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Sensitivity Analysis and Parameter Estimation of Activated Sludge Model
Using Weighted Effluent Quality Index
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Abstract : Many modeling and calibration methods have been developed to analyze and design the biological wastewater
treatment process. For the systematic use of activated sludge model (ASM) in a real treatment process, a most important step
in this usage is a calibration which can find a key parameter set of ASM, which depends on the microorganism communities
and the process conditions of the plants. In this paper, a standardized calibration protocol of the ASM model is developed.
First, a weighted effluent quality index(WEQI) is suggested for a calibration protocol. Second, the most sensitive parameter set
is determined by a sensitive analysis based on WEQI and then a parameter optimization method are used for a systematic
calibration of key parameters. The proposed method is applied to a calibration problems of the single carbon removal process.
The results of the sensitivity analysis and parameter estimation based on a WEQI shows a quite reasonable parameter set and
precisely estimated parameters, which can improve the quality and the efficiency of the modeling and the prediction of ASM
model. Moreover, it can be used for a calibration scheme of other biological processes, such as sequence batch reactor,
anaerobic digestion process with a dedicated methodology.

Keywonds : Activated Sludge Model(ASM), parameter estimation, sensitivity analysis, wastewater treatment, weighted effluent
quality index
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Table 1. Kinetic and stoichiometric relationships for COD

removal, nitrification and denitrification[6].
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Fig. 1. Simple carbon removal process|[2,3].
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Table 2. Model variables and their values.

Symbol Description Value | Units
qr influent flowrate 50 | mid
SsF influent substrate concentration 150 | mg ¢
Sor influent oxygen concentration mg/ ./
Xur influent heterotrophic concentration 5 |ng#
qn air flowrate 6.3 m
qQr recycle flowrate 50 |mgs
qw wastage flowrate 1.615 | mg ¢
\Y acration tank volume 125 | ml
Ss aeration tank substrate concentration | 4.4 | mg #
So aeration tank oxygen concentration 3 |mgs

aeration tank heterotrophic
XH . 850 | mg 4
concentration
Mh maximum heterotrophic growth rate | 3.733 | I/d
Ks substrate saturation coefficient 20 | mg/ #
Kon oxygen saturation coefficient 02 |mg~s
YH yield coefficient 0.6 -
b heterotrophic decay rate 0.4 1/d
fp fraction inerts on decay 0.1 -
a KLa value at infinite air flowrate 166 | 1/4d
b KLa exponent coefficient 16 | mYmin
SO,sat saturated oxygen concentration 10 'mg/ ¢
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Table 3. ACOD value of single-parameter.

myH Ks Kon Y bn
0.5 32.5862 | 10.1911 | 1.6648 235.7801
0.6 19.8624 | 8.0987 | 1.2517 182.9078
0.7 12.065 | 6.1032 | 0.9387 133.0598

0.8 6.7576 | 4.1047 | 0.6255 |286.6492 | 86.1389

0.9 3.8656 | 2.0037 | 03132 }139.2836 | 41.8503

1.0 0 0 0 0 0

1.1 2.246 2.0059 | 03125 |146.6204 | 39.6035

12 41005 | 4.0139 | 0.6236 |(303.4302 77.1531

13 5.5347 | 6.0244 | 1.0373 |471.5076 | 112.8069
1.4 6.8289 | 8.0374 | 13491 |652.2152|146.7439
1.5 7.869 9.9523 | 1.6609 |846.6399 |179.1129

ﬁ) a b S()jaz
0.5 25.1936 0.6219
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0.7 15.0075 0.3834
0.8 9.9705 554712 03192 57.3622
0.9 4.9355 49577 0.1574 5.7473
1.0 0 0 0 0
1.1 493 1.0799 0.1528 1.7847
12 9.8605 1.5475 0.2998 2.1044
1.3 14.7881 1.876 0.5432 2.1044
1.4 19.6141 2.0302 0.7775 2.3532
1.5 24.4384 2.1978 1.0054 2.5182
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Table 4. Each input value of parameters.

Wl Y, by

real value 3.733 0.6 0.4
optimization value 3.9318 0.6117 0.204
initial value 3 0.7 0.2
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modelling.
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