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Abstract

In this study, development of M2-Dephanox and M3-Dephanox process has been tried to enhance the nitrogen removal of
M-Dephanox process on the basis of previous study about M-Dephanox. The results showed that T-N removal efficiency of
M3-Dephanox process was 8.9% or 11.3% higher than M-Dephanox or M2-Dephanox processes, respectively. This result is
due to the lower NO5-N concentration in the effluent of M3-Dephanox than of M-Dephanox and M2-Dephanox processes.
This results were recurrenced by PASS simulator. As result of simulation by PASS program, effluent NOy-N concentration of
M3-Dephanox process was 1.4 mg/L and 3.6 mg/L lower than M-Dephanox and M2-Dephanox processes. In the study about
optimization of M3-Dephanox processes by PASS program, SRT greatly affected T-N removal of M3-Dephanox process,
whereas, the recycle rate and recirculation rate did little affect T-N removal efficiency of M3-Dephanox. In the study about
optimization of reactors following the nitrification reactor of M3-Dephanox process, it was shown that the best optimum
volume ratio of denitrification reactor, intermittently aerated reactor and anoxic reactor for the T-N removal were 29.1(%) :
32.7(%) : 38.2(%). T-N removal efficiency at this volume ratio was similar to T-N removal efficiency at the volume ratio of
36.3(%) : 36.3(%) : 27.4(%) designed for the lab-scale M3-Dephanox.
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(1) Anaerobic tank
(3) Biofilm reactor
(5) Post-aeration tank

(2) Downstream settler
(4) Anoxic tank
(6) Final settling tank

Fig. 1. Configuration of activated sludge system according
to Wanner et al. (1992).
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Fig. 2. Experimental setup for external nitrification biological
nutrient removal activated sludge system (Hu et al,
2000).
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Table 1. Characteristics of domestic wastewater used in this

study

Parameter Concentration, mg/L
TCOD., (mg/L) 93.5 + 35.4(STDEV)
SCOD.; (mg/L) 418 + 13.0
TKN (mg/L) 28.0 + 4.0
NH¢-N (mg/L) 219 + 40

T-P (mg/L) 36 £ 1.6
PO;-P (mg/L) 1.9 £ 0.6
TCOD./TKN 33

Table 13 2t} ZFAME €9 49 AdC 2= TCODer
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Table 2. Operational parameters of M-Dephanox, M2-Dephanox and M3-Dephanox processes

M-Dephanox M2-Dephanox M3-Dephanox
" Processes . Volume Volume Volume
Conditions Unit Value ratio(%) Value ratio(%) Value ratio(%)
Volume of anoxic contact tank L 2.64 5.91 2.64 5.91 2.64 5.91
Volume of first nitrification tank L 7.10 15.88 7.10 15.88 7.10 15.88
Volume of second nitrification tank L 7.10 15.88 7.10 15.88 7.10 15.88
Volume of anoxic tank L 10.13 22.66 10.13 22.66 10.13 22.66
Volume of intermittent aeration tank L 10.13 22.66 10.13 22.66
Volume of aeration tank L 10.13 22.66
Volume of post-acration tank L 7.60 17.00
Volume of anoxic tank L 7.60 17.00 7.6 17.00
Return sludge flow rate Q 0.6 0.6 0.6
Activated bypass flow rate Q 0.6 0.6 0.6
Recirculation rate Q 4 4
HRT Hour 6 6
SRT Day 12 12 12
Temperature °C 25 25 25
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Fig. 3. M-Dephanox (top), M2-Dephanox (middle) and M3-De-
phanox (bottom) processes used in this study.
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Fig. 4. Characteristics of NHs;"-N removal of M-Dephanox,
M2-Dephanox and M3-Dephanox processes.
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Table 3. T-test results about numerical difference of average effluent NO;-N and T-N removal efficiency of M-Dephanox

and M3-Dephanox processes

Items T-test(one-sided test)
Parameters Effiuent NO;-N T-N removal efficiency
Null Hyphothesis(Ho) (Ho : mi=w) Ho : m=1m)
Altanative Hyphothesis(H,) H) > w) H = m>w)
Significance Level(a) 0.05 0.05
ta(ni+n2-2) 1.729 1.729
s’ 2.44 37.04
"Test Statistic(t) 1.99 3.19
Critical Region (t=tq(n;+n:-2) 244 > 199 3.19 > 1.729
In 95% confidence In 95% confidence
Results Effluent NO3-N in M3-Dephanox process were | T-N removal efficiency in M3-Dephanox process
lower than that in M-Dephanox process were higher than that in M-Dephanox process
'Sy = (=18 + (n2-1)82] / (ninp-2)
"t = (X-Xa) /[y (U + Ung))?
where,
Wy : Sample values of effluent NO;-N or T-N removal efficiency of M-Dephanox process
1z : Sample values of effluent NO;-N or T-N removal efficiency of M3-Dephanox process
n; : Numbers of sample of M-Dephanox process
n; : Numbers of sample of M3-Dephanox process
S| . Standard deviation of effluent NOs-N or T-N removal efficiency of M-Dephanox process
S: : Standard deviation of effluent NO:-N or T-N removal efficiency of M3-Dephanox process
X, : Average value of effluent NO;-N or T-N removal efficiency of M-Dephanox process
X; : Average value of effluent NO;-N or T-N removal efficiency of M3-Dephanox process

Table 4. T-test results about numerical difference of average effluent NO3y-N and T-N removal efficiency of M2-Dephanox

and M3-Dephanox processes

ltems T-test(one-sided test)
Parameters Effluent NO3-N T-N removal efficiency
Null Hyphothesis(Ho) (Ho : mi=12) (Ho @ pi=12)
Altanative Hyphothesis(H,) (Hi : > 1) (Hy @ > )
Significance Level(a) 0.05 0.05
to(n+02-2) 1.725 1.725
'S, 3.18 47.11
"Test Statistic(t) 4.71 3.71
Critical Region (t>to(n;+n2-2) 4.71>1.725 3.71>1.725
In 95% confidence In 95% confidence
Results Effluent NO3-N in M3-Dephanox process were | T-N removal efficiency in M3-Dephanox process
lower than that in M2-Dephanox process were higher than that in M2-Dephanox process

Q2
Sp

= [(-DS:" + (n-1)82] / (ar+nx-2)

"t = (XX [Sp (g + Una)]

where,
W ¢ Sample values of effluent NOs-N or T-N removal efficiency of M2-Dephanox process
1z : Sample values of effluent NO;-N or T-N removal efficiency of M3-Dephanox process
n; : Numbers of sample of M2-Dephanox process
n; : Numbers of sample of M3-Dephanox process
S| : Standard deviation of effluent NO;-N or T-N removal efficiency of M2-Dephanox process
S, : Standard deviation of effluent NOy-N or T-N removal efficiency of M3-Dephanox process
Xy @ Average value of effluent NOy-N or T-N removal efficiency of M2-Dephanox process
X; : Average value of effluent NOs-N or T-N removal efficiency of M3-Dephanox process
o FAa oM Asx FEY B 22 4Q9 W 34. EAMH EHHM PASS ==I#0 28 M3-
7 £88 fFn T BERAME 1M HF ez 57) Dephanox BM2| AAKHAH &8 &M ¢
& =} -
9 7] &x7o] wEY7] wjFo] M-Dephanox 2 M2- M3-Dephanox &2 T-N A A&-8°] M-Dephanox &7
aL = ol S ko] - -
Dephanox &3¢l wls) Z7i¢ @717} 5 e 357t o 2 M2-Dephanox 24 wal o %4 #FHYSL oA
13 I [e) -
B7] & Aoz AlggT AFsar. & HoA = M-Dephanox % M2-Dephanox
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Table 5. Comparison of average removal efficiencies (%) of Table 7. Volume ratio of denitrification tank(Den-R), inter-
M-Dephanox, M2-Dephanox and M3-Dephanox mittently aerated tank(Inter-R) and anoxic tank
Processes| M-Dephanox | M2-Dephanox | M3-Dephanox (Anoxic-R) used in simulation
Conditions HRT 6hr (25°C)[HRT 6hr (25°C)HRT 6hr (25°C) Den-R Inter-R Anoxic-R
Case | 36.3 36.3 274
TCODer (i?(;é*) (5183?3) (16181’.63) Case 2 60.1 363 36
SCODer 59.8 57.4 58.8 Case 3 36.3 60.1 3.6
(£14.4) (#11.7) (*13.9) Case 4 36.3 29.1 34.6
NHIN 91.8 96.6 93.2 Case 5 29.1 36.3 34.5
.7 (*1.8) 4.7 Case 6 25.5 36.3 38.2
TKN 89.1 926 %04 Case 7 19.4 36.3 443
(£4.2) (+1.8) (£1.7) Case 8 21.9 36.3 408
T-N 4Ll 38.7 49.6 Case 9 29.1 327 38.2
(115.54) (*17‘91) (’;6'76) Case 10 219 39.9 38.2
POS~P (+32) (#33) (£10.2) s
p 16.4 19.2 219 % 3 °
(+15.7) (£14.1) (£12.5) 7 2
*Standard Deviation S§ 12 o °
0
F4dl vl&) T-N AA &&o] ] F2 M3-Dephanox &3 0 5 10 15 20 2
S 4oz PASS TP o8l Ak A Zwol PR
A AAQ SRT, FANA Faa 2z &34 W 3 .
E(recycle rate), WH <8 &(recirculation rate) 2R st Z 75 o
A sgon o] A¥ TN AAL8e 98 & d=  § °
Au% Wex Foo vz B9z Fiszd ¥y9 E
S BFsaA stk SRT, €37 wEe, Wy o ° 06Q 08Q 1Q 12Q 14Q 16Q 18Q 2Q
2 FIH7E T-N AAd mXe FS BAbs7] sl Recycle rate
PASS 1 Z2agd JEs AL Table 66 JERJY O ~ 8
W 203 Bgx FUY 2R, B, Fuczd pAue  Eost O o
Table 7o) Yebd 107H4] 3¢5 =AREhg 5 °
A Eg o]l A} M3-Dephanox 39 T-N ##AA] SRT E 65
9 ol HlmA & A2eF Jelgth SRT 549M s & 6 ‘
1Q 2Q 3Q 4Q

259 T-N =7} <F 328 mglz #23 ¥y 484
ATFAA SR SRT 12¢lAE 9.6 myLE I o]
7F ol s AL & £ A4tk SRT 209X = w&Hp
T-N 5&7} 7.7 mg/LEA SRT 1243 & 2}0]7]- e A
o2 FAHUHFig. 8, top). HF FAAAA i F
22229 wHtdd)(recycle rate) I W H 38 (recirculation

rate)7b BHF TN gk VX TS 2AR 23 g
0 % SBI AU FRE TN R 2
= AT #AFY S Aot 2 IFS A9 gle AL
=2 L]-E]- tHFig. 8, middle and bottom). &4} wl% X
oo 24, 7Y, AX 2y Eaul(viv, %7t 975 TN
& VAE 4TS BAG 2 AFHAT AgH
g2z HhZ 0 BAAZE = 36.3(%) : 36.3(%) : 27.4(%)

Recirculation rate

Fig. 8. Effects of SRT, recycle rate and recirculation rate
on T-N removal of M3-Dephanox process.

A BFHS TN 527} 7.06 mgL2 #3Ho AF =z
Q1 29.1(%) : 32.7(%) : 382(%)lA BHESE TN =

6.79 mg/LY AY kol 22 AL #2F + UJKFig
9). Wl AFdA dFgM A" wrex AYE pilot

plant A7 A G2 HEAN 202 AMgIH RO
2 woEY HEAAANAMY AH 282 THAA7] ¢

3 Hhzxet RALZRE Fo)1, &9

o) Ax7NZ2E vt o HA3e A
2 Asdrh

Table 6. Simulation condition to observe effects of SRT, recycle rate, recirculation rate and volume ratio

HRT(hr) SRT(day) Recycle rate Recirculation rate Volume ratio(%)

Effect of SRT 6 5 ~ 20 0.6Q 4Q 363 : 274 :274

Effect of recycle rate 6 20 0.6Q ~ 2Q 4Q 363 ;274 : 274

Effect of recirculation rate 6 20 2Q 1Q ~ 4Q 363 : 274 : 274
Effect of volume ratio 6 20 2Q 4Q Table 5-7
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