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Abstract

ASM No. 1 is a very useful model to analyze wastewater treatment system removing organic carbon and
nitrogen material. But it isn’t adequate to control the wastewater treatment system with real time since it
has many material divisions and parameters. So, the purpose of this study is the simplification of ASM No.
1 to control the wastewater treatment system. ASM No. 1 was changed with the model which has 3
material divisions(COD, NH;, NO;) and two phases(Aerobic and Anoxic condition). SBR was running with
two phases(Phase | and Il). Phase Il running 20 minutes with aerobic time was used for deciding model
parameters and Phase | running 12 minutes with aerobic time was used for proving the simplified model.
The simplified model was compared with ASM No. 1 using data of Phase | and Il. As a result of model
comparison, the simplified model has enough ability to express the variation of NH; compound.
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Fig. 1. Schematic diagram of laboratory SBR system.
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Table 1. Operational condition of the SBR system(Unit: minute)

Phase | Phase i
Aerobic time 12 20
Anoxic time 18 10
Total reaction time 240 240
Inflow time(times) 40 40
Settling time 40 40
Effluent time 40 40
Total cycle time 360 360
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Table 2. Process kinetics and stoichiometry for carbon oxidation, nitrification, and denitrification in ASM No. 1

Component — i

Process
. SS XS XB,H XB,A XP SO SNO SNH SND XND SALK Rate
i Process |
1 Aerobicgrowthof 1 1 1-Yy ~ixg ixg £
heterotrophs Yy Yy 14
2 Anoxicgrowthof 1 1 _1-Ty —ixg 1-Yy ixpg P2
heterotrophs Yy 2.86Yy 14-2.86Y, 14
3 Aerobic growth of 1 4.57-Y, e ; 1 iyg 1 23
autotrophs Yy Yy X8 Y, 14 7Y,
4 ‘Decay’ of 1-f, — fp — ixg — foixp Pa
hetertrophs
5 ‘Decay’ of 1-fo -1 f —ixg — fpixp Ps
autotrophs
6 Ammonification of 1 -1 1114 Ps
soluble organic
nitrogen
7 ‘'Hydrolysis’ of 1 -1 o7
entrapped organics
8  ‘Hydrolysis’ of 1 -1 Py

entrapped organic
nitrogen
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Fig. 3. Simplication of ASM No. 1.
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Table 3. Simplified model processes and parameters

COb NH;-N NO;-N Process rate
Sy
Aerobic condition  © Cyae © Cone O Cane - Autotrophic reaction(e,): NHy MLSS
Ny SNH4
Anoxi ” . . ) COD NO;
noxic condition  © Cyax O Conx O Canx - Heterotrophic reaction(g,): MLSS
Keop +COD R Ko, +Sno,

Table 4. State variables used in the ASM No. 1

Symbol Definition Unit Value
X Slowly biodegradable substrate mg COD/L 52
Xsn Active heterotrophic biomass mg COD/L 0
Xga Active autotrophic biomass mg COD/L 0
Xp Particulate products arising from biomass decay mg COD/L ¢}
Xno Particulate biodegradable organic nitrogen mg N/L 5.1
Ss Readiliy biodegradable substrate mg COD/L 160
So Oxygen mg CODIL 0
Sro Nitrate and nitrite nitrogen mg N/L 0
SnH NH;+NH; nitrogen mg N/L 22
Sno Soluble biodegradable organic nitrogen mg N/L 4.0
Sak Alkalnitity molar units mmol/L 44
S v A4 e g nde 23 whg 2718 A9l
;VH = -Cour P 2) B unA pdelE FAs 2A0A §71202R
' B 239 duvcld) ¥e 348 gaaAw A
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Table 5. Parameters used in the ASM No. 1

Symbol Definition and Units Default Model
Stoichiometric & kinetic coefficients
Yy Heterotrophic yield, mg COD/mg COD removed 0.67 0.67
Ya Autotrophic yield, mg COD/mg N oxidized 0.24 0.24
fo Fraction of biomass yielding decay products 0.08 0.08
ixg Fraction of nitrogen in biomass, mg N/mg COD 0.086 0.086
ixp Fraction of nitrogen in decay products, mg N/mg COD 0.06 0.06
Hy Maximum specific growth rate for heterotrophs, d™! 6.0 8.0
Ha Maximum spegcific growth rate for autotrophs, d”! 0.80 0.45
by Decay rate for heterotrophs, d™* 0.62 0.50
ba Decay rate for autotrophs, d* 0.08
7 Correction factor for anoxic growth, Dimensionless 08 0.8
I8 Correction factor for hydrolysis, Dimensionless 0.4 0.72
ks Ammonification rate for soluble organic nitrogen, d”! 0.08 1.0
K, Particulate organic hydrolysis rate, d" 30 0.1
Monod half-saturation coefficients
Ks Ss, mg COD/L 20.0 1.0
Kon S, for heterotrophs, mg COD/L 0.20 1.0
Kyo Sno mg N/L 0.50 0.10
Kin Sy, mg NL 1.0 0.2
Koa S,, for autotrophs, mg COD/L 0.4 0.2
Kx Xs, mg COD/mg COD 0.03 05
Kax Alkalinity, mmol/L. - 1.0
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Table 6. State variables and parameters used in simplified ASM No. 1

Symbol Definition and Units Value
Influent conditions
COoD Influent total COD, mg COD/L 212
NH;-N Influent NH,-N, mg N/L 22
NO;-N Influent NOz-N, mg N/L 0
Coefficients
Ciae COD decreasing coefficient in aerobic condition, d 50.0
Core NH,-N decreasing coefficient in aerobic condition, d™ 70
Cae NO,-N increasing coefficient in aerobic condition, d”! 5.8
Cian COD decreasing coefficient in anoxic condition, d™! 250
Conn NH,-N decreasing coefficient in anoxic condition, d* 0.5
Caan NO;-N decreasing coefficient in anoxic condition, d”! 40
Monod Half saturation coefficients
Keon COD, mg COD/L 20.0
Kna NH,-N, mg N/L 10
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ASM Model  : R®=0.9135 ASM Model R?= 0.8805

Modified Model: R®= 0.9411 Modified Model: R*= 0.9713

Fig. 4. Comparison of Full ASM No. 1 and Simplified mode
prediction with experiment data in Phase II.

A d2stgon o]A& ASMNo. 1 BdoA thg
AE 7142 % S)E] FAE AR 2
32 ¥ 7 ve A& BoF Aot

HAAH o= Phase [d1Me 2HE AHAFY R
o2 AuEE gRYold glojxE ASMNo. 1 23



Journal of the Korean Society of Water and Wastewater
Vol. 21, No. 4, pp. 409-420, 2007

o] &3 ASMNo. 1 Zde] 7ters)

Phase | B e
|
2 |
] | |
£ N T
]
6 .‘,'.
z i
ek
i
3
:‘.’— 5!
o e
_E. ASM mode
4
. ® Observed value
] Modiliod ASH mod
z — — Modified ASM model
i
.
210 240
Time(min)
NH,"'s result NO; ‘s result
ASM Model  : R= 0.9445 ASM Model  : R’= 0.5632
Modified Model: R*= 0.9838 Moditied Model: A= 0.8750

Fig. 5. Comparison of Full ASM No. 1 and Simplified model
prediction with experiment data in Phase I.
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