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Abstract

The design procedures for a biological reactor and a secondary settling tank (SST) of an activated sludge
system are based on the steady state design method (Ekama et al., 1986; WRC, 1984) and the 1-D flux theory
design method (Ekama et al., 1997), respectively. This study combined both of the design procedures, to
determine the optimum sludge concentration in the reactor and the best design with the lowest cost. The
best design of the reactor volume and the SST diameter at the optimum sludge concentration were specified
with varying wastewater and sludge characteristics, temperature, sludge retention time (SRT) and peak flow
rate. The effects of the influent wastewater characteristics, such as substrate concentration and unbio—
degradable particulate fraction, were found to be considerable, but the effect of unbiodegradable soluble
fraction was to be negligible. The effects of sludge settling characteristics, were also significant. SRT, as
an operating parameter, was found to be an important factor for determining the optimum sludge concen-—
tration. However, the effect of temperature was found to be small. Furthermore, for designing a large scale
wastewater treatment plant, the number of reactors or SSTs could be estimated, by dividing the total reactor
volume or SST area. The new combined design procedure, proposed in this research, will be able to allow
engineers to provide the best design of an activated sludge system with the lowest cost.
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MX, = MX,+ MX,+ MX, @

MX, = MS,| 0 _f’H_b]{‘;Eﬁ) il (4 o)+ f;:‘kt,, R 2
MX, = MX,/f, 3
o] 7] A,

MXy= mass of volatile suspended solids (mg VSS)

MXpr= mass of OHO active biomass (mgVSS)

MXg= mass of endogenous material (mgVSS)

MX~ mass of inert material (mgVSS)

MS= Influent Substrate Loading (mgVSS/d)

£ fraction of endogenous residue of active bio—
mass=0.2 () (Dold et al., 1980).

bur=  specific endogenous mass loss rate at T T
(/d)=hrzzp<1.029 T

b= 024 (/d) at 20°C (endogenous respiration theory;
Dold et al., 1980)

Rs= system sludge age (d)

Ly~  fraction of influent substrate that is unbio-
degradable particulate (-)

Lus—  fraction of influent substrate that is unbio—
degradable soluble (-)

£ COD to VSS ratio of organic suspended solids

(mgCOD/mgVSS)
Y;=  Biomass yield, VSS units=0.45 (mgVSS/mg COD)
(WRC, 1984)
2.2 2XxF EXX] MA A

22 AR AAE 1-D flux theory A2 A14(Ekama et
al, 1997)& 2839tk Ekama et al. (1997)°]] W=
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m1> o kK

1000f( QL(L w, /24 :
Agr= I—jni( (m”) “)
08V,e ""
o] 7]4],
V, & = constants of zone settling velocity (m/s & -)
i PWWF (Peak Wet Weather Flow)/ADWF

AT H5YE 20144 5H

(Average Dry Weather Flow) ratio (-)

Quave  Influent flow rate (M ¢ /d; 1000 m”/d)
X~ Mixed Liquor TSS (mgTSS/ #)
0.8= 25% safety factor (1/0.8)

1000, 24= unit conversion factors

Voot ngkel 75 ASo] nlgAsx| gt ol = H
oAk TR -9 SVI (Sludge Volume Index) & <24

A ARE AHGE] o] B ATME Eama
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Fig. 1= Corel Quatro Pro” (spread sheet program).
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Table. 1 Input Data for Calculation of Bioreactor and SST Sizes

Parameters | Values | Applied Range Units References
K us 0.10 0.05~0.2 - Choi (2001): 0.125, Park (2002): 0.10, Ha (2002):0.137
Bup 0.1 0.05~0.2 - Choi (2001): 0.125, Park (2002): 0.10, Ha (2002): 0.03
f 0.80 0.70~0.90 gVSS/gTSS WRC(1984): 0.75 (999, 0.85 (12} HH
St1 200 150~300 mgCOD/ ¢ Choi (2001): 200
. 3000 3 WS 27 A 7 17)9] A A2l
Qadf | - nr/d BheE, 24 AAA T4 e A2l
_ 3 HkS-zo] 17%] =7]
Ve | 3000 m (e.g. DNR 4 7124 AM(Daewoo, 1998): 3000)
) ) o} Axze] 144 =)
Assr (@)1 707 (30) m (m) (e.g. DNR ¥4 71%474(Daewoo, 1998): 16.4)
Temp 20 10~25 T
Fs 20 10~30 d
1 3 2~4 - KWWA (1998): 3
SVI 200 100~250 m/t/g Ha (2002): 125(33%), 200(F )
Calculated Values
MXt kgISs 42575 —
Taput Data Vo mh  ssos |, CotOptimization
Biological Reactor n m3/kgTSS  0.428 * c;g:;eopzﬁuﬁcﬁlm%s ?
Symbol Unit Value With the lowest Cost
fs,up 0.1
fs,us 0.1
fi  gvss/gTSS 0.8
5t mgCOD/ 300 X Ast Dia. Reactors 55T
Qi,adwf M1/ 3 kgT5S/m3 m2 i} EA EA
Temp °'c 20 1 42575 130.1 12.9 1 1
Rs d 20 2 21288 199.3 159 1 1
Secondary Settling Tank 3 1419.2 306.1 18.7 1 1
fg 2 Adjusting 4 1064.4 4A9.5 2d.4 1 1
SVl ml/g 250 Other 5 515 720.2 30.3 1 1
Parameters 6 708.6 1104.7 37.5 1 1
Data Collecting 7 6082 16945 4.5 L 1
¥Field Surveying and Experiment 8 532.2 23885 579 1 1
*Design and Operating Data
Fig. 1. Development of Spread Sheet Program to Determine Optimum Sludge Concentration
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Fig. 2. The Effect of Influent Characteristics (fsus, fsup, fi and COD) and Sludge Settling Characteristics (SVI)

on Both Reactor Volume and SST Diameter
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Fig. 3. The Effect of Operational Condition (SRT), Environmental Condition (temperature) and Flow Pattern
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