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Kinetic Studies on the Oxygen Transfer and Biological Oxygen Demand
Removal for Design and Operation of Activated Sludge Processes

Masanori Fujita and Susumu Hashimoto

Department of Environmental Engineering, Faculty of Engineering, Osaka University
Yamadakami, Suita, Osaka

Theoretical and experimental studies on the kinetic model of oxygen transfer
and BOD removal were carried out for complete-mixing activated sludge processes.
Under steady state conditions, effluent substrate concentration was predicted by the
equations containing activated sludge retention time and containing specific oxygen
uptake rate.
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The former equation was suitable for the optimum control of activated sludge
processes. The latter equation was difficult to use as the controlling formula, but the
activated sludge retention time was predicted by measuring specific oxygen uptake

rate.

The overall oxygen transfer coefficient and dissolved oxygen concentration were
correlated with the activated sludge retention time and the following equation predicted
the dissolved oxygen concentration in the aeration tank under the steady state condition.

S Y’ , N Y 1
@=%fK;FT*+U—?;*7“K

The above three equations were verified by experimental studies using a bench
scale activated sludge apparatus.
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Fig. 1. Terminology for conventional activated
sludge process.
Qs Qr Qu=influent, return, and waste
flow rates (m3/day).
S, Sy, Se =aeration tank, return, and
effluent activated sludge con-
centrations (mg//).

lsy e =influent and effluent substrate
concentrations (mg/l).
Vv =aeration tank volume (ms3).
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Fig. 2. Schematic diagram of a bench scale ac-
tivated sludge apparatus.
Symbols; 4 is aeration tank, B is ‘settling
tank, C is sludge return apparatus, D is sto-
rage tank, E is metering pump, F is air flow
meter, G is compressed air, H is air-lift pump,
I is porous plate diffuser, and J is effluent
storage tank.

Fig. 3. Net growth rate versus substrate removal
rate for determination of Y and b.
Regression equation is:

1 di,
1/t,=0.3725- §dr —0.098

where Yis 0.37, and b is 0.098.
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Fig. 4. Specific oxygen utilization rate versus
substrate removal rate for determination of
Y" and b,
Regression equation is:

k,=0.241- % % —+0.096

where Y’ is 0.24, and &’ is 0.096.
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Fig. 5. Relationships between net growth rate
and specific oxygen utilization rate in a com-
pletely-mixed aeration tank.

The solid line presents the predicted equation
and symbol (@) is measured value.
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Fig. 6. Determination of K;a and Cs by the
“drawing” method in a bench scale activated
sludge apparatus.

Regression equation:
C,=7.37—0.0415"r,
where C,=7.37 (mg/l), Kra=24.1 (1/hr).
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Cp=7.37—0.0415r, (26)
(26) R» 5 Kra=24.1 (1/hr)=578.4 (1/day), Cs=
7.37 (mgfl) L113.

(24) RicEBTKD2 ¥, Y, b, b, Kra, Cs LA

Us CL, 8, ts QBRERD S RO L H IS 5.

Cp=7.37—-2.76 x10"48§—-1.12 x 10“3-—;% 27)

CDRA» S EEHRETOEMISRITEYEBE S &
A, & ts TOD Cp EEHFEL, ThEEAEE DR
DEFRERRT S & Fig. TOkSics 3. Ko (24)
ARSI DR EHERBE LR FHILS 52 L 058
LPTH5.

—E ts HIET TO AILAKEIEFRETIR (12)
KATRES. CTTHRA BEEHDY ORUICHREICE
CT@)RDnERDIEZAH¥ 1 OEHE SN,
L7chio T, n=1 & LT@)RAb o AEMGRERE
BICOWT &, Kn %23k 5723, BOD Bhdg L i
{t7k BOD #EEDR® Lineweaver-Burk o v } %
75 & Fig. 8 D& Hicie 3. Ko £=8.351 (1/day),
Km=454.5 (mg/l) L7150, (2)RFKD LS icEE 5.

1d, 83514
S dt = 154541, (28)

10

measured C; (mg/7)
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Fig. 7. Comparison of calculated C; and mea-
sured C; in a completely-mixed aeration
tank,

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

664 HE EE- B B8 (BT #54% 19764F
ol 400
=1
3
e 8F
°e 1 300
g 6
13 . . L
o 3 ~
o ~
S 4+ E’zw—
g i . 2 L
=L )
L s 100}
" ! ’ 1 | i i i | B
o] 2 4 6 8 10 -
174, x102 (1/mg/?) oL L1 e i I 1
O 02 ©04 06 08 e}

Fig. 8. Lineweaver-Burk plot of substrate remo-
val rate and effluent BOD concentration to
give k and K. £=8.351 (1/day), K»n=454.5
(mg/l).
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3. KO @HIROUICXHNL, B¥DOBDOEHE & i
THEIN/HOERRECE T 2R (LKEHER &
BREAFERBEOENEERY. Fig. 9ick~ts
B SDOFHAH —TDHD, kL EREEBRLTH
BZTEDBELMTHD. T THEEHERMEYEBERR
1312 1500~2000 mg/! icff7z T (275K, (29)
KELLIBRIET 700, B—EKET t=1.20,
te=12.501 5 t.=19HD 3 BREIC t: 2 EZ, £

le=
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Fig. 9. Specific oxygen uptake rate us. efflu-
ent substrate concentration (—, predicted;
@, measured).

DOEFIREICE T 2 REBRRBEL S CICHIKEER
BREA KD EC A, ts=1. 20T Co=4.1mg/l, l,=
195mg/l, t,=12.5 H ¢l Cr=6.5mg/l, l.=20.1mg/
I, $7- ts=198 T3 CL=6.7mg/l, [,=22.5mg/l &13
stz T & & OEMETREYEREIIZIZ 2000 mg/
Licfgtzcu 3. Fig. 10 ic 2 D% AR (L), AFD
(C) TRLTW3S. @D, CORDOFARSERY:
DHBHT ENbhE, Mhd ts 2/hE L ENITREK

5°°J io
-8
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= —-—-i--—'_a-"-'—-_‘-——.——-‘x-_-:_ - a
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Fig. 10. Activated sludge retention time vs. efflu-
- ent substrate concentration (—, predicted;
@, measured) and dissolved oxygen concen-
tration (-, predicted; X, measured). Where
symbols (A) and (/\) are experimental /, and
Cp values respectively under various ¢, con-
trol conditions for the verification of equa-
tions of (27) and (29).
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o

Ka (1/hr)
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E Fig. 11. Activated sludge retention time us.
overall oxygen transfer coefficient.
Where ( ) is Kza at MLSS=1000mg/!,

(+++e) is Kza at MLSS=1500mg/l, and
(=+=+) is Kza at MLSS=2000 mg/!.

HIZELL, FFic DO BELABICETT 22 &8
REN, KEBOFBHANTI 6 X108 Lol cEk
FTHiT, DO FEHd D, F &bk BOD EEH 20
~30mg/l LS RIVENEBOLNZC ENbhb. F
Tt EOREVEHTR CLROTIC L 3L LD te ©
RBTRO ZFOREIIEBLEY, FHbbERELT
WBLEZALD. TITRERERY —VOBSHED
7e¥, Kpa=24.1(1/hr) &R SEAE LTO 305
KEOBRSM TRZOMIMEL, b- /&7 C f#
LB EBFEINS.

T TT, —E ts FlEIC L 2 ERERESED DO
HBD/2HD Kia OFHNIL (24) RAELEF L2k h
S5fTA 5.

Y 1 v )

D) ,
Kia= Cs—C; (T.Tg+7.b+b (31)

DO s B EfEIC 2\ T3 floc O#ER, BOD-SS &7
BOKRKNEETEDLB LINTNED, 5D Ic 3mg/l
ZHEMEEMES LB am, Ka &t OBGRANFRT
5L Fig. 11 D&kHcis 3, 22T Kra 3bh o4
WkHic (1/br) TELTWE. EUEREEYRE
ICED ts & Kpa OH— 73RS >TN 3. W oTE
BB RBAEMIBE 2000mg/l icfi-h T 384, B
IS IERK A8 B 7 DIC =100 TEEET 3 & Thid,
DO=3mg/l Z{f D7 icid Kra=4.2 (1/hr) |3 KB
THETEMPEDTHS. Bohi Kia % RN
IGEK T 5 72 0RHRD IcH L, B EEA hETH

k.

KELI, RIFISMBKE B0 ke L0 t,
ICRBHMBMEDF L, 72 OEITITIT IR EK
KEOBRE-TLB. COBA, %415 DO 253
27eHITI Kia % EOBEICFE - RITE S0 D, B
S0 Kpa BEZ 0TV 3B AEEIREED Cy 1
EOBREICRINZ IOV TIREOR, GLREH
WHIZESFRITEC &0 T& B,

BN OUCHR

Eﬁﬁ%&mﬁmﬁﬁwpﬁﬁﬁﬁﬁi%@ﬁﬂm
M ERSR & DRI £ 2, 0 S X 3 AL
IKEHBE, BELEIGEE, DO BEOBEFKICOL
THERANCH S hiC Ure, ERIRIEICE T 5 1 &t
7Kk BOD 88, DO @, Kio ORIOBRICOTE
ERAAESERERER 2V CERMICEDR 21
EL, ChODERIK L BLAREERE, DO B
EETFRILS BT &AL hic L '

i 5
§  =Aeration tank activated sludge concentration
(mg/l)
§; =Return activated sludge concentration (mg/i)
Se =Effluent activated sludge concentration
(mgl)
ls  =Influent substrate concentration (mg/i)
le =Effluent substrate concentration (mg/i)

Q. =Influent flow rate (m3/day)
Q; =Return flow rate (m3/day)
Qw =Waste flow rate (m3/day)
V' =Aeration tank volume (m3)
{r =Removed substrate concentration (mg/l)
Y =Yield coefficient
b  =Decay coefficient (1/day)
Y’ =Experimental constant
& =Experimental constant
(=endogenous respiration) (1/day)
ts =Activated sludge retention time (day)
Cr =Dissolved oxygen concentration (mg/l)
Cs =Saturated oxygen concentration (mg(l)
Kra =Overall oxygen transfer coefficient
(1/day or 1/hr)
rr  =Oxygen uptake rate (mg/l/day or mg/lfhr)
kr =Specific oxygen uptake rate (1/day)
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k  =Maximum substrate removal velocity (1/day) Div. 99, 773 (1973).
K, =Michaelis constant (mg/l) 5) Keyes, T.W,, Asano, T.: Journal WPCF, 41,
n  =Experimental constant 2574 (1975).
#  =Specific growth rate (1/day) 6) BA, BE 1 EmATERR RSB
t¢ =Hydraulic retention time (day) XA, p. 84 (1975).
[dS/d¢]s =Net rate of change of activated sludge in 7) BA, BAE: HAKLEEK, 17, 854 (1975).
the aeration tank (mg/!/day) 8) Heukelekian, H., Orford, H.E., Manganelli, R.:
[dl/dt]. =Net rate of change of substrate concen- Sewage and Industrial Wastes, 23, 945 (1951).
tration in the acration tank (mg/l/day). 9) Weston, R. F., Eckenfelder, W. W. Jr.: Sewage
1T SRS SRS i o 7, 500 (1059
EWARRS, -8 BRMIEFBARMTELASICEY  10) van Uden, N.:  Archiv fur Mikrobiologie, 58, 145
THRELE. (1967).
X * 11) #A, BE: BT, 46, 649 (1968).
1) Jenkins, D., Garrison, W. E.: Journal WPCF, 12) Eckenfelder, W. W, Jr. O’Connor, (&7 8&#):
40, 1905 (1968) BEKDASZIOME p. 40, 2 1 5 4 (1965).
2) Lawrence, A. W., McCarty, P. L.: Journal SA 13) A, BH, #% BT, 51, 58 (1973).
Div. 96, 757 (1970). 14) FRHE, A D8I, 51, 54 (1973).
3) Sherrard, J.H., Schroeder, E.D.: Water Res. ~ 15) T/KEWSHER | T/ARBITH, 196744y, p. 326
6, 1039 (1972). (1967).
4) Sherrard, J.H., Lawrence, A. W.: Journal EE (FE51. 6. 7EAT)
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