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Appendix A.1: Modeling nomenclature

Variable | Description Units
b Decay rate 1/t
C Concentration M/L>
fq Fraction of biodegradable biomass -
Kuaporers | Formation rate of UAP or EPS -
Ki Hydrolysis rate 1/t
Ksuwstrate | Half-maximum rate concentration My/L>
Kimnibit | Inhibition factor My/L3
Q Volumetric flow rate L3/t
g Maximum utilization rate of substrate Ms/(My-t)
v Volume L®
X Concentration of solids or biomass M,/L°
Y True yield M,/Mg
Y Conversion factor -
Subscripts
a Ammonium oxidizing bacteria
Ac Acetate
AD Anaerobic digester
Amm | Ammonium (NH,"-N)
AX Anoxic tank
BAP Biomass associated products
Cl Clarifier
CI-SI Flow from clarifier to sludge thickener
CI-St Flow from clarifier to stabilization tank
COD Chemical oxygen demand
Ct Contact tank
DO Dissolved oxygen
EPS Extracellular polymeric substances
f Fermenters
h Heterotrophs
hyd Hydrolysis
in Influent to the system
m Methanogens
n Nitrite oxidizing bacteria




Subscripts | Description Units

NaN Nitrate (NO3™-N)

NiN Nitrite (NO,-N)

out Effluent from the system (from the clarifier)
P Single particles of PCOD
Sl Sludge thickener

SI-AD Sludge from the sludge thickener
Sl-super | Supernatant from sludge thickener

St Stabilization tank

UAP Utilization associated products

W Wasting sludge from AD

Appendix A.2: Modeling approach and mass balance equations
Here, we explain our basic approach to modeling a complex wastewater treatment plant.

All mathematical mass balance models are based on conservation of mass in a system:

Accumulation Rate of Rate of Generation Loss rate

rate of mass  _ mass mass N rate of of mass in

within a T entering ~  leaving massinthe ~ the system
system the system the system system

(A1)

A system that is at steady-state will have an accumulation rate term equal to zero. The first two
terms on the RHS of the equation describe advective transfer of mass in and out of the system.
The last two terms on the RHS describe the formation or utilization of mass via chemical or
biological reactions.

We begin by first identifying the different systems for modeling, which are illustrated in
Figure 1 of the main text. We then identify the physical, chemical, and biological mechanisms
and solid and soluble components that occur in the system; these are summarized in Table A.1.
While the most typical physical mechanism is advective mass transport from tank to tank,

separation also occurs in the settlers between a supernatant phase and a sludge phase.



Table A.1. Solid and soluble components in the mathematical model

Solid Components Soluble/Gaseous Components
Substrate Biomass associated
products (BAP)
Heterotrophs Methanogens NH," Utilization associated

products (UAP)

AOB PCOD NO; Acetate

NOB Inert biomass NO3 N>

Fermenters EPS Dissolved oxygen (DO) CH,

As stated in the main text, all biomass undergoes three common phenomena: substrate

utilization for cell biomass synthesis, endogenous decay and respiration, and formation of SMP

and EPS. However, environmental conditions in the activated sludge and anaerobic digestion

processes will encourage a variety of other chemical/biological processes:

Aerobic utilization of acetate and COD by heterotrophs

Nitrification of NH;" and NO,” by AOB and NOB, respectively, under aerobic conditions
Denitrification of NO, and NOj" directly to N, by heterotrophs without formation of
intermediates in anoxic conditions

Fermentation of COD to acetate by fermenters in anaerobic conditions

Production of methane via methanogenesis in anaerobic conditions

Consumption of SMP and EPS by heterotrophs and fermenters

Hydrolysis of PCOD and inactive biomass

A discussion of specific mechanisms is in the next section.

Table A.2 summarizes the generic mass balance equations (from Eqgn. E.1) developed for

each tank and the overall system for the hybrid and conventional processes. Note that the

subscripts refer specifically to a tank, and C can refer to concentrations of soluble substrates or

biomass.




Table A.2. Mass balance equations for SWT’s hybrid and conventional processes, including

equations for the overall system and each tank.

Overall system

Vsystem d_t = Qincin - Qoutcout - QWCW + Rsystem

. C
Anoxic tank (Ax) Vax 5 = QinCin + QsiCse — QaxCax + Rax
dC
Contact tank (Ct) CtTCt = QaxCax — QctCet + Rt
- d(Car F Cout)
Clarifier (CI) Va Tout = QctCet — QoutCout — Qa1Ca1 + Ra
dCg;
Vsi Tl Qci-s1Cc1 — Qs1-apCsi-ap — Qsi-superCsi-super
. + R
Sludge thickener (SI) where St
CSl—superQSl—super‘ + CSl—ADQSl—AD
Cs1 =
QSl—super + QSl—AD
. dCsr
Stabilization Hybrid Vst~ = Qai-stCar + Qsi-seCs1 + QapCw — QstCse + Rse
tank (St) ional dCs;
Conventiona Vst = Qc1-stCar + Qs1-stCs1 — QstCst + Rst
. dCAD
Anaerobic Hybrid Vap —5— = Qsi-anCsi — Cw(Qw + Qap) + Rap

digester (AD) dCap

Conventional

Vap T Qs1-apCs1 — CwQw + Rap




Appendix A.3: Model Features

A.3.1. Dual-limitation Monod Kinetics

As established in Bae and Rittmann (1996), dual-limitation Monod Kkinetics are applied to
describe situations in which the reaction rate is limited by the electron-donor concentration,
electron-acceptor concentration, or both. For example, when COD is aerobically oxidized by

heterotrophs, the reaction rate, r, is described as

= 1) (1 50) A2
"= 9\Ks + s/ \Kpg + DO/ ™D (A.2)

where § is the maximum utilization rate of substrate (Ms/My-t), S and DO are COD substrate and

dissolved oxygen (DO) concentrations (M¢/L), respectively, Ks and Koo are the substrate and
DO half-maximum-rate concentrations (M/L®), respectively, and Xj, is the concentration of
heterotrophs (M,/L®). Thus, if the electron donor or substrate concentrations are below
saturation, the Monod term decreases and, under extreme limitation, becomes very small.

A.3.2. Inhibition (or switch) factors

To simplify the model implementation, we assumed that any mechanism could occur in
any tank. Based on de Silva and Rittmann (2000), the level of activity of any mechanism is
controlled through the application of an inhibition or switch factor. Different mechanisms
described in this model can undergo inhibition if DO, nitrate (NO3’), and/or nitrite (NO;") are

present. The inhibition factor for DO is

K ,DO
DOgwitch = K > (A. 3)

spo + DO
where Kspo is the inhibition factor for DO (M/L®). When the DO concentration is low, DO"

is ~1, turning the switch on to describe processes under low DO concentrations. When the DO



Oswitch

concentration is low, D is ~0, turning the switch off to inhibit processes under aerobic

conditions. Similarly, the switch factors for NO,', NO2 switch, and NO3', NOg3 switcn, are:

Ksno
NO2 switch = K NOS +2N_O (A.4)
S, 2 2
Ks NO
N . = >3 A.
O3,SWltCh KS’NO3 + NO3 ( 5)

where Ksno, and Ksno, are the inhibition factors of NO,” and NOs® (M/L3), respectively, and

NO; and NOj are the concentrations of NO, and NOs’ in the tank (M/L®), respectively. NO,
and NO3’ switches are ~1, the switches are turned on.

These switches can be applied multiplicatively to describe several situations at once. For
example, anaerobic conditions can be activated when the following switch expression is

multiplied to an anaerobic rate equation:

DOswitch (NOz switch + NO3 switch) (A.6)

The NOy switches are added together as denitrification is dependent upon the total amount of
NO; and NOg3’ in the system.

A.3.4. Application of the Unified Theory of EPS and SMP

Laspidou and Rittmann (2002a, 2002b) outline the unified theory of EPS and SMP in
their fundamental work. We modified their theory to expand its application to the variety of
mechanisms presented in this paper. Consistent with Laspidou and Rittmann (2002a), all
microorganisms produce EPS and UAP. Biomass yield is reduced as electrons are diverted to
EPS and UAP formation by a factor of 1-kyap-Keps, Where kyap represents the fraction of
electrons going to UAP formation (M¢/Ms) and keps represents the fraction of electrons going to

EPS formation (Ms/Ms). The factor 1-kyap-Keps is represented as “c” in Table A.3. EPS is



hydrolyzed to BAP using first-order kinetics. BAP can then be consumed by microorganisms for
growth.

Only heterotrophs and fermenters utilize UAP and BAP, as they are heterotrophic, COD-
consuming microorganisms. UAP and BAP consumption follows Monod-based substrate
utilization kinetics. When UAP and BAP are utilized, microorganisms convert the energy to
biomass based on a yield, Y, (My/Ms), which is assumed to be different than the direct utilization
of other substrates. The microorganisms can produce additional EPS and SMP from utilization
of UAP and BAP.

A.3.4. Stoichiometric coefficients

The half reaction for cell synthesis is (Rittmann & McCarty, 2001):

o, + L NHF + L HCOT + HY 4 e = CoH 0N + —- H,0 A7
2 P2y e T ks € Top st Topte (A-7)

where the biomass molecular formula is CsH;O;N (Rittmann and McCarty, 2001; Metcalf &
Eddy, Inc., 2003). Thus, the conversion of cell biomass to COD, v,, can be determined by
equating the substrates to their electron equivalents:

Imolcells 20e”eq 8gCOD 160gCOD

— = A.8
Yo 113g cells "Tmolcells  le- eq 113 gcells (A-8)
Similarly, the amount of nitrogen in cells is
1molcells 1molN 14g N 14gN
YN = (A.9)

- 113g cells "Tmolcells 1molN 113 g cells
Similar conversions can be performed for other substrates based on electron equivalents.

For denitrification of NO3 and NO;" to N gas, the half reactions are

1N0‘+6H++ ‘—1N +3H0 A.10
5 375 © T102"5"2 (A.10)
1 4 1 2

—=NO; + -H* + e~ ==N, + -H,0 (A.11)

3 3 6 3



To convert NOs™ (ynan) and NO3™ (ynin) to mgN/mgCOD,

14 gN 1molNO3 1le"eq  14gN

= = A.12
YNaN = TThoINO; ~ Se-eq  8gCOD  40gCOD (A.12)
14 gN 1 molNO, 1le e 14 gN
YNiN = d - * - 2 1 = d (A.13)
1 mol NO;3 3eTeq 8g COD 24gCOD
For acetate, the half reaction is
1 1 1 3
—C0, + =HCO3 + H* + e~ = =CH3C00~ + =H,0 (A.14)
8 8 8 8
To convert acetate to COD, ya,
1 mol acetate 8e™ eq 8g COD 64 g COD

60 g acetate i 1 mol acetate i le-eq 60 gacetate

A critical part of the DO calculations is equating the DO utilized by AOB and NOB to
the appropriate number of electron equivalents utilized. During nitrification, AOB convert NH4"
to NO;’ via the half reaction

14 11
ENOZ +§H +e ZENH4 +§H20 (A16)

To convert NH;" to NO;™ and express it as COD,

molNH, 6e eq 8gCOD48gCOD g COD
* * —— =343—— (A.17)
14gN 1molNH, e eq 14gN gN

Y1 =
NOB convert NO, to NO3’, the half reaction is

1 1 1
§N0§+H++e‘=EN0§ +§H20 (A.18)

To convert NO, to NO3™ and express it as COD,

mol NH, 2e eq 8gCOD 16gCOD 4g COD

= A.19
14gN >|<1m01NH4,* e~ eq 14gN ( )

Y1 =



Table A.3. Process, stoichiometry, and kinetics matrix. A blank cell indicates 0.

Chemical components

Process Substrate S | PCOD | Acetate | UAP | BAP Kinetic expression

1 Aerobic metabolism of substrate by . ) 4sS DO .

Xn VAP Ksn+S) \Kpon + DO/ P

Anoxic metabolism of substrate by GNanS NaN
2 i _ Kuap asz Xh
Xp with NO; N -1 Ksh + S/ \Kynann + NaN
Anoxic metabolism of substrate by dNinS NiN
3 i _ Kuap asz — | X,
Xh with NO, N -1 KS,h +S KNiN,h + NiN
4 Hydrolysis of inactive biomass \-l(_o )((X;l + X, a5(ay + az)knyg
n

5 Anaerobic utilization of substrate by 4sS

X -1 c(1-yoYs)| Kuap as(a; +ay) <Ks,f n S) X¢
6 Aerobic metabolism of NO,-N by y—ok G, NiN DO .

Xn N Kninn + NiN/ \Kpon + DO/ "
. Aerobic metabolism of NH4 -N by y—ok ( G Amm ) .

Xa N AF Kamm + Amm KDO _+DO
8 |Aerobic metabolism of acetate by Xj 1 Kuap dacAc

KAC,h + Ac KDOh + DO
g |Anoxic metabolism of acetate by X GacAc X
with NO3 N -1 Kuap Kach + Ac KNaNh + NaN /B




Chemical components

Process Substrate S | PCOD | Acetate | UAP | BAP Kinetic expression
10 Anoxic metabolism of acetate by Xp . gacAc NiN %
with NO, N -1 kuap 3\Kacn + Ac) \Kyinn + NiN/ 7P
11 Acetate utilization by X, qacmAC
-1 k
UAP az(a; +az) <KAcm + Ac
12 | Aerobic metabolism of UAP by X, -(1- duapnUAP X,
Kuar) UAP + Kyapn KDO n + DO
Anoxic metabolism of UAP and ~
-(1- UAP
13 NO3-N by X (1 2 quaprh X,
Kuar) UAP + Kyapn KNaNh + NaN
14 Anoxic ml\Tgltioll\:str)n c)): UAP and - GuapnUAP NiN .
2N DY 2 Kuar) UAP + Kyapn ) \Kninn + NIN/ B
15 Metabolism of UAP by X; ) -(1- quap,fUAP
c(1-yoYy) Kuap as(a; + ay) UAP + Koo Roars X¢
16 | Aerobic metabolism of BAP by X ko | -1 dpapnBAP DO X
BAP + Kgapn/ \Kpopn + DO/ "
Anoxic metabolism of BAP and o
BAP NaN
17 NO3™-N by Xj Kuap -1 JBaph Xh
BAP + KBAP,h KNaN,h + NaN
Anoxic metabolism of BAP and ~
BAP NiN
18 NO;-N by Xj Kuap -1 JBaph — | X
BAP + KBAP,h KNiN,h + NiN
19 Metabolism of BAP by X; Gpap BAP
c(l-yoYs)| kuap | -1 az(a; +a,) (—
3V T 727\ BAP + Kpap¢
20 Hydrolysis of PCOD 1 1 KoP




Chemical components

Process Substrate S | PCOD | Acetate | UAP | BAP Kinetic expression
: " DO
21 Aerobic respiration by Xj fby, [ ———— | Xy,
Kpon + DO
27 AnOX|c|\|r(e)sr_)|lr\z|:1t|(t)_r|1_byt_>(h during . NiN <
23 AnOXIC[\:E)SF')_IﬁtI(t)'T'byt'Xh during b NaN <
2-N utilization dbnaz —KNaN,h+NaN h
) —— DO
24 Aerobic respiration by X, fib, [ ———— )X,
Kpo,a + DO
: —— DO
25 Aerobic respiration by X fib, (——— | X,
Kpon + DO
26 Anaerobic respiration of Xy 1 fibeXcas(a; + a,)
27 Anaerobic respiration of X
p m fdmema3 (a1 + az)
28 Formation of BAP 1 KnydEPS
beX I DO 4 NaN
29 Decay of X, b Kpon + DO Kyann + NaN
NiN
o
KNiN,h + NiN
30 Decay of X, b L X
*\Kpoa.+D0O/?
31 Decay of X, b D—O X
"\Kpon +DO/ "™
32 Decay of X;

YobeXfaz(a; + az)




Chemical components

Process Substrate S | PCOD | Acetate | UAP | BAP Kinetic expression
33 Decay of X
y " YOmema3(al + 32)
34 UNITS mgCOD  |mgCOD | mgCOD |mgCODmMgCOD
Ld Ld Ld Ld Ld




Chemical components

Process EPS DO NH;"-N NO3z-N NO,-N Kinetic expression
Aerobic metabolism of substrate by Kgps — (chYh 4sS DO
— | - X
X Yo ol kEPsYN) <Ks,h + s) (KDo,h + DO) h
Yo
Anoxic metabolism of substrate by Kgps - (chYh . ( dNanS > < NaN )Xh
. - 3
Yo
Anoxic metabolism of substrate by Kgps — (chYh . ( dninS ) ( NiN )Xh
. - 3 3
Xh with NO,-N ? 4 kEPSYN) “YNiN KS,h +S KNiN,h + NiN
i i i i Yo
Hydrolysis of inactive biomass ™ a3(a; + a,)Knyq
Anaerobic utilization of substrate Kgps - (YNCYf 4sS
by Xf ? n kEPSYN) as (al + aZ) (KS ; + S) Xf
_ i i Yo
Aerobic metabolism of NO,-N by Kgps ) Y . 4, NiN DO .
X w | unP g Knmn + NN \Kpon + D0/ ™
Aerobic metabolism of NH4"-N by Keps §.Amm DO
X, KBS 1 g | (1 kua) o(1-Yarn) ( ) X,
YN KAmm + Amm KDO,a + DO
Aerobic metabolism of acetate by Kgps — (chYh GacAC DO .
% Yo o + kEPﬂ) Kach + Ac) \Kpo + DO/ "
Yo




Chemical components

Process EPS DO NH;"-N NO3z-N NO,-N Kinetic expression
9 Anoxic metabolism of acetate by Keps - (chYh . GacAc NaN X
Xy, with NO3-N Vo KepsYn -YNaN 3\Kacn + Ac) \Kyann + NaN /"
o  Kers)
Yo
10 Anoxic metabolism of acetate by Kgps — (chYh gacAc X,
0 j Kersi)
Yo
. — cy,
11 Acetate utilization by X, Keps <YN m a,(a; +2,)
Yo N kEPsyN) 3\ T A KACm Kaem + Ac
Yo
- Y ~
12| Aerobic metabolism of UAP by X;,| Keps o <YNC p quap,nUAP X
Yo i kEPsYN) UAP + Kyapn KDOh + DO
Yo
. : _ v A
13 Anoxic m;gpoll\:st;n 2: UAP and Kgps (ch b _ GuapnUAP "
3TN RY Yo + kEPﬂ) TN UAP + Kyaph KNaN h + NaN
Yo
. . — Y A
14 Anoxic m;gpoll\:st;n 2: UAP and Kgps (ch b N GuapnUAP "
2= Y 2 Yo + kEPSYN) YN UAP + Kyaph KNlNh + NiN
Yo
. - cy, ~
15| Metabolism of UAP by X; Kgps (YN P as(ar + 2, QuapsUAP )
Yo + kEPSYN) 3T T2\ UAP + Kuaps) '
Yo




Chemical components

Process EPS DO NH;"-N NOs-N NO,-N Kinetic expression
- Y A
16| Aerobic metabolism of BAP by X Keps o (YNC p dpapnBAP DO %
Yo "y kEPSYN) BAP + Kgapn/ \Kpon + D0/ "
Yo
17 Anoxic ml\(legtfoll\:sgn ())2c BAP and Kgps - (chYp _ . GpapnBAP NaN o
3TN BY A Yo + kEPSYN) e *\BAP + Kgapn/ \Knann + NaN ) ™"
Yo
. : _ v A .
18 Anoxic ml\Tgt?oll\:sk?w ()): BAP and Kgps (ch b N . Gpap.nBAP NiN .
27 DY 2 Yo + kEPSYN) T *\BAP + Kgapn/ \Kninn + NIN/ "
Yo
- k - (YNCYf Gpap (BAP
19 Metabolism of BAP by X; EPS dBapf
- KepsYn az(a; +az) BAP + Keros X¢
Yo + ) BAPf
Yo
20 Hydrolysis of PCOD
21 Aerobic respiration by Xp
- fab
Yo w dh KDO w+ DO
Anoxic respiration by X, during
22 NO3™-N utilization YN ~YNaNYO fg4bnas Xy
3 KN,N n + NiN
23 Anoxic respiration by X, during
N il o £ X
NO;-N utilization TN YNiNYO dbnas <KNaNh n NaN) h
24 Aerobic respiration by X,
- fab
vo w dPa KDOa + DO
25 Aerobic respiration by X,
- f
Yo w abn <KD0 ot DO)




Chemical components

Process EPS DO NH;"-N NOs-N NO,-N Kinetic expression
26|  Anaerobic respiration of X
P f N YofabiXraz(a; + a;)
27|  Anaerobic respiration of X
P m YN YOfdmemaB(al + az)
28 Formation of BAP 1 ™ KnydEPS
be X I DO N NaN
29 Decay of Xp, b Kpon + DO ' Kyanp + NaN
4 NiN
Kninn + NiN
30 Decay of X, b DO X
a a
Kpo,a + DO
31 Decay of X, b DO X
n n
Kpon + DO
32 Decay of X
y f beXraz(a; + az)
33 Decay of X, by Xonas(ay + ay)
34 UNITS mgVSS mgCODmgNH} — NmgNO3 — NmgNO; — N
Ld Ld Ld Ld Ld




Chemical

Biomass components

components
Process N> CH, Xh Xa Xn Kinetic expression
Aerobic metabolism of substrate by 4sS DO
Xh CYh Xh
Ksh + S/ \Kpon + DO
Anoxic metabolism of substrate by . dNanS NaN %
X;, with NO3-N YNaN cYh 3\Ksn + S/ \Knanpn + NaN ) P
Anoxic metabolism of substrate by ) QNinS NiN %
Xp, with NO,-N YNIN cYh 3\Ksp + S/ \Kyinn + NiN/ P
Hydrolysis of inactive biomass 1 1 1 a5(a; + az)knya
Anaerobic utilization of substrate by a<S
X az(a; +az) as X¢
f K¢+ S
Aerobic metabolism of NO,-N by G, NiN DO
Xn CYn . Xn
KNiN,n + NiN KDO,n + DO
- - +
Aerobic metabolism of NH4 -N by §.Amm
Xa CYa ( > Xa
Kamm + Amm KDOa + DO
Aerobic metabo)l(lsm of acetate by . GacAC
h KAC,h + Ac KDOh + DO
Anoxic metabolism of acetate by X ) gacAc ¥
with NOz-N NN cYh 3\Kacn + Ac KNaNh +NaN /P




Chemical

Biomass components

components
Process N> CH, Xh Xa Xn Kinetic expression
Anoxic metabolism of acetate by Xp gJacAc NiN
10 . ] YNIN % asz — | Xn
with NO,-N CYh KAC,h + Ac KNiN,h + NiN
11 Acetate utilization by X, c(1- _GacmAc
Ymyo) as(a1 +a2) KAcm + Ac
12 | Aerobic metabolism of UAP by X, oy GuapnUAP X,
P UAP + Kyapn KDOh + DO
13 Anoxic ml\Tg\k?oll\:skr)n C))I UAP and - "y . GuapnUAP
3TN DY 2 P 3\UAP + Kyapn KNaNh+NaN Xn
14 Anoxic ml\Tg\k?oll\:skr)n C))I UAP and i "y . GuapnUAP NiN .
2N DY 2 P 3\UAP + Kyapn ) \Kninn + NiN) P
15 Metabolism of UAP by X ( quapfUAP )
az(a;+a) | —————|X
3V T P27\ UAP + Kyapye) "
16 | Aerobic metabolism of BAP by Xp, oy GpapnBAP DO «
P BAP + Kgapn, KDO L +D0/"h
17 Anoxic metat?ollsm of BAP and - GgapnBAP
NOs™-N by Xp cYp az
BAP + KBAP,h KNaNh + NaN
18 Anoxic metat?ollsm of BAP and i GgapnBAP
NO,-N by Xh CYp daz
BAP + KBAP,h KNIN h + NiN
19 Metabolism of BAP by X; 4gapBAP
23081+ 32) | gpp 3 Roppr)
BAPf
20 Hydrolysis of PCOD KoP




Chemical

Biomass components

components
Process N> CH, Xh Xa Xn Kinetic expression
21 Aerobic respiration by X £1h DO X
"M\ Kpopn +DO) P
99 Anoxic respiration by Xy during NiN
NO;™-N utilization YNaN YO fabnas (m) Xn
IN,
93 Anoxic respiration by X during NaN
NO, N utilization YNiN YO fabnas (m) Xn
aN,
24 Aerobic respiration by X, £1h DO %
472\ Kpoa + DO/ 2
25 Aerobic respiration by X, £1h DO %
"0\ Kpon +DOJ "
26 Anaerobic respiration of X¢ VofabXras(a; + a,)
27 Anaerobic respiration of X, 1 Yofibr X, as(a; + a,)
m<*m
28 Formation of BAP KnyaEPS
be X [ DO N NaN
29 Decay of X, 1 "™ [Kpon+DO " Kyanp + NaN
NiN
o
KNiN,h + NlNl
30 Decay of X DO
a -1 b, | ———— | X,
*\Kpoa + DO
31 Decay of X, 1 b DO X
"\Kpon+DO/ "™
32 Decay of Xt

befa3(a1 + ay)




Chemical

Biomass components

components
Process N> CH, Xh Xa Xn Kinetic expression
33 Decay of X, favo by X, a;(a; + a,)
34 UNITS mgN mgCOD | mgVSS | mgVSS | mgVSS
Td Ld Ld Ld Ld




Biomass components

Process Xs Xm Xi Kinetic expression
Aerobic metabolism of substrate by X ( qsS ) ( DO )X
Ksn+S/\Kpon + DO/ "
Anoxic metabolism of substrate by Xj ( GNanS ) ( NaN )X
with NO3-N Ksn + S/ \Kyann + NaN/ "
Anoxic metabolism of substrate by Xj . < GninS ) ( NiN )X
with NO,-N 3\Ksp + S/ \Kyinn + NiNJ 7P

Hydrolysis of inactive biomass a3(a; + a2)Knyq

T S
Anaerobic utilization of substrate by X oYs as(a; + a,) ds
Kg¢+ S
Aerobic metabolism of NO,-N by X, qnNiN DO %
Kninn + NiN/ \Kpp,, + DO/ "
Aerobic metabolism of NH;*-N by X, ( G.Amm ) DO
Kamm + Amm KDO 2+ DO
Aerobic metabolism of acetate by Xj, qacAc
KACh‘l'AC KDoh‘l'DO
Anoxic metabolism of acetate by Xy, with qacAc %
NOz-N Kacn + Ac KNaNh +NaN/ "

NO,-N Kacn + Ac

Acetate utilization by Xp, oY as(a; +a,)
m 3\91 2

Anoxic metabolism of acetate by Xy with GacAc
KNlNh + NiN

ch mAC
KAC m + AC




Biomass components

Process Xs Xm Xi Kinetic expression
12|  Aerobic metabolism of UAP by X, GuapnUAP DO X
UAP + Kyapn/ \Kpon + DO/ "
13 Anoxic metabollstr)n ())2c UAP and NOs™-N . GuapnUAP NaN .
Y 2 3\UAP + Kyapn ) \Knann + NaN /P
1 Anoxic metabollstr)n ())2c UAP and NO,-N . duapnUAP NiN .
Y 2 3\UAP + Kuapn/ \Kninn + NiN ) P
15 Metabolism of UAP by X; ( duapfUAP )
cY az(a; +ay) | ————
P SYL T 27\ UAP + Kyapy
16 |  Aerobic metabolism of BAP by Xp GgapnBAP DO X
BAP + Kgapn / \Kpon + DO/ "
17 Anoxic metabollst;n c;(f BAP and NO3-N . GpapnBAP NaN .
Yy 2 3\ BAP + Kgapn ) \Knann + NaN ) 1
18 Anoxic metabollst;n c>)<f BAP and NO,-N . GapnBAP NiN .
Y % 3\ BAP + Kgapn/ \Kninn + NiN) P
19 Metabolism of BAP by X 4gap,BAP
cY _—
p az(a; +a,) <BAP F Kaaps f
20 Hydrolysis of PCOD KoP
21 Aerobic respiration by X, DO
fabn | ————== | ¥n
Kpo,n + DO
29 Anoxic respiratio_n_by _Xh during NO3-N . NiN .
utilization dPnas Kninn + NiN h




Biomass components

Process Xs Xm Xi Kinetic expression
23 Anoxic respiratio_n_by _Xh during NO,"-N b NaN <
utilization dPnas Knann + NaN h
) " DO
24 Aerobic respiration by X, fib, [ ———— | X,
Kpo,a + DO
) T DO
25 Aerobic respiration by X, fib, ( ——— | X,
Kpon + DO
26 Anaerobic respiration of X
P f YofgbeXraz(a; + a,)
27 Anaerobic respiration of X
P " YofabmXmasz(a; + az)
28 Formation of BAP KnydEPS
by X [ DO 4 NaN
29 Decay of X; hh Kponh + DO Knann + NaN
1-fq )
NiN
o
KNiN,h + NiN
30 Decay of X, 1-fq b __bo %
a Kpo.a + DO a
31 Decay of X, 1-fy DO
by | ———= | X,
Kpo,n + DO
32 Decay of Xy 1 1-fq beXeas(a; + ay)
33 Decay of Xn, 1 1-fy bnXmaz(a; +ay)
24 UNITS mgVSS mgVSS | mgVSS
Ld Ld Ld




Inhibition terms for processes limited by nitrate, nitrite, and dissolved oxygen concentrations are
defined as:

.. KsNo
Nitrite: a = ——2—
1™ Ksno,+NO;
. KsNO
Nitrate: a, = —~—3—
2 7 KsNo3+NO3
. K
Dissolved oxygen: a; = —>2%

3 7 Kspo+DO

Coefficients:
c=1—kuar — Keps
Yo = 160/113 mgCOD/mgVSS
yn = 14/113 mgN/mgVSS
va = 64/60 mgCOD/mgAcetate
Ynin = 14/24 mgNO,-N/mgCOD
ynaN = 14/40 mgNO3-N/mgCOD
YN

A, = 3.43 — (34‘3YaYO + 1) [1 - kUAP — kEPS (1 + 3.43 Y_>] - 3'43kUAP
0
a, = 1.14(1 — Y,yo)cC

op = (1 — Kkyap — Kgps) (1 — YhYo)
Uhp = (1 — kyap — kgps)(1 — YpYo)



Table A.4. Microorganisms’ kinetic and stoichiometric parameters

Heterotrophs | AOB | NOB | Fermenters | Methanogens
Subscript h a n f m
Kinetic Parameters Symbol Units
True yield Substrate Y mgVSS/mgCOD 0.45 0.33 | 0.083 0.2 0.077
coefficient SMP Yo mgVSS/mgCOD 0.5
Maximum Substrate q; mgCOD/mgVSS-d 10 3.1 13 10 --
utilization rate | AP quap; | MYCOD/MgVSS-d 1.8 - - 1.8 -
BAP dpAp,j mgCOD/mgVSS-d 0.5 -- -- 0.5 --
Acetate GAc mgAc/mgVSS-d 8.1 -- -- -- 7
Half-maximum | Substrate Ks; mgCOD/L 10 1.5 2.7 10 --
rate Acetate Kac mgAc/L 10 -- -- -- 30
concentration | DO Kbo; mgDO/L 0.2 0.5 0.68 - --
UAP Kuar, mgCOD/L 100 -- -- 100 --
BAP Kgap; mgCOD/L 85 -- -- 85 --
NO; or KN mgN/L 0.2 15 2.7 -- --
NO3’
UAP formation rate kuap mgCOD/mgCOD 0.05
EPS formation rate Keps mgCOD/mgCOD 0.18
Hydrolysis rate | EPS Khyd 1/d 0.17
PCOD Ky 1/d 0.22
Decay rate b; 1/d 0.3 | 015 | 015 | 0.04 0.03
Fraction of biodegradable fq - 0.8
biomass
DO NO, NO3’
Inhibition factor Ks)i mgDO/L 0.2 -- --
mgN/L - 0.2 0.2

J denotes the biomass subscript, | denotes the chemical species subscript.
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