min).
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B Influent HH Effluent -&— Removal Efficiency
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Fig. 6. Variation of T-N concentration and removal efficiency with the
HRT(Packing Ratio 40%. SV 1.20m/min).
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Fig. 7. Variation of NH,; -N concentration and removal efficiency with
the HRT(Packing Ratio 40%. SV 1.20m/min).
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T-PY 7 FEE 72Tmg/l = el oo HRT 18hrd ZS-ole 14
o UMt FAAHH w=@agEd, oW fFEFH HE T
864mg/ £ ©191 o8, HRT 12hret 6hred 72§ @A F 20940 A L} A oF
Ao castded, olde &5 FEFEE A7 760me/f o}
571mg/ ¢ & YERRT

pEyor AL AAsE dYs & 71 Aol W& (phosphorus
release)dt 1S F7]1#Ae A PAE AME W 43 (phosphorus uptake)

sto] 1 dojz ) Pz wEAP oA AASA Aot

ol WE @ A BostE FyAARE F7129 F=E DO 2 NO; -N
o] %% pH, ORP(Oxidation Reduction Potential), = 2%, SRT To2 ¢#
A 9t T-Pol AARES HRT7ZF Z7hgel oa =% Z7tsta A
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o e AAERS e ol st A= v
o Eaf AARA Tam vz BEse AFARY PR M

=2
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zo] Asiy Aoz Arg " th.(Vacher and Connell, 1967)

adez 9l AAe waes] AatA g AAs 7AiM HRTe #
solool T AEIA gL AYANY F AT WAE stedop & Ao
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H Influent HH Effluent —&— Removal Efficiency
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Fig. 8. Variation of T-P concentration and removal efficiency with the
HRT(Packing Ratio 40%. SV 1.2m/min).
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(31527Tmg/ £)F om, WE# FEEE 1.2m/min= LA S BY 14
ao) HAAHe] T2 olmel f%4el CODe, CODwn BODsSl 3
2wz 7b7h 10340mg/ £, 2269mg/ ¢, 1633mg/ ¢ 2 VrERTh W
zeaL 04 08m/ming ASelE o 1492l A2 Yl sesta e,
olfe] §Z4o BFE FEEL 27} 9350me/f, 26.32mg/ L. 17.74mg/ £ o}
52.%5mg/ £, 85.29mg/ ¢, 1561mg/ ¢ & JERth Fig. 9.~Fig. 111 et
2 glzo] Wiy TEHE] WM CODers Aol G718 A el
= ogo zols yehurl &3 Utk CODerdl A3t W at g el
mE dzxre Zzz 3 dRHAd RIS wasty] gl HEAL
o] ZolE o] AARES HolEIE A% b A AR, CODan,
BODsol Wlsid = A&EE Z7tel] & S WA & o7 veEhY {7
2 g7} ofg med dojde RAFT o e Az 2 uEd
BAsE WED FgL£=st 04m/mingd 857 Sl AAN Frelds
B Fy: Ao Atzdth
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Fig. 9. Variation of CODc: concentration and removal efficiency with the
SV(HRT 18hr, Packing Ratio 40%).
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I Influent BB Effluent & Removal Efficiency
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Fig. 10. Variation of CODwmn concentration and removal efficiency with
the SV(HRT 18hr, Packing Ratio 40%).
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Fig. 11. Variation of BODs concentration and removal efficiency with
the SV(HRT 18hr, Packing Ratio 40%).
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(2) A AA

AL A gHH o5E A A5 £AH AFAHRT)A =
2 mxro AARFS A AdEt Iy Fig. 644 maFRol
HRT 18hrold ZAe AAZEe atx gA Fomz @d& A7
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= 747t 04, 08, 12m/mine 2 WsAA 2@ FAsHEd, Fig. 129
Fig. 132 7 W3® 3950 me T-Neb NH/-No #¢l, #3585
2 AAE&S JEhRST Fig. 129 Fig. 13014 MelFe vhep el ¢
myolel AAe Aael AMANAM BY Avd A}E BT A=,
WEE TYEEst 2 A% DOFEZF Syl sRAA FA ] DAl
wajol Az 243 Ao g AE . (Delwiche, 1987)

gEn 2gsce wad mE A7 B¢ 49" eF9 T-N %
NHs -N< 7bz} 13081 ~164.29mg/ £ (148.45mg/ ¢) % 100.11~146.33mg/
2(11973mg/ 2) 0.0, Wi # TH&Ed e WsdAe 149 del =
= Ao Tgadch WS IEREECd ¢E Wl Mo FES2
T-N H#%5E 04, 0.8, 1.2m/minol ohair zp2t 62.37mg/ ¢, 94.54mg/
29 9786mg/¢ & UERRon NHy-No #is=d 742t 53.36me/ 2,
56.39mg/ ¢ o 67.33mg/ ¢ & JEbstTh 714 & & Kol HA gh-g- % A
oA Aa AA dolA HRT, pH, 7t %, &%=, ol =3 A EA v
o] apolatz A&d My olje WiH FgEEeL FFe Wru

e o + At wmW ageld 2 & kel wyE FRAN

./TE
04m/minoll A A=A A fFETes & F AR
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Fig. 12. Variation of T-N concentration and removal efficiency with the
SV(HRT 18hr, Packing Ratio 40%).
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Fig. 13. Variation of NH; -N concentration and removal efficiency with
the SV(HRT 18hr. Packing Ratio 40%).
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R Influent 8 Effluent & Removal Efficiency
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Fig. 14. Variation of T-P concentration and removal efficiency with the

SV(HRT 18hr, Packing Ratio 40%).
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40%0] el A8 s Fig. 15~Fig. 172 Fd&9 ¥t @&
Ao mediad] vlAZo] FAH o Had F CODer, CODma, BODs
o] Pt %9, FEFE L AAEES UrhliUh
zxg0 W mE A37Ee #9259 frleExes CODo
557 33~622.25mg/ £ (599.03mg/ £ ), CODa 183.82~193.77mg/ £ (190.18mg/
¢), BOD; 271.81~34751 mg/ ¢ (31527mg/ ¢)o1h &1, media ZF1 &
00~ 40% 2 Z71ael Wit CODe A A A& 80.23~90.63%, CODva A7
48O T366~8529%, BOD, A7 &8 & 80.28~94.25% % \HERRIHh media
=9 0] 20-300% 2 Z7hetol v B8 CODer, CODa, BOD; A7 R
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Fig. 15. Variation of CODc, concentration and removal efficiency with
the media packing ratio(HRT 18hr, SV 0.4m/min).
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Fig. 16. Variation of CODwm, concentration and removal efficiency with
the media packing ratio(HRT 18hr, SV 0.4m/min).
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Fig. 17. Variation of BODs concentration and removal efficiency with
the media packing ratio(HRT 18hr, SV 0.4m/min)
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| N nfluent HH Effluent & Removal Efﬂctency
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Fig. 18. Variation of T-N concentration and removal efficiency with the
media packing ratio(HRT 18hr, SV 0.4m/min).
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Fig. 19. Variation of NH,'-N concentration and removal efficiency with
the media packing ratio(HRT 18hr. SV 0.4m/min)
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Fig. 20. Variation of T-P concentration and removal efficiency with the

media packing ratio(HRT 18hr, SV 0.4m/min).
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Fig. 21. Variation of TSS concentration and removal efficiency with
each the Run(1: 6hr, 2: 12hr, 3: 18hr, 4: 24hr, 5 0.4m/min, 6: 0.8m/min,
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geure oz gwd Age Fgyz Page, ey A8 e bRt
24 229 94882 FAHL, G FE vdEEl TH3E AFAAY
gsac o2 FAERFG AP YFHA ¥, okzke] F3(~10nm)°]
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FAFTATA02~03nm)7HA £2d Zeeis wie Aol BEde oA
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o) ol oW MAMHozE AT MARY FAA F2Y Axe g A
o] A7t

olgs MEUS olfat AFHY TAHAME FAFEN =¥ nAEE R
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27e g4gozR eEy pHEE, $4¥8 R G2 AU we WA
selo] Hojipm, vhaAdl vl FRH} Qor FHA gatdgow Q@
sox 24 53 e FAMS 2 & Ak AR dAA 9l=d), Photo 2%

M
2 AY7|zHES G »ad vES & 1] 2 (OLYMPUS, Model PH-2)2.

2 We Aol

Vorticella sp.
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Opercularia sp.

Diplogaster sp. Epistylis sp.

Carchesium sp.

Photo 2. Photographs of microbial attached to media during experiment period.
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2. Ag 234y

1) Ag3A
Soliad Figur« Lateral view Flovie figare
F‘; ,,,,,, o
a_f =

Flaore figurs
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Flome ~oow

Intermol column Somm 100mm LS00 e

Fig. 22. Schematic diagram of InSub reactor for

measuring water velocity circulated.
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Photo 3. Photograph of InSub reactor for

measuring water velocity circulated.
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e w= Airdift el WRERSEE gdd FAEYA o Z Ao
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BERAA 7L A2 8 Bgoz Qe U] £UENS A

2
2

o

(Control volume)2M¥ A5dtE A o] &8 oLz Wejre At A
T A
ez

E, = Ep— prehp(l — ¢ JULA, + 0,8h,U, A, (4)
(@eelyal <) AR =)

o2 e 5 lov, mey

Er = E, — p,ghpUApr, (5)

SRl Pt AFo] Tl Qe A HItAT} $Hog R 4

st oM LAt oux a(E)e A A A} (Control volume)& A

st A o) &ata] s 7tR Ao A] 9 A= WA X (Energy-balance) &

ZAHOZH e 5 Yok

ofy

_44_



0= Ep+ prghp(l — eQUAy + p.8hpUraAu (6)
(g dAl Z71) FHAANGA E4)
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—_ _EL,_ A, 2 1
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InSub@ Aol A o] W&Eg&zRnt ohye 714 AFFS ANSA

START

Y

Given : Ugr, Ar, Ag, Ap and h

Assume Uy,
(0.01 ~2m/s)

Calculate ¢,

Y

Calculate ¢4

Y

Calculate ¢

Y

Calculate hp

Y

Calculate Kg

Y

Calculate UL,

Compare

Assume Uy, with
Calculated U,

YES
Write : Uy, ¢, €, €4 and hp

Y

STOP

Fig. 23. The liquid circulation velocity calculation procedure. Algorithm
for the simultaneous calculation of various gas holdups and the riser

superficial liquid velocity for a given reactor geometry and gas flow.
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28557 BALZ FHs] 98 FAFHS ArES FY txe 72 BE
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Fig. 24. Calculated liner velocity and true liner velocity of water with
the superficial velocity as each diameter is 0.2 and 0.05m(CV ;
Calculated Liner Velocity, TV ; True Liner Velocity, CVTL ; Calculated
Liner Velocity Trend Line, TVTL ; True Liner Velocity Trend Line)
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Fig. 25. Calculated liner velocity and true liner velocity of water with
the superficial velocity as each diameter is 0.2 and 0.1lm(CV ;
Calculated Liner Velocity, TV ; True Liner Velocity, CVTL ; Calculated
Liner Velocity Trend Line, TVTL ; True Liner Velocity Trend Line)
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{ ¢ CV TV ----CVTL — TVTL
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Fig. 26. Calculated liner velocity and true liner velocity of water with
the superficial velocity as each diameter is 0.2 and 0.156m(CV
Calculated Liner Velocity, TV ; True Liner Velocity, CVTL ; Calculated
Liner Velocity Trend Line. TVTL ; True Liner Velocity Trend Line)
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Fig. 27. Calculated iner velocity and true liner velocity of water with
the superficial velocity as each diameter is 03 and 0.05m(CV ;
Calculated Liner Velocity, TV ; True Liner Velocity, CVTL ; Calculated
Liner Velocity Trend Line. TVTL ; True Liner Velocity Trend Line)
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Fig. 28. Calculated liner velocity and true liner velocity of water with

the superficial
Calculated Liner Velocity, TV ; True Liner Velocity, CVTL ; Calculated
Liner Velocity Trend Line, TVTL ; True Liner Velocity Trend Line)

velocity as each diameter is 03 and 0.Im(CV ;
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Fig. 29. Calculated liner velocity and true liner velocity of water with

the superficial
Calculated Liner Velocity, TV ; True Liner Velocity, CVTL ; Calculated
Liner Velocity Trend Line, TVTL ; True Liner Velocity Trend Line)

velocity as each diameter is 0.3 and 0.15m(CV ;
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o 9FE Tov, fE AVHL 72 A5 (gas holdup)® 71 ¥ A7)0 o8 A
e, 71E37)5 §949 BUAETY o] A% a8n WE DAYR Fue
=

Fig. 30~Fig. 3591 #7o] 200mmet 300mmQl &%) thsta) 2zt Ao
0mm, 100mm, 150mme| Wi#g aAsAN ztzte] Yra st gz 7}
ZAFFE chisti 5(1988)0] & AAH AP YL o] fata AMNHAA zho
ke Yelin,

& CV = Gas Holdup « Remainder —RTL
02 — - 02
0.18 + 4 0.18
016 | . e 1016 3
0.14 14 014 o
a * IS
§ 0.12 + * 10.12 \5
£ 01} " {01 §
& 008 | - 008 >
Q ' . ’ 5
006 | « T ‘o006 &
004 + 1 0.04 s
0.02 4 0.02
0 0
0 0.1 02 0.3 0.4

Superficial Velocity(m/sec)

Fig. 30. Relationship between calculated liner velocity and gas holdup
with the superficial velocity as each diameter is 0.2 and 0.05m(CV ;
Calculated Liner Velocity, RTL ; Remainder Trend Line).
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¢ CV = Gas Holdup s Remainder —RTL

0.2 ] 02

0.18 | 0.18
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3 012+ e S012 %
£ 01t 101 8
] a [
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0.06 - . {006 £
004 + " o004 S
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0 : : s : 0
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Superficial Velocity(m/sec)

Fig. 31. Relationship between calculated liner velocity and gas holdup
with the superficial velocity as each diameter is 0.2 and 0.Im(CV ;
Calculated Liner Velocity, RTL ; Remainder Trend Line).

FQ CcVv = Gas Holdup = Remainder —RTL }
02 — — - 02
. J
0.18 R 0.18
016 F o 4 016
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2 o1+ 7 lo1 3
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0 i 1 1 i 0
0 01 0.2 0.3 0.4

Superficial Velocity(m/sec)

Fig. 32. Relationship between calculated liner velocity and gas holdup
with the superficial velocity as each diameter is 0.2 and 0.15m(CV ;
Calculated Liner Velocity. RTL ; Remainder Trend Line).
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F Cv = Gas Holdup « Remainder —RTL J
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Fig. 33. Relationship between Calculated Liner Velocity and gas holdup
with the superficial velocity as each diameter is 0.3 and 0.05m(CV ;
Calculated Liner Velocity, RTL ; Remainder Trend Line).
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Fig. 34. Relationship between calculated liner velocity and gas holdup
with the superficial velocity as each diameter is 0.3 and 0.Im(CV ;
Calculated Liner Velocity, RTL ; Remainder Trend Line).

_58_



* CV s Gas Holdup = Remainder —RTL }
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Fig. 35. Relationship between calculated liner velocity and gas holdup
with the superficial velocity as each diameter is 0.3 and 0.15m(CV
Calculated Liner Velocity, RTL ; Remainder Trend Line).
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FAME AFeg%ol nSubF Aol Mol s2)8d EML Airlift 29379 SA}
ae, ol @ Aidift 4EWE7Io e dMEBET UHE DAL Yt of
SR H2ABRT ohyet AsRoMe M4 AFANS AL, YAz
ALATe 2 g MFEolT FFS v A Airlift BEWNLI] A Yrs
BEE9 EFAIZ did) o] g sbse A B Afasd 9 )
olFol Zow, dutHor YREHELE JAGEd dgS wy gom po
Aoz gdd
U=aU,. (23)

i
a1
jn
rlo

N

A71H Une d¥E85E0T, ast BE 22 g4oln, WyeBict 74 &

o Z7bol we} Frhao,

.- . TV ----CVTL —TVTL 1
0.3 T
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0.2 y = 01663
-~ R’ =0.7542
z 0.15 - -
b4 .

"""" y = 0 1195x 111
R = 02838
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Fig. 36 Trend line on the calculated liner velocity and true liner velocity of
water with the ratio of cross section as airflow is 20L/min(CV ; Calculated
Liner Velocity, TV ; True Liner Velocity, CVTL ; Calculated Liner Velocity
Trend Line, TVTL ; True Liner Velocity Trend Line).
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Fig. 37 Trend line on the calculated liner velocity and true liner velocity of
water with the ratio of cross section as airflow is 30L/min(CV ; Calculated
Liner Velocity, TV ; True Liner Velocity, CVTL ; Calculated Liner Velocity
Trend Line. TVTL ; True Liner Velocity Trend Line).

o T 7
L i = TV -+--CVTL —TVIL
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AdAL()

Fig. 38. Trend line on the calculated liner velocity and true liner velocity of
water with the ratio of cross section as airflow is 40L/min{CV ; Calculated
Liner Velocity, TV ; True Liner Velocity, CVTL ; Calculated Liner Velocity
Trend Line. TVTL ; True Liner Velocity Trend Line).
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+ CV s TV ----CVTL —TVTL
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y = 0.2562x"4%%
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R’=0 3798
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Fig. 39. Trend line on the calculated liner velocity and true liner velocity of
water with the ratio of cross section as airflow is 50L/min(CV : Calculated
Liner Velocity, TV ; True Liner Velocity, CVTL ; Calculated Liner Velocity
Trend Line, TVTL ; True Liner Velocity Trend Line).

Airlift 285719 A QoiA F8% WHEL Ao g Eolo) ¥(H/D)
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9 H]7} 100]14Fo] 31, Deep-shaft reactor 2& E2-3 9ol 2 87} 33~1309)
o2t dWHOE olf@ WIS ALHHY HA Nmol o] Aol Wa s
3ol ALgE o

A cEEEG FHNIL Airlift BEWSI)Y kol Zild wa =g
(Russel 5, 1994). EFAHE Fe 714 4L e Draft-tubed] oo Z7}po)
A St a, £ FEME gurd 2718 Hol s Tg wes)e uw
st 1~2709] Draft tube7} X8 Airlift 42W$7) Aol Yies Az
27 o] EFAIZto] F7hecHMargaritis £ 1981). T3, Draft-tube?t o 7
AR 2le Arlift EWEIANE AVADL BABSE WREBETY S
AfZe S7htn 1A A9 27t 4848 £845E 7048 0HBakker
+1993).
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Airlift WEBWg ol Ae] EgAZY F8AEY vl A s, &A
w79 ey Ar/Adel Hlel JEE

Airlift AEwe7)oA TR i EAAES g8 gl 44 o Fore
A7 Wdr/de)e e e @FASol Actergr. A PR WMEEAA
dr/ded) 3= B % 059~08°]t}. Weilland (1984)< 08~ ~099°l9 dr/dcE FH3
oo, 744 2o AHEBNTS I/ 9 ArAdRS 050592 wE A5 0.

~06° Ar/Ad@tS AHE8tgtHJones 5, 1985, Weiland 5, 1881, 1984).
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Agao] AHEE 252 AT BANS 27 yrd sEsnd met AdE
soon o A Z2AF YREHEEAEE 7HA 3 InSub FAAM Y vhEE
AAF Kpd #AAE =43 3o

9% we Chisti 5(1986)0] At op@EA AL Kpol BANS Wb €%
w7} Z7bstel W ZAbeh: g ¢ F Aen, Ay FAHI Wy
of Wa slREAASE WES FTHEES F7bel wE AN SIS %
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Fig. 40. Trend line on the calculated liner velocity and true liner velocity of
water with the ratio of cross section for airflow(CV ; Calculated Liner
Velocity, TV ; True Liner Velocity, CVTL ; Calculated Liner Velocity Trend
Line, TVTL ; True Liner Velocity Trend Line).
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Table 3. Water liner velocity and gas holdup on the pilot plant.

A% Ugr Utr . ‘. N Urd
(L/min) | (m/sec) | (m/sec) (m/sec)
80 0.042463| 2.346242| 0015676 0.01297| 0.011542 0.041426
100 0.053052| 2.532040| 0.013498| 0.015134| 0.013469 0.044729
120 0.063662 2.694332| 0.015312| 0.017168| 0.015279 0.04759%6
200 0.106103| 3.463035 0.020361| 0.022829, 0.020317| 0.061 175

01

008

0.06

0.04

0.02

Water Liner Velocity(m/sec)

wa}H @Ao] AXE Pilot plante] WHEFEES ofzfe] 2 ol WHH &
ga o ot WatE zlojth
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Fig.
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41. Water liner velocity and trend line on the pilot plant.
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4. 48

B o po e Airliftedussis FEa fAs 943 AAUAES o] &5t o
25 nSubdl M9 Aol WrESEsE, WREHAEY Azg ooy gENE AT
sl A4 InSub system® 7 ZAAJAES LF 32t Lab tests 33 A

v onhet 2ok

Loyey pgsnst zubesE Agzeyon std AgudALRCY
Calculated Liner Velocity)sh 2@ AdA &8¢ Aa 4oefLR(TV ¢ True
Liner Velocity):> 5 %o AnaAzl A8 ¢ 5 dleh 3 o3 At
oA gt AA AR Fe UFT FHHEI e Aol Aoy
g AAEREEs A4 ZR8 dAessed M w e @& dEdlo W
e und THEEsl £& ASdE FR TEER TUhE oeh AdH
ooz AND diEBsEs 44 ZHd ANEHEEd vef He g4 o
EF AT

.«‘,L\'

k.—w

2 Aiif g/ luol n@Zo] EAT ASE WRD TRELF TR o

sa&ws} e 9ol U AdGE Ae A T & AT

3 wezye 713 ARZE T AEEIL F/hEel we Ao F7HE
o B §HolNE g AEA T AAHA Ketn 8} 7+ (Downcomer) &
g o) gAs Zztstmz wgzue 1A AFEel w0 FHEowH
sao g2 7A MFLY Hol7h A FojeA B & 5 AL

o
jiass

4. InSub pilot plantdlA InSubZulel 1F & =, vjolrst EAatA o 9ol
Hol¢gA ke Wi THEE7L 254m/mind WE 362sec7t A84 Rold,
312m/min® @E 335sec’t 382m/min% W 315sec7t A8d Aot 2l
YEY 9457 62/m/min® 3§ 24.5sec”t 289 Rog AU zebA
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InSubZel wcjolzt EAatx) efiels whg 2 R4 1) 42 (Suspended microbes)
o A% AxnZg $AEI] HHME dE#ATto] 2~452 81 Folop @A
clgbz 71Ee d7Ee 2AZ o InSub pilot plantl e 2AGH Y U= A
eRol obyz}t InSubz 9 2% sdelME REH DO 1A Zam
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IV. A8 A% InSub systemS o] &3 25 kA e

1) a7 o

27

-

E
-

oFo] Ao AM Ax - nEFHAE A= Merdol ol gk AbshH A
o AAZ g8 TAx w7z =27 T o System?® AR Aol PR3
golgh & AU
Table 4. The main factor of processes.
Main factor Internal R | Removal
) emova
Process Experimental HRT return el efficiency
condition (%) matena (9%)
) ) anoxic Zone 4hr B
Recirculation . 1500] % T-N 65
oxic Zone 7hr
Nitrification/trify tank 12hr
Denitrify tank 12hr | .
and RCaeratiOn I%h = ’I—N 70~Q()
denitrification Ly
Anaerobic tank| 1—~2hr
AI’IOXIF tank 1 2~4hr T-N 50~ 70
Bardenpho Aerobic tank 1| 4~12hr 400 . cn
Anoxic tank 2 | 2~4hr 1 50 =90
Aerobic tank 2| 0.5~1hr
Anaer.ob1c tank | 0.5~ 1hr T-N 50~70
A2/0 Anoxic tank 0.5~1hr | 100~200 | _
Aerobic tank | 3.5~6hr [-p | 50~90
Anaerobic tank| 1~2hr
ModifiedAnoxic tank 1 | 2~dhr |, ., o T-N | 50~70
UcCT Aerobic tank 1| 4~12hr T-P 50~80
Anoxic tank 2 | 2—~4hr
Anaer‘oblc tank| 1~2hr T-N 50~70
VIP Anoxic tank 1~2hr | 100~200
Aerobic tank | 2.5~4hr T-P 80
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et 4719 AFAAE 2AZ B InSub Systemd) 4432 gL A
Sl B3 AT, InSub?] st ek A So] sa@sojot & Mol
Ba - TA AATIER 87 - 34 E e84 gagAue 2
°of ZIEsAoln, i ¢ AAE deHow g wo] g
A AAE FA7F AA 9 &3 Brolth B4 o4y 7 Borgaa 7o
SHAHY S BEAAL M e Ro] Eu}

?j=e  Jl€&% VIP(Virginia Initiative  Plant) T4 Bardenpho 3
UCT(University of Cape Town)&, A202¥ 43 Phostrip® ¥, SBR&Y %
°of el glewl, I 471$2+ B3, DNR, HBR, PATW, De N&P
Bio-SAC, KIDEAS O] sl k. dx -9 AAMSL 25 glou} 4a sty
HFAIZFE VIP 9 B3= 6~8hr, Bardenpho 10~20hr, 4 UCT 9~15hr, A2/0
% DNR, HBRE 8~12hriojoln] ztzbe] 3o tigt 72474 %a9 &7 ga
R AARELE Table 4% 2o} Table 4014 RAFKo] Ztzte] THE HEHe
HRT7b &8¢ obde} Ztzbe) 34ojA el wgZzojMe] HRT 2 yRut4gol
2o AALE T3 g2 degdn 9o

HeA E AT ME InSub systemol M Zkzke] whgzd A EA7H @ kg
oA met AAEE] d2A YrY Ao datsel wexdW HA [RT g i
HEES FEFY] fate] FAHY.

oE

o

i

-z

2) ATUE 2 ¥

InSub systemAI M & Zzbe] g zw HFAZF 2 Yruts o el A A S o
GEA debd Aoz dysol wexy Ay HRT 3 YEwEES A2 9
stol AT B AHL 317 oMo oujaYL T35t InSub system? A
3 HRTE OhrZ uebdoh 24 HRTY 43S 984 o7)/28s2 A FAIZHS
6.5 4 3hr2 27t wrdN A9e Pgon, vz MSubdt Sz AE
AIZHE 3, 4,5, 6hrE 2% Eo|WA InSub system® A A HRTE Shro2 mA A
A, A8E Yokt T A WRNEES 457 4% AFAHE InSub
system®| A HRTE Shro2 aHAAM WRU£E8S 0,50, 100, 150%2 7
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2. A48 2 4y
1) 233X

InSub FAE ©]&& T 7124 Ay ATNN nxAeFx 2
A 7bede By A4 -9 18488 08 %07 sz g
o AAE A8l Tz, 37129 23 S o3 Mgl THL ¥y
& A ¥ el dede FAY + YA EF InSub B9 m
=AE 7beAd ddel st InSub A AE8E YMA InSub
systemell tidh AU A7t AFH LA B Anst FYm A

[ ]

1<
\ 4
i<

S

V]l @57

1. Stirrer 2. Aerater

v

3. Feed tank 4. Influent and internal returning pump

Fig. 42, Schematic diagram of InSub system on the lab scale.
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Fig. 42014 = 2 AgA Ay AH oz ALEE InSub system® BAE
= ggudd. A s Agaasel d4-dd AALES o %ol
7 aA Aeazd, = Faa/87128 InSub Al 47t frd =7
Ao SHER Fo] ANE gk FAa/HNE R InSub RS 71 &
7 150mm, &) Imz AAsPon], 445 Al wet el &t
Art.

Photo 4= B 7o AHgd #x& Jebd sloltt

Photo 4. Photograph of InSub system on

the lab scale

Az
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(1) wg7d F2gd AFARLE
InSub systemol Ao el 8t AFAILE gAZvo. 2 te) Z w3 A FATS



He% ol FYstAth 2zte wed AFANS Barz/Hrze 6, 5, 4,
Shr= WASHOT, nSubt71t 3, 4, 5 6hr2 SHZL WA A AYs
Stk E=¥ $Mz2AS WA Aol MSubzE 1R d4= Yotk mE
TAZAAAN Y FHEEE 95m/minez nh&d o o] Zhzko] wrS 7o o
ol 482 W37l A84S 10L2 ngatys Ao 7t 8ke 20% 2
/I 2 42917}

|=}
o
2 A9E AR oR TRER AYsgon vy

e
oS
>~

InSubz 9] 9w} &
InSubZ 9] F97} & ZA%o= Huz ol &3t FAA/Y I x| M [nSubZ 2
o7k e & &),

Table 5. Operating conditions with the HRT

_ Superficial | Packing HRT (hr)
Operating . )
N velocity Ratio | anaerobic/ InSub
conditions )
{m/min) (%) |anoxic reactor| eactor
Run 1 6 3
Run 2 5 4
9.55 20
Run 3 4 5
Run 4 3 6

(2) WEEgo e 4
dYAHOE InSub systemol o] ATE Wl Yol YW et
dES AT 2 AN e WY RS 2HES MUY foay
M Azl g Agol M9 vtR7kA 2 955m/min 2 20%% fFrAstq o uhg
7I'd HRTE F44/8712% Shr, InSubZ = 4hrz $48% 0 W, Wk g e
50, 100, 150%2 $HxAE WRsAA AYS FYsigdon, eAzAL WA
7} Aol InSubzel diste] 187+ dAE s
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Table 6. Operating conditions with the Internal recycling

_ Superficial |Packing HRT(hr) Internal
Operating ) ) .
o velocity Ratio anaerobic/ INSub |recycling
conditions ) ’
(m/min) (%) |anoxic reactor| eactor | (%)
Run 2 0
Run 2-1 50
—_—] 9.55 20 5 4
Run 2-2 100
Run 2-3 150
3) BAYE 9

Table 7. Analytical items and methods

Item Analytical Methods
pH/ORP Electrode Method(Istek 740 ; Korea)

DO Electrode Method(Orion 810 ; USE)

TCODwmn, | Titrimetric Method(KMnOs, Acidic)

TBOD Winker Azide Modification Method(20C, 5day)

TSS Gravimetric Method(Dry oven, 105C)

T-N Spectrophotometric Method(K.S20s, 220nm)
NH4 -N Spectrophotometric Method(Indo-Phenol, 630nm)
NO; -N Spectrophotometric Method(Diazo, 540nm)

NO; -N Spectrophotometric Method
(Cadmium Reduction Method, 630nm)
T-P Spectrophotometric Method

A5t I ArEAe 1APAANE A £z K4Hs1dY A5 E

AR Mool FYAZAG 7+ eRxAY FAF S dste

Table 73
o] BODE&

Zo] 1270 &=L ®AsQon, 94714 BODE 20TAA 5URt
=233, CODE A4 100Ce A KMnOsoll oF i< At

23t =Hs Q. T-N3 T-Pt ntd#7|(Autoclave) & o] g3t A
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b

A2 2o, NHy'-N, NOy -N, NO3 -N& GF/CHA 2 oz% BAs9

HSEWol tislA pH, ORP, 283 DOE H7|# o= A& Foldof
FARA o, B2 MLSSEEE oijd] 2250l Q= NS @A
7171 Siste] Mg A on, A4F LE MILSS 2 AHERE o
Aol FAE A SN Fe ZHdU ol 8o B Y@ wAae
THALITHAYYHA97) 2 Standard Method(1998)) 2 3} <] A3
=3
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3. 4% ¢ 1%

D g7l FYA AFAZ Be 9%

wod zalan ARAze wael ge A FAS setsy] Al FAL
InSub 3 7tzbe] wrgzel Zojzk 20mmel A& WA diclebd 20%4 F A
o 4eetd ARz wWEE FAxzE 247 6hr, Shr, dhr, Shri +dste
B w8 InSubzel wg7lel FElstH AR Wt 3hr, 4hr, Shr, Ghri: &

A3 % InSub system® F&A HFALE Shrz & 43¢t

(1) ¥H23%5s 9 AALse ¥g
InSub system$ 7FA 3 ¥kl FYsH AFA A sSEewst @ A

E8S Fig 430 Jerddd
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Fig. 43. Variation of SS concentration and removal efficiency with

HRT on each reactor.
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Run 194 E 94 130mg/L, A4 % Mb6mg/l. 221 W& 13 2mg/LE U
Btom, AAL&2 898%% Yebdth 221 Run 294 $9% 90mg/L,
AEZE 428mg/l 18)n wjE 4 97mg/LE Yepdon HAz&e 8929z el
%t 283 Run 39 Run 4oM= 7}z U 110mg/L# 40mg/L, FAAZ
B.3mg/L% 42.1mg/L 181 W& 168mg/L# 164mg/LZ UEldon A7
&2 42 B.72%% 62.7%2 eyt Fig. 43914 Xi= w9} gro] zbzbe] o1
A HE U+ L AHHA %7 o AALSUS ZEA L B 7he} 7)o

FEZb A& Aol ALRE AT Run 19 Run 2¢) £z 04 £o AALE
< YB3 Qv g3 £4az0) A A FA7H) Hotyddl we} f249 %

b d%e detn Qed, ol wwse RPMS mA e 1 2371
o wBel Aoz He AgdE o g Byo $)B % U Ee] &

Aol fr&slol 718 B0z Agay,
(2) $718%5% 2 AARLe W
FUSHA G Wato] mE 2 Wexe 8712 ¥ wa o

darel frede Farz d8a WEaode wre SR
Run 1914 CODw.# BODs:= 494 Omg/L, 903mg/L, F42z 18mg/l,
398mg/l. 282 wWES 10. Omg/L, 143mg/L2 Yepdou AZge 7z
857% % 842%2 YEtgd. 2237 Run 29149 CODw, 7t BODsi= T
780mg/L, 785mg/L, FArAZ 280mg/L, 40mg/L 2211 WEFE 90 mg/L3t
o8mg/LE YERon AAZEE 7ZHzt 884% 2 26%2 vebdth 123 Run
3% Run 40149 CODw,# BODs= 2zt 94 675mg/L, 109.9mg/L 7}
9B.0mg/L, 65.5mg/Lold i, FAbA 2% 30.0mg/L, 107.3mg/L3} 40.0mg/L, 72.2mg/L
2 dEdon gdm wisE 72z 100 mg/L3}  18.1mg/L%  10.0mg/L,
186mg/L2X, AAL&E 22} 851% L 835%9} 82.7% 2 71.6%2 ehyct

BN
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Fig. 44. Variation of CODwma concentration and removal efficiency

HRT on each reactor.
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Fig. 45. Variation of BOD:s concentration and removal efficiency

HRT on each reactor.
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Fig. 448 Figd5old 2t ¥ e} go] SSob= tha s ztzte] $4d wg §U4e
TES £ETY ¥EE A dAsn AAZE Fd AA Aojua LA u
InSub R’EE 28] A FAIke] F71842 YA H oz AAZE0] ol e o 2 g
AG. ol= E7]Ao] F845% nSubze v B0 AyHog wol E i
FHE & S7beto] SSRY olud §718d Ed ZANIE AFS Ay
TOR AT Ed FANE AFeAAT, PALzgMe SS Er Zrz
Aste] FEFdE 4Fe 7t ARH

£
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(B) 2A 29 55 ¢ HAHFLY W3

T FURAAFAGY Wste] 42 7t gz T-NZ NH, -N e
2 T-Psx W3t 9 AALE W3 5 Fig. 46~Fig. 489 Jelyont

AA e FHzHgM NO, -NsEE 947} Omg/L~0.047mg/Lol Q i1, FAbA Z 0l
3F Omg/L~002mg/Lollon], wE4o kri 1.32mg/1.~1.83mg/1.9] #elz
TEHAT. B NOs -No| 555 959 vj24= A35x gkom wEsF
o FEE 368mg/L~779mg/Le) ¥YE $25 ).

ZAztel Az 59 BHLZ YT wWESoMe sre A
Run 1914 T-N¢ NH,-N¥E: $94 56.61mg/L, 3467mg/L, T
31.83mg/L, 4586mg/L. 133 wWE4 12, 81mg/L, 4.6Tmg/L2 Yehgon, Az
& 4 774% 9 865% 2 ekt 2223 Run 20014 9 T-N9 NH/-N¥ %=
T 55.83mg/L, 43.11mg/L, FAA % 5341mg/L., 19.45mg/L 18]3 wjZ24
11.90 mg/L#+ 214mg/L2 Jebton] AAT&L 27 787% 2 950%2 U
Btk 222 Run 3% Run 40149 T-N$ NH, N¥g= %zt {4
635Img/L, 54.89mg/L# 27.46mg/L, 26.26mg/LoIal, FAAZ  61.49mg/L,
50.33mg/L¥ 2338mg/L, 282lmg/L2 JElgon am wjzss 7+zt 15.14
mg/L#% 15.66mg/L3 1.40mg/L, 0.73mg/LEX, MAZ&S 247} 762% 2 71.5% 9}
949% 9 972%2 e}

Fig. 46~Fig. 4714 = 29} o] InSub ¥+$29 A FAITte] 274z oy
Mo Austagol Frlee Ag BAdFn Qou T-No AAZELE g2 2
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Fig. 46. Variation of T-N concentration and removal efficiency with

HRT on each reactor.
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Fig. 47. Variation of NHs'-N concentration and removal efficiency with
HRT on each reactor.
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HeEbton, AAREE 697%2 Jehdth 283 Run 39 Run ol X = 7+t &
Ug 46mg/L 41mg/L, FAAZ 45mg/L7} 40mg/L 12]3 W&+ 19mg/l
* 16mg/L2 vebdon], AAEES 242 502%9) 598%2 hebdo) Fig. 480
M R Heb 2ol T-PY %9 Run 17} Run 29 $HZ7AM £& AAg8S
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Fig. 48. Variation of T-P concentration and removal efficiency with

HRT on each reactor.
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Fig. 49. Variation of SS concentration and removal efficiency with

internal return on each reactor.
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FALE 469mg/l 283 WEF 120mg/LR YEYo ] AAESS 898% s
Ebstth 222 Run 39 Run 4olM = 7tz $94 130mg/L3%} 98.0mg/L, FAtAZ
44Tmg/L¥ 365mg/L 118]1 WE4E 146mg/L3} 189mg/Ls Yelgton #A
A& 77 888%9%t 80.7%2 vrebyg}. Fig. 49914 B web o] 7hzbe) &4
o W# AARES 29 Run 29 Run 2-1 7283 Run 2-29 A% ZHAN F&
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7+ ypurgel Wl 2 7 wgzd f71F T wal @ AAEE WM
Fig. 502 Fig. 511 WeRH At

7o) SRz fYFe Faaz 2L W& 5ol Ao FEg dund
Run 2914 CODw¥ BODs:= f94 78mg/L, 785mg/L, FAFAZE 28mg/l.
A4mg/L. 181 ¥WEF 9.0mg/L, 58mg/L2 vehton AARES 7+2} 83.5%
2 926% 2 UERRTH 123 Run 2-191A41¢9) CODs?+ BODsY: #$14° 52.7mg/L,
106.2mg/L, F4+2% 32.0mg/L, 329mg/L g3 wE 4 103 me/Le 123mg/L
o uepdon], AZEEe 747 805% % 884%E dpehidth S1elal Run 2-2¢
Run 2-3°14¢ CODw.®t BODse 2z %94 40.0mg/L, 94.0mg /L3 43.8mg/L.
1138mg/Lol A 3, FAbAaZ 320mg/L, 28 2mg/L % 350mg/1., 26.8mg/L5 VHERRE S,
o e n WESE 247 98 mg/ld 135mg/L7 108mg/L, 14.1mg/LeM, AL
go 77t 755% 2 856% % 71.9% 2 876%= e

Fig. 504 Figslolls ®i Wk 2ol Waurgo] Z7batel InSubZuiel witfotel
watglo] wgZo] gajgozM AN Aes W Ae o F dAck Sl
A olie AAd g 2@ InSubBAAA wE5 s fE5 vgEel ¥
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Fig. 50. Variation of CODy, concentration and removal efficiency with

internal return on each reactor.
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Fig. 51. Variation of BOD;s concentration and removal efficiency with

internal return on each reactor.
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Fig. 52. Variation of T-N concentration and removal efficiency with

internal return on each reactor.
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Fig. 53. Variation of NH. -N concentration and removal efficiency with

internal return on each reactor.
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FREe W e 7 wgxe T-N¥ NHy/-N %% 2 T-psx 3}
X AAEE W3 52 Fig. 52~Fig. 549 Yeuld o}
dAe EAzANM NO, -NgEE= 947} Omg/L~0.48mg/Lo 31, FAbA %0l
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A2 FAEAANY f5t FALE 2T wELdHe rre CE LR
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Fig. 54. Variation of T-P concentration and removal efficiency with

internal return on each reactor.
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4. HE

Aol A= InSub systemol & z4zke] who zw HFAIL 2 e go o
B AALE A YEY Row ool mezy A4 HRT 2 yiws s
= AE&I] At Sdsd weoy Saaa H Ao Walo] g2 g
TAZ dokeby] A% S AFAGE RArzE 2z 6hr, 5hr, 4hr, 3hr
Ao, TE InSubz9 wg7) 9 T A F Az W 3hy, 4hr, Shr,
6hr= #d3td F InSub systeme 4287 AFAE Shrg $ASYY. 28
ARSI Ao Fes A A F A A InSub A of A HEHE 72
WREZ 22 0%, 50%, 100%, 150%2 Wi wastel ease friste] 23
WP EENE oty A% AdolM e AR goy po.

e

2=
T=

o

L7 St 542k o3 Agoas W71 A AFAHE 9hroz
el FASAS W HH 2AS FAAZ dhr, InSubz Shrol Ao},

2oWRgol me dydAe f@ Zobd o s InSub® A wjcjobo] ¥ il

Hol Qe vgEo) gelso] §540 B FA HEdozn Yrnsgs
Al % Aok wlastel B SAARs Yey gy olefg Az WRuwg
= A LA A9 HEA WRREL HYe A T AAF7E #A S AEo

°b dtol, AHFIE #A A SHEYS Ao AR RS2 100%0] A,

W Sl A F Ak ha W E 2o AENS 4HEE gRRo] )
& 43E den doud 1% Run 29 TAEAQ FA4LZ Shr, InSubz
dbrz TAGHE A9 AAZEO) £ow Run 22 =43RS A9 s,
BODs, CODyn, T-N, NH; -N, T-Po et e v 2 HgAgge 9.7mg/L,
58mg/L, 9mg/L, 119mg/L, 2.1mg/L, 283 16mg/Loj o 89.2%, 92.6%,
83.5%, 78.7%, 95.0% 1381 69.7%0°] A c}.

oo
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V. @&7% InSub system? o4& QFnEAH 54

D g % oA

wwAe BAe sl zhg 7] WA A 4 E el A (InSub) systemel 7]

w3 dggael SAAAN e g g sl el gl Aol A

Frxe] AP ANz #PHUAT

gzsd peAe FA2Me b4 97 nSubkolMel TARH 574

Qelm o7 wresld HA FesAAFAZ, dRwge od £d 54

9 wel AMEF So] o sbA A4S WA b Hoe #F71%
= ol A disiA AT

ey oje s eAANE AFAY lab scaled A FAIOIZE o] %

o Maay] gaMs AA 5 HEAe wev] 548 FET dagt

4
A

i

A

B oArs @Ae] AFolA waa Hge fr12E, Wx 2 Q1o A
Aags Jetd £3xS InSub systemel 223t pilot plantel A ¢
NA feletd A FAe] AR WE# F e ¢ (superficial velocity) ol
Be wzs 44 EAS gotetnz sAev, FFHeRE ERN E R
D o . HEFe 47157 IR FAAAS tjBo], ZAAHelx
oty Al SA#HYZ s & - HF nEMAFA Mt g3t 7lE
AMure 9atal stFEAgAdY AARFLD S st A

(o]

) AFUE 2 U
B d1s o545y %24 InSub system= Mwes 23 o2 pilot
plant® A%5g i otz HAA A7 2 RS IHEES

- 91 -



—_

dRE7) fstd 4Pe FYsion, o8 st HU5 HAbo] u
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2. A 2 3y

D 483

Saezo §7123 A¥AF FAAAZ 2xoz o 45w EEH InSubZ
o fa8Zo P/FAxzE AR Fig 559} Photo 58k #< InSub
system®) 8% 2EAPEFAE ] S EAtg 2o AT

Anaerobic/Anoxic reactor Aerobic reactor{InSub)

\VA S
= Hiluen

d

>
wate studee

1. Pump 2. Flow meter 3. Circulation Pump ﬂh
4. Blower 5. Media
|

Fig. 55. Schematic flow diagram of InSub system.

Fig. 55~ Fig. 579 Photo 5% InSub @A 2&3t< s A J) sk At
o ao] MAF pilot plant] &= AAE a8x AARS JdeErd A
Pilot Planty A A2 dFFo= InSubZE %ol 33m, ¥t W

ng x2o] 27 15m, 025me ojFd TEZ gz 712 g
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airliftel] o 2wl Ao Efogs A=y FAH RFoy
28 HAIA2AS TP ol g Mg ot Az 38 3
TEE 7 AES S T Ho/mAszgx TAY ANE 223}
o F7IAH wAEol RAY £ gu= sy kA 7))/ FAE Az o
= f71Ee] 14 B, dao gda 9 oo 8 &o] o]FolAE gy,
InSubZ M H7l/Farzd YEatxos T ke frlBe
e, Qo] A A9} Aol WA} o) 2 o1 Al 3}t

InSubzx9] $71¥ 7S H) 1.65m/min & o] Blower(Model-042)& A}&
SHRAL A1 R dAo) AL o mAky)w (ECO-Diffuser, Model
EG-700)& At&3l9 InSubz We] po= dmg/L ol FASEE s r).

X

FE GANE A WNH A 3 AASAY GARSFE T
HES AAEY 250We] f9Ts} §o)/F422 ) ne s9e 99
I5Wel SRax7L dxHol QJon) FYAS Botod A4 gYBe xx

2 T AEE g}
= AT AL E R Aol A (media) & T2 o Wot g o"asd Zg
% & € (polyurethane) &=z FHZA 20mQ) BEHA o), 7)Fo] 959
ol T Ho wg o 1 YL o Pl EC] HA RAu R otz o
T T glon, vld el nHY u g e D09 Hgo] go]
PR AR w1 d R zpau o] 004 + 0.01°]7] wg-
ol Hx TR Ao wgxzo guw TR Hog gr)/gaaz
InSubZ 2b2f =1 3} 50cm, 30cme] %) de) AEEamo dAstn, oA
MO ol wep wiHolo) Ba 9 z2x gz ool Fo met zpad A

BEE AT AN SR EARS AAAAG. 2} W) Media 22

(]
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Fig. 56. External design of Pilot plant for InSub system.
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Plane figure of INSUB tank
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Photo 5. Photograph of Pilot plant Installed JeJu

sewage treatment facility
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2) THEE 9wy

4 2dzAY fAFt Ha)sol st Table 7 ol 127] gEg B
A3t 9714 BoDe 20ColAl 5479l BODE F43td 3, CODe

2Lr070l o w0y 2 A4 100CH A KMnO,ol ol e AHg3ho
=48 Ad. T-N# T-p= A4EA 7] (Autoclave)E o) £t W 3
om, NH -N, NO: -N, NO; -N& GF/CoH A = of 75 B s
WEEWl disiM pH, ORP, 2|1 DO= 7 xoa HFE 3]ojyof
ZJGPQQP.W!, WEEW MLSSE oAA)o] Hago] g = SR e 1
A8 ol el g=o) gy mae THALAT AN G E(1997) ¥
Standard Method(1998)o #3}e] A1) 5} %o},

e

3 A 2 e 4

InSub system®] InSubz ujdj FTEAId A A S A E5 o 159
A AEANAN HERES 9 CODw,t NH & A2 J4adgo zo
g T AES fEddY 2dy g8 AA R A4 BpHea o
%3, ol InSubZ9| Medias] B =g e ¥ ol Wakshu) 4y
=°l H& 7180480 Sdzoz Hye e Aoz wdsdy. o
meb vls ESUAM Al E 9] mAbs) S H 2 oHBAC-300F) 9 WA E =os}
o 24A3bE<H A5 59 glo] AR T A wgsd 29% A
BEAHHE A 1 A Qass) dolut7) Alztglon 247 3
BRHA Egsn. w8 os)m UazolE #F TAL AE(AEd
Nitcell-A) 9] Y7140 A = (Pseudomonas, Micrococcus, Bacillus,
Achromobacter)& 2 %3} t}.

$88E A% pilot teste] WA= A JJ st EAd 4ol ARt S As Y
1, 4Ee F G S50 7zt A2 gew 2y,
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O welstd ARzl A5

Table 8. Experimental conditions with variation pf HRT

Superficial Packing Ratio(%) .
! — Quantity
wlocity | amaerabie/ | WSwb | HRThn O
. ./min
(m/min) anoxic reactor reactor

10 138

) 9 15.3
6.37 20 20 7
17.3

7 19.7

Nge ARG Aol £u@ F YA A 5+ A1 7H(Hydraulic
retention time; HRT)S WA se]l 488 sttt 3 HRTS At a7
s YED TEEL 637m/min, AMFHAEL A7/ Ak 2 Z9F InSub
2 747t 20%& 893 HRTY: 10hr, Shr, 8hr, 7hre] &Als Hglle
fo] 48 S dstHh

W7

ol
o
ot

O g sgEEe] W

Table 9. Experimental conditions with variation of SV

. o
Packing Ratio(%6) Superficial | Air flow

HRT(hr) : - . . .
anaerobic/anoxic InSub velocity(m/min) | (L/min)

reactor reactor

3.82 120

9 20 20 3.18 100

2.55 30
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HRT Shr= 3tat, AHFH &L §7)/F0429 mSubz 2H7 20%2 3

Rem, SV 6.37m/min, 3.82m/min, 3.18m/min, 2.55m/min¢] A2
AxAe WAse 49 Pt
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3.423% 4 2%

1) Fesd ARALA He 98

B oaApoMe ssnEd gz mSubd B &7
A AH AL [nSub systemo] 83E 9@ A A dgow AR

A 8o A o] HRT#H S w2 wshs dmusin

Table 109+

InSubZoll A 9] €%, pH, ORP 128} 1 DOE

ARy dde

Farel

[ 2

o
2
o
th)
ok
o

AF, HI/FARE,

e 2

Table 10. Temperature, pH, ORP and DO during operation period

Anaerobic/Anoxic
Items Influent InSub reactor
reactor
*19.5~236 209~27.3 20.5~23.7
Temp.(C)
(20.9) (22.8) (23.7)
69~78 70~77 6.0~8.1
pH
(7.2) (7.3) (7.2)
-263.4~-126.7 -439.1 ~-313.5 -205.2~-16.7
ORP(mV)
(-201.8) (-311) | (-1482)
0.90~1.88 0.00~0.12 461~7.39
DO(mg/L)
(1.40) (0.03) (6.01)
+ Minimum ~ Maximum (Average)
wagan 4784 19y d9BAe #9 - FEFE R AALES
obzfoll YeERH AT

(1) SSyx W3t 2 AARE
o e Fig. 68~Fig. 712 zb7hel HRTel me 5o 71/ 4

Az a8y

InSubx

Wi &4

5= 9

AAEZES
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HRT 10hrZ %6 Al2tsle] a2k HRTE w2 wwo 2 A8 Yo
H, InSub systeme] ©AEL NEH = 7 e ol

sampling s Itk E£3 LY Sad 1090] A
olob dh= A& vE) solete A Alztate] 1090 A ol ol 4
ﬁWJMTHhﬂiﬁ%iﬂSSW%%EELMQQEE%}%EEQH
won o 3.10mg/LE AMAZEL 9358%2 vetstoh =3 HRT 9hro
Mol SS /s n= 05mg/LE o}F Yo wyg Yelyda g
1.46mg/LE2 A AZ &L 9698% = Mt Ee 58S vebd o HRT 8hrs}
Threl 7 $-oll = METFEE7t 283mg/Leb 3.83mg/L iz AAZE&EE zpzt
14% % 9207% % ZE 2NN %A dehgo o)y we ¥z
ﬂﬁ%ﬂ%ﬂﬂﬁ%%Lﬁhﬁf%@ﬂéééﬁﬂ%@]%ﬂ% e
718 o] &3 ©](2002) 5o Aol e A(2003) s 9% pilot plantol
*ﬁl%ﬁﬂ“ﬁbﬂ%%iWVP%%%%%¢3&ﬁ£E§ImTﬂ%ﬂ
oA mE Aol Hale] zholae Tz thate] Fig. 580 U epy
At HEo ZHA3 B A8y A4 K(Maximum specific
substrate removal rate; HHEE TS h-1)9 s(Half-velocity constant;

K
HEEFE mg/)Age §94 w TALRR/AE w25 agn

__KXS _ S-S -
K.+ S ~ 0 (25)

H 2N 0% t2 R AN HHE Habd 4 %65 go] % & o

LZKsLjLL
Sy, — S K 'S K

(26)

TEA 4 2648 ol Bt AABYYL MFahe] K 9 Ksgte AZaiu
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87)/9 Az e 2tk 007 hr ' R 24 2mg/1.o1 2 2.8, InSubZll A+
747} 03hr ' 2 13mg/Leldth oleld #e=+H BA 2 A S A

guergel 549 wdA HAF F JesaAzt g g Sy v
dxsl "olge % 4 AN

TOZ2 + HZC CO2+ HED
34.5 25.¢
Intluent
Anoxic Tank InSub Tank
3z.8

1.8
Effluent

Ceil growth Cel zowt

0.3

Fig. 58. Material balances for SS at Shr of HRT.

o=
d
i
i)
¥
1o
2
OH
m\n

w3 ol A T (Table 11)oll Bl &A% InSub
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Table 11. 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 F efficiency
Influent Effluent (%)
SS 192.6 5.0 97.4
HD BOD 122.3 6.1 950
CODw, 65.7 8.8  86.6
(HRT:11.31h1) 7 37.9 8.4 779
T-p 4.0 0.6 838
SS 160.7 3.0 97 4
BOD 1469 41 96.5
H CODun 72.0 8.1 88.7
(HRT:13.55h1) CODc, 265.5 19.5 91.4
T-N 275 8.3 65.4
T-p 4.0 0.3] 90.7
SS 1471 22 98.0
« —___BOD 104.5 28] 967
CODur, 65 4 8.1 87.6
(HRT:9.54h1) T-N 295 77 702
T-p 3.7 06| 801
SS 113.4 6.4 91 2
3 BOD 101.4 57| 93.4
CODx, 54.9 92/ 825
(HRT:8.95hr) T-N T 9.1 63.4
T=p 3.3 0.9 678
SS 664 103|803
SM BOD 691 6.0 89.6
CODwn, 33.5) 9.9 681
(HRT:13.79h1) T-N 23.0 ﬁ.GJ 445
T-p 20 11 491

@) F718%% W 2 AAz S

5o W8F Fig. 82~Fig. 89 HRTo| we F1EH v 9
TS oty el A5e Fol/earz
W BOD:% CODwa5E 2 AAEES YER AT}
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7+ gmo ua 2 z9 WEF FE R AN L& WA AHEE
BOD:Sl 7% 709mg/L 2 90.59%°)3l CODwnl A 984mg/L H
7718%= UEbgth HRT 10hrel oisirli= BODse A%, 9.05mg/l. %
8799% % CODwagl 7% 13.78mg/L R 68.04% % vebch s1e)al HRT
ghrof dl#lME BOD;el A%, 879mg/L 0 8833%2 CODw.?l 7%
1072mg/L. 2 75.14%2 Jesken, =3 HRT 7hroll tisiAE BOD:’!
7% 1305mg/L 2L 8268%% CODM? © 1301mg/L 2 69.83%% “}Et
Wi ek 9714w HRT Shrsd 8hre nlar A fARakA urERdE Rl
wato] 10hreh 7hrol el AAEEL oo $og o & A
3 me AA&S mol= HRT Ohrelld A 26= Al g&tol BODS %
CODMnA 3o dlatel K 2 Ksats Aibstel z Ao et EHFAE
Fig. 59 2 Fig. 600 vebiigich of71elM = opaivbA 2 Fela Y
#Hx s wA et

Co2 - HZ0 Tt e K]
20.8 3L
o
Influent
Anoxic Tank InSub Tank
39.5
{ _ I
Etfluent
Cel: growtn Ceil 3rowth

0.2 12

Fig. 59. Material balances for BODs at 9hr of HRT.
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002+ H20
. 98

—

CO2 + H2O
325

Influent

Anoxic Tank InSub Tank

45.0

12.3

.

Cell growth Cell growth
01 02

Eftluent

Fig. 60. Material balances for CODwa at Shr of HRT.

gHd, Table 119142 < a))a} M7l v& InSub systemol] A & A
AZEC] 23 A Yguym Asd, ol Pig BOD/T-NH] g}
BOD/T-PH7} 7tz} 199} 2782 872 ol Hlaf FYBAe ¥t Ay

Ho2 7] WEel 57124 AAL) e Ao Ay,

) Ai¥® ¥a 2 AARL

BaE AU ol gERsHoz Hasm A= B, gz
NH:'-N7} 7] 4 (acrobic) 4 e of Pl Zl ofE gustHoz Hars
(nitrification) S Ath7F thAl Faba Abejo] A & % sk (denitrification) ¥g
°f doju Aol Nu2 BUgo am o] Folzliu. E Ao Al g
InSub system& ojejdt 2xbsle} 2HLE ol £ =2 HAN Rog
MR % Media R M= 2487 dojut s % Media uj ¥-of 4
T RN dold = IEZ Miadyg. B oo Tl e Fabx - E3) 2
e RANAN 7123 Frs SAd A8 T UL systemO 24

HRTO me& ddzddMEs yYruss sz @7l W AAZEo)
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wx) oA dEm AR Agerede FEd g7} - 57 z30] FA
| s g zulel EAE7] el WrukEel fE g &R TRl vl
a8 AAEeo EA Uit e, F5

e

b4z 2 InSubZx wjE S T-N

2
_>L
1o
By
w=
©
S
&
]
0
&
)
{0
4

—

i o} AARES vebos, A
o] HRToIAS T-N Aol distel 82545 L 6loll et o,
ool Aeh ohabxN 2 iAol @A Al vebgow g7/
zolAle] ZelAutg o] SS EE A7 Eel vlE HE A vhebRbL

MHA-T, + N2+ H2D EROE NHA-M # 12 4+ HET

115 . RN
Influent
Anoxic Tank InSub Tank
443
: T4

Effluent
Ce:l g-owth Cell growth
a0 Bl

Fig. 61. Material balances for TN at 9hr of HRT.

T-No| ®z4%% 2 AAEge A¥Ed, HRT 10hroll 4= 22}
21.25mg/L % 093mg/L= 4572%, 94.25%2) A A&, HRT Ohroll M 1= W
m4go] ¥ 2HAME ZHzZ 1042mg/L. 2 4.08mg/L.% 73.38% 2} 74.75%
o v e AAES ety o, 8hrel 2 17.13mg/L. 2 6.64mg/L
2 A& 56.25%, 5891%A 1L, Thred A9 1944mg/L e+ 7.56mg/Lel i
24 252 5034% R 5322%%= Uebyt ) 3H(1999) 3 7H(2002) 5 of ojst
il g7 2aste] v duHoer ¥E& AY FU1E AA 2 T-NA

X,
>

Ago] GolFe & & dow, ¥ ATAME HRT7Z} 10hrel 2% 7]
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= AA 9 T-NAALo] dojz)= A%E Ao E=3 Jeill Oh 5 (1999)
of SIS ohhuYel AL Badlel Baue 29 wywnn oy
ef, = ATANE HRT 10hr4 olsh §Ale @48 wqo oo
T-N % f71249 AAd= HRT/ 328 989492 @ = oo

(4) T-P¥x W3 2 AAxS

T-Pel 49 HRT 10hre tjsfA] HEF 29 A8 7tz 1.70mg/L
R 3721%2 Fe AALS euy Hlel, 9hrel 4 9= 1.04mg/L @
61.62% 8 2 & A Bk 8hrel Ao I.50mg/L 4 44.65%,
Threl 9 168mg/L 9 3801%% HRT7} obdol wep gap ge A7
& YEd

AE}H o2 Q9% A= s HrHHo)A % & (phosphorus
release) ot V& FI|H M)A vjyE ¥ W2 43 (phosphorus uptake)
dtel 1 Yej&elx) HeHe wazAo g 22X AAsA A,

A E R AHN VA gz 7189 %%, DO ¢ NO; -N
el ¥ %, pH, ORP(oxidation reduction potential), %, SRT o2 ofp
A At T-P9 AAEE LS HRT} Skl we} z=ir Zabska 9x)
ol S AARRS YEWAY. © 8 HRT 10hrol M= 23]2] A A
A& "ol 4Pge wgdu o] 8 aao) AH8 %1 InSub systemo]
EF % Media EHolM = Habgsh Qojipyn 3k 9 Media W) ol A 1=
AT dojye 2 so] Walsle) SN A FaHoxeg y
At ot Aastagol g A g o 24 T8 ANHA 2eam we
E Wlell RESE daldzo) gaoz oo WEol Ay Aoz Amy

Y(Vacher and Connell, 1967). et 9l A A s Aol A LS A
A7l s WY TgETe 2y we MEe] AAANE 43 o)L

A OFULZRZY YRS Y YRR w0 ways
AAAZL 7,

Fig 62 T-PY¥ol ot 23442 Uedom ws g7 /2asz v

i)
ox
o
An)

i
flo

- 108 -



InSubZ ol A o] ZeiA wAgo] @A ol AL & F AREH °]
= g /EARFdE TS QU Qog AHE3stn InSubZel M

AEuel AFeAY AReE FHE BT Aoz AbmEh

H20 + Stroage B2+ Stioage
1.2 30.5

intiuent

Anoxic Tank InSub Tank

454

Celi growth Tell arovet
0.0

Effluent

Fig. 62. Material balances for TP at Shr of HRT.

o Table 11014 Saviet AgwWEel dgds AAEsS IndSub

systemol sk i E & el 2 gl ot} InSub. systemol A €] BIRESYS

wepane] zA mi Ao BAAH AAsHH ofge yarrwel
wubgs g Awela wale] WAy 39 o we QLArh ik
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2) WRE THEE WMo ge o

T ATANE SE e RAZN SubT AN #o R asge A
A AR InSub systeme] 4858 A9 T owa ) gyos
VRLFEEIN ] U FREE vso] mE e unugn

Table 12t ¥ #2Rg89e 24712 Boe 94 s maaa

Table 12. Temperature, pH, ORP and DO during operation period

' Anaerobic/Anoxic |

Iltems ' Influent J INSub reactor
| reactor
| 17.1~193 j 18.9~235 | 18.2-20 3
Temp.( (,)’ [ |
(18.2.) (21.2) ! (20.2)
6.8~7.8 | 6.9~7.7 | 6.4~7.7
pH | |
(7.3) (7.3) (@)
| -251.9~-118.0 ~402.3~-309.4 | -208.5~-84 §
ORP(mV) | \
(-185.1) (-355.8) (-146.5)

" 0.78~1.69 0.00~0.14 3.25~6.48
O(mg/L) |

D ‘
[ (1.24) | (0.05) (487
* Minimum ~ Maximurm (Average)

(D SS¢x W3 2 Az

5 Fig. 78~Fig. 812 z}7}e] yma THENY W A5 ¥y

£ 221 InSubx HlEF BT 9 AAzge et gee
T THEE 63Im/mine g Ry A Fotel Ak vivs Fgsrs o
To WMo 23S Yargon BEeH E9d GRE samplingo

Boelm 271 SS MiEFy st 05mglz e uaw

ol
32

}m
i
o
30
lo
i
o
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zear 382m/mindl Ao SS Z7NwEEEE B 50mg/L=E A HEE
805%2 e uid TEEE 3.18m/min 255m/min¢) 7 $-°l
W &4 w7 5.1mg/Le 38mg/LE AALEE 7FA 945% 2 94.9%
we z7AqA A dewd olxy BT dzdM w2 A7 &
gyt whde] ¥ 2@y gol A Ay WIS o8 o]
(2002) 5o o Folxeh #B(2003) SOl °& pilot plantell A o] & H 2 vl
A owe o7t oS o & Ak 2 HHe i FEHE oA
o] gSol ulsiA %AFAE Fig. 630 vehiilon, AF o L gkl
Mol A Ase} vt R Selx] wARe @AE weldw oF 4= A

.

rlo

=
=

i

o
G

o

Influent

Anoxic Tank InSub Tank

5672

Effluent

Cel growth Cell groatn

1.1 S
Fig. 63. Material balances for SS at 3.82m/min of SV.
2) §712%% Wst 2 AARS
A7 ER S ototny] ald d5e Fr)/Faaz A InSubz 9] ¥l &

4o] W@ BODS CODwa 55 % AZE&E YehHdth
wo 78S wolt NP FULE 38m/minclA el 7 5
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W 7 xof MEs FE 2 AAES WA AHnw BODs?! 7% $-
20mg/L 3 92.1%°]31 CODM.?! Z$ 96mg/L 2 89.7%= ettt W
o FHEE 637m/minel daME BODsl 2%, 7mg/l 2 90.6%2
CODma?l 4% 98mg/L B 772%% debdd. 293 yiy 2gzs
3.18m/minol| &A= BODs9 8%, 90mg/L. 2 89.2%2 CODwm,<) 85
176mg/l. % 788%2 Yebgth Ed WD ¥9E% 255m/minol o 5l
A& BODsel A% 100mg/L 9 88.2%% CODw,0! 22 18.40mg/L. 2
748%5 HEHWIL 2tk 471 BY RE zdolMe yRp Tusro)
Wate] MlaA fAEA Jede Aoz ol £124 A A =

T THER A5 gFg wx @ 2 Atgdd. a281n H3
A WP THEEAMY BASAE 47180 Yot Fig. 64 2 Fig. 65
of Yetiglom &ejx) wage] 4us] Hrhie RS nezn At

rr
3

CO2 + HzC L COoz e HED

L 554 .50
Influent
Anoxic Tank InSub Tank
215

6.G
Effluent

Celi growtn el growtr

16 o)

Fig. 64. Material balances for BODs at 3.82m/min of SV,
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COz + H2O 0o+ =20

204
Influent
Anoxic Tank inSut Tank
25.9
Eftluent
Cell growth Cell g owth
18 o5

Fig. 65. Material balances for CODwa at 3.82m/min of SV.

o

3) AxrFyx Wst

i)

AAES

2] AN =
at

g2 Aol ol AESHeR HAE A A AL, BHE e
NHi -N7F & 7] 4 (aerobic) AeielA vl &=l ola) AymetHon A
(nitrification) FQTH7b BFAL F bz 2 el e} 2 3k(denitrification) ®F-3-
o Slojip AAsteEol Noz BYUPOZA ol FolUth ¥ Aol A8
InSub system® olelsh Aitsist BAsE olE § AwH AL Ao
W AR 9 Media BRAIAE AAbshsh dojubal s W Media el
Coaaas ol 4 AwE AdERTh B A FAlE ae - B

U
.

Ae mAAAM K123 AaE A M7 5 olit system©OEAM
agurgyel gdel @l x7] 2ol Ealol g wkgEulel Ak

gl g gl BHse gl va AARE wA rhia

glou], Fig. 100~Fig. 1031E %, FaALz 5 InSub® OEE
T-N 559 AAEES vebdnh 23 HAe 270 A e Aol tidt
o 2A42E Fig. 66l e B A8z B2 AS A
A orel HAo FelgA AFA @E A Aztet wlastd Fab
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/71 zAM ) SRR ®A et oy f4Ze Aey
A7 BWHow wol Rddow BANR R 2% M ey 2
B2 Abg .

L HHSN 4 N2+ H20 RSN - N2 . b2D

48 128
influent
Anoxic Tank InSub Tank

Effluent
Cell growth Cetl growth
0.4 01

Fig. 66. Material balances for TN at 3.82m/min of SV.

T-Ne| g3 2 AA882 dgud yuy THEE 6.37m/minol
M= 22 104mg/LE 734%9) A4 e o Yetdon, Wid Tgac
382m/mind X 742t 55mg/L e 773%9] wo AAZLES Yepgon,
3.18m/min?l 2% 68mg/LE AAFIC 65.7% R 0.0, 255m/mindl 7 -
71mg/Lo] W&+ 58 730%= UYEtsth 2geolA pw 2 SHA A 7
MREO Hlsle) diAHow %o AgAFge HYEhH I oled, ol A
A QAN 2t M FAIZk n) et Wea ag4ws 08 g
¢ A AL G F Ao

@ T-Psx ¥3 2 AAzg

T-Pel B9 U2 3YEE 637m/mindl s W24 sner qAg
< A2 10mg/l % 616%2 %& AATSS HEF o, 3.82m/ming)
BFE 13mg/l 2 452%9 AAEES molch 3.18m/min¢l % $-
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190mg/L 2 381%, 2.55m/min%] 79 276mg/l. 2 33.0%2 Wy 5
257 Gopdel weh Ha we AAEE YEH

Az oo ASeE Ao AASE WAE UFE ¥ o] Wl 3
o woy seata HFALA HE B

283 Fig. 672 #HA 9 SVl T-PA¥l dstd =

Aozm orel A F AR FALTAA A Azt FARSHA e
S g F IR

A

H20) + Stroage H2O + Strcage
2.8 o229

intluent

Anoxic Tank InSub Tank
52.1

242

Cell growth Se'l growetn
0.0 3.2

Effiuent

Fig. 67. Material balances for T-P at 3.82m/min of SV.

Jim

3) Pilot plant &4 % wA4g VS A

Pilot plant €4 % A% vlAEF wol AT nj A2 ofgfo] AR
o] Aeolosoma? 3 Haliscomenobacter hydrossis ©1Ath. Aeolosoma?
o Aeolosomatidae®ol %383, 2715 lmn Wejolu matoll FA, Ay
A 29 mE §H0ERE FRHEL AT m AR ZR AR
Ahemprichi= f 3ol EMolnz eE e A e golstt

oA AR, AEES F2 Addtn Fed ¥ K& AT

I

49
g
ok
rir

o

to

olse Baoysh AE%el Fz @9 ¥ Fol ¢ U4
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He &2 48 99, 84824992 1w 10007 FdY o X245 BOD:
10mg/1 o]8}, SVI= 100 o]tz 9 ye] qtuye o9, 02 vasE
TEHE Y3E FHo] dojAYT By g3 o & Ay
T A FEHoZN FAL ozl = g HAo
F92Ust AEDoM 22 gagoz FHEY o] 49 AMgE 22
3 RYPS dyFs gz AHeE £ glom, Arcella%;, Carchesium
£, Macrobiotus% o] EA]o WEHE 497 2dm wn Ao

Haliscomenobacter hydrossis= AT OZN 718 s e g4¢
SRl B = do] Yo NH,-N¥ NOyN& Hrdogn o) g3l
A F7IAS dadorz Fao) 2dcm oA dow, gyd&e)a
B YAzl WS W o o w220 THE GG B

Hioglon AbdEol whszo] way 7o HAEHEEE Fang)e=
2 2

Y
e R

r

g
SIS
o

®

Photo 6. photograph of Aeolosoma genus  microorganism  and
Haliscomenobacter hydrossis that generated in Pilot plant
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4. AE

2 AaApdxe HHENE 2 7} A 20t o] 3H(Indirectly Aerated Submerged
Biofiltration ; InSub)&3 ¥ #71/% A} 2 (Anaerobic/Anoxic) & 8 A A
A 2 AW InSub system S 2ZH, s Eo] Bsla theAQ systemE
o vl BTt 3L SEd 2w systemo2ZA F83HE 9
& Agon ARRFAPM FeltH AFAZHHRD# Wy o
£5(5V)e] Wt e f718 R AL, ole} A EAL thd3t 2ok

| z+zte] HRTO @2 SS¥ = 2R AAEES gy BE AU
A 97 383mg/lolstE FAHAL, AALSEE 92.1% ol Ao 2 Ebw
om, YR@H TEHEE @ SSFE 2 A Eee 7.1mg/loldti
el ony, AAZES 809.5%.01 4o 2 ERRTH

o e71%9 AMAELES 2z HRTe izt nlgzab Al vhebbar Lot
HRT Shrol A 7H4 e A7 Ee g dehlilon &7 sk Wt SRR
wol wige W 718 AARE wak mit SAzelA vl ekl
detda glow, f1g Wit erav st 382m/min® A9 7F 7hE ik

e AANEsS Birh

3. elsha A5 A el digk dFATe A A TGN T-Nat T-p7h vl
23 A¢S verddes HRT Shrol A AR wo MAZES ekl
Aoy, ael3 Uy THEENstd W T-N¢o ZA$ P TR
©7b 382m/min® @, 223 T-Pel BFE ulRs e
6.37m/ming A%l 7bg F AAEES YeER AT

4w el weelxel M3 HRTE Shro= vehdov), ztztel WEs
xr 2 AAZES AMEE, SS 146mg/L R 96.98%°]9, BODs,

- 117 -



CODma & CODceoll thsiA ztzto MEFFEE 7.09mg/L, 9.84 mg/L
oL 1642mg/Lol 1, AMAHEGS 90.59%, 77.18% 2 83.92% =2 JElydo
¥, dFdFol o T-N u T-Pe] wWlE+55: 1042mg/lL

el

)
x

LO4mg/Lolx A Z &L 7338% 2 61.62%= Hetgton yig @
HEEWS ] e g 3.82m/min3} 6.37m/minc] Y& # 9o

[¢)

e

M e AAZLEES YUY

AEEFLYARE Yiurgo) g SN E HRTS) ¥ shobuy
W FHSEY Wl e Anay ALEA systemO ZA] A o] o
T3, olF ol o ke AAZSS 878 Aols WMxe] 2z
= HASA Gn ANFI)E @A FAFAN YRate e soof @
o},
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g3t aEw AEHS FAAMNA AR WeHAS REF 8o

packagest® #H© 2 - Ha il wxg7)EeN THEVNEIA A E-uhod 39}

(InSub ; Indirectly Aerated Submerged biofiltration) Al 2= 818 7tk a1t

A7e Fygsgon 1 A i 2o

| InSub A wel 9@ oFF F718 2 A4 - A9 TR HeE AP
waAgod gog & Ao o ¥& Fa - Ad AAE daire HEz

o o)s AsAxse) /NS Ad A, FNE T FUM System®.29} <

pwzo Wase AT F AU

9 InSubdlA el WET THEEe F/h wat g FaEE 2 A ko] F7HH
U B Ut FRSEs w2 90 dFAz AFAnd sl AL
o, o]o| wet A4tE InSub pilot plantl & WHE# FHEETL 2.54~6.27m/min
o] Mol e #aATre] 362+245sece Fol EEHO I InSubz 9| 8733k
geje Brxel pO9 nzA el EAE F AL HeE oA

3 Ao wherd A FALHE FAALZE 4dhr, InSub® Shra ek oo Uy ebE

o mE Adods Ui Ade A AATNE @A dselor 42
e 9g 4 9o o 4 dgon, GATAE WA S AU 29

HA Y urdgE 100%0] A0

4 @EEAPAgME B4 HRTZ ohr2 dehdod, A8 SViiyde
g4 5)E 382m/mino 2 WERS T
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SV based on riser
Riser cross-sectional area

Free area below draught-tube

Downcomer cross—sectional area

Unaerated liquid height

Superficial liquid velocity in riser

Overall gas holdup

Gas holdup in the downcomer
Gas holdup in the riser
Frictional loss coefficient
Gas-liquid dispersion height
Hydraulic retention time
Sludge retention time
Superficial velocity

nitrifier fraction

nitrifier yield coefficient
heterotrophs yield coefficient
ammonia nitrogen removed

BOD removed

- 127 -

hr
day

m/min

g VSS/gNHs -N

g VSS/gBOD
mg/L
mg/L



APPENDIX

F—» Efficiency -o- Influent —~ Anoxic -~ Effluent
200 T T PG
180 | oS L/ e
5160 | cA :
EMO» 1
§1m ]
g 100 f ]
§ 80 L \ .. 1
(LD) 60 - ™ “/“/ \‘\.,u"’ u ‘/.\\ /F\ '\ a ’ . / W )
D 40 | g4 TR T T B
20 |~ ,"*‘,/‘\‘\4/’\\\ PN W NI e

S

, ~ S e e g
—— v e
0 W*W\Aw-*** MR

0 5 10 15

Date(day)

20

25 30

100
90
80
70
60
50
40
30
20
10

Fig. 68. The SS concentration on influent, anaerobic /anoxic

effluent and removal efficiency as HRT was 7hour.
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Fig. 69. The SS concentration on influent, anaerobic /anoxic

effluent and removal efficiency as HRT was 8hour.
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Fig. 71. The SS concentration on influent, anaerobic /anoxic and

effluent and removal efficiency as HRT was 10hour.
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Fig. 73. Variation of BODs concentration and removal efficiency as
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Fig. 74. Variation of BOD; concentration and removal efficiency as

HRT was Shour.

— Efficienc = Influent —— Anoxic — Effluent }
L y

200 V’T 100
R A o ey o » e
O e LT SO g EF B
=160 “E NN .Y 480
3 i . J 9
E 140 | RS
(=4 . 5
S120 | ? . ./ l 80 3
= | h - T S =
?}) 100 . j[ \ J \\‘ F . " + 50 o
A N N T R L
O go o »* N e LL: LT e g E
5 AV S e e . . &
Qa0 | TH e -
o | 110
e e TR ‘»_",_,_—-'—*'-*‘*-.'“»4 SN "
0 L ‘ IR “4 0
0 5 10 15 20 25 30
Date(day)

Fig. 75. Variation of BODs concentration and removal efficiency as
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Fig. 83. Variation of T-N concentration and removal efficiency as HRT
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Fig. 83. Variation of SS concentration and removal efficiency as
was 2.55min/min.
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Fig. 89. Variation of SS concentration and removal efficiency as
was 3.18m/min.
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Fig. 90. Variation of SS concentration and removal efficiency as
was 3.82m/min.
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Fig. 91. Variation of SS concentration and removal efficiency as
was 6.37m/min.
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Fig. 94. Variation of BODs concentration and removal efficiency as

was 3.82min/min.
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Fig. 95. Variation of BODs concentration and removal efficiency as

was 6.37min/min.
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Fig. 96. Variation of CODy, concentration and removal efficiency as SV
was 2.55min/min.
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Fig. 97. Variation of CODy, concentration and removal efficiency as SV
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Fig. 100. Variation of T-N concentration and removal efficiency as

was 2.55min/min.
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Fig. 102. Variation of T-N concentration and removal efficiency as

was 3.82min/min.
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Fig. 103. Variation of T-N concentration and removal efficiency as

was 6.37min/min.
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