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Study to enhance the settleability of deep aeration tank MLSS
(Mixed Liquor Suspended Solid) by air sparging
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ABSTRACT

The dissolved air at the bottom layer of the deep aeration tank transforms into fine gas bubbles within the MLSS (Mixed
Liguor Suspended Solid) floc when exposed to the atmosphere. MLSS floc flotation occurs when MLSS from the deep
aeration tank enters the secondary clarifier for solid-liquid separation, as dissolved air becomes fine air within the MLSS
floc. The floated MLSS floc causes a high SS (Suspended Solid) concentration in the secondary effluent. The fine air bubbles
within the MLSS floc must be removed to achieve stable sedimentation in the secondary clarifier. Fine bubbles within
the MLSS floc can be removed by air sparging. The settleability of MLSS was measured by sludge volume indexes (SVIs)
after air sparging MLSS taken at the end of the deep aeration tank. MLSS settling tests were performed at MLSS heights
of 200, 300, 400, and 500 mm, and compressed air was fed at the bottom of the settling column with air flow rates
of 100, 300, and 500 ml/min at each MLSS height, respectively. Also, at each height and air flow rate, air was sparged
for 3, 5, and 7 minutes, respectively. SVI was determined for each height, air flow rate, and sparging time, respectively.
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Experimental results showed that a 300 mm MLSS height, 300 ml/min air flow rate, and 3 minutes of sparging time
were the least conditions to achieve less than 120 mil/g of SVI, which was the criterion for good MLSS settling in the
secondary clarifier.
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o5d A B REAYOEZN GXlolE 2 AR B WE BAE 5] Y| HEFEI) 7}
2 FoluAt A7)zt /il (MOE, 2022). etz AAJEIL Qlek o] HEt o] f= =4 7k
Aei7|2e AV AE 2 5 9 ST JXS AR A AstEE R 24 7
T S SUHANL ARl Ao o) Al 2& wESy] Y3 AEWNSE 37|RE A 4
&= STk whet vhe Aba Fgol 2adt F5 o] 12 mQl AZx7|2 AASIgc) AZE7|7F A
7] 7] 3aES A4ttt (Mueller et al., 2002). AF = A2 4-2460,000 m*/day 2] d}4=A] 2] &S 7H7 A
71 Aol dojdas 3 St wEt 8l Bshy amAE A]dold
S HANE, Ak el St wet da FF 37 AFE7) 37127 A21E A 2287 460,000 m*/day
Fael w2 sHEE ftastd 87 59 S AR & Az cigﬂ 57]%2] MLSS (Mixed
oAM= vk 47 o] 2 9= FA ¥ A Liquor Suspended Solid)E F A7) o] AFH 2] o A
o7 molE Qlth d¥tHew 37|17} %H% T MLSS £5 FAfo] WAl olAHA A
71Z9] Ab7] AL 5 m Yoz AAEe] AxEa (0]3} o]x}*2]<4=) SS(Suspended Solid, F-F+572) 5=
Aoy A AA] FAHA o] A7} ‘ilL Foll 7} 243 A4l AAko] wHgElgT) Fig 12 At
12 m9] A7) #4lE 7= 37]27F A E AL Qi A A A 2719 oA A A Hgoltt
Ao A WS kS A Est] 913t shaeAl Aol Aedtgz 9 oY AA = 249 Ur

A Ao A=Y ZAl T o]

AL 2404 Hol glov] molRe|S 93k MLSSE 279 o]
ol w2 shepAE)E S NER skeAEE B AA FE B o Foll IR oA AA R /Y
AL golArk. IYE, WRS wiE J1F 4B s, 7 Ade] ol uaA e 2ee] Mo] 2
Fig. 1. Aerial view of secondary clarifier at the beginning of operation.
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92 @A o] AL F
2 w4 HEE Tl A6 FUNFTLE 1A
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A F7HA 9] o] AR A MLSS &5 FAdo] tigh &
T G o5 WAE AL ViAo o3t o=
A7) 27)F MLSS &59] oA A FAbol
gt At FAEA GOt AS27E FASH H
W dle]o] Mo ofsff theFe] F7)7t Fo] S5
=9 (Mueller et al.,, 2002), 2% Z7|7} 7] 2
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2.1 SITLHAL BRI
B ooyl SEae] ¢Xs U Hel 8w 460,000

[e)

o}.Ti %E]-. Al &3k Table 1o A
Oli}%xﬁl W«l 7174 MLSS
2 2] sk4=gFo] 250,000
m’/day @} &4 &=kl
250,000 m’*/day®] T3t 2] ,_Fg}_ 2=g|8kz] A 2A
ZHHRT, Hydraulic Retent10n Time)¥} U2} 9 o]x}3]
AR =3 H ESF2(SOR, Surface Overflow Rate)S A
Aletatt st AdA7|ENAE AT At
Zo] A 312 At A AAAL] ud
BEHE-L 25~50 mY/m? - dayE AJA3FI=H|(MOE, 2022),
AA 88kl 460,000 m*/daye] Z-2-of= 403 m’/m’
day2 AA Welo] Z3b=EY, 2 8521 250,000
m’/dayo| A= 21.9 m’/m? - day= AA o] Hojuk
2 HES VA Qe ALE YETE ojx1F]
X*XH Folle At Aeda 2ol A=A YE
o$0ﬂ§ 15~25 m’/m* - day= A A3} =
tﬂ E7:]] L0l 460,000 m/daye] o 299
m’/m’ - day= A7 Hjo] Hlojuf obdgol gl A
o2 Yehgou), A4 889l 250,000 mY/dayo A=
A S A& 163 m/m’ - day= AAHY o] 9
= Ao 2 YEGTE Metcalf and Eddy (2016)o4 A|
Al o2k A] wl=r AA 7] «lo}‘ll =54
N A S 3ot 4 LA fFoll thalA 24
~32 m’/m’ - day, AIZFEO] F-EFo] ﬂioﬁﬂ% 40~ 64
m’/m’ - day 9] SR 8- AlokstaL glol, A7
& A9 *.:jﬁl k9] 460,000 m*/dayol| A 2] o]}
HAA EH B 299 m'/m’ - days W= A7
7% ¥ el E?‘éﬂ% Ao & ey
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Table 1. Physical dimension of studying wastewater treatment plant

Type Category Specifications
Design 460,000 m*/day
Flowrate - 3
Operation 250,000 m*/day
Type Rectangular
Dimension W17.4 mXxL82.0 mxHe3.75 mXx8 Tank
Primary Volume 42,804 m® (5,350.5 m®*tankx8 Tank)
Clarifier Surface area 11,414.4 m® (1,426.8 m*/tankx8 Tank)
Weir length 253.4 m (5,350.5 m/Tankx8 Tank)
SOR Design 40.3 m¥m? - d Operation 21.9 m*¥m? - d
Type Rectangular
" Dimension W17.2 mXxL17.0 mXHe12 mXx8 Tank
Anaerobic 3
Tank Volume 28,070 m
Mixer 4.0 kWX 17 unit(1 unit spare)
HRT Design 1.46 h Operation 2.7 h
Type Rectangular
Dimension W17.2 mxL17.0 mXHe12 mX8 tank
Anoxic Volume 28,070 m®
Tank ’
Mixer Mixer/aerator (82 kg.O,/hr)x7.5 kWX 17 unit(1 unit spare)
HRT Design 1.46 h Operation 27 h
Type Rectangular
Dimension W17.2 mXxL51.0 mxHe12 mx8 Tank
Volume 84,211 m®
Aeration Tank Submerged Aerator(180 kg.O,/hr)x18.5 kWX 17 unit(1 unit spare)
Mixer Submerged Aerator(150 kg.O,/hr)x15 kWx8 unit
Submerged Aerator(130 kg.O,/hr)x15 kWX 17 unit(1 unit spare)
HRT Design 44 h ’ Operation 81h
Type Rectangular
Dimension W16.0 mXxL60.0 mxXHe4.0 mXx16 tank (1 tank 2 Stream)
Secondary Volume 61,440 m® (3,840.0 m%TankxTank)
Clarifier Surface area 15,360 m® (960 m®*/Tankx16 Tank)
Weir length 2,400 m (150 m/Tankx16 Tank)
SOR Design ‘ 29.9 m*¥m? - d ’ Operation ’ 16.3 m*m?® - d
2.2 B7| A& zo| AHREE AZYME o] &3 A 72 37 ¥
= AAE AZ3E7] T7]F MLSSo| A&3)A =7
Bardenpho FHoIAL ARRAAzelA gy g ¢ e HERI] B71% MLSS A8sh €]
! A= stetalalst. 87 AU 94914 Fig 29 2
= Z=2oaH B o] 3]
 7beg MLSS ERomwe weld ) s AR D0 o T L
= o — — - R
57125 AXshed, AdY 588 kol e O C O ° Tt 0 C Ee
_ i JUEP/NE B F RBAS AN oF +F
AlE71E Faste Alz7|xet 9 ARar|z 1 _
o o /UIE(AH stone)-& %JhPEE SHEE ¢ “JZ-*,E
= AZIME o8 A 7|2F FF3lA 5*71
22 = .24 + Bardenpho ¥
= S PHo 7o o]t} (Amy, 2023).
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Note:

- A: Compressor
B: Regulator

C: Air flow meter
_ D: Tapeline

E: Mass Cylinder

600 mm

. 4

oA} MLSS =o]7} =a3t B_ﬁ\_ol
AP oA A&F3E7] T7]Z MLSS Eol&
th "] Adof| AMEEH of=d AT Fig. 204
AA1E BRe}l Zro] YR 217d0] 70 mmo|il §-& o]

L 600 mmo]|t}.

27 AdS A% 371 F5-2 STARARS] 3/4 HP
() FAzYAE olgsta e, oE 237(H=E
olg)2e] F7|EEES 0~1,000 m/man}X] ZA 7t
T8 AES ARESEYITE HEH AL 2 4 bar®
AAEGen, gadoly ¥ IV|HHA 248 &
3 Z7)2EES 100, 300, 500 cm’/min= 2 A35}SIT)

2 dFoA= WA 70 mm, F& =°] 600 mm]
ot g AT F A& AMESH=, o= & 4719
AHYE Ao AHESA 5L T EFECNA E
7I1A1ZE T3keE MLSS o] W3to]| whah 27] F&7 &
SV302 mhobstr] figholnt. 27 wo] ¥al= ARy
of Q== MLSS o] HEE Fal a3t
200, 300, 400, 500 mm MLSS =o]o] QlojAale] &

27
FTE F SV30Z Telstoit SV30-2> I 308 & 3
% MLSS Z50] 2x|gh 3] H|Z AY Sy £
2w Zx 2 ohy U MLSS 22 0|2 E34

sfolsl gtk Table 2= & ALo|A] S3E &7] AF
24L& AAE A=z F7|EFE 100, 300, 500
cm’/min®] ZHzbof QlojA] E7] AIZRE 3, 5, TRO®
WMo 73, T2)al 7 F7)eEE W 2] A7l 9
oA Ao =<l MLSS =0]= 200, 300, 400,
500 mm= HIPAF T o] & MLSS o] Wk 4

Table 2. Air sparging experiment conditions — air flow rate, aeration time and MLSS heights

Air flow rate
cm®/min

100

Aeration time
min

MLSS height
mm

200 300 400 500

200

300 400 500 200 300 400 500

Air flow rate
cm®/min

300

Aeration time
min

MLSS height
mm

200 300 400 500

200

300 400 500 200 300 400 500

Air flow rate
cm®/min

500

Aeration time
min

MLSS height
mm

200 300 400 500

200

300 400 500 200 300 400 500
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7| 3712 MLSS (Mixed Liquor Suspended Solid) ZI%4

ZE7) 204 o AHAR MLSSE o] 43hs 4
(chamnel)©] 4=41& 7HA3IA AN 7P A
v makA el AL sholsly] $igtelth £ ALY
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Rl #71%1—}% 9 7] A)7F 123 MLSS —‘5

&rEmlOEHU

1 01011\1,] MLSS xl;q
A setsts] st 9] ARiEel ol 200, 30,
400, 500 mm =0]9] MLSSE =<QA7] & Z7] glo]
SV30& Thelslgith 128]3l SVIyp (Sludge Volume
Index) 2 The}a}r] S13) BB MLSS HEE 2%
shaict.

3. g+ Zut H uH

oI AR A o] HFET] T7]% MLSS 25 F
& FRlsh] el 271wl A Aj4=E MLSSE
Fig. 20 AAlE Ao B & &7] glo] SV30S
S5kt 4709 *‘aEMl MLSSE 3=°] 200, 300,
400, 500 mm= £¢] & 30% ¥ A MLSS ZEo0|
A28k wolE SAstaLAl skl o), dF MLSSYE
AAE =o] 500 mmE A5kl s Aol qlofA
MLSS= A FAFskict. Fig. 32 45327
MLSS7} 0] 500 mmz Al EQlE & 308

FEE HojFal Ql=], ©

l‘— 1;]].9]. 7Fo] _1"=‘_015] MLSS ol Hut d
Fio] FAEGT FA4E MLSS 8 Qo=
g ALTIAR QIS u|A| 7] 27} %@HX] %—#0}

=2 Y FolA FAE ZIA os FAAE A
HE} (Ra, 2019). Table 3 H] E7]EA] 7]
T7)% MLSS &olo] we 302 Jd & BA 9 3
A MLSS =0]8 HojF1 gl MLSS 0] 500 mm
E AYstars A MLSS ZEo0] glo], NO(Settled
MLSS floc is not observed)= HA|3}TH

-101

230 mm

500 mm

Fig. 3. Floated and settled MLSS floc heights after 30 minutes
of settling with 500 mm of MLSS height without air

sparging.

of QlojA] 3, 5, 78 Tt Z7|%F & 308 Xt T 2
2 W MLSS £59] o]= Table 40f A =0
t}. o] F oA floated= 305 A & HALE MLSS
, 12]31 settled= X MLSS Z& =o|&
olt}. AYL 7} ZAof QJolA 23]¥ =3
} MLSS ZZo| ¢gl11 & MLSS Z£o| 9)

al F
= A5l ol AR Hat W MLSS &5 &o|&
=

_m

wefA HH MLSS E5 £o|§ 098 AL
SVI;n & Al4bstA] sttt o] #5 338 ¥7|vaE
100 cm’/min, MLSS 0] 500 mm, Z7]A|7} 7521 7
A MLSS 50| gl= A o 5 9

o
ull
I

7 FFES 100 e’/min O 2 ARSI 57)% MLSS S-ogt FAS = A= 9
£ 200, 300, 400, 500 mm Fo|& F3t & ZF Fo|
Table 3. Floated and settled MLSS floc heights after 30 minutes of settling without air sparging
MLSS Height, mm 200 300 400 500
Floated | VLSS floc height 70 90 140 230
mm
Settled MLSS floc height 0 0 0 20
mm
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Table 4. Experimental results of floated and settled MLSS floc heights at 200, 300, 400 and 500 mm of MLSS heights and
3, 5 and 7 minutes of aeration time at each height with 100 cm’/min of air flowrate

MLSS
Ai Aerati i
' cratios height |55 300 400 500
flowrate time Try oc mm
cm/min min number height
floated, mm 135
1st NO NO NO
3 settled, mm 110
floated, mm 180
2nd NO NO NO
settled, mm 60
floated, mm 40
1st NO NO NO
settled, mm 180
100 5
floated, mm 10
2nd NO NO NO
settled, mm 200
floated, mm 0
1st NO NO NO
; settled, mm 240
floated, mm 0
2nd NO NO NO
settled, mm 240

Note: NO=settled MLSS floc is not observed

Table 5. Experimental results of floated and settled MLSS floc heights at 200, 300, 400 and 500 mm of MLSS heights and
3, 5 and 7 minutes of aeration time at each height with 300 cm’/min of air flowrate

MLSS
Alr ™ Jeratio height | 555 300 400 500
flowrate time Try oc mm
m®/min min number heig
Lt floated, mm 0 0 0 25
S
5 settled, mm 95 115 150 200
floated, mm 0 0 0 80
2nd
settled, mm 100 140 165 150
1t floated, mm 0 0 0 0
S
settled, mm 100 130 175 195
300 5
floated, mm 0 0 0 0
2nd
settled, mm 95 145 165 200
1t floated, mm 0 0 0 0
S
; settled, mm 110 175 185 205
floated, mm 0 0 0 0
2nd
settled, mm 95 170 165 200
Table 5= 57183 ES 300 cm’/min® 2 MAAstal  w o] Qirh o] HojA] HojFE upe} Zro] 7| A7k 3
17]Z MLSSE 200, 300, 400, 500 mm &=o]|& EFEQlst B EQ] MLSS =0|7} 500 mm?el ALE AQsti=
F 7 fololl QlojAl B718 3,5, TH Foh FEFY F WA MLSS EZS gl A0 ekt o] Z9u A4
08 Ak 5 A W A MLSS E5 Bol7h A4 olskn BF FA MLSS B2 oS AR SV
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Table 6. Experimental results of floated and settled MLSS floc heights at 200, 300, 400 and 500 mm of MLSS heights and
3, 5 and 7 minutes of aeration time at each height with 500 cm’/min of air flowrate

MLSS
Ai A heigh
' e @bt 00 300 400 500
flowrate time Try loc mm
cm®/min min number eight
1t floated, mm 0 10 0 0
s
3 settled, mm 85 130 160 230
floated, mm 0 0 10 0
2nd
settled, mm 90 130 160 200
1t floated, mm 0 0 0 40
s
settled, mm 85 120 140 210
500 5
floated, mm 0 0 0 0
2nd
settled, mm 85 120 155 240
Lt floated, mm 0 0 0 0
s
; settled, mm 80 120 170 220
floated, mm 0 0 0 0
2nd
settled, mm 90 125 145 240
Table 7. Average SVI vaules at each experimental condition
MLSS
height
Air mm 200 300 400 500
flowrate Aeration time
cm®/min min
3 - - - -
100 5 - - - -
7 - - - 126
3 139 121 113 -
300 5 139 131 121 113
7 146 164 125 116
3 125 124 114 123
500 5 121 114 105 129
7 121 117 113 131
AAFsF T

Table 6= 27| ZFEE 500 cm’/min®2 A%
3 7]% MLSSE 200, 300, 400, 500 mm =o|2 &
T 7} Eolof YlojA F71E 3,5, TR 5
30 A 3= A 9 B4 MLSS £5 Eo

& 2o

a1 it} o] ®&F o]l 717} 500 em¥/min ¢ E]
£ Aol 3712 MLSS =o|et 27A17ka A Gl

o] WE 90| glolA 4 MLSS EFo] gl

oAk,

o]

ASolw HE A MLSS BE kol slzom
S

=& 100, 300, 500 cm’/min, L2
3 ZF F7)1EFEoA MLSSE 200, 300, 400, 500 mm
Zejar ZF B9 MLSS =olof QlojA Z7|AITHS 3,
5, 7502 3t A% HF M MLSS Z£ o2 7]
FO2 3k SV e AAIBHL ot SVLee= [24] 1]
(Qasim, 1999)0.& A4S 4= Sl=tl, A T 7|
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I, SV30(%)d Hat FH MLSS 25 Ho|& A
2 AAksteich

SV30 (%) < 101
MLSSE% (mg/L)

SVL,mL/g = [4=4] 1]

Fig. 4= 27| 23% (a) 100 cm*/min, (b) 300 cm’*/min
2} (¢) 500 em’/minQl 79 Z7|AIZF 3, 5, 78] 9o
Aol 7} m7IAZro| A F7] MLSS =] 200, 300,
400, 500 mmo| A1 2] SVI;p & HolFa gt 27]2g
£0°] 100 cm’/mingl 7ol EZ7|A7ke] A 21 78
2, MLSS =ol7F Ald =& 500 mmQl Z-5-oflvt
SVI;p7F AARE &= = A2 Ueith 37|5aE
o] 300 ecm/min®l AL EZ7|A|7Vo] 3E, 81
MLSS +=o]7} 500 mmQl 75 L5t SVI7k
AAE =T, Z7]AIZE 3, 582 Zf-oll= MLSS &=
o7} F7HEE SVLy= AR AL, Z7|Ako] T8
¢l Afol= MLSS =o|7} 300mmE  AL|skil=
MLSS =o|7} S7FdrS SVt gass se=
etk o] 2¥E FolA 300
em’/min¢l 7ol £ 5= MLSS &0]7} F71g]
wef SVI 7t #ashs S Holado 375+
£0] 500 cm’/mingl 7$-ofl= £ == MLSS 0|7}
200, 300, 400 mm=z Z=7}3Fo] wal Z7| A7k A
ol SVL7} ash= S HoFqdoh MLSS =
o7} 500 mm= F7}stA EZ|AIZR BA glo] SV
7F 7V AES HoFdsdl, ol 3w E
0] 500 cm*’min¢] 7% 500 mm<] 7] MLSS o]
SZ7)E]= MLSS A& F7F= Qs &7]of 2Jgk MLSS
ARG 7= 27] AA F7to| & MLSS &
= oA ol el dAE AowE wekE 4= Qloh

Fig. 5= 37| A17F0] (a) 34, (b) 5, (¢) 7ol 8o
A B713FE 100, 300, 500 cm’/min®] ZF 7-2-0f ) o]
Al £ MLSS o] ®¥3lo] wE SVIE Hoj=il )
o} Z7)AI7F 38 283 27 3EE 100em’/min®) 7
9 SVI= &4o] otwa, 37| 8FE°] 300 cm’/min
¢l 7 4 MLSS =07} 500 mm¢l 73-$-ofli= SVIx
= 50| ¢EUAT T MLSS Eol7t S7td=
SVI;p 7} "ojx= AL 2 Yetyth 37]EgE°] 500
em’/min®] 7 $-ofl= F¢] MLSS %90|7} 400 mm7}HA|
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Fig. 4. Average SVI values at aeration times of 3, 5 and
7 minutes and MLSS heights of 200, 300, 400 and
500 mm at each aeration time and MLSS height with
100, 300 and 500 cm®min of airflow rates.
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Fig. 5. Average SVI values at airflow rates of 100, 300 and
500 cm’/min and MLSS heights of 200, 300, 400 and
500 mm at each airflow rate and MLSS height with
3, 5 and 7 minutes of aeration time.

Z7\A7E 5EoALE EQ MLSS =o|: 3001} 400
mm 283 EZ|AZF TR AE BY MLSS &ol&=

3003} 400 mm7} E|ojof s} R om welE g},

174

ol =a3|2| 4138 d |32 2024 68



32| OlAlS- 02

o—

F7)% Z24]0] 12 mo]il MLSS %7} 3,500 mg/L

A ASEY] TV MLSS gz 27|18 9 o
571 27 7ol e JAg a9 o F 31
&, EZ7|ARE dddolM o] 57]x=

R y
gol FAZl Z9 MLSS AR E AAEA
gREe SEue] FAEL o] ShelHgl:
g

, o] Z& olg& He|&ako] 460,000 mY/day

A 229,434 m’/day(2019'd

Z)uh A2 e gle Aoz SIE Sl

o OlARAA A A WA AT 7=

2l SVIy 120 mllg o|skg WHHAI7|= FA4gte

278 Z7)1E5E 300 cm¥/min, Z7] A7k 3E
1231 MLSS £°] 400 mm= zhetE] 9]t

10 moj Ab7]sho] A2 4HF3£7] MLSS

O] o] AR RAFE &E 3719 E5 W

7132 Ao R HgE Aow ywekEy 2

%28 3% MLSS Z& 27| pilot

X o] A =] o A 9]

MLSS =5 74+ Alofof tigt o4+ =3o] T o

o M

r2 4T g >

4
i)
_\3
Ll
N,

B Qo] Beg 34 SE SRR 24y
B AUE, Teln () G4 A5 el 7
A EFT

References

Amy, S. (2023). Air stones and diffusers oh my!
https://aquaculturemag.com/2023/03/20/air-stones-and-di
ffusers-oh-my/ (March 5, 2024).

Fan, L., Xiao, Y., Liu, Q., Xu, N., Dong, Q., Shi, H. and Ding,
A. (2021). Sludge rising and critical time prediction for
denitrification in secondary clarifiers: experimental and
computational fluid dynamics studies, Environ. Eng. Sci.,
38(10), 1001-1009.

Henze, M., Dupont, R., Grau, P. and De, L.S. (1993). A rising
sludge in secondary settlers due to denitrification, Water
Res., 27(2), 231-236.

Kim, M.H., Al-Ghusain, I.A., Hao, O.J. and Lim, B.S. (1993).
Modeling of nitrate disappearance and sludge rising in
a settling column system, Water Res., 28(9), 1861-1872.

MOEMinistry of Environment). (2022). Design standard of
Korean Sewage, KDS 61 00 00 : 2022, 119-139.

Metcalf and Eddy (2016). Wastewater Engineering Treatment
and Resource Recovery 5" edition, Donghwa technology
Publishing Co., 913-914.

Mueller, J.A., Boyle, W.C. and Pépel, H.J. (2002). Water Quality
Management Library Volume 11 Aeration: Principles and
Practice, CRC Press LLC 16-22.

Qasim, S.R. (1999). Wastewater Treatment Plants Planning.
Design and Operation 2™ edition, Technomic Publishing
Company, Inc., 412-413.

Ra, D.G. (2019). Wastewater Treatment. JWbooks, 205-206.

Sawyer, C.N. and Bradney, L. (1945). Rising of activated sludge
in final settling tanks, Sew. Works J., 17(1), 1191-1209.

Seoul Water Circulation Safety Bureau. (2020). Operation
Manual for Seoul Water Recycling Centers, 29.

USEPA(US Environmental (2008).
Municipal Nutrient Removal Technologies Reference
Document Volume 1-Technical Report, EPA 832-R-08-
006, 2-13, 2-51.

Protection Agency).

Journal of Korean Society of Water and Wastewater Vol. 38, No. 3, June 2024

pp. 165-175



