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Table 1 Mass Balance Equations Table 2 Rate Expressions of Consumption and Production
Biomass layer # Re Rp
<COD; 1 - MiX] 0
%tl = YaMuXh + YpR3Xp- buXn - bsnXn - (1/1s)R20Xn , Xy = Heterotrophs s> 2 ()h 0
<NH4*-N> 1 - Yo YnMpXn Yn fabnXn
92 _ YoMy - baXa - bsaXa - (14s)RasXn , Xa = Nitrifiers (p=ns or b) 2 | -MasXas ¥a fa (basXns brbXab)
dt <NOg-N> 1 0 0
X 2 - MabXnb (1- YnYns) MasXns
o= (1-£)(0uXn +bacXas + basXab ) -buiX1 , Xy= Inert biomass NOF-N> 1 o 0
2 | (1 - YaYab )MabXub 0
Solutes <SMP> 1 - RaXn RinXh +
=P 2 0 (Rins + R’Zns)xns + (Rlnb + Raab) Xnb
1) Mass balance between bulk and surface layer of aggregates <Total SMP> 1 ] RinXn + RoXn ? 5
=] 2 0 (Rins + Rans)Xas + (Rinb + Roab)Xab
(o
T =,%l + ®e0) + Rp0) - (%})(Co -ofa No reaction in the layer 0 and 3,
layer # Rc+Rp
if) Mass balance in the aggregates with pseudo-steady state assumption o= 5 Xz (DOSD0)
ﬂft (QQL)(CO Cl)&k + Rer) + Ro) - (912)(& CZ)AJZ 1 - (L-YsYu)BaMuXs + BuR1nXh - (1- YsYP)BaR3Xn
- £4 Bn YsbhXn
2 - (1-YnYus) BnsMnsXns - (1- Yn'Yab) BabMabXnb
T -G R + R - (G2 - O - B ¥s (busKas + babXa)
4G s - C: No reaction in the layer 3.
di= -G R+ G Mi = g [Subi} [DOY(Ks [SubDIKor+ DO
[Subi} = [CODs], [NHs*-NJ, or {NOz-N]
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Fig. 3 Effect of oxygen limitation on the biomass hold-ups
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Notations 5 : c;:txi::] ﬂliclfnéless t(]‘)lflbioﬁlm layer with high detachment rate [L}]
. . 2 i : thickness of the ith layer

:‘ j :uu:ff:: :::: :)): ::: :lo:‘:‘ :l;"]’\l:;](lin:}.[:}t{x Jayers [LZ] Ljj  :diffusion distance between the ith and the {'.h 1layels 18]

b : decay or maintenance coefficient T] M : specific substrate consumptmn rate [MM"T"]

bs : specific detachment rate [T"1] 1;0 : SMP concentration ML) . 3

Bi - biomass in the ith layer : total.of ongmal.y.formed SMP concentration [ML ]1 L

0 : influent concentration [ML3] qm  :maximum specific substrate consumption rate [MM™T™]

Co  :concentration in bulk liquid [ML 3 Ri : specif{c UAP format.ion rate =kiM [M};fl'll“l]

Ci  :representative concentration in the ith layer [ML™3) Rz :specific BAP formation rate <ko [MM™'T ] el

Dij  :diffusion coefficient between the ith and the jth layers [L2T] Rs : specific S.MP con§umptmx} rate _=Bm(P/P0 ) IMMT)

Dw  :diffusion coefficient in water [L2T)] Ra  :consumption rate in layer § [M_L}f— 1

DOs  : saturation concentration of oxygen [ML?) Rpi  : production rate in layer i [MLT]

fa : biodegradable fraction of bacterial cell [-] v : reactor volume [L™]

k1 : UAP formation rate constant [MM1] X : biomass per reactor volume [ML

k2 : BAP formation rate constant [MM-1T]] Xt :biomass density [ML 3

k3 :multiple substrate degradation rate constam [MM“"I‘I] Y : growth yield [MM ]

Ko : saturation constant for oxygen [ML ]3 Yp : growth yield associated with SMP consumption [MM'I]

Ks : saturation constant for substrate [ML] g : oxygen demand for substrate consumption [MM-1]

Kra :overall oxygen transfer coefficient [T] Yn  :nitrogen content in biomass {MM 1]

1o :thickness of diffusion layer [L] s : conversion coefficeint of biomass concentration to COD [MM- 1

Lt :thickness of biofilm [L] Bm  :maximum specific growth rate [T1]



