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STUDY ON THE ALLOWANCE IN TREATMENT CAPACITY OF THE CONVENTIONAL
ACTIVATED SLUDGE PROCESS

RE O OAFEEFHF E LEAT

* * Kk
Isao SOMIYA , Yoshiro ONO , Yoshinori KANJO

ABSTRACT; This paper discusses the characteristics of the design and operation factors
of activated sludge process which have been determined experimentally and of the treat-
ment capacity of the process. A new kinetic model of substrate removal and metabolism
has been developed. It is composed by 7 parameters, such as DNA, RNA and substrates
including recalcitrant organic matter. The flow of aeration tank is described by a
series of 4 complete-mixing tanks and that of final sedimentation tank is expressed
using the limiting flux theory on the behavior of sludge blanket zome. By this model
the changes of data obtained from the municipal sewage treatment plant were well simu-
lated.

The performance of activated sludge process is discussed based on the stationary state
analysis using this process model. The concentration of recalcitrant organic matter
increases with the increase of the retention time of aeration tank. When the reten-
tion time is 20 hours, the recalcitrant organic matter is shown to be contained by
about 40 % in the effluent organics. The allowance degree: A of the facility is in-
troduced in the following form,

(maximum daily flow rate under the condition of which)

X = effluent total BODs = 20 mg/%

(design maximum daily flow rate)

Conclusively, it becomes apparent that the allowance degree ranges from 1.15 to 1.65
when the standard operation values, such as retention time of aeration tank = 6 " 8
hrs and the hydraulic surface loading = 20 v 30 m/day, are applied to the facilities

of waste water treatment.
KEYWORDS; activated sludge process, kinetic model, allowance in treatment capacity
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Lz, ABBHETKIOEBLLTL & '2-2 [31ssolved recalcitrant|4-2
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i
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PEHER DNAT, EHEERRRNA Fig.1 Schematic diagram of the kinetic model
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Fig.2 Composition of COD
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e PHEFR(~)
SSout @ S AL B ALGE H K SSRE
(mg/ 1)
MLSS : B SSEE (mg/ 1)
r DEEE(-)
Q :BLAMERAKE (ni/hr)
A RREEBMAKERE (of) TABLE 1 Kinetic Model Equation

k :fR¥ ( of hr/nf)
N Removal of dissolved 4C 14
FE kX, BT EERTAERS substrate co1)(c?1‘)/e dt

Hydrausis of particulate dC. =~128.48-k2ser-C2 RNA® 175. B

==k.11‘C11-RNA B

RO EE 46 7Y OIEMIG IR substrate COD(C,) dt
Change in storage 4C 1z s
BOELEHE»S, M- 61KRT X substrate COD(Cy,) Ci2o ki) RN B429.48- L= 8) kzisn -CoRNAS 1358
. —RO-kiz Ci2-RNA
1 S I 4A8X103(Iﬁhr/mﬁ)k DNA
Change an A 0. ke Gz RNA—RO K 3:DMA
HHENh, 6T, FEFHEBIRORE Change 1n RNA di:l:A SRO-B k12 Crg RNA— k4 (RNA= yONA) —R0- v k o-DNA
HEviZ, BFREECOBEXKEL Change 1in dissolved s
a B recalcitrant organic AC1ap0. 0 ks BR29.48 8 Kaisar Co AT 1358
v=m(C™" (2) matter COD(C';;)
Change in particulate iCe oA
2
. b b hr recalcitrant organic T0=R0 8 ke =R
v P RELREE (m/hr) matter COD(C',) ) :
— Y 2y decomposition rate oI organics on oxygen consumption
C=751 SSIEE (mg/ 1) 0=k, 4C; JRNA+K 3DNA/a
DR oxygenatIon capacity OMAX:kLa'Cs(mgOz/l/hr)
m, n.-. overall oxygen transfer coefficient kLa=4(1/hr)
- satulated dissolved oxygen concentration
LEFTL, OMKEKRLES OBAE under 20 °C Cs=8.84(mg0,/1)
RBedsme L-REL GG limiting coefficient RO={1 at TO<OMAX
OMAX/TO at TO20MAX
Fltch-Talmage(l)jif%”) kv, C unsatulation coefficient B=1-C,,/DNA/S

voRBERD, M- 7R LK,
nEom= 250X10% n=3427%1m
28 (O <
3.2 e xEF ORI
Fu b REFINVORIEEIT ) Iodic, 19844 11 B 27 H— 28 B, OMi&KRMEE T, CODcr, DNAZH
L, 24Bicbz ) 2B EAN Lz, BEREHRAKOKFBEERIIALENEL 4B EHO7— ) =
BETRTLEEF VX TSR, LEL, FHELL CHRAFEEECOD C,=0mg/1 L L7k, %
o, MOaREROBR LIV ESBEERY CODE., BRMESBEAEYWCOD : C/'=0ng/ |, BEEEH
DEME#YCOD : C=7mg/ 1 ¢ LTHEEH2ELF—EEL L,
gificHonkzeexe70RXE, F¥IM0.05 M E L, Runge-Kutta-Gilliggic kv, @5 —4 %
Yizb— b LARRE K- 81, BIWHRHAK EXBE, LHEAKOEKCODERS>WTRLEZ, K&
b, BEERHEAKDP-COD, £ CODRIRBE—ERELAZERME, SSCODOKENI L ¥ I 2L —
FPTETWS, REHIROP-COD, £ CODLHREELRATEI TS, LEAKOP-CODIZ¥ I 2
vy s VERERBEOSHERENMHEE R o, Thit, R TKRD G Kk OEMN, FAREKSHOEZME
LB ZTheEoNT xR L2EBLEZONS, LBAXSCODTR, BBIFoEmaeRRLTY
%,
3.3 FmtREFAIEDERBEN
k-3, 4, 50EFAXELLRILT, EHBREEOCAEHEN L ZHASBCHT IR 2ED B D,
BEEREERL 2, Hitd, EEBENTCE o1, 20BORAKBEOEFVELUTORCREL R,
BOMBRLEETBEMCRATSBEROAERYEE OREHE I, B 57 FERO FAERY » 6 &
MULBBCREFBREBRAL T WaE 129 7 31 © FKLEE & YL Bk fi AK O 2 BOD, BE &R <,
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FOFHELLT168mg/ | 2/, TAKK

4 5 CODcr & BOD, & B AL X, CODer

= ultimate ~ BOD, £HI{f X v BOD, /ultimate
~BOD=0.5, X-7TBOD,/COD=05¢& L,
2CODBECERL -, X oIz, TAROELEHR
AKDERERF L O EERMBEE L LT
2 ERELY RO AKDS-COD, P-
CODBE+EHM L, £/, TAEMmBHEH
fastic b &S, Bk T ERRS
0 %ULBRESRELL, BERERAKD S
CODfE it 120mg/ 1, P-CODfE ¢ 160mg/ 1 %
B, TABERELSEITL T, DNA,
RNA, Z#EHELE COD, Bk U5 R
SEEAEBHCODERE L, RLLTEH-
6ICMAKKEHEE—FK L L TFT,

#£—-3, 4, 5EFLEBRE - E&LtRL
FuetRETFARBOERBEELRD B0
EIFBRE HFERXOBED 1 > ThH 5 Brent ¥
RV, B, BELBRMEIERE T, 5l
REBREE LIEBEE»OREIIBR 75 >

TABLE 2 Kinetic Parameters

Parameter

kqyq Removal rate constant of

dissolved substrate coD
kq, Metabolism rate constant of
dissolved substrate COD
Hydrausis rate constant of
particulate substrate COD
Autolysis rate constant of
Autolysis rate constant of
Ratio of DNA formation per
COD consumed
Ratio of RNA formation per
COD consumed
RNA/DNA in the phase of
auto-respiration
Ratio of dissolved recalcitrant
organic matter COD released per
unit particulate substrate COD
Saturation concentration of
dissolved substrate COD in
storage pool per unit DNA
Ratio of particulate recalcitrant
organic matter COD released per
unit DNA autolyzed
Ratio of dissolved recalcitrant
organic matter COD released per
unit DNA autolyzed
Ratio of mineralization per unit
DNA autolyzed
Conversion factor of micro-
organism's COD into DNA

Dimension
1/mgRNA/lhr 0.

Yalue
017

1/mgRNA/1hr 9.1%10-3 3)

k, 1/mgRNA/1hr 4.8%10-4 3)
X
3
ky
o

1.1%1073 D)
7.5%19=3 3}
0.0135)

DNA
RNA
unit

1/hr

1/hr
mgDNA/mgCOD
0254)

53)

unit mgRNA/mgCOD 0.
0.

.04%)

mgRNA /mgCoOD

g
r
s
03!
56}

013)

793)

0.

mgDNA/mgcoD 0.0363)

Values of k; is adopted under RNA=50 mg/l.
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Fig.3 Examples of simulation result

on batch tests (1)

Fig. 4 Examples of
simulation result
on batch testg (2)
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TABLE 3 Process Model Equation
dC,' 4 (1+ C,-1w—C,!
on Aeration Tank it - ( P%g( ! ) -R., (C)

i=1,2,,7

=12, ,4
Suffix i shows name of variable in Table. 1.
Suffix j shows aeration tank number in Fig.§

Cin+rC:’

Co 1+r

C,i :concentration of variable i in aeration tank No. j(mg/l)
C .n' tconcentration of variable i of influent(mg/1)

C' tconcentration of variable i of return sludge (mg/l)

r :sludge recycle ratio(-)

Ta $theoritical retention time of aeration tank¢hr)
R.(C,) :kinetic model equation in Table.l

TABLE 4 Process Model Equation
on Final Sedimentation Tank
(Supernatant Zone)

ch\ 4 (l—‘W) * (CJ—lI—CJI)
dt Trc

Co'=¢€Cn' i=1,2,,7
j=1’2'...’4

Suffix i shows name of variable in Table.l.

Suffix j shows number of supernatant zone in Fig. 5

C,' :concentration of variable i in supernatant zone No. j(mg/l)
C,n' : concentration of variable i of aeration tank effluent Gog/l)
w :withdrawal ratio(-)

Terc: theoritical retention time of sedimentation tank Gr)
_AREAX H-BLH)
- an

¢ ¢ residual ratio of particles in sedimentation tank (=)

AREA : water area of sedimentation tank (@2
H :water height of sedimentation tank ()
BLH : sludge blancket height in sedimentation tank(m)

TABLE 5 Process Model Equation
on Final Sedimentation Tank

(Sludge Zone)

dC,: . G,'-1x — G, (i=1,2,--,7, j=1,2,-,5)
at Z.
G, =C, (u+v)) (i=1,2, ,4)
Ge'=C n' (1+l‘) Qin—eCin' (1_W) Qin
Gs'=C,'v,

Suffix i shows name of variable in Table. L.
Suffix j shows number of sludge zone in Fig. §

C,' tconcentration of variable i in sedimentation tank No. j(mg/l)
C,n't concentration of variable | of effluent (mg/l)

r ¢ sludge recycle ratio(-)

w :withdrawal ratio(-)

G, 2 flux of variable in sludge zone No. j

(1 3a7)

Z, :height of zone No. j(m)

u :rate of excess sludge (m3/mhr)

v, :tsettling and compacting velocity of sludge(m'hr)
int influent quantity of aeration tank(m3/hr)
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ol
Cy
shows balance of water
---- shows balance of sludge
Fi=eCargl1-w)Q; 5
F2=Carg 14700, 1-€Carg(1-w)Q;
Fig.5 Flow diagram of activated sludge process model
2.0}
< 0.03F
3 1.0
1 _
ﬁ 5 o.s}
fw ~
£
— =
o] > 0.2F
3
T
a 0.1F
@
- 1 L N
1000 10000
cl(mg/1)

(1+7)Q/AREA (m3/m2hr)

Fi1g.7 Relationship between settling
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Fig.8 Examples of simulation results

on water treatment process
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COD, BOD; & L UESBUEE#EM ORI TOL S ICE X 2, S-BOD,
TABLE ie
EUTHEE RS0 REMEEE NS Th D, 7K COD iz BOD, i~ o —ples 0 Input Condk
tion of Influent

BEEH (05) ¥R ULHZLICE Y S-BOD, &3k e, P-CODOBE LRI
PV S MR L B COD LA s Atk COD, BN EECOD, BEELE

T-CcoD{mg/1) 280

COD oFniz BOD; ~n#EREK (05) #F L, P-COD;, 2 5% 72, S-CoD(mg/1) 120
FAKE & LTH 6 IR 52, MLSSERIE® B M & Lot BRR F/’chglg“‘g/l”fo
5, BRMEERE (T,) L BRELBAAKRERAR (Bp ) K3 L TLBEKO R C’11/S -COD 0
BOD #'20mg/ 1 &7 % i & MLSSIEEG I v 7c b DS — 9 TH 5, B %ﬁ/g?% coD 8:;2
BEDLELOMS TE, %4 0 MLSSHEE i€ 35\ TB A £ BOD; 2% 20mg/ Cyq,/P-COD 0
TEAF &), HRORET Tk 20mg/ Ik md 2 #mLT0Dd, £121 RN%;ENS\OD g

iz, ITHEEOBEEEEBIREIC L VAEEITo T 5 38 7HTO FAKLESIC
SN, %namﬁfzt:owféﬁﬁﬁwﬁmi”ﬁ%%tﬁLf:TA BeofEx 7 vy bLTHB, EF—4FD
REVPEBHRIVOAECHEEL TS, AL OABEBHORBOMEKS BOD, 1 20mg/1 LLFTH 5
CrtEEZLSL, BRABRTBONLKERIEF —F2IBEI>E(RLATVD LW S, S5, Bt
BAREE IC AT REERE L2 L RN (T,) KBRAMELNEET S Z L 2R L, WS ET 2B LH
Loz ERKEMEAR (Br) KBRAME b Z &R+, & 21E, MLSS= 2000mg/! oA icix, K
WAKBOD# 20mg/ 1 AR &+ Boiix, Ty24dhr, Bp 80 ni/nf daysSPBRE B2 LERLTWV S,

MLSS= 2000mg/ 1, Bp =20 of/nfday DHAIC>1T, T, L MBAOME: OBFKEER— 10 CFRT.
T, Z2KEL D oN, BHRUEREBCODYVBLT 25—, BREHESBERRY CODD G IZEMT 55
Fro,nxb, PCODELEYRS(ELLTVWARNL, Z0nilBEAkne CODEE i, T,= 14hri
ETRENMEEZLY, UBLTFHCHENT A0 LA LLE{LLT AR Y, BEKkL2 CODIC K & < F&+
BLEALRE T, OECABRRESFEL, BREDLLOT, 0f28A TCLAHEAKDO L2 COD BE*+XE
TERWI ENbhB,

4 Ei’?r#?z%ﬁiliﬁ‘a“é@ﬁ

BESEeRICL 2L, BHFREEOKBAKEOEN EOXEMHITLBOD, T20mg/ 1, SST
70mg/ ITUTEEBDONT NS, —HIECKEBADL BOD, 23 20mg/1 LT THNiE% O SSEEITIELAY T0
mg/ 1T ER-TWAHRED, 22 THER2BOD, 2 LBEAKE CHEBEL L TH 22, 20 LREZ 20 mg/]
LEZ2B, TLTHBEARKRBEAETRI SN LERIC>VWT, LEADOL£BOD, =20mg/] 2% 2+ 3 A
BABKRKEEZERE -3, 4, 507 v 22 FAXPRI->THHBL, HERAKABEAELOL I 2R OL
HEHORMERTIHEELEZX D ZLLTD, Thbb, UBAKEOKXE (2BOD, =20mg/l ) 2§ E
éﬁéﬁWTEE??@‘D‘&?&LC%LTE@ﬁ%@ﬁ)\m%ﬁﬁ?iT%ﬁﬁﬁénéﬂ:%éﬁéﬂ‘ﬁ&@tti&bc;D
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0 = — | ° O 1000~1500 i
O L ° © 1500-2000 FO N
S g WF 0os+ . f.00 @ 2000-2500 P [
4 o © 2500~3000 o o..F
[ - % K ® 3000~ O 50
o 3 s L > WSS (ng/1) ge—c o A
L —— oy I g
8] ] 2000 8] (1)10— ':,l, Co+Cy2 +DNA/a e
- 100 r 1388 [ 2
— a 2
e e T e N SO D/ /M
o retention time ,T,(hr) O g To
r-g‘ F;ngtRelatlonks}llp bether;l geterltlontmf\e of retentlon tlme ,T (hr)
ation tan MLSS an ydraulic surface
< loading rate of final sedimentation tank Fig.10 Result on the effluent

COoD concentration
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A LTRREBTI I ERTE, COIERBELLTEZSE, TRUTFTORXTEETX S,

h:ﬂﬂmﬁBm%:mmwl&aéﬁ%ﬁﬁm% @)
FHE AR KEARE

I>1OBRERRRCKRBEIDY, FEBERBFKEULEOHEAKELZLAE T3 L8 TE5, Bk
1oBEF, FEBERRKEKEORAK CHMAEKD 2 BOD, e 20mg/] BT+ 52 LA REFEL 7
%,

ZZTETMLSSREE# 2000mg/]1, MAKEEZEE, KEZ20 C—EIKEEL, £— 6 TR THRAKE
TT EBp R LERBED v ¥ — =y PR L. K- 11 C FARBRRIEST RSN ELD
BEOTEHBMEIMAB TR, Ty ERKELLA22Bp 2/ hEXTHEBBROEEEBRKEL o TRBEMN
RELBBIENFRENTV D, £, BRHAFI/SFCRENBEBEOBE T1X, KPWE1.1525 1.65
LY, FAEAREKBEABICHLTIE N6 %ORBEL>T WD LHEMLS 5, 78 MLSSEBERELZ
HEDL=10HREIR—- 9 PolRIc KT 5,

WiZ, To= 8hr, Bp=20ni/of day DR ETTMLSS BE L RRECHBER — 12, 13, 4iTmEL7,
MAKER, R-6KFRTHEZBELL, AR 2RAL T2 CODBE* LSRR BA(r—21 ), S
COD L P-CODDEIE (St P ) ZeBLIEREE (¥ — 22 ), MEYEHLE : RNA/DNAD A %
BUEIHEEFBE(7Fyr—23 )03 7r—2CO>VWTRHFLE, #FRE b LG ERBEBER D, MLSS 0ff
BRESCRBIFECSTSRRERIOREDRE, BREB CIZHRERLICE I 2B HAERD ORI
EPBERBELTVWDILEEXLAS,

B—-12%425%¢, MAKZCODRBENE L RBKSAT, RBE I 13N E - TOX, EEMED 15
B OFAKS CODRE T MLSSIBE 22 1700mg/ | LT TAA 1LLF &2 Y, FHEHHKBAR TRLEK
NEBOD, IREX20mg/]l #2812 TLFEIZ L EFRT, FEHAKLCODBERMELL TETL IEHEI K
ELnbF, MAKRCODBEVEEED 1/20BA TR A0 — 7 EAMLSS= 2000mg/1 THA L 22+
RoTW5S,

B—13mL7z(7r—22) Tk, MAKDOEREMERS &
BEMRTEOK (S PRI KE-T, 2 &FTHiIRCS
BEBWRALRED 20D, S IPHEBNNELLARBIE
onTildb¥hrickasd2sEHAERT. £/, S 1Pk
RELES R TS 2 M AL %5 MLSSEBE i34 2500 mg/ 1 &
ZEbod, BREI K TRX2HDTHD,

B — 14 1R Ly — 23 TiE, MAKOWMEDGEHE &7 70 20
FRNA/DNA - AAE R BEY AEMEL Y, mxﬂw>%ﬁ?ﬁ?ﬁi;ﬁfifiﬁﬁﬁiﬁ?ff??;ﬁﬁﬂt

‘allowance in

treatment capacityi X

11.5, 2.5 3 hatch shows
the standard
operation
values.

3
°

+Bp(my/myday)

M
g

™
°
g

sa ow o
£8 8 &

g r

r MLSS=2000mg/1

3
8

sedimentation tank

Lm0l

rauli, Surface loading rate of final

RNA/DNA K #3 1 o35 &1 ik, MLSS¥RE 238 #E o 1500 — capacity
2000mg/1 THBHMY 2 <1y, FFEARABKETHE
ratio of infﬁﬁsnt ?fCOD dissolved/particulate
against e value .

©  shown in TABLE 6 ratio of influent RNA/DNA ratio

g F 2¢ 2{ of influent

g 2f1/3 b ;

8 t o 1 r 3

PP F = ;
H s L o. F Tp=8hr Bp=20m3/m?day
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Fig.12 Case 1 Change of allowance in treatment capacity
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