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Abstract

The optima! design conditions of the multi-staged aeration tank and final sedimentation vessel of activated
sludge process have been studied, with the assumption that the flow pattern of the each aeration tank is of
perfect mixing.

The objective function was taken as the total volume and/or total construction cost of the aeration tank and
the final sedimentation vessel. The volume of each vessel and the inflow rates of the feed and the return sludge
to the each stage were considered as the decision variables.

In this work the method of approximation to the solution by the discrete maximum principle has been
employed as the optimization technique. The optimal operation policy of a model plant of activated sludge
process system has been also studied by the same method, taking the BOD concentration of the exit water
from the final sedimentation vessel as the objective function.

The computational results has been revealed as follows;

1. The distributions of the fresh feed and the return sludge are not recommendable, but feeding both inflows
only to the first stage is found to be preferable.

2. The total volume of aeration tanks and the final sedimentation vessel can be reduced to 68 %, 59 %, 55 %,
48 % in the case of two, three, four and ten-staged aeration process, respectively, compared with that of
single-stage aeration process.

3. The construction cost can be reduced to 75 %, 70%, 70 %, 7195, in the case of two, three, four and five

aeration process, respectively, compared with that of single-stage aeration process. The construction cost is

of minimum when the aeration process is 3 or 4 staged.
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Table 1. The optimal design conditions when the

objective function is the total volume of aeration

tank and finol sedimenation vessel.  Activity is
assumed to be constant.
Cs Co r; V: " Vs Vr
N lrss | (BOD | [10%al|[10° gal)-[10° gal3[10° gal]
ppm) | ppm] /hr% !
1| 1| 4767.0 23.62] 0.2261[ 1.6095 1.6662| 3.2757
o| 1| 377200 55.88 0.1481 0.5722 1.0723 2.2165
2 | 3773.7 20.17 0.0000 ©.5720
1] 349.50 81.35 0.1315 0.3382 5
3| 2| 3510.1 36.16] 0.0000 0.3369 0.9150 1.9279
3| 3500.5 18.44] 0.0000 oO. 3369!
1| 3366.6] 100.23 0.1234 0.2389
4| 2| 33849 5195 0.0000 0.2375 0.8442 1.7950
3 | 3390.2] 28.67] 0.0000 0.2372
4 | 3380.2] 17.45 0.0000] 0.2372
1] 3134.1] 153.25] 0.1130 0.0856
2 | 3155.3 113.57 0.0000{ 0.0854
3| 3169.1 84.68 0.0000 0.0851
4| 3178.4) 63.62) 0.0000] 0.0848 0.7251 1.5735
10| 51 31843 48.27 0.0000] 0.0847
6 | 3188.0, 37.08 0.0000] 0.0846
7 | 3100.1 28.92] 0.0000 0.0846
8 | 3190.9 22.97 0.0000 0.0845
9 | 3190.8 18.64] 0.0000| 0.0845
110 | 3190.1] 15.49] 0.0000] 0.0846

7b A" 18kl theh 67.6%, 59.0%, 54.7%, 48.1%
o 288 FHste] BESA Hz, ER sludges R
Belwt ¥+ 3ol mEstz, = BE 1859 A%
4 2,3,4,10 %Y =+ 65.5%, 58.2%, 55.0%, 49.
9% skol Fok=

Fig. 4 N=109 = BEEHETIA aeration
& B3 B#RibEihe] A e substrate 9 sludge o &
B #E %7% Aelx, Fig 58 N=39 +
aeration tank o] %E A} KR sludge o] BE &
AJEEE iteration method 2 3R3}= trajectory o] o},

BE ERES AR Smith'Ve K &a 2
o] #iEd

COSTA(V)=V,(k+£,V, %% (dollars) (32)

COSTS(Vs)=As(ks+kAs™) (dollars) 33
{B) k=175,000 £,=36,500

k,=12.60 k=5, 350
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Toble. 2. The optimal design conditions when the objective

function is the total construction cost of aeration

tanks and final sediment ation vessel. Activity is
d to be
N E Cs ‘ CL ri V; Vs Cost
1 Irae -
(ss J BOL  [(10%al/ |~ 6 1v'r1n SN
i ppmi ppm] he) {10 gal]‘[lo gall| (10387
1)1 48369 2375 0.2325 1.5690] 1.7080] 607.276
o | 1| 3s54.8 56.16) 0.1535 0.5523
2 | 3856.5 20.48 0.0000 0.5537] 1.1123| 451.807
|
1| 3613.1] 81.37] 0.1385 0.3230
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"o | 2476.00 66.70 0. oooo‘ 0.1717
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tank and finol sedimentation vesse!l wnder

AL EE)N TAEEDY B Koz BEEY conditions that 1,=0.2, C/§=227.5(BOD ppm],
Bk WMBe 250 vt ton/day(2.75 mil. gal/hr)e]w], Fr*=0. 917 [mil. gal/hr), r;=0. 049 (mil. gal/hr)
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d¢let. Fig. 9, Fig. 100f& Table 3614 (1), (2)
2] 7% Bl B3R sludge 9 activity 7} §4 @A 2=
0.2¢1 7399} aeration tank 2] Him9] activity & 7+
& 73$9 aeration tank & BILRihol A2 sludge
9} substrate JBEESL  activity o] #LE e

aeration tank 7} F433] & process o] B2 K& sludge
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8] activity 7} Him K2 BOD Be EE sludge 9
BOREAEE v & g JiEstgt

Fig. 11el& WA BKS substrate BEESL g B
Bholl B3t BiE ER sludge HAMES BWLE BEBR
H3ich, WASEAS BOD #Byuct g #E) il
s sludge o] BBEAEES) #tr} Fct

4 % 3

% Ei{b%l aeration tank o} BRI BiEL =
FtiEE discrete maximum principle 24 FEIL3ic}.

Aeration tank &} F#ILEHLE  Activated sludge
process of A 7bF BEG Frolmz, o E9 Bl
T %4 process 9] EigEfbe]l ZA FHEISE Aoz BN
A,

—REoE BAFEH K3 REL HEES BN
FEIL & EES T e o, 9E HER
direct search method, dynamic programming %e] H;
# FHEEe]l Ach  HEEECOF 2ol WS HERE
o] R} LB =, aeration tank & %E¥L model 9
HiEL HExez @A,

@9 BfEFIE F8 %E¥bs aeration tank 9 &
Wb BE BieRitEge 93 2o,

O® ®KE EZR sludge & HEIHEARLD aeration
tank o] A Bolutk HASE ol JFFstt. olAe
Takamatsu, Naito 2 0] piston flow model & 7}
aeration tank o] ¥ek BiE HERERY B3I

@ —f& KMESQ] process A aeration tank 7} %E
fb7t =9l aeration tank o EiRILEHHbS] 288 AEES
BWAAZA 4 glo}, aeration tank 7} 1E¥Ql %o K
8 2,3,4, 10 ro 2 &B{k7l == 67.6%, 59.0%,
54.79%, 48.1%°] 24 o] Eke 2, ER sludge
o BiE EAMEE 65.5%, 58.2%, 55.0%, 49.9%
2 gt

@ BB aeration tank 7} 3,4 BBY w7} B/
Hel 189 =9 701 %, 70,0 % 2ESE FE=Y,
2,58xd W= %% 745 %, 71.3 %7 FiEs B
MEBE B3 =t 28 AKS B2 4% 2 BE
BREMEME B 4% aeration tank 8] =7], BEIENDS]
27, RE sludge o] HFAEE & & =7} oo

@ £B(ts aeration tank % BS] KiF AKS A
2 7+3, = aeration tank A MAE= BEIEMNL
8] ##s+ #th Erickson 3} Fan 992 X B9
aeration tank 7} ©}& E}9] aeration tank ¥t} Z B
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B AEEE YR, BRYREE aeration tank & &
Foz 245 wWlFo] aeration tank 9} HHEILEINS
F system & [IFFo] BE{LE K WES #RE 2
process o #3F Bigto] TR Aoz Atge

® B Mizke aeration tank o FHAEEKS W&
substrate o] BES] #Eh] HI BEFHRFE Bk
RIE sludge o HEEARC RR sludge o] EARE
+ MEigozs delAo

# A & |

a ; Conversion ratio of substrate into sludge
(SS ppm/BOD ppm])

Ag ; Surface area of final sedimentation vessel
(ft%)

b ; Death rate of sludge [1/hr)

BOD ppm; Biological oxygen demand ppm

C ; Concentration vector

C. ; Concentration of substrate [BOD ppm])

Cin ; Discharge criterion (BOD ppm)

COSTA; Afunction of aeration tank volume

COSTS; A function of final sedimentation vessel
volume

Cy ; Concentration of sludge (SS ppm)

Css ; Concentration of suspended matter in final

sedimentation vessel (SS ppm)

C; ; Concentration of active site of sludge defined
by eq.(2) (SS ppm]

d ; Concentration vector of return sludge

d, ; Concentration of substrate of return sludge
(BOD ppm]

dy ; Concentration of sludge of return sludge
(SS ppm]

d; ; Concentration of active site of sludge of

return sludge [SS ppm)

E ; Constant, longitudinal dispersion coefficient
{em?®/sec)

F ; Main flow rate (mil. gal/hr)

fc : Implicit transformation function for C

fr ; "mplicit transformation function for F

fo ; Implicit transformation function for Q

Iz ; Implicit transformation function for Z

G ; Constant in penalty function

h ; The height of final sedimentation vessel [f¢)

)W N

Z

PI

0

; Hamiltonian

Identity matrix

; Adsorption rate canstant {1./hr SS ppm])
; Assimilation rate constant, i.e., activity
recovery rate [1/hr]
Conversion coeff. of SS ppm of sludge to
BOD ppm in eq (4) {BOD ppm/SS ppm]

Total stage number of aeration tanks

; Constant in eq (4)

Performance index (objective function)

some variable

Newly defined variable in eq (5)

Cross feed flow rate of return sludge [mil.
gal/hr)

Reaction rete vector

R

;. Characteristic matrix defined as 5C

; Cross feed flow rate of waste water [mil.

gal/hr)

SS ppm; Suspended solid ppm

Vv
Vs

Vr

w

S

“- X e & 9

~

Volume of aeration tank [mil. gal}

Volume of final sedimentation vessel (mil.

gal)
The total volume of aeration tanks and

final sedimentation vessel [mil. gal)

Constant, mean settling velocity of the

sludge in final sedimentation vessel [ft/hr)
Newly defined variable in eq (6)

Constant in eq (4)

; Conversion ration of sludge into substrate
(BOD ppm/SS ppm)

; The amount of sludge occupied by unit

BOD (SS ppm/BOD ppm)

Activity of sludge defined as the ratic of

the active sites to the total sites on the
sludge mass [—)

; Optimal retention time defined in eq (29)

;. Adjoint variable corresponding to C

Adjoint variable corresponding to F

; Adjoint variable corresponding to Z

Adjoint variable corresponding to Q

subscript
; Properties of n th stage of aeration tank

Properties of influent flow of waste water

; Properties of return sludge Superseript
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% ; Feed condition
ex ; Exit properties of final sedimentation vessel
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