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(Estimation of Kinetic Constant in Moving Media Complete
Mixing Activated Sludge Reactor)

KIM Hong Tae

Abstract ] This study was carried out to obtain Kinetic constant of Moving Media Complete Mixing Activated

Sludge (MMCMAS) for the wastewater treatment.

A laboratory MMCMAS reactor was operated at t}}e organic loading rate of 2.5gBOD;/ni /d,-48gB0OD,/m /d
kinetic constant of MMCMAS reactor was estimated as follows:

Low Organic High Organic
Items . .
Loading Rate Loading Rate
Kn( /hr) 3.75~8 8.57~12.5
K.( /hr) 0.007~0.03 0.09
K.( /hr) 1.73~3.68 3.84~5.75
Y (VSS/BOD;) 0.46 0.46

2 X3y $/E AL FAATE M) g8 HAMAE o3 AR FH ki
netic constant gt B d A, K(F7IEAAEE) gL HAHste] A$& 3.75~8/hr, 173 F9%&

57~12.5/hrelH, K, gt& A %3¢ A% 0.007~0.03/hr, 283542 HA$+= 0.09/hrz, K(HEZEAF) &S A
2319l AL 1.73~3.68/hr, L2349 A SE 3.84~575/hr2 UEbGow, Y gt 0.46gVSS/gBOD.2 EiiE
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HEEEoke] A, EE AAA by BT B
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Ao RBUEREMS fEmed 432,

Herbert @l o]afe] theh 2ol 13+ whgo
mecki 7hgsol stk
%zﬁ-M (1)

M: P8 E %% (mass/volume)

tIAIZE

bR 3 (specific growth rate 1/time)

A kel B K= 13} 9ol mEchar 717
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Ki: 0| AE ZHAA4 (decay rate of microor-
ganism, 1/time)

T, iR BB LR A A El FIFK
(rate of waste utilization) ¥ #E4 Aol ol
g RHTOL T ol W] g

(F)=(F)m (3)
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M: #4499 % (mass/volume)
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K. :(dF/dt)/Me] 05K,.¥ deo §718 ¥&=

(mass/volume) Z-& -half-velocity coeffi-
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Bacterial washout time(when Fe=F1i) :

Inf.
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Fig. 1 Schematic Diagram of the Laboratory Scale MMCMAS Reactor.
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Table 1. Description of MMCMAS Reactor.

Items Description

Number of Moving Media(EA) 13
Moving Media Diameter(cm) 12
Moving Media Thickness(mm) 1.3
Moving Media Spacing(cm) 1.5
Moving Media Surface Area(mi) 0.29
Moving Media Material Acryl
Shaft Diameter(cm) 1.9
Effective Volume(L) 4.69
M?deizcéirrt};:iuzlfea (L/mi) 15.6
Surbmerged Area(%) 100
rpm 5~30

S8 oF 30~60¥7 BANA AT BAES
g XYY FYsiel Agardch. #4949 BODs
S& 37 148ng/Loloith. WaT HAKEA
REE AALEE 2A87] A5k, NHCI%

BOD:N: P9} vl= oF 148:27 .54}t =3 ot
$&xWel pHE T2 fX 387 93y, FUA
ol NaHCO,7} HF% H7hs| it

Table 3 & & T:e #iigH-g Jehisdsd
B HMKL F 2.5¢BOD;/ni-d28E A)zts}
o, o 48gBODs/m -d7HA] F7HA1A AEI e
o, HfEKd webd EEEES 5~ 30rpmo g
ARG, SRl Fad vy Eo] s
= AU E A¥Hos HASUA i AR
F7vedl Wt eEEEE F7HA AT

B ko AHEE #Ame, A TKEESY
BASHAE HHstA A3t X &de pifE
B ot BRZRA 3 Hen mEE fk
me A HAEAIZ A8, g ety
23}l RBC(Rotating Biological Contactor)
Systemo.2 -H3thrl, iAol #4pol ¢
A3 MEEHUS o, AHAA HEzd 2= 8
fif2 8T,

BE $£2EML Standard Methods Vel <j3t

KH,PO.E H3ZF FYstded, WmABKe o #4389
Table 2. Characterlistics of Synthetic Wastewater.(ng/L)
Hydraulic Moving
Loading Media pH |TCOD | SCOD | TBOD|SBOD| TSS | VSS | TKN | T-P
(L/ni/d) rpm

17 10 7.0 | 300.0 | 199.0 | 156.0 | 134.0 | 65.7 | 51.9 | 25.0 2.0
5 7.0 | 362.0 | 283.0 | 207.0 | 170.0 | 53.0 | 43.5 | 26.0 1.94
# 10 7.0 | 295.0 | 199.0 | 136.0 | 134.0 | 65.7 | 51.9 | 25.8 | 2.18

7.5 7.0 | 292.0 | 165.0 | 170.0 | 88.0 | 1040 | 720 | 26.0 2.8

08 10 7.0 | 292.0 | 165.0 | 170.0 | 88.0 | 104.0 | 72.0 | 26.0 2.8

10 7.0 | 234.3 | 132.6 | 149.0 | 95.1 66.5 | 51.0 | 25.6 | 5.85

122 15 7.0 | 238.3 | 132.6 | 135.5 | 95.1 66.5 | 51.0 | 26.7 | 5.47

20 7.0 | 238.3 | 132.6 | 135.5 | 95.1 66.5 | 51.0 | 26.7 | 5.47

15 7.0 196.5 | 137.0 | 876 47.0 82.9 64.2 27.2 6.9

169 20 7.0 231.6 | 151.3 | 139.7 | 103.2 | 63.5 50.5 23.0 7.25

25 7.0 | 265.9 | 180.5 | 161.2 | 117.5 | 42.7 | 350 | 26.1 6.0
225 25 7.0 248.6 | 1725 | 165.3 | 110.6 | 54.0 42.7 07.7 7.90

20 7.0 | 240.8 | 142.2 | 1345 | 63.8 | 145.7 | 78.8 | 31.6 5.0

340 25 7.0 | 258.0 | 165.2 | 145.3 | 76.7 | 121.0 | 78.0 | 306 6.0

30 7.0 | 2245 132.2 | 745 | 101.7 | 78.0 | 26.7 5.1




27 e 19945 124 53

Table 3. Operating Conditions of MMCMAS

Hydraulic BOD

Moving

Loading Loading Rate Media Inf BOD Q HRT
(L/mi /d) (gBOD/ i /d) rpm (mg/L) | (L/d) | (hrs)
17 2.6 10 156 5.0 22.7
4.7 5 136 10.1 11.1

o 7.2 10 207 10.2 11.1
11.7 7.5 170 20.3 5.5

68 11.5 10 170 19.9 5.7
18.0 10 149 354 3.2

122 16.9 15 136.6 36.3 3.1
16.6 20 136.6 35.7 3.2

14.8 15 87.6 49.6 2.3

169 23.7 20 139.7 49.8 2.3
27.1 25 161.2 49.3 2.3

225 39.4 25 155.3 74.6 1.5
44.2 20 134.5 96.5 1.2

340 48.2 25 145.3 97.4 1.2
43.8 30 132.2 97.5 1.2

4. Kinetic Constant 2| ®#%F

(1) /718 HAHSE

SAAE o4 FFEF B A Tkl
3t A BRESERS Ho Wdd] HEs] 9
&) metabolism factor(km)E& T34t} Table
49 ¥ AFZAE o] 83t McKinney V2] 554
EaEtEsa e e B8 MEY A (11) &
o] &3t K.gk& *+3tH Fig. 29 2t}

i e an

Fi: #9452 BOD(mg/L)

F: x4 &34 BOD

Kn: #7184 AAEE (/hr)

t:27]2% (hr)

AHoz 3.75~125/hre] HAzE velds
b, ARsH(5esrHRs}: 17~169L/ni/d) e 7
$& 3.75~8/hr, LF3 (et Re} ;255 ~

340 L/m/d)¢l 4%+ 8.57~125/hr o ¥z
[Ri=0e =

AnHoz wAse K,& 15/hrMoz &
212 glon, TaRaEtEEs LS o83t £
FHFE M 49 K.ge 6.2/hr2 vehd
ok BEER ErEE e Ak Vel A A3 13.3/hry o
o, PRITCRE Etsel ke A9 8.0/hr B
=2 et

(2) AEREIETERBRl PR REL

Hrbgyol 389 Yolo AREE WM A
e HA3=d dadt qurg o]&FHH, vy
A AEHE P4

McKinney "9+ {E#tE#] A& active, endoge-
nous ¥ inert organic 3oz TE3lE e

=, B eR ofzfet o] Aef3ta Ut

M=M+M+M+M, (12)

M, : MLSS (mg/L)
M, : Active microbial mass(mg/L, VSS,
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Table 4. Operating Results of MMCMAS Reactor

Hyarsuic | BoD, [ Moving | It [or|  opr DO lML Effluent (»g/L)
Loading | Loading | Media | BOD, |q ol o | pH | (s | F/M [MLSSMLV
(L/nt/d) | (g/mi/d) | rpm | (mg/L) 4 /L) TCOD|SCOD|TBOD|SBOD| TSs | vss [ TKN| TP
17 2.63 10 156 | 227 - 70 90| — | - | - [225] 90 [ 69 ] 10 [359]220] 224 15
4.67 136|111 - 72 180 | — [ — | - [1244]242]202] 2.3 [ 480300 ] 27 | 1086
34
715 207 | 111 - 72 |85 — [ - | - [1417|721 (278 62 |123.0]1050] 617 | 201
3 11.74 170 5.54 - 7.2 8.4 - 843 653 |136.0f 32.0 {1000} 11.0 | 95.0 | 67.0 | 7.84 | 2.3
6
1151 - 170 | 566 - 72 |78 | — | 839 | 673 {940 240380 5.8 [350]310] 58 | 32
17.95 10 49 [318] 417 70 | 81 039 [ 3410 2853 [141.0( 240 [ 66.0 [ 5.8 [1030( 67.0 | 7.3 [ 5.66
122 1687 | 1 | 1 210 321 74 | 80 [ 060 |2345| 1766 [130.0] 39.0 | 240 | 4.6 | 47.0 | 400 | 6.4 | 54
16.59 20 137 |315| 256 7.2 | 765 | 050 | 2502 | 2064 1320 530 [ 87.5 [ 7.1 [ 623 (561 | 11.4 [ 493
14.79 15 88 |227| 396 70 | 7.6 | 038 | 3230 2449 | 817 | 237 | 40.3 | 41 | 515 | 405 | 7.19 | 571
169 2367 40 |226| 47 7.3 | 835 | 055 | 3199 | 2711 | 840 | 32.7 | 252 | 3.8 | 56.0 | 430 | 133 | 6.72
27.09 161 | 228 821 7.2 | 66 | 049 [4008 [ 3487 [ 87.7 | 309 | 174 | 3.6 | 420 | 313 | 111 | 5.27
255 394 15 |151( 433 7.3 | 565 | 061 | 4838 | 4083 [129.0( 457 [ 39.7 | 7.4 [ 738 | 641 [156.6] 5.20
a2 20 135|117 103 72 | 38 [ 079 [ 6061 [ 3494 [554.0(100.8{177.7( 28.2 |375.0]237.0] 402 | 6.04
340 482 2 145 | 116| 208 73 | 39 | 075 | 5212 | 4023 [186.0( 68.1 | 632 | 9.7 | 93.0 | 66.0 | 265 | 5.70
438 30 132 | 116 213 72 | 38 | 077 | 4766 | 3554 [216.4| 82.6 | 85.3 [ 16.2 [183.0]143.0] 25.2 [ 5.05
Note) : Optimum rpm at the Operating Hydraulic Loading.
F/M : kgBOD/kgMLSS/d
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e
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4
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Fig 2. Evaluation of Metabolism Factor, K,
M. : Endogenous respiration mass(mg/L, M=K, F/(K,+1/t,) (13)
VSsS) =Y-(F-F) (t/D/(1+K. 1) (14)
M; : Influent non-biodegradable organic mat-
. A
ter(mg/L) K, Al x4 A% (/hr)
M. : Inert inorganic matter(mg/L) K.: W3 & A% (/hr)
M, ofs} o] Aardr). t &8 A AFAIR (hr)

T oflish Zo] Addrt.




M,=02-K.-M,T, (15)
M= M.+MolB22
M,=K,-F(14+0.2K,-t,)/(K.+1/t.) (16)

2 BAHEY

M=Inf M(t/t)

Mi=Inf M(t,/t) 2 BAETH

e MEZFAAST Y g, mEsA IR
o] HHEKZERH FEF 9 4 (17)& o &
&t T84 led 2 Ans Fig. 33 2t}

:Y(F/M)rem.—Kd

—yFF 1_
_YM t K,

1
SRT (17)

Fiifddse 718 5= (ng/L)
F:Ag49 f718 ¥% (mg/L)
M :MLSS (mg/L)
(F/M)em. : (food to microorganism) qemoved)
K, : Cell decay coefficient (day™')
t : HRT(Hydraulic Retention Time)
agdA 71&7Ie Yakolx, AHE K.ghe o
ebdtt. BOD:E 7|08 3= 2% Y & 0.

B27 8 P4 19945 127 ss

46gVSS/gBOD; 0.2 yelgeow, Kdgt2 0.065/
hrgo). dut3 oz Y+ 0.4 ~0.8gVSS/gBOD;,
Kai(Cell decay coefficient/day)+ 0.004 ~0.075
/hre] @& Zred, Ay, BmE AALE,
SRT, Bikel &4 T wat Wslgic (9

Kornegay®} Andrews "= 3HA=go] iEH
BIE 49K RIEHEE o83ld &£E =7t 27 ~
440mg glucose/L¢] BIAKE A eldt A, HEZ
AlF(Y) & 0.26kg VSS/kg glucose,n, &2 e}
ot

FuHoz REI®L  Aeration-Only CMAS
Systemo.2 $-f-#H 9} phenolo] E/H H¢E
Agslgded, Y& 05~0.69 ez K& 0.
0025~0.003/hre] ¥ 2 el #6999 glu-
tamic acid #Fe 3¢, Y& 0.769, K.&= 0.003
/hrg Jehgtt.

Wi FAS(K) = McKinneyo| #2452 3y
A oleiel A (18)& ol&dte] AFY + U=,
Table 49 &4 AFNE o]&3le 73 ZH3r}
Table 54 9¢k=o] Sl

FF_t 1

ML YTy

F ¥ It—] (18)

a=NBD organic fraction in cell (0.2)

1

1/SRT (1/day)
e

" i
0.3 0.4

(R =]
rn

05 0.6 0.7 o8

F/M (gBOD/gMLSS/d)

Fig 3. F/M vs. 1/SRT
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Table 5. Endogenous Factor (K.)

HLR K./he
(L/mi/d)
68 0.007
122 0.01
169 0.03
255 0.09

FeH F3pt FHETLE K4® F7kn
Jed, ol= McKinney7t Atd K= Mol ¢
T Wz EFEolnz HfiKe] W WY+ MY
ol ZF7Hehy] w2l Aoz Almndo.

T AZFAFN Kge Y-K.02 HRE
F Aded FEEtd 23yt AR (AR
& :17~169L/ni/d)Q74 ¢ 1.73~3.68/hr, 1
F-&H (el shA R 255~ 340L/mi /d) Q) A gl
3.84~5.75/hro] ¥ =2 et}

5. % W

ARAE 71 GAEY BSEA FYo=
g /8 42 FAHEFE HUEHY ki
netic constant gke o3 At}

718 AAEE, K.gd AAqHoz 3.75~12.
5/hrel Wez Jebged, AP (SeighEs
8} 17~169L/ni/d)9] S+ 3.75~8/hr, 2
23} (58] 8+ A K-8} 1255~ 340L/ni /d) Q1
8.57~12.5/hre] Mg,

NEZ2AS, Y2 0.46 gVSS/gBOD; o9
HWaEAF Ke AFRsi(saigyiat: 17~
169L/m/d)¢l #A$= 0.007~0.03/hr, E-&

e}
A+E

T
(F2l8t8 s} 255~340L/mi/d) ¢! A$-= 0.09
/hr2 ettt

A XA T K AR (e 53 17
~169L/mi/d) QA% 1.73~3.68/hr, E3H(SF
2182 s} 255~ 340L/ni/d) Q) A= 3.84~
5.75/hr2 HEE AU
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