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Catabolism
Energy-yielding metabolism
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SCOD
SCH4 mgCOD/I Methane SCH4
SMEOL mgCOD/I Methanol SBMET
H
SAC mgCOD/I Acetate SBSA
SPR mgCOD/I Propionate SBSP
SVFA mgCOoD/I Volatile fatty acids SLF SA SAC
SF mgCOD/I Fermentable organic matter SF SBSC SF
SB mgCOD/I Soluble biodegradable matter SS SS
SINF,U mgCOD/I Influent soluble unbiodegradable organics Sl Sl SI SuUS Sl
SE mgCOD/I Soluble unbiodegradable endogenous products
SU mgCOD/I Soluble unbiodegradable organic matter
SORG mgCOD/I Soluble organic matter
SH2 mgCOD/I Dissolved hydrogen SBH2
SH2S mgCOD/I Dissolved hydrogen sulfide
02
SO2 mgO2/l Dissolved oxygen SO SO SO DO SO2 SsO2
CCOD and XCOD
CINF,B mgCOD/I Influent slowly biodegradable colloidal matter XSC
CB mgCOD/I Slowly biodegradable colloidal matter
CINF,U mgCOD/I Influent unbiodegradable colloidal matter
CE mgCOD/I Colloidal unbiodegradable matter
CU mgCOD/I Unbiodegradable colloidal matter
CORG mgCOD/I Colloidal organic matter
XINF,B mgCOD/I Influent slowly biodegradable partuzﬁ:;:ecg:?;z;\; XSP
CXINE,B mgCOD/I Influent slowly biodegradable org:gcijc;éftci)étt)liégg; XS XS XS
XINF,B,ENM mgCOD/I Influent CXINF,B instantaneously enr?ﬁ:hbei(cj);r;ts(; XENM
XADS,B mgCOD/I XINF,B,ENM adsorbed or produced from bizr:caas)sl XADS
XPAO,PHA mgCOD/I phfstg;i?us‘;::{mﬂ?;g’gékg;‘;:;f:ngg'E'Ff:g)'s')‘ XPHA SPHB XPHA XPHB
XPAO,GLY mgCOD/I Stored glycogen in PAOs XGLY
XOHO,PHA mgCOD/I Stored PHAs in OHOs
XGAO,PHA mgCOD/I Stored PHAs in GAOs
XGAO,GLY mgCOD/I Stored glycogen in GAOs
XSTO mgCOD/I Stored PHAs and glycogen XBT XSTO
XB mgCOD/I Particulate biodegradable organics
XINF,U mgCOD/I Particulate unbiodegradable organics firglt?ug;‘et
XE,OHO mgCOD/I Particulate unbiodegradable endog(;rrl(.mipnrgjﬁg:
XE,PAO mgCODII Particulate unbiodegradable endogefrll’.o;;:OF(’j:g:
XE mgCOD/I  Particulate unbiodegradable endogenous products XU ZE XE
XU mgCOD/I Particulate unbiodegradable organics Xl X1 X1 X1 X1 X1

XORG mgCOD/I

Particulate organic matter
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Organisms
XOHO mgCOD/I Ordinary heterotrophic organisms (OHOs) XB,H XBH XH  ZBH XH
XAOO mgCOD/I Ammonia oxidizing organisms ZBA XNH
XNOO mgCOD/I Nitrite oxidizing organisms ZBN XNO
XANO mgCOD/I  Autotrophic nitrifying organisms (NH4+ to NO3-) XB,A XBA XA XAUT
XAMO mgCOD/I Anaerobic ammonia oxidizing (,’;)\Pgr;r?s%(g JBAMO
XPAO mgCOD/I Phosphorus accumulating organisms (PAOs) XBP XPAO ZBP XPAO XPAO
XGAO mgCOD/I Glycogen accumulating organisms (GAOs)
XMEOLO mgCODII Anoxic methanol utilizing methglrgtar'?igmz —
XACO mgCOD/I Acetoclastic methanogenic organisms ZBAM
XHMO mgCOD/I Hydrogenotrophic methanogenic organisms ZBHM
XPRO mgCOD/I Propionic acetogenic organisms ZBPA
XSRO mgCOD/I Sulfate reducing organisms
XBIOM mgCOD/I Organisms (biomass)
Inorganics
XINFIG  mglSs/] Influent particulate inorganics (es):;:g(\j/i:r?a%tlzg
XORG,IG mgISS/l Inorganics that assomgt:ghtjgicr)];gzr;g;;?:rt;i;
XMAP  mgISs/I Struvite (magnesium ammonium phosphate) XSTRU
XHAP  mglSs/I Hydroxyapatite XHAP
XHDP  mglSs/i Hydroxydicalcium-phosphate XHDP
XFEP  mglSS/I Iron phosphate precipitates
XALP mglISS/I Aluminum phosphate precipitates
XMEP  mgISS/I Metal phosphate precipitates XMEP
XALOH mglSS/I Aluminum hydroxide precipitates
XFEOH mglISS/I Iron hydroxide precipitates
XMEOH mglISS/I Metal hydroxide precipitates XMEO
H
TME mgME/I Metals (Al - Fe) CME
XPAO,PPL mgP/I Releasable stored phosphates in PAOs PPLO
XPAO,PPH mgP/I Non releasable stored phosphates in PAOs PPHI
XPAO,PP mgP/I Stored polyphosphates in PAOs XPP  XPP XPP  XPP
XIG  mglSs/i Particulate inorganic matter
XB_P mgP/l P content of particulate biodegradable organic XOP
matter
XU_P mgP/l P content of particulate unbiodegradable organic XIP
matter
CINFIG mglSS/l Influent colloidal inorganics (excluding (:/t:ﬁ;;}f;g;
CORG,IG mgISS/l  Inorganics associated to colloidal organic matter
CIG mglSs/I Inorganics present in colloidal matter
SNH4  mgN/I Ammonia (NH4++NH3) SNH SNH SNH SNH3 SNH4 SNH4
SNO2 mgN/I Nitrite (HNO2 + NO2-) SNO2 SNO2
SNO3  mgN/I Nitrate (HNO3 + NO3-) SNO3 SNO3
SNOX mgN/I Nitrite + nitrate  SNO  SNO  SNO SNO3
SPO4 mgP/I Inorganic soluble phosphorus (0-PO4 test) SP  SPO4 SPO4 SPO4
SPO4 + XMEP mgP/I Total phosphate (soluble P + metal-P) cPO4
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< < < ] D ~
SSO4  mglSss/i Sulfate
SCA  mgCa/l Calcium SCA
SMG mgMg/l Magnesium Mg
SORG,IG mglISS/I Inorganics associated to soluble organic matter
XPAO’PP’C$ mglSS/I Polyphosphate bound cations XPPCat
SCAT meq/I Other cations (strong bases) SCAT
SAN meq/I Other anions (strong acids) SAN
SN2 mg/Il Soluble nitrogen SNN SN2 SN2 SN2
mgCaCO3 -
SALK I Alkalinity SALK SALK
STIC mmolC/l Total inorganic carbon SHCO SCO2t
Water
SH20 mgH20/I Water SH20
SS
XORG_R mgVSs/I Volatile (organic) suspended solids (residue)
XIG_R mglSS/I Inorganic suspended solids (residue)
XT_R mgTSS/I Total suspended solids (residue) XTSS

1 ASML1: Henze et al. (1987)Note: 1) Since organic matter components in activated sludge models were expressed in COD units by

2 ASM2D: Henze et al. (1999)default, the proposed symbol for a variable name in this table is shown without the underscore to

3 ASM3-P: Rieger et al. (2001)COD is shown as SVFA). Similarly, components that contain essentially indicate COD units (e.g. SVFA

4 General ASDM: EnviroSim (2007)only nitrogen or phosphorus have no units specified in the variable name with units being indicated in
5 UCTPHO+: Hu et al. (2007)the Units column. 2) Some compounds that were not independent of variables shown in Figure 3.13

6 TUDP: de Kreuk et al. (2007)

were not illustrated in this Figure (e.g. as XINF,B,ENM and XADS,B that are related to CXINF,B).
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State variables
S CH4

S MEOL

S AC

Sper

Sk

S INF,U

C INF,B

X INF,B

X PAO,PHA
X OHO

X AOO

X NOO

ORGANIC MATTER

X amo
Xpao

X meoLo
X aco

X Hmo
Xpro

X iNFu
XEoHo
X map
Xhap

X op
XpaoppL
X pA0,pPH
S NHa
Sno2

S no3
Spos

SCA

INORGANIC MATTER

S MG
S CAT
S AN
S H2

SNZ

SOZ

Units
mgCOD/I
mgCOD/I
mgCOD/I
mgCOD/I
mgCOD/I
mgCOD/I
mgCOD/I
mgCOD/I
mgCOD/I
mgCOD/I
mg COD/I
mgCOD/I
mgCOD/I
mgCOD/I
mgCOD/I
mgCOD/I
mgCOD/I
mgCOoD/I
mgCOD/I
mgCOD/I
mgISS/I
mgISS/I
mgISS/I
mgP/I
mgP/I
mgN/I
mgN/I
mgN/I
mgP/I
mgCa/l
mgMg/l
meq/|
meq/|
mgCOD/I
mgN/I
mgO,/I

Influent Aerobic Effluent

0

0
15
5
30
25
15
110

w
R N = T = T T S S =)

w
o o

0
0.1
0.1

0

0

16
0.1
1.0
2.2
66
12
2.5
3.0
0
15
0.0

0.03
0

0
0.01
1.7
25

0

93
12
1318
40.0
29.8
18.5
153.6
17.1
7.3
8.6
8.3

681
221

1.9
0.0
31
10
1.8
0.2
4.1
0.55
66
11
24
3.0
0.3
19
2.0

0.03
0
0
0.01
17
25

0
0,3
0.04
4.8
0.15
0.11
0.07
0.56
0.06
0.03
0.03
0.03

2.5
0.8

0.01
0.0
0.11
0.04
1.8
0.2
4.1
0.55
66
11
2.4
3.0
0.3
19
2.0

Combined variables
COoD SC cop
X cob
T _cob
BODs S _BOD5
X _BOD5
T _BOD5
Residue Xora R
X IG_R
X &
Nitrogen SN N
X TKN_N
T TKN_N
TN
Phosphorus  Xg p
X up
T,

Units
mgCOD/I
mgCOD/I
mgCOD/I
mgO,/I
mgO,/|
mgO,/I|
mgVSS/I
mglSs/I
mgTSS/I
mgN/I
mgN/I
mgN/I
mgN/I
mgP/1
mgP/1
mgP/1

Influent

90
184
274
46
80
126
118
17
135
17.3
9.7
27.0
28.1
1.8
0.3
6.6

27
2608
2636

1
973
975

1775
524
2299
3.3
191
194
198
17
10.7
118

Aerobic Effluent

27.5
9.6
37.0
1.2
3.6
4.8
6.5
1.9
8.4
3.3
0.7
4.0
8.3
0.01
0.04
0.98

Copall sb S el el eSO Adaatll B2 YI-F g
‘?_‘.h:\g‘)(l Gyl s g EB.“ L.f..an

State variable

Fraction of TCOD

SuU
SVFA
SF
CINF,B
XINF,B
XOHO
XU

Raw wastewater

0.03 - 0.08
0.0-0.08
0.05-0.18
0.47-0.53
0.16 - 0.19
0.1

0.13

1ry effluent
0.05-0.10

0.0-0.11
0.06 - 0.23
0.29-0.36
0.29 - 0.36

0.1
0.08

e () :Phoredox (Ssush plail CligKall e anall S5 Y E-F (<&
Lysie oy VY By Ay die 4l & ol © slaall
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Vp = MX 1 X, (L, m3or MI) (4.20)

A gl 2Ll A))

8l VSS/TSS 4w ()55 (EBPR)  ysiasgill 413 43 wunal)
) A1) [l adatg ALISY Al gql) alail) (he Anaaly Bygac

deleall 8 Cupll ALlal) ddiall ol gal) A< F-Y—¢—¢

(TSS mass)
TSS mass delea) 8 carns 5l AL 280 Adoall Sl 215S
3yalliall Aallad) Aball Slgall J5€ g sana 54 (MX;, Mg TSS)
:1SS dyganll e A3l Al alsalls VSS

Jeladl daliall o sl A<

MX, = MX, + MX o (mgTSS) (4.15)

The VVSS/TSS ratio of the sludge (fi) is

fi = MX, (mgVSS/mgTSS) (4.16)
MX,

3 1SS Aysmall Hue Al Al Mgl S5 S8 1
o8 Bl Aaa) Alall sl RS Gl8 Nvie Adgyee 3R oLl
VSS/ TSS dncalyil 4w (pe ol (ff < (MX)) deliall

sslaall ()

MX, = MX, / f; (mgTSS) (4.17)
s

ol slaal) 3 VSS/ TSS a4 fi

oaiaall S cpanSY) E-Y gt

(FOc, Mg O2/d) asdl b Fardivall cpansY) ALS
Yy, foSRT
FO, =FS,|(1-f,Y,, )+ (1-f, )b, o |=
c b||:( cv Hv) ( H)H(1+bHSRT):|
(1= f,Y,, )+(1= f,y )by -
= Fsti(l_ fS‘us - fS'up)' . YHV fcvSRT
(1+b,SRT)
(mg02/d) (4.18)

FO, =V,0, (mgO2/l.d) (4.19)
(Mg 02 1/ d) 3508l ComusS¥) aladind Jans 58 O,
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: YL (Ste) Andiye

Ste =Se (filtered mgCODII) (4.21a)

Ste =Sie + fov Xve (unfiltered mgCOD/I) (4.21b)

o Ml L) e Gt adl) Sl oS! Sie
(mg COD/N) fsrusSti (aeadl) Anplad) oluall

(Mg VSS/ 1) () Asylall o) 3 VSS Xve

VSS (1« COD/ VSS 4w fov
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(Wahlberg et al., 1994)

Xve = (Stequnfitty~ Stecitey)fov (4.22)
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3t il il (i) 5 i) A 23503 (e araal
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LAY Aball dpuaal) salal) BES Wl LAy scanll salall oaslsul
52l A8) MXv 5 (Jelaall o8 alall caudll 3€) MXeny
Ol 5t Lagh (o laad) (8 281 oloall Lparnll Ay 5nel)
ety Lad doae (5f gleaas Wy (oasdod) JHaill (il 5
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e>slsnll Jaall 346 e dpguac Mg e Ble MXjy deliall
MXeny delaall AaIal sl A8 AalN) Capaall oloa e
blaie deliall 3 aglpdl Jatll AL e duaen Gugine Bale
Jall OHO Zygaianl) salall Jazall jally . ALl (ot Aolee
fob WS add fy deliall b dlall

— MX BHv

faV - MX
v (MgOHOVSS/mgVSS) (4.25)

EAL:‘—‘\j 412 K 49 Q:\ﬂALa.d\ ) MXV} MXghv s ua:ualn.\}

:QTG_‘\;\:H._\:CU:\S\

fo.,(1+b,SRT

fizl+beHSRT+f YS“”l( - H f)
av cv Hv( —Istup T S'us) (426)
VSS AES 3 OHO (e Lol ol for

TSS o pll ALY 2l all ol all 3 SN & BKH cranan ) 1305
Lozl ghall any aaiad slaal) bt sl ghall maail (il

1 geaall salal) A1)

(Mg VSS/) caslsud) deliall 3 VSS 55 Xy

Jelaall (b oSl Y aladind Jane Oc
(mg O/ L.h)

[ Flux of COD(e")| | Flux of COD(e")
| output }{input }
[ Flux of soluble Flux of soluble

CODiin +| COD in waste +
| effluent flow

Flux of particulate Flux of oxygen utilized
+| COD in waste +| by OHOs for COD =
flow breakdown

_ Flux of
| coD input

QeSte + QuSte + Qu X,y foy +Vp0c = Q;Sy; (4.23)

AL s mall sala) YY) GLial) Jha 4.23 Aalaal) s

Aalall sLaally a8lsdl) culiias (DA e oLl @y 1 lasill

Dy Al Dparssal) Ay paanl) dlgal) Jeg GBI ghalls (casdl)

OV A Yy ol ghally cadlall et DA (e oLl
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(Q +Qy)Se = QS = FSee

Q. X, =V, X, SRT =MX, / SRT =FX,

V,0, = FO,

QiSy = FS;

alilaall & (a0 COD ALl alad) of53Y1s

FS, + f,MX, / SRT + FO, = FS, (4.24)
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Lpme LK) Ada gy a0it ) Goa S AES FOc

Laalal) el JS ¢ gpuall Jaall ALY A gamnll algal) bl 2ol
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1) FXui (Eq. 4.6) and FX0i (Eq. 4.7)

2) Fsi and/or Fspi (EQ. 4.4 or 4.5)

3) Select the SRT

4) MXgny (EQ. 4.9), MXenv (Eq. 4.10), MX,, (Eq. 4.11),
MXy(Eq. 4.12), MXo (Eq. 4.14), MX; (Eq. 4.15) or
select fi, MX; (Eq. 4.17)

5) FO. (Eq. 4.18) and O¢ (Eq. 4.19)

6) Vp (Eq. 4.20)

7) HRT,, (Eq. 4.2)

8) St (Eq. 4.21)
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Wastewater characteristics:
1. Organic load: FSti (kgCOD/d)
Organic matter
2. Unbiodegradable particulate
COD fraction: fs'up
3. Nitrogen load: FNti (kgTKN-N/d)

Nitrification 4. Nitrifier pmax

w

. Wastewater temperature

Nitrification/ 6. Influent RBCOD fraction

 —

Mass TSS in reactor:
MXt (kgTSS)

Anoxic mass
fraction: fxd 4
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8. Sludge Reactor Clarifier
settleability » concentration: X models

Kinetic parameters:

Oxygen demand:

FO2 (kgO2/d) Reactor

volume: Vp FXe

FO2

SST

area:
I AssT

Sludge production:
FXt (kgTSS/d)

Reactor volume: Vp

v

FXt SST

)\

Recycle: High (1:1)

Denitrification

Sludge
: age
6. Influent RBCOD fraction
EBPR

Effluent NO3

\4
Anaerobic and anoxic mass fractions:
fxm = fxa + fxd

Effluent NO3 and PO4

7. Phosphorus load: FPti (kgP/d)
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Influent wastewater COD

Biodegradable COD

RBCOD

F-RBCOD

Internal
acidification

Volatile Fatty Acids (VFAs)

P Accumulating
Organisms (PAOs)

Enhanced culture
steady state equations

PAOs
active mass
0.38 mgP/mgVssS

PAOs
endogenous mass
0.03 mgP/mgVss

Unbiodegradable soluble COD
(effluent)

Unbiodegradable particulate COD

SBCOD
External acid
fermentation
Inert VSS
accumulation
02, NO3
Ordinary Heterotrophic
Organisms (OHOs)
Usual activated sludge
steady state equations
Usual OHOs
active mass
0.03 mgP/mgV5ss
Oh0S Inert mass
endogenous mass
0.03 mgP/mgVss 0.03 mgP/mgVss

Mixed VSS in system has variable P

content (mass P/mass VSS) depending on
proportion of biodegradable COD obtained by PAOs
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(A) 3-stage Modified Bardenpho (AZ20)

ARYA

(B) Phorodex (A/0)

Anaerobic Aerobic

Waste
Anaerobic Primary Aerobic reactor reactor  flow
reactor anoxic reactor
reactor Influent Settler Effl t
nfluent uen
Mixed liquor Waste ‘ >
flow
Influent Settler Effluent
nfluent uen
_>‘_>‘ —> Sludge recycle s
T (C) 5-stage Modified Bardenpho
Sludge recycle s
Anaerobic Primary Aerobic Secondary  Reaeration
reactor anoxic reactor anoxic reactor
reactor reactor
Mixed liquor Waste
(D) Johannesburg (JHB) recycle a flow
Anaerabic Primary Aerobic Settler
reactor anoxic reactor Influent | — Effluent
reactor
Mixed liquer Waste
recycle a flow
Settler Sludge recycle s
Inﬂlljent . . Effluent.
: (E) UCT (VIP)
.......... » Sludge recycle s Anaerobic Primary Aerobic
reactor anoxic reactor
Underflow reactor
anoxic reactor r-recycle a-recycle Waste
flow
Influent Settle Efﬂ t
nfluent uen
(F) Madified UCT (MUCT) > ‘ > ‘
Anaerabic 1st Primary  2nd Primary Aerobic T
reactor anoxic anoxic reactor
reactor reactor Sludge recycle s
r- e a-recycle Waste
flow
Influent Settler Effluent
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—> —> —p .
(G) PhoStrip .
Aerobic
reactor
Sludge recycle s Influent PST ST Effluent
Solids Wasfe
‘ Lad
___________________________ >
(H) BCFS HAc
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reactor anoxic anoxic aerobic reactor Supernatant Stripper
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NHCI, + HOCI — NCI3 + H,0 (8.8)
trichloramine
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