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A Study on ImproFement of Nitrogen Removal Efficiency by Retrofitting of Aeration Tank 
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A Study on Improvement of Nitrogen Removal Efficiency by 

Retrofitting of Aeration Tank 

Byeong -Cheon Paik · Y ong-Hwa Kim* 

Department of Civil and Environmental Engineering, Chonnam National University 

*Environmental Facilities Management Cooperation 

ABSTRACT 

7 

An aeration tank in sewage wastewater treatment plant with standard activated sludge 

process was retrofitted to enhance the removal efficiency of nitrogen. Before retrofitting, 

hydraulic retention time (!-!RT) of aeration tank was 7.5 hour and treatment efficiency of 

sewage wastewater was BOD:92.9%, COD:74.7%, SS:90.0%, T-N:34.5%, and T

P:71.0%. After retrofitting, HRT of aeration tank was 5.5 hour and treatment efficiency 

was improved to BOD:93.3%, COD:81.2%, SS:89.2%, T-N:75.0%, and T-P:74.6%. 

Although temperature of aeration tank become decreased in winter to 13.9°C compared 

to 25.9°C in the summer season, T-N removal efficiency become more than 75%. T-N 

removal efficiency improvement was due to supplying automatically of proper air-flow for 

nitrification and denitrification. 

After retrofitting, MLSS in aeration reactor was increased by the increment of SRT, and 

it was showed good sedimentation because sludge volume index (SVI) become down to 

143 after retrofitting from 276 before retrofitting. 

Key words : Aeration Tank, Retrofitting, Treatment efficiency, Nitrogen 
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Table 1. Dimension of aeration tank before retrofitting 

Category 

Mode 

Size 

Channel 

HRT 

Measuring Instrument 

Specification 

Surface Aerator 

W 19.0mXL 76.0mXH 4.5m 

6 

5.23hr 

DO meter 

Reference 

The linear flow to each 

Specific operational 

independence 

--------.., Ol 
x~ 
xl = 

Fig. 1. Pattern of sewage flow in aeration tank before retrofitting. 



_<?__~ ~'2-]3}S'Jq. il--'iJ-¥-011:: 4-~ Mixer~ 1:l_ 

~]3}~ il-<?J3}4-~ ~~~7-]~ -%1.~~ ~~~ * 
s:_ 3} u:J , l-11-¥-'i? :~:PEl :rr 011 ~ i>R il- 'iJ 3}4-~ lfr% 

~~~7-] ~ l-11-¥-'i?~ ~~~7-]7} ~lfr-¥-~ o]if-:5:1 
t>J 3l->- -5" E..O] ;;<.] Al-5" .'§..nljJ.-' A ~-=-l.!=_ -5" .'§.. 0 '""I rr -o ---, 1....:.-o '""I ·1 l!:""L:.or,_ -o-

~ 1:l}:rr]l1] 2f:lt:}. ~lfr-¥-~ ~lfr-¥-:: qA] 37R~ 
0a ~ (Sector)_<?__~ ~c.] :s:].JI, Zf 0a ~ 01] := u 1 ;.~ 

%011 ~~~ ~"B-3}7] ~~ ~7]-tl-(Membrane 

diffuser)~ -'}7}~ AJ~]3}o~ JPB.-&7]7]~% 

%71011 ~i5R ~1]1} ~B-:s:lu:J, ~71'8= All~~ 

~ i>R NADH, DO, pH ~Ad ~~1 ~ AJ ~1 3}0~' 01 

~ ~ ~ ~r]1~ lfr g t111]3ttt!~~l (RSSD) 01] ~ 

i>R 7-}%_<?_~ ~~¥:1 ~ Jti-gt:tl-115:~~~1 

(RSSCH] ~i5R Zf 0a~';l:l_ i5Rt8- AirS:~ 10,ll_l:!~ 

7-}%_<?_~ <Q-%3}0~ %%'8=~ 5:~3}711 ¥14. 
.::I:c.].Jl, ~~§}~ ~~01] ~Ji.~ *"~~ n].A~ 

%-'6'-5:-~ ~.!;!.3}7] ~3}0~ -&7]5:~lfr-¥-~ * 
<iJ-¥- J.}o]01] 7c)J.}:>t}o] -Tl:l]-{:1_ .JIQ]j~:c.]A]AJ~ 

1:j_~j3}S'Jt:}. oj .JIQ]j~'2-]Aj1:j_~ AJ-~4-:: *~ 

4-~~ ~i>R ~%{]~7-J~ il-'iJ:s:l.JI, 3}~-¥-~ 

{]~~~~7-]:: il-'iJ-¥-~ 'i?~!f:lt:t. A]1:l_7R"cJ= ~ 

3}4-~1'2-]~-&7]5:~ :kl]-%1.~ Table 201] L-}F}l-]1 

'?}_<?__ u:], 3}4- -5 ~ ~ E]1 ~ Fig.2 01] 5:_).] 3})'j t:l-. 

Table 2. Dimension of aeration tank after retrofitting 

Category Specification Reference 

Mode 

Size 

Channel 

HRT 

Measuring Instrument 

,----. 
: ~ : 
I I 

: 3:: : 
• • I 5<1 I 
I <=I I 

I ..... 
: ~ I 
I I 

:~I : 
•----""' 

Air diffuser & surface A erator 

W 38m XL 76mXHe 4.5m 

1 series (2chancl) 

NADH, DO, pH meter 

Combined into one series of the 

two chancls and the operating 

circulation flow 

Fig. 2. Pattern of sewage flow in aeration tank after retrofitting 
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Table 3. Comparison of influent concentration of aeration tank before and after 
retrofitting 

Item 
Concentration (mg/ P) 

BOD COD ss T-N T-P pH 

Before Retrofitting (A) 83.2 58.1 70.8 34.8 3.045 7.41 

After Retrofitting (B) 109.4 65.3 69.1 34.8 3.426 7.16 

Variation +31% +12% -2.4% 0% +12% -
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Item 
Concentration (mg/ P ) 

BOD COD ss T-N 

Influent 83.2 58.2 70.8 34.8 

Final settling 5.8 14.0 6.4 22.4 

Efficiency 92.9% 75.9% 91.0% 35.6% 

Water temperature ('C) 

18.9 
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-

T-P 
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Table 4. Treatment efficiency of influent sewage before retrofitting 

Item 
BOD 

Influent 83.2 
Final settling 5.8 

Efficiency 92.9% 
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il--'iJi>}-'1='~ ~-IT ~121~~~ L-j-F}l-]1~t:}. ~71 

5: il--'iJi>}-'1='~ BOD~ 56.4~110.3(~-IT 83.2) 

mgn °].Jl, ~%-~~7.] **-Y~ BOD~ 

3.4~8.6 (~-IT 5.8) mg/ R o] u.j ~]71 ~ ,<:, 

88J~95.8(~K 92.9)%~ ~JI}~ li!_O~ ~~1~ 

_Q_~ BOD ~]71~~ ~li'!01]J...:!2= o};;<;;:);;<-loJ 7.1 o 
I '11_ 1_!. VI 'L.:.. :.X.-

~ L-j-F});}t:}. 

COD~ 28.5~96.1 (~-IT 58.2) mg/ R o].Jl ~ 

%-~~7.] il--*-'1='~ COD~ 10.5~ 17.2(~-IT 

14.0) mg/ R o]u.j ~171~,<:, 48 .1~85.1 (~-IT 

74.7)%~ ~JI}~ .b!_'?Jt:}. ss~ 3o.o ~ 

130.0(~-IT 70.8) mg/ R O].Jl ~%-~~7.] ** 

-'1=' ~ SS ~ 2.0~ 11.5 (~-IT 6.4) mg/ R o 1 u.j ~1 

71~~ 80.3 ~95.8(~-IT 90.9)%~ ~Jlj-~ 1;!_ 

'?J..<:'__u.j, T-N~ 26.00~46.05(~-IT 34.78) mg 

I R O].Jl ~%-~~7.] **-Y~ T-N~ 15.28 ~ 

37.93(~-IT 22.47) mg/ R o]u.j ~171~,<:, 9.5 ~ 

54.4(~-IT 34.5)%~ ~Jlj-~ ll!_'?Jt:}. ~121~~ 
0 1 34.5%~ '?tlll %7.]-'{1 ~,<:, J±.~~-"j~t:17.] 

~ 01 il--71%~121011 ~~~ ~1) 0]0iJ..i T-N~1 

21 ~~OJ '7t,C:, ~O~J..}ct::ln-1 BJ-2A A;<.l - -'-'--'1 ~1, c TIT T 2 

Concentration (mg/ Q) 

ss TN T p 

70.8 34.8 3.045 
6.4 22.4 0.956 

91.0% 35.6% 68.5% 

7]~011 Jf-~i>}7] -'fltRJ..i~ T-N~1217} 7}';;~ 

j]__T_~1 21 ~1) _T_ qJ 0 l ~__8_ ~ ~_Q_~ L-j-F});}q 

10). T-P~ 1.402~4.046(~-IT 3.040) mg/ R 

.Jl ~%-~~7.] il--*-'1='~ T-PCcg_T_~ 0.347 

~ 1. 6 8 9 ( ~ -IT 0. 9 55) mg/ R o 1 u.j ~]71 ~ ,<:, 

6.4~89.9(~-IT 71.0)%~ ~Jlj-~ .b!_'?Jt:}. T-P 

~ 7dJf-011 ~ ~7]5:~ il-'il:<r1 ~ il--71% lf-i>}.2} 

l:l].Jii>}o~ (BOD5 : T-P = 27:1) '7t,C:, Ccg_T_~ 

~}Aj ~ _Q_~ iT-qJ :<r1 Oi ~-IT Ccg _T_ 1. 0 mg/ R ;;<j _T_ 

~ nRJf- 0d=~~ ~121-'T-~~ L-J-F}l-]1~t:}. 

3.2.2 ~7~~~ ~?j 

"'l""J7Rct ~ ~715: 921 ~~ j~l-fi-"'1 :rr~ 

HRT7} ~5: 5.9~10.7(~-IT 7.5)!.J:tl..<:'__~ -";i!_ 

ll]HRT 5.3J.]:tl ll!_t:} ~lll ~~:<r1~..<:'__u.j, F/M 

l:l]~ 7d_!f- 0.23~0.63(~-IT 0.41) kgBOD 

/kgMLSS · ~. FN/Ml:l] ~ 0.11 ~0.27 (~-IT 

0.18) kg T-N/kgMLSS · ~. ~7]5: MLSS~ 

42 5~1,298(~-IT 666) mg/Q, SRT~ 7d_!f-

1.7~7.4(~TI- 2.8)~~ ~~:<r1~t1-. ~%-~~ 

7.] ~ ~~"'l:tl(HRT) 3.3~5.9(~TI-4.2)"']:tl..<:'__ 

~ {ill] 3.0~5.0J.]:tl~ 7]~011 ~il}~ ~~:<r1 

~..<:'__u.j, -'1='~~ Jf-i>}~ 14.1~25.4(~-IT 20.3) 

m'/m' · ~~ J.jA;il_7]~(20~30)o]i>}~ ~~:<r1 

~j]_ .Jl~% Jf-i>}~ 10.0~40.6(~-IT 18.8) kg/ 

m' · ~~ -"Jlll71~ (40~125)011 l:lJtR '?tlll iT-



A1£l~LJ-. 

-"11l 1R ca= ~ K ~~"'a~ 2-1 A1 ~ _2_~ ~~ -'El 
71{}- %'?1- ~713::_<?.] MLSS~ 425.0~1,298(3{3 

iJ 665.5) mg/£_<?.] li)~<>11-"i ~~£]~_2_~,% 
0J il}'T-CJ=0 1 i:§.JI -'6'-5:_7} L]-:i: '7t ~ -6}~71 <>11 

tJ1..iiL-3j '7!-711 ~~£]L]-7} -'6'-2L7} ~o}A1.Jl '1=-.g_ 

o1 ';;to}A1~ %~71<>11~ ~~ MLSS~ ~~£] 

~LJ-. -MLVSS/MLSS_<?.J tJ1~~ J{STI: 77.8%?:j 

5=_~ tJ1..iiL-3j ~78~ ~_2_~ %A1£j~LJ-. 

Fig. 3~ ll~~Aj~2-1A1~ ~713::_<?.] F/Mtl1 

.2J- svrl1}_<?.J B-7-11 ~ LJ-FI-\:H ~o1LJ-. ~2-1A1 ~7J 
J-j ~ LJ-Fj-LJ1~ SVI ~~ 144~789(J{STI: 276) 

~ ll~~Aj~2-1A1~_<?.J -3j78 SVI(50~150)~ 

.b!_Lj- ~711 %A1£1~_2_~ F/Mtl17} '7!-~'T-~ ~. 

~713:: MLSS-'6'-2L7} ~~'1=-~ ~2-1A1 ~7Jl-j 

~ ~01A1 ~ ~ ~ .b!_o'j 9-.JI 9JLJ-. o1 ~ '7t ~ 
F/MtJ1<>11-"i n1J-~~<>11 _<?.]~A}~§}, Floc-5N~~1 ~ 

_2_~ ~7Jl-jo1 9--)-§j-£] ~ ~_2_~ ~li±-'E!LJ-. tJ1..iiL 

-3j OJ:~~ jt1i:Q'T- BOD-'6'-2L~ LJ-FI-\:H 0.3~0.6 
kgBOD/kgMLSS · ~_<?.] F/MtJ1<>1]J,i SVI~~ ~ 

144~481~ ~ ~§)-~~ li!_Oi'T.JI 9J~r1l, o1 

~ ~713:: ~~Q]j u]A~~ "5-<>11 ~2-1A1 ~7Jl-j ~ 

9-{§1--"17'1 ~ -"VJTI: -gJ BJ-0_TI:o1 Lj-CJ= ~:AN-6}71 

u]j~o1LJ-. 
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Fig. 3. Relation of F/M and SVI in 
aeration tank before retrofitting. 

Fig. 4~ -"11l.7NCJ~ ~713::<>11-"i BOD jt12-]1L 

~ ~ .b!_oi~L]-. -"Hl7NCJ= ~ ~713:: %c;Jil}'T_<?.J 

BOD-'6'-2L~ 46.8~190.l(l§TI: 109.4) mg/ £ o1 

.Jl , ~ ~ ~ ~ A1 % * 'T _<?.J BOD-'6'- s=_ ~ 

2.4~12.0(l§TI: 7.2) mg/ £ 01ui Al171~~ 

86.0~97.4 (3:§ iJ 93.3) %_<?.] ~ :l1} ~ .b!_'?J LJ-. %1. 

~ ~713:: %'iJ'T -'6'-2L~ 8%1. %'iJl§TI:-'6'-2L7} 

88.4 mg/ £, 9%1. l§TI:108.1 mg/ £, 10%1. l§TI: 

116.0 mg/ £' 11%1. l§TI: 105.9 mg/ £' 12%1. l§TI: 
113.2 mg/ £, 1%1. l§TI: 125.0 mg/ £ ~ -6}~71 (8, 

9, 10, 11 %~_) %'iJ-'6'-2L.b!_L]- %~71 (12, 1 %~_) % 

'iJ-'6'-5:_7} L)-:i: ~711 Lj-Fj-Lj-~ ~~ "llHil71<>11Al 

%~71~ £j~Ai %'iJ%CJ= ~:i:<>11 u:};": ~o1LJ-. 

-"11l.7NCJ= ~ %'iJ'T l§TI:-'6'-2L7} 109.4 mgj £ ~ 

1RCJ=~ 83.2 mgj £ .b!_LJ- 26.2 mgj £ 1} ~7}il}'?JLJ-. 
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Fig. 4. Treatment efficiency of BOD in 
aeration tank after retro fitting. 

Fig. 5~ -"P~JRCJ=~ ~713::<>11Ai COD jt1i:Q 

1L~~ .b!_o'J~LJ-. -"11l.7NCJ ~ %c;Jil}'T-_<?.J COD 

-'6'-2L~ 38.6~86.6(l§TI: 65.2) mg/ £ 01.JI ~~ 

~~A1 %*'1=-_<?.J COD-'6'-2L~ 3.5~17.0(l§TI: 

12.0) mg/ £ 01 Pi Al171 ~ ~ 66.2~91.8 (3:§ TI: 

[· 



81.2)% '?J!ct. COD9.1 7clJf- ~LJ1/~~i,'-5:.9.]B1 

7} ~ 2.2:Aj5:,~ 1J1.JI~ -2- ~§)-~ L}F-}~-'<1li} 

8, 9~9.1 il-~-'t-S:.011B1i5B 12, 1 ~9.1 -'5-5:.7} q 

~ 3f~ ~ 1:!~i1 ~_9_~ 'U-:Aj.'ri711 il-~.'ric;jq, 

Al{i7BCJ' -f :i@TI-i\-~-'5-5:.7} 65.2 rng/ 2 ~ A1{:i 

1BCJ=1i 58.2_li!_q 7.0 rng/ 2 "'J~~}'?J!LI-. ~~c.l'T

-'5-S:.~ J@TI- 12.0 rng/ 2 ~ A1{:i7BCJ'1:! 14.0 rng/ 

2 _li!_L} 3f ,<:. ~~ C-1 :IT_-&-~ -&-OS .'ri c;j ct. 

100 

Date(yy-m.<J) 

Fig. 5. Treatment efficiency of COD in 
aeration tank after retrofitting. 

Fig. 6,C:. A1{:i7BCJ'-f -&71:::E011A1 ss ~~c.]TI_ 

-&-~ _li!_O~~q. -&71:::E i\- 0J'T-9.1 SS-'5-S:.~ 

32.0~136.0(J@TI- 69.0) rng/ 2 o12 ~%{11:!-'<1 

il-*'T-9.1 SS-'5-5:.~ 1.5~13.0(J@TI-7.2) rng/2 
01~ A1171-&-,C:. 79.7~97.7(J@if 89.2)%9.] {ij_:lf} 

~ _li!_'?J!L}. -&71:::E il-~ ss~ 7cl+ ~Ll1/~~ * 
5:.9.1 1J17} ~4.3 1l 5:.~ 1]1 .JI~ -2- ~:& ~ Y-F-l
~-'<1lil-, ~~ :i@TI--'5-S:. ~§}7} 719.] ~~ ~_9_ 

~ _li!_O} ~3::_-f\-~~}"f'-9.1 J-l1~~ ~§j-7} ~ ,<:_ ~ 

:i!l- ~&{]1:!-'<101H9.1 SSA1171TI_-&-01 °d'~~}711 

i\--'<1~ ~ Jtl-~~ 'T- s;}_~q. i\-~ SS-'5-S:. :i@TI-

01 69.0 rng/ 2 ~ A1{:i7BCJ'1:! i\-~ :i@TI--'5-S:. 

70.8 rng/2:1!} 1J1j:~ i,'-5:_~ -f\-~.'ri~L}. A1{:i 

1BCJ' .f ~~c.l'T- SS-'5-S:.~ J@TI- 7.2 rng/ 2 ~ Y
F-l-Y- A1{:i7BCJ'1:! 6.4 rng/ 2 _li!_L} 0.8 rng/ 2 3f711 

0 
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Fig. 6. Treatment efficiency of SS in 
aeration tank after retrofitting. 

Fig. 7 ;:_ A1{:i7BCJ'-f -&71:::E011Ai T-N ~~c.] 

:IT_-&-~ _ll!_o~~q. A1{:i7BCJ' -f -&71:::E i\-~"f'-9.] 

T-N-'5-5:.~ 21.94~45.24(J@TI- 34.63) rng/ 2 

o12 ~%{11:!-'<1 il-*'T-9.1 T-N-'5-S:.~ 3.55 

~11.96(J@TI- 8.39)rng/2 o1~ A1171-&-,C:. 

64.0~85.7(J@TI- 75.0)%9.] {ij_:i!}~ _li!_'?JL}. "'1 

{i1BCJ' .f -&71:::E i\-~T-N9.1 7clJf- ~Ll1/~~ 

i,'-5:.9.]1017} 2.PjS:.~ q~ 3f,C:. ~:&-&-~ Lt 
F-}~-'<1lil- ~~ :i@TI--'5-5:.~ ~}f;j_li!_~ 8~J@TI-

29.77 rng/ 2 ~ A11.2.1~ 9~ 01.f011~ ~:i@TI--'5-S:. 

7} 35.0 rng/ 21:!-f~ 'U-1l:'f! ~~ Y-F-l-1-11~4. 

A1{:i7BCJ' -f i\-~~~9.1 J@TI-~,C:. 34.63 rng/ 

2 ~ 1BCJ'1i 34.78 rng/ 2 -'4 719.1 %'?,1_~}711 i\--'<1 

.'ri~L!-. ~~c.l'T- T-N -'5-S:.~ ~}f;j_li!_~ "'1"',;JJB 

CJ:1:! J@TI- 22.47 rng/ 2 011"'1 A1{:i7BCJ'-f 8.39 rng 

I 2 ~ 2.7llB {}~.'ri ~2, A1171TI_-&-,C:. 34.5%011 

"'1 75.0%~ T-llB 01"'J ~7}~ ~~~ Y-F-l-Y
*~ ~}'T-%9.1 ~~"'j~ A11717} ?~~~ 25:. 

~~c.] -t?-:Aj 0 1 ~~~1 -&-OS:'f! ~~~ L}F-}JJ;-q. 

Fig. 8,<:. "'1{:i7BCJ:-f -&71:::E01H T-P ~~c.] .:IT_ 

-&-~ _ll!_o~~q. A1{:i7BCJ'-f -&71:::E i\-~"f'-9.] 

T-P-'5-5:.~ 2.074~3.942(J@TI- 3.418) rng/ 2 
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Fig. 7. Treatment efficiency of T-N in 
aeration tank after retrofitting. 

01JL £o1%:B{l~1 -fl-~'T--'?.1 T-P-'6-5:.~ 

0.145-1.685(1§-IT 0.795) mg/ R o1u:J ~17-H~-~ 

52.3-94.8(1§-IT 74.6)%-'?.1 ~.Jlj-~ _:l;l_';?Jq,-& 

71::E -fl-qJ"f- T-P-'?.1 /cl-9-1§-IT -'6-5:.7} 3.418 rng 

I R £ ;}~7RCJ'{l 3.040 mg/ R _:l;l_q 0.4 rng/ R 7} 

~7}-B-}';,t~u:J ~1'2-l'T- T-P-'6-5:.~ 0.795£ J-1 

1~ACJ={l 0.955_:1;l_q 0.2 mg/ R 7}CJ= {}~~01 

-1f:-{l_~~t1-. 
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Fig. 8. Treatment efficiency of T -P in 
aeration tank after retrofitting. 

13.8-26.8°C (~1§-IT 20.2°C)£ %~1~01 ;.1~ 

7RCJ={l 1§-IT 18.9°Ce>i1J:J1tR 1.3°C ~ll11-J-E};J; 

ti-. -B-}1:!71'l! 8%!.-'?.11§-IT 9-.g.o1 25.9°C£ 7}~ 

~JL %1:!71'l! 1 %!__<?.] :rrJ-IT 9-.g.o1 13.9°C£ 7} 

~ 'i ~ 3:l_Q_£ 1-]-E};,Xq. 10%!. o1~ -&71::E 'T 
.g.~ 20°C01-B-}£ ';;to}Aj "f-.g.e>i1 _<?.]~ u1"'~% ~ 

;_d-'t-'?.1 /Zi-B-}£ 'l!tR ~1:c.J~-&-o1 q~ {}~-5}~ 

/cJi>J ~ ~'l! W: 'T %! ~ ti-. ;.hl_ 1R CJ={l · ~ -& 

71 ::E -fl-qJ 1§ -IT T-N-'6-5:.7} 34.83 rng/ R , 34.86 

rng/ R .£ '?J1l~ -'6-5:.£ -frqJ~~JL, £o1%:B{l~1 

%).-fr"f-_<?.]1§-IT-'6-5:.~ 22.47 rng/ R e>i1"'i 8.39 rng/ R 

.£ J.jA,~JRCJ= ~ ~~~171~ <j-:Ad~_<?__£ 0 1if-~1 

~ 3:l_Q_£ 1-j-E};,J;q_ o1~ ~~ J-1~7RCJ= ~% 

~~_<?.] ~171~-&- ~7}~ u1"'~%:rrJ-IT~~1ff-J-1{} 

(SRT) ~ u1"'~%(MLSS)_<?.] -'6-5:.7} ~7}~01 

~~§]- u1"'~%-'?.1 ~_:l;l_7} -§-o1-B-}';?JJL, F/MJ:J1-'?.1 

{}~e>11 _<?.]~ ~~§1-e>11 u1~1 ~ -frqJ BOD-'6-5:.-'?.1 

0Ji>Jo1 {}~~01 -&71::E l-}]e>11 u1"'~%e>i1 u1~1 ~ 

*"Zl lf--B-}7} {}~-¥:1 3:!e>i1 71'l!~u:J. !£~. J-1~ 

1RCJ= ~ 7}~~_Q_£ ~_e_~ -i?-71CJ=~ ~t%~_Q_ 
_£ -i?--8--B"}P _£J.l ~~_8_~ -&71J-1{} ~ .JI}-&71 

~ BJ-~1-6"}0~ ~~§} ~ ~~oj1 ~1:!~ -"g-71-"g--8-

01 o1if-01~71 uJl~Cj 3:l_Q_£ J.}_li-{:1_1:j-10. lll. 

15.0 
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3.3.2 ~7~~ ~g~.£~.2.~ T-N Xii7J~ Temp(0 C) 

Fig. 9~ J-1~7RCJ= ~ -&71::E 9-.g..JI} ~1'2-l'T- Fig. 9. Effect of temperature on T-N 
T-N-'6-5:.~ 1-j-E}\:B_ 3:l_Q_£ -&71::E 9-.g.~ removal in aeration tank after 

retrofitting. 



3.3.3 ~71~ ~ ~l:! 

"'11l7~2J= -f ~71~ *~ ~/,':!~ 7clJf- 4-~-Q{ 
3j ~l1-*"'1Zl-~ HRT7} j,]5: 4.9~6.9(~-IT 5.5) 

"'1{[-_<;>_~ 1lll1HRT 5.3"'1{!-:il} B1~"6"}711 -8:-~5:] 

<;j_<;>_ Uj, F /MB1 ~ 7cl Jf- 0.09~0.49 (~-IT 0.22) 

kgBOD/kgMLSS · ~, FN/MB1;: 0.05~0.11 

(~-IT 0.07) kgT-N/kgMLSS · ~, ~71~ 

MLSS;: 1,570~2,730(~-IT 2,213) mg/ Q, 

SRT~ 7clJf- 2.9~42.2(~-IT 9.9) ~~ -8:-~s:]<;j 

t:J-. 01~}~~/(1~ *~ ~/,':!,'?_ ~~"'1Zl-CHRT) 

2.8~3.8 (~ TI-3.1) "'1 {[-_<;>_~ 1llll71 ~ 3.0~5.0 

~ -6"}~~011 7}7{1-711 -8:-{is:]<;j_<;>_UJ, 4-~31 .Jf--6"} 

;: 21.8~30.4(~-IT 27.5) m'/m' · ~~ "'Hil71 

~C20~30VJ-~~1011 7}7{1-711 -8:-{l£19Jt:J-. jl~ 

% .Jf--6"};: 54.9~ 106.7(~-IT 79.7) kg/m' · ~ 

~ 1lll171~ C40~125) li=J-'f101H -8:-{l£19Jt:J-. 

"'11l7~2J= -f ~71~~ MLSS -'5-.£:: 1,851 

mg/ Q, 1,960 mg/ Q ~ %7<1£1 <;j_<;>_Uj ~71~ 4-

.,&01 '7t0}7<1;: "'11J~ 11 ~ o1-f Jf-E~;: 1J~} 

~7}-6"}~ 1 ~~-IT MLSS-'5-.£:: 2,595 mg/ Q ~ 

L}E}~t:]-. MLVSS-'5-.£:: 1,343~2,392(~-IT 

1,920) mg/ Q ~ MLVSS/MLSS~ B1;: 

8o.o~88.oc~-rr 86.7) %~ Y-EtJit:J-. 

Fig. 10,'?_ "'11l7~2J= -f ~71~~ F/MB1Q} 

~01 276011"'i:= ~C-~7<1 1l1~~ -Jt-7<1~:>4 ~,'?_ 

j,]~~{l7<1 -8:-0J 01 ~~%01 ~<;jJti ~_<;>_~ L} 

£}~7<1 li'l, "'111.7~ 2J= -f011 ::= ~-IT SVI~ 01 

142.7~ oJ~~ ~~-"ao1 -Jt-7<1£19Jt:J-. Fig. 10 

011"'i ~71~ F/MB1Q} SVI~~ ~-J-:B-:B-1l17} :Y 
~-6"}7<1 \:'},",'?_ 01%:: ~71~ F/Ml:l17} w ,'?_ li=J-'fl 

011"'i -8:- 0J£17<1 \:'},",'?_ ~_<;>_~ Jtl-1il~t:J-. -6"}7<1;'} 

F/MB17} ~7}~4-~ ~C-~7<1 SVI~,'?_ {]-~~ 

~_<;>_~ a]1~~ 4- ~t:J-. 

250 

0 

50 
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Fig. 10. Relation of F/M and SVI in 
aeration tank after retrofitting. 

SVI:il}~ :B-1l1 ~ L}E}l-]19jt:J-. ~:c~/<1 ~ 7J-"'a ~ ~ ~-T011"'i ~71~ {1-5: %i~f"'F'J~ 7~"8=011 

L}E}l.-]1;: SVI ~,'?_ 85.1~242.2(~TI-142.7)~ ~~ {15:fi11~ ~~ -B",J:"'J-0111:11~ ~-T~ 11."'1~ 

"'11l7~2J'{i SVI~ 144~789(~-IT 276)_12_c} ~:il}q~:il}~,'?_ ~~~ ~<;jt:J-. 

~ 7J-"'a 01 ~ ~ -6"1 "B"J~-J-cB ~_<;>_~ Y-Et~t:J-. 

SVI (Sludge volume index) ::= tfl'a ~ :c~ 7<1 %~ 

01P'i ~C-~7<1 ~{!.£~ L}E}l.-]1;: ~;;z}~"'i _12_-'8-

50~15001~ ~{1_7<]oj1Ai ~{1_7-J-f117} OJ~~ 7-J

f1101L}, 150017-J-o1~ ~7'J (Bulking) 01 "'1-3f£1 

~ 250°17-J-o1~ ~{1.7<1011 ~fi117} ~-"~-6"};: ~ 

_<;>_~~~A~ ~t:J-. u:j-c:}l-i, "'17-J7~2J={i SVI ~if 

1. l-]"'J7~2J= {1. . -f~ ~71~ -8:-{1. ~/,':! ~ ~~ 

ii~ ~ ~:il} HRT:: 7.5"'1Zl-011"'i 5.5"'1{[-_<;>_~ 

-8:-0Js:]<;j_<;>_UJ, MLSS~ ~7}(666 mg/ Q ~ 

2,213 mg/ Q) -8:- 0J_<;>_~ F/MB1;: 0.41kg 

BOD/kg · MLSS · ~ 011"'i 0.22 kg BOD/kg · 

MLSS · ~~ {}~s:]<;j_<;>_UJ, FN/MB1 !E.~ 



0.18 kg T-N/kg · MLSS · ~Oi1.Ai 0.07 kg 

T-N/kg · MLSS · ~~ ~5:~0-1 ,£:-oJ~~rJ-. 

2 . .A11l_7R~ ~ il}"T~lc1 iL%,<?_ BOD 92.9%, 

COD 74.7%, SS 90.0%, T-N 34.5%, T-P 

7l.O%o1~.JI, .A11J.7R~ ~ il}"T~~C11L%,<?_ 

BOD 93.3%, COD 81.2%, SS 89.2%, T-N 

75.0%, T-P 74.6%~ ~7}il}9Jr]-. 

3 . .A11l_7R~ ~ T-N9-l ~Jill, ~TI- ~~Cl"T~,'?_ 

25.9°Co11.Ai 5.38 rng/ Q, 13.9°Co11.Ai 9.63 mg.! Q 
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~~__<?_o:j, op:~~~ ~5: fi11711L%9-l ~7}~ 7} 
1?'1 :A'I 0 ;=< :cr1 0 -t>l- Jl_ 71 C}_Q_ ;;<}£:A'! 0 ;=< 2= 
1.....:..)-.X.. 2...ll-1..__,:_ Q 0 2. 0 --,_.x.. 0 l=l 

0 1 °1-'f-0-1~71 uJ1~~ ~__<?__~ .A}_li_2{1_rj-, 

4 . .A11l_7R~ ~ u]AE%~TI-~iHf-.A1tl-CSRT) ~ 

7}0i1 9.1~ -&71::E u]AE%CMLSS)9.] .og-.s:,7} 

~7}il}c;j.JI, F/Ml:l1 ~ ~S:il}'?j__<?_o:j, ~2-~7<1 

lf-:si]7<1JICSVI) ~ .Aj-J·J7R~ ~ 2760i1A-~ "'11l 

7R~ ~ 143__<?_~ '5!-0 }7<i 0J~~ ~C.i7<1 ~ 7J
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