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Abstract: In this study a two-dimensional cellar automata model was developed to simulate activated sludge wastewater treatment processes. The results
show that the model was capable of dynamically visualizing wastewater treatment processes and simulating adsorption and degradation of organic matter and
the growth and decay of activated sludge biomass. The sludge particle size molecular radii of organic substrates temperature and the sludge concentration
had significant influences on the simulation results. The sensitivity analysis indicates that the particle size may be the most important factor in the initial
stage of the adsorption process while the temperature is the major factor controlling the metabolic rate of activated sludge biomass. These findings are
consistent with the existing theories. The cellar automata model is conducive to better understanding the wastewater treatment processes and thus provides
theory-based design principles and guidelines for treatment systems.
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Fig. 1 ~ Schematic diagram of transfer and adsorption process of

organic substances on activated sludge surface
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Table 1  The CA model parameter calculation of the wastewater treatment processes
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Table 2 Physical chemical and biological parameters used in the CA model
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Fig. 3 The evolution process of the CA simulation model in the wastewater treatment processes ( ®:

free organic; +:

microorganisms in the activated sludge; o: non-active parts in the activated sludge)

3

t=0h

adsorbed organic;



1914 31
N ; t 2h
= 0 5 1’1 S ;
;
t=6h
2 h
30% 7.5 h 80%
Al
; . HRT. SRT
< ( Huang et al. 2008) ;
8 h
4 ( 4d)
a~ b ~Co d ~ . CA
4a.4c -
30 min 80%
[0, 2300 - ‘
300 k- —o— Froc arganic —a— MISS
S —v— Sorptive oTganic L2250
o 230 ... i
g | R & 7200
g 200 Wf k\& g T s
= 5 w el
g 130 H g
g 130 j sz‘a\ g 1100
E o0 'k Vv,\% E ’
e, 2050
1] 7. =
) T X\L e :
0 L Pondecensdboonsasobessnssboansaoodss 2000
1] 2 4 6 8 10 12
time/
100% = © 1640
80% - = 1630
—
= £
Z 6% 5 1620
E g
2 E
40% £ 1610
ca
. @
" —o— Free organic 5] )
208% —=— Free organic | Sorplive organic © 180 —— Animalcule
0 | | 1 | | | 1390 ] | ] | | ]
0 2 4 &} 8 10 12 0 2 4 5} 8 10 12
tim/h time/h
4 CA
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Fig. 5 The influence of temperature on activated sludge adsorption and organic stability
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/ Table 3 The influence of sludge particle size on the removal of organics

Concentration of lree arganic/(mg- 1.7

4]
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50 fpum t /h tegg /h
50 0.43 11.6  MLSS =2 SVI=100
. C - 100 0.97 11.37 MLSS =2 SVI=100
0 5 10 15 2Q
timeh 150 1.33 11.56 MILSS =2 SVI=100
6 1000 3.06 16.83 MILSS =2 SVI=50

1000 1.53 7.65 MLSS =10 SVI=50
2000 4.33 8.66 MLSS=10 SVI=50
3000 7.95 15.9  MLSS=10 SVI=50

Fig. 6 The simulation results of the influence of activated sludge

particle size on adsorption rates
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Table 4 The parameter analysis of the CA model in activated sludge treatment process
ki, /h! t30q /h
T 5~25<C 1.5~3.5 0.58 29.5~8.2 -0.85
d 50 ~150 pm?” 8.7~1.6 -1.37 11.6 ~11.6 0
1~3 mm® 1.3~0.3 -1.31 7.7~11.5 0.4
r 10 ~100 nm 14.6 ~1.5 -1 11.5~11.1 -0.02
U 0.01 ~0.1 mes™! 1.3~4.0 0.63 11.1~11.6 0.03
MLSS 1~4 g-L™! 1.4~6.5 1.07 11.6 ~1.6 0
Tk, g 90% e
. 2) N N
5 ( Conclusions)
CA
1) CA CA N
N T. r-
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