J. of Korean Oil Chemists’ Soc.,
Vol. 22, No. 1. March, 2005. 62~70

Step-Feed A olA 9] WE354 AR A Modeling

o] § '

A getn wAsR
(20043 124 159 A% 5 20009 2¥ 16Y A=)

Modeling for Biological Nitrogen Removal in Step—-Feed Process
Byung-Dae LeeT

Division of Health, Uiduk University, Gyeongju 780-713, Korea
(Received December 15, 2004 ; Accepted February 16, 2005)

Abstract : Step-feed process for hiological nitrogen removal were analyzed numerically
for the each wunit and final total nitrogen(TN) effluent by water quality
management(WQM) model and the resuits were compared data from these wastewater
treatment plants. No bugs and logic error were occurred during simulation work. All of
the simulation results tried to two times were obtained and both results were almost
same as this model has become good reappearance. It was concluded that most of
nitrogen removal occurred in the first oxic tank. Thus the controlling of the first anoxic
tank may be more important in term of nitrogen removal. Also each unit of simulation
result was kept good relationship with that of measured data. Accordingly this WQM
model has good reliance. Finally, WQM model can predict final TN effluent within +6.0
mg/ 2.
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Fig. 1. Typical configuration of step-feed process.
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Table 1. Influent Parameters

Step-Feed FA A o] WE3H HALAA Modeling 3

Parameters Description Unit
X Soluble hard biodegradable organic matter (SHBOM) mgCOD/ ¢
Xs Soluble easily biodegradable organic matter(SEBOM) mgCOD/ ¢
X3 Particulate hard biodegradable organic matter(PHBOM) mgCOD/ ¢
X4 Particulate easily biodegradable organic matter(PEBOM) mgCOD/ ¢
X5 Heterotrophic biomass mgCOD/ ¢
X Autotrophic biomass mgCOD/ ¢
X5 Dissolved oxygen(DO) mgCOD/ ¢
Xs Oxidized nitrogen mgN/ ¢
X9 Ammonium nitrogen mgN/ ¢
X0 Alkalinity mgCaCQOsy ¢
X1 Inorganic particulate mgSS/ ¢
Hard ——
Soluble{ —» SCOD
Easily —» SBOD-
Non biotic TCOD
Hard ——
Particulate ~|
Organic Easilyq —» PCOD
Matters
—» PBOD -

Autotroph —
Biotic ——[
Heterotroph —M

Fig. 2. Organic parameters.
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Table 2. Biological Reactions

Reactions o
(ng/ ¢ /day) Description
X, K-
Ko » 9120, 2 . 7 X
Pl 520 S KS+)(2 KOS+)(7 5
X, K, X5
, Ken » 9520, 2 . o5 __ . cne s Xo
P 205 T T X, Rost % Raxt % 0
X, X
: Ko - 95720 1. 7 X
s X Kx+ X, Kox+X °°
K A
Ko+ §1-2 . X . ox _ . e X
P A TS Kx+X, Kox+X Koyt X et
X
_ -0, LT,
Fs ban * O Kon+ X %
K, Ag
. L T'QO L] OH . - .
A A s A oD R
K X; 71 - X
p Kypy + 0572 2 _ . L —[1-0833- [7.2~———————“’ j
7 o O R Rt X Krt %)
X
LpTmw T
P8 bA20 0A [(0A+X7 )%
Reaction rate coefficients at 20C(1/day): Kso, Kwo, bwo, Kwo, bax
Thermal effect coefficients: Os, Ox, Oy, Oy, 64
Kinetic Half-saturation coefficients(mg/ £ ):Ks, Kos, Ksv, Kx, Kox, Ko, Kou, Kuwi,
parameters Koy, Ku, Koy
Correction factor for anoxic reaction :9s, 7y, 7
Temperature(TC) : T

Example:

Pi: Aerobic decomposition of soluble substrate.
P.: Anoxic decomposition of soluble substrate.

P3: Aerobic decomposition of particulate substrate.
P.: Anoxic decomposition of particulate substrate.
Ps: Aerobic self—decomposition of heterotrophs.
Pyt Anoxic self—decomposition of heterotrophs.
P7: Nitrification of ammonium nitrogen.

Pa: Self—decomposition of autotrophs.
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Table 3. Parameters and Coefficients of Biological Reaction

Types of coefficient and factor | Symbol | Value | Symbol | Value
Reaction rate coefficients at 20 Ks2o 0.05 Ky 0.009
. brzo 0.005 Knoo 0.0182
C(1/day) baz | 0.0018
Os 1.037 Ox 1.062
Thermal effect coefficients OnN 1.08 Ou 1.046
Oa 1.046
Ks 714 Kos 05
Ksn 1 Kx 400
Half-saturation coefficients Kox 05 Kxn 1
(mg/ ¢) Kou 0.2 Knn 1
Koa 02 KarL 2.245
Kon 1.3
Correction factor for anoxic 7 05 7 05
reaction M 05
DG,
P T g
[Decayl (Aerobic) (Aerobic)
Active autotrophic IActive heterotrophic| NO,~ _
Biomass Xg Biomass X5 (Anoxic)
(Aerobic) P tYy Yif Py
Y, NO, COg, DO | Py—| Alk, CO,
[Growth] P; DO, Alk. Alk, NH, [+ P{ NH,",NO,”
NH,* Soluble Particulate | X,
Easily BOM| | Easily BOM
X, 146 Xt 1,
Alk.: Alkalinity v h vis v
Soluble Particulate CO,, Alk
Hard BOM|| Hard BOM NH,”*
X, X3

Fig. 3. Schematic diagram of kinetic model.
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Table 4. Operation Conditions and Dimension

Volume of . Return | Mixed .
Plant . Volume of oxic | Flow rate | Temp. | SRT | MLSS | allocation |Reference
No. anox1c3 tank(m®) m¥hr) | (T) |(day) | (mg/) slud.ge recyc}lmg ratiox No.
tank(m”) ratio | ratio
Plant 1-1 | 0.0768'/0.115" | 011550173 | 006 | 157 | - | 2500 | 05 0 05 3
Plant 1-2 | 0.0768/0.115 0.1115/0.173 0.06 157 - | 2500 | 05 0 0.5
Plant 2-1 1240/1240 2480/1240 390 20.6 - | 2950 | 05 1.2 0.3 1
Plant 2-2 | 1240/1860 2380/620 380 20.6 - | 2640 | 05 15 0.2
Plant 3-1 600/1522 1522/1522 1875 223§ 12 | 180 | 03 0 0.3 4
Plant 3-2 600/1522 1522/1522 1875 142 | 12 12260 | 03 0 0.35
Plant 4-1 540/540 1620/1620 264.7 198 | 133 | 2670 | 066 0 0.23 5
Plant 4-2 540/540 1620/1620 302.1 253 12431 2580 | 05 0 017
Example:
“Influent allocation ratio to the second anoxic tank
- data not given #. 2.4 anoxic tank
" 1q anoxic tank % 2.4 oxic tank
% 14 oxic tank
Table 5. Water Qualities of Measured Value in WWTPs
Influent Anoxic | Oxic .| Anoxic Oxic
P;f:t quality Pi'r‘;‘f“t i?fT tank eff. | tank eff. P:f?t P;font Pli‘;?t‘ }:32 tank eff | tank eff P;?f“t
: items : ) 1/20a | 1s/2a ' ) ' 1/2na | 1s/2na )
TBOD - 231 - - 17.1 152 - - - 11.7
TN - - - - 88 - - - - 44
Pt NN | 82 | - e T - - REX
NOx-N - - - - 44 - - - - 7
SS 234 - - - 136 97 - - - 10.2
TBOD - 112 - 33 - 112 - - -
TN - 28.4 66/65 | 72/10 12 - 284 59/35 | 6.1/45 4.7
Pz'f‘l“ NH/-N| - 181 | 3807 | 0101 | 00 lef“z‘t - 181 | 3908 | 0100 | 01
NOx-N - 0.1 1.1/43 | 55/5.3 57 - 0.1 04/15 | 45/20 32
SS - 69 - 1.3 - 69 - - -
TBOD - 126 - - 56 - 92 - - 45
TN - 24.1 - - 85 - 233 - - 95
Plant | NHs'-N - 152 - - 00  |Plant - 156 - - 0.0
3-1 | NOx-N - 0.13 - - 791 3-2 ~ 0.1 - - 7.76
Alkalinity - 120 - - 50 - 130 - - 50
SS - 48 - - 50 - 59 6.0
Plant TBOD 153 - - - 5 Plant 101 - - - 25
411 1N 351 | 381 - - 214 |42 38 371 - - 198
Example:

~: data not given
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Table 6. Summary of Simulation and Measured TN Value(Unit: mg/1)

Plant Influent Unit effluent Removal
No. (0) (2) 3 5) (6) efficiency (%)
Plant R - - - 8.8 74.6
1-1 S 347 14.3 12.1 116 12.5 539
Plant R - - - 4.4 84.2
1-2 S 218 12.1 85 8.2 9.0 61.0
Plant R 6.6 7.2 6.5 7.0 754
2-1 S 284 8.2 74 7.1 7. 729
Plant R 7.3 8.1 7.2 8.2 66.0
2-2 S 241 9.1 79 8.0 6.9 714
Plant R - - - 85 64.7
233
3-1 S 7.86 12.8 129 13.9 42.4
Plant R - - - 8.9 67.5
3-2 S 292 8.1 9.3 10.1 10.7 69.5
Plant R - - - 214 39.0
4-1 S 1 31.2 19.7 215 19.5 44.4
Plant R - - - 19.8 414
4-2 S 338 34.0 239 24.1 242 28.6
Example:

R: reported data, S: simulated data, (0): Influent, (2): Effluent of first anoxic tank,
(3): Effluent of first oxic tank, (5): Effluent of second anoxic tank, (6): Effluent of

second oxic tank, -: Data not give.
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