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Abstract

Assuming the flow pattern of aeration tank to be a perfect mixing, the optimal conditions for the
design of multistage aeration unit and final sedimentation vessel of the activated sludge process were
investigated using a combined method of the discrete maximum principle and the Fibonacci search
method. The objective function of the process was taken as the sum of the volumes of multistage
aeration unit and final sedimentation vessel, and the control variables were the volumes of the
vessels and the amounts of the return sludge to each stage.

The following results were obtained.

1. The sum of the volumes of the aeration unit and final sedimentation vessel could be reduced to
67.6% and 58.6% in the case of two-staged and three-staged aeration unit, respectively, compared
to that of one-staged aeration unit of the process.

2. The return sludge was to be introduced only to the first stage of the multistage aeration unit
according to the optimization calculation, which coincided with the practical operation in the current
plants.

3. The volumes of the each stage of the aeration unit were to be almost equal.

The biological basic data used in this paper were taken from the original papers repoted by T.

Takamatsu and others®.
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Table 1. The Results of Computation
N Csi | Cri | i Vi ‘ . r Comput_hour l
(SSprn] | (BODw.3 | [10%al/he) (10%gal) | [10°gal) 10° gall (sec] |
1 g 1 \ 4767.0 | 23.62 | 0. 2251 [ 1. 6095 } 1. 6662 3. 2757 34.76 |
1 3772.0 | 55. 83 0. 1481 0. 5722
2 ! 1.0723 2. 2165 53. 00 l
2 3773.7 20.17 | 0.0000 0.5720 |
] 1 3505.3 | 8126 | 0.1320 | 0. 3377 |
3 |2 3519.3 | 36.12 | 0. 0000 0. 3364 0.9173 1. 9280 119. 35
1
3 | 3519.0 | 1842 | 0. 0000 0. 3365
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S8 ppm sSuspended Solid ppm
BOD,:Biological Oxygen Demand ppm

a ;Conversion ratio of substrate into sludge
(SSon/BOD)sn}

b sDeath rate of sludge (1/hr)

k ;Rate coefficient (1/Chr. SSppm))

3 ;Conversion ratio of sludge into substrate

(BOD s/ SSppm)
p,a ;Constant in eq. (3)

E  ;Constant, longitudinal dispersion coefficient

w

m

[cm?/sec)
;Constant, mean settling velocity of the
sludge (ft/hr)

;The conversion coeff. of SS,, of slude to
BOD,;, in eq. (5) (BOD;p,/SSpsn)

;The height of final

(ft]
;The flow rate [million gal/hr)

sedimentatiocn vessel

snewly defined state variable

sVolume of aeration tank [mil. gal}

;Volume of final sedimentation vessel (mil,
gal)

sThe sum of the volumes of the aeration

unit and final sedimentation vessel
gal]

sAmount of returm sludge (mil. gal/hr)

(mil.

;Concentration vector of return sludge

;Concentration of substrate of return sludge
(BOD»;n)

;Concentration of sludge of
(SSspm)

;Concentration vector

;Concentration of substrate (BOD,;,,)

;Concentration of sludge (SS;ysm)

return sludge

;Concentration of suspended matter in final
sedimentation vessel (BOD,;;,,)

;Discharge criterion [BOD;p,)

;Holding time of final sedimentation vessel
(br)

;Objective function

;Material balance equation for C

;Material balance equation for F

;Material balance equation for Q

sHamiltonian

;Adjoint variable correspond to C

;Adjoint variable correspond to F

;Adjoint variable correspond to Q

;Reaction vector

;0R/6C

;Identity matrix

;Control variable

;Convergence conrtrol factor

;Total stage number of aeration unit
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Subscript
n sProperties of nth stage

Superseript
* ;Feed condition
ex  ;Exit properties of final sedimentation vssel
0 sAssumed inlet properties of final sedimention

vessel
a ;Assumed optimal volume of aeration tank
c sCalculated optimal volume of aeration tanl
2 £ x B
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