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Abstract: ASM2D was used as mechanism model for optimizing the activated sludge nutrient removal

pro

sen

varies greatly, in which the objective function has the largest impact on the design results with a sensitivity
value of —99.02% . The maximum sensitivities of influent components, stoichiometric parameters and

kinetic parameters are 16.06%, 11. 9% and 7. 60% , respectively. With the decline of emission standards,
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cess. For minimizing the total design cost under the premise of meeting emission standards, the

sitivity of each parameter in the optimization model was analysed. The sensitivity of different parameters

total cost also will be reduced. Through sensitivity analysis in optimization design, the influence extent

mportant parameters on the optimization results can be obtained, which also provide theoretical bases

parameters calibrating and results outputing.
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Table 1 Routine influent and effluent parameters of WWTP/mg « L'

Parameter Experiment value Average value Influent quality of design Effluent quality of design
BOD; 18.8—299.8 74.2 120 —
CODe¢, 102.8—991. 7 249 250 <60
SS 17—608 86 150
TN 12.6-—58.9 33.3 38 <20
NH;-N — — 25 <8
TP 1.8—9.05 3.31 4.0 <1.5
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Table 2 Definition of stoichiometric parameters,

kinetic parameters,influent components

Parameter Definition

stoichiometric parameters
Yu/g COD« (g COD) !
Ya/g COD« (g COD) !
Yrao/g COD « (g COD) !
Ypua/g COD « (g COD) !
Yro, /g Pe(gCOD) !
fxi.u/g COD« (g COD) !
fxi.p/g COD «+ (g COD) !
fx1.a/g COD « (g COD) !
inxi/g N+ (g COD) !

kinetic parameters

heterotrophic bacteria yield
autotrophic bacteria yield
PAO yield
PHA needed while depositing PP
PP needed while depositing PHA
inertia COD fractionCheterotrophic)
inertia COD fraction(PAO)
inertia COD fraction(autotrophic)

nitrogen content of CODx;

pa/d! maximum growth rate of A
mo,.s/g Nem™? saturated coefficient of nitrate
K,/d ! rate constant of hydrolysis

Mhe revising gene

2H maximum growth rate(substrate)

qre/g Sp+ (g X))t e d!
o, .h/g Nem™?

maximum rate of ferment

saturated coefficient of nitrate

b/d 1 rate constants of lysozy
gein/g Xena ¢ (g Xpao) '+ d7! rate constants of PHA imbursement
qrr/g Xpp ¢ (g Xpao) L ed! rate constants of PP imbursement

ppao/d ! maximum rate of PAQO

7No, p/g Nem™3 saturated coefficient of nitrate

bpao/d ™! rate constants of lysozy of Xpao
bpp/d 1 decomposing rate constants of Xpp
bpua/d™! reduced rate constants of Xpua
baur/d™! reduced rate constants of Xaur

influent components
Sr/mg + L7} readily biodegradable substrate
Sa/mg e L1 volatile acid

_ .
S\IH4 /mg « L ammonia

S.\!()3 /mg e« L1 nitrate and nitrite
Spo, /mg + L phosphate
Sak/mg e L71 alkalinity

Xu/mg+ L1 heterotrophic bacteria
Xs/mg -+ L1 slowly biodegradable substrate
Xi/mg e« L7! inertia particle substrate
Xrss/mg « L1 total suspend solids

1

Xpao/mg « L phosphorus accumulating organism

Xpp/mg « L1 polyphosphate in PAO

Xppya/mg » L1 imbursement PHA

Xavur/mg« L7! autotrophic bacteria

1

Xwmeon/mg « L™ metal hydroxide

Xwmep/mg « L1 metal phosphate
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Fig. 1 Sensitivity analysis results of

stoichiometry parameters (units: 10'CNY)
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Fig. 2 Sensitivity analysis results of kinetic

parameters (units: 10'CNY)
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Table 3 Sensitivity analysis results of design standard

Parameter

Design standard

First-level A standard First-level B standard Second-level standard

volume of anaerobic tank/m?®
volume of anoxic tank/m?
volume of aerobic tank/m?
area of settle tank/m?
interior circumfluence rate/ %
sludge circumfluence rate/ %
concentration of effluent quality parameters/mg « L~}

COD

TN

NH;-N

TP
total cost X107 */CNY

17989 17592 16141
24384 23056 21875
82699 71284 58541
17887 17263 16665
65 60 50
35 25 25
48. 38 53. 44 77.58
13.35 17. 38 18.12
4. 04 6.15 14.56
0.79 1.37 1. 95
15601. 95 14684. 49 14058. 58




* 3136 e

T % i

% 60 &

F)—99. 0276 F 43. 18%0 5 A [R) B 15 M X R 48 4
WHAEEEN LW, WEHBRER —% AT
B3 —2% B, FJaBRARE =9, RG0S 2% bl
ZI

(3) JEF S A BT X S BRi5 KT is
11, B SR REE S, AT LB L& TS
B A X BT R R, BT S R AL IE iR
HET SRR . AR 25, LA
F bR T TRk

References

[1]  Zhou Bao (J84%). Zhou Dan (J&F}), Zhang Liwen (3K#L
). Discussion on design and calculation methods of
activated sludge process. China Water & Wastewater (M
FE 2K HEAKD , 2001, 17 (5): 45-49

[2] Henze M, Gujer W, Mino T, van Loosdrecht M C M.
Activated sludge models ASM1. ASM2. ASM2d. and
ASM3: IWA Scientific and Technical Report No. 9 [R].
London, UK. IWA Publishing, 2000

[3] Jolma A, Norton J. Methods of uncertainty treatment in
environmental models. Environ. Model. Softw., 2005,
20: 979-980

[4] Martin C, Cardona C M, Salterain A, Ayesa E, Eguinoa
1. Garcia-Sanz M. Uncertainty based calibration of a new
river water model//the Seventh International Conference on
Hydroinformatics (HIC2006). Nice, 2006

[5] Poch M, Comas J, Rodriguez-Roda I, Sanchez-Marre M,
Cortes U. Designing and building real environmental
decision support systems. Environ. Model. Softw. , 2004,
19. 857-873

[6] Ni Bingjie, Yu Hanging. An approach for modeling two-
step denitrification in activated sludge systems. Chemical

Engineering Science, 2008, 63. 1449-1459

(7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

Kleiber M. Antnez H., Hien T D, Kowalczyk P.
Parameter Sensitivity in non-linear Mechanics: Theory and
Finite Element Computations. New York: Wiley, 1997
Tekitek M M. Bouzidi M., Dubois F, Lallemand P.
Adjoint
identification. Comput. Fluids, 2006, 35. 805-813

Allen M, Weickum G, Maute K. Application of reduced or

lattice  Boltzmann equation for parameter

dermodels for the stochastic design optimization of dynamic
systems//Proceedings of the 10th AIAA/ISSMO Multi-
disciplinary Analysis and Optimization Conference. Albany,
NY, 2004. 2004-4614

Pang Zishan (JE ¥ 111). Study and application on optimum
design model for activated sludge system processes [ D].
Chongqing: Chongqging University, 2004

Jiang Weigang C# T W), Gu Guowei C(Jii 55 4E), Yu
Guoping (fir[E ). Study on dynamic model of secondary
settlers. Chinese Journal of Environmental Engineering
R TR, 2007, 3 (1) 21-24

Lin Yupeng (KL f§). Study on optimal design model for
city wastewater treatment plant considering the effect of
uncertainty [D]. Changsha: Hunan University, 2000
Shahalam A B, Elsamra R, Ayoub G M, Acra A.
Parametric sensitivity of comprehensive model of aerobic
fluidized-bed biofilm process. Environ. Eng.-ASCE, 1996,
122. 1085-1093

Abasaeed A E. Sensitivity analysis on a sequencing batch
reactor model ( [ ): Effect of kinetic parameters. Chem.
Technol. Biotechnol. , 1997, 70. 379-383

Koch G. Kuhni M, Gujer W, Siegrist H. Calibration and
validation of Activated Sludge Model No.3 for Swiss
municipal wastewater. Water Res. , 2000, 34. 3580-3590
Mogens Henze. Activited Sludge Mathematics Model (i 1
HIRECAW), Zhang Yalei (3kW8). Li Yongmei (2=
Wk # ), trans. Shanghai: Tongji University Press, 2002:
99-104



