TAWPRC Report (Activated sludge process No.1)

Method of Model presertation
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Model incorporating carbon oxidation, nitrification, denitrification
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< Charaterization for carbonaceous components>

Nitrogeous matter
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Readily biodegradable ----- > Heterotroph ] Aol A& - > AFEEH Inert organic
matter 234 (slowly biodegradable) -----> Hydrolysis -----> T}A] readily biodegradable

Nitrogeous | 41 2] HF-§- mechanism

) 5-F°] ammonia nitrogen (soluble organic nitrogen -+ heterotroph o 2] 3]
ammonification)

----- > autotrophic nitrifying bacteria ol 2] 3] nitrification (Nitrate) -----> Anaerobic 3 El ©l| 4|

AR 8 A= 283510 nitrogen gas = 73} (Denitrification)

- Components in mathmatical model
Soluble inert and particulate inert organic matter
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- Processes in the model
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Anoxic growth of heterotrophic biomass with nitrate nitrogen as the terminal electron acceptor
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(by XBH) (by XBH under aerobic)
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Mass balance of IAWQ model in bioreactor
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Stoichiometric parameters

Ya g cell COD formed (g N oxidized)™ 0.24
Yy g cell COD formed (g COD oxidized)™ 0.67
fp dimensionless 0.08
ixp g N (g COD)" in biomass 0.08
ixp g N (g COD)" in endogenous mass 0.06

Kinetic parameters

1

Ly day’ 4.0
Ks g COD m™ 10.0
Kon g0, m” 0.2
Ko gNOs-Nm™ 0.5
by day’! 0.3
h, dimensionless 0.8
hy, dimensionless 0.8
K, g slowly biodegradable_ 1COD 3.0
(g cell COD . day)
Kx g slowly biodegradable COD (g cell COD)’! 0.1
i, day™ 0.5
Kxn g NH;-N m” 1.0
ba day™ 0.05
Koa g O, m”> 0.4

Ka m’ . COD(g.day) 0.05



TAWQ Model No.1 List of Processes

1. Aerobic growth of heterotrophs

= X
P ;UH(KS 1S, j{ Koyt SOJ B.H

2. Anoxic growth of heterotrophs

= ’ X
P IUH(KS + S j[ KO,H +8o N Kyo +Syo Yo
3. Aerobic growth of autotrophs

N Svy So
= X
P /‘A[KNH S, j(Ko s, B, A

4. Decay of heterotrophs

Py = bHXB,H

5. Decay of autotrophs

Ps = bAXB,A

6. Ammonification of soluble organic nitrogen

Ps = kaSNDXB,H

7. Hydrolysis of entrapped organics
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—hy h B,H
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8. Hydrolysis of entrapped organic nitrogen
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SNO

Variables Processes Parameter values

SI (i=1)
SS (i=2)

XI (i=3)
XS (i=4)
XB,H (i=5)
XB,A (i=6)
XP (i=7)

SO (i=8)

SNO (i=9)

SNH (i=10)

SND (i=11)
XND (i=12)

SALK (i=13)

KX+(XS/XB,H) Ko +So Ko +So

=0
1 1
6 =_Zp1 _sz TP
r,=0
r=0-fp)ps+ A= fp)ps— p;
5=P TP, =P,
Ts = P~ Ps
= JpPst JoPs
= —I_Y’;H pi- 4'5;1_ L,
1-Y, 1
Ty = _2.98YH P> +Y_Ap3

. ) ) 1
Ho = 7lxgPr — g — [ZXB + 7

A

N1 =—P+ Ps

I

jps + P

KNO + SNO

hy = (iXB - fPiXP )p4 + (iXB - fPiXP )ps s

] 1-7,
M3 =18 5t T
14 14%2.86Y,

Iy .
14 jpz {

Lxp

J}XB,H (XND /XS)

1 1
14 7YJP3 147



Mass balances

1. Heterotroph biomass concentration

17).4 K
2 = o % % +17, — So —by | Xpu
dt K, +Sg Koy t+S, KO,H+S0 Kyo+Svo

2. Autotrophic biomass concentration
dXx
= ny S % -b, Xp 4
dt Ky +Sw \K,+S,
3. Concentration of readily biodegradable substrate
ﬁz _'[I_H SS SO +n KO,H SNO +
Y \Kg+Ss )|\ Koy +S, N Kou+So \Kyo+Swo

dt

XS/XB,H SO KO,H SNO

h +77h XB,H
KX+(XS/XB,H) KO,H+SO KO,H+SO KNO+SN0

4. Concentration of slowly biodegradable substrate

170.4
> = (l_fP)(bHXB,H +bAXB,A)_

dt
X/ Xy [ S, J+ ( Ko ]( Swo ] v
h up B.H

KX + (XS/XB,H) KO,H + SO KO,H + SO KNO + SNO

5. Concentration of inert particulate products arising from biomass decay

170, 4
dtP = fP(bHXB,H +bAXB,A)

6. Concentration of particulate organic nitrogen

170.4 ) .
M = (lXB = folxp )(bHXB,H + bAXB,A )_

dt

XS/XB,H So KO,H SNO

h + 1 Xon
KX+(XS/XB,H) KO,H+SO KO,H+SO KN0+SN0




7. Concentration of soluble organic nitrogen

X /X
dSND = l: kaSND + kh S/ 2 {{ SO J-ﬁ-

dt Ky + (X /X, 0 )\ Ko +S,

77;{ Ko J( Sxo J X
B.H
Koy +So N\ Kyo+Sxo

8. The ammonia concentration

ds . oA S S K
M=\ — iy il > © +1, —
dt Kg+S8s )|\ Koy +S, Kon+S,

YA KNH +SNH KO,A +SO

9. Concentration of Nitrate

J} + kaSND]XB,H

KNO + SNO

dSyo =—j1,n 1-Y, Ss KO,H Sxo
dt 1 2.86Y, \ Ky +S5 \ Koy +S0 N\ Kyo +Sho
& SNH So X
YA KNH + SNH KO,A + SO i
10. Oxygen concentration
ds ~ [ 1-Y, S S,
o _ " H s o XB,H _
dt Y, NKsg+Sg \ Koppy+S,

(457-
m( 57-7, ]( S J[ S, ] X,,
YA KNH + SNH KO,A + SO

11. Decay ratio
b, =—b i
1-Y,(-73)

12. Fraction of inert material
(1-Y,)
/i P = . f 'P
1-7, Hf P



Stoichiometry

Component — i 1 2 3 4 5 6 7 8 9

j Process Jr SI SS XI XS XB,H XB,A XP SO SNO

Aerobic growth 1 1Yy
of heterotrophs Yy Yy

Anoxic growth 1 1 __ 'H
of heterotrophs Yy 2.86Yy

Aerobic growth ) 4.57 N 1
of autotrophs Y, Y,

‘Decay’ of
1- -
4 heterotrophs Ir ! T

‘Decay’ of
1- -
> autotrophs Ir ! Ir

Ammonification
6 | of soluble
organic nitrogen

‘Hydrolysis’ of
7 | entrapped 1 -1
organics

‘Hydrolysis’ of
entrapped
organics
nitrogen

Observed Conversion r;
Rates [ML>T"]

I

< M
<5
>

Stoichiometric
parameters:
Heterotrophic o £
yield : Yy IS B 2 " £
A hi 5 Z S = 3 ” 9
utotrophic 5 =z g 2 s @ a7y -
. < .
yield : Y5 g 2 s | B g | g 2| A Ed
: . = o = 5 5 €0 g S
Fraction of biomass o = g _% o 5 e} 8 £
. . . = < 1 b=
yielding particulate | § . g 3 = 2 2 s P °
50 &, > =
products : fp 5 & 5 g 2 g = | =
— — — — — — b o =
Mass N/Mass COD 57| B, -S"-_’_] {‘8"‘_’_] g‘?_] g7 & § &0 £
. . . = Q Q SN
in biomass : ixg ERl SR |5Al B5AQ Ea ‘ga g :8 gi
o > = =
MassN/MassCOD |2 S| £ |88 _;8 eS| 28| B é S0 %g
1 = < 2 = = B > L =
in products from = E’ S E’ = E’ o E’ 5 E 5 E ERS| v E’ £
biomass : ixp = N Ll =" IR ZE =" [l =T v =] RV o zZ =




10

SNH

11

SND

12

XND

13

SALK

Process Rate, p; [ML T"']

- IxB

- IxB

—lxp

iXB _fPiXP

ixg = fpixp

p7(Xnn/Xs)

NH4+NHj nitrogen

[M(N)L*]

Soluble biodegradable

organic nitrogen [M(N)L"]

Particulate biodegradable
organic nitrogen [M(N)L"]

Alkalinity — Molar units

Kinetic Parameters:

Heterotrophic growth and decay:

/&H ) KS: KO,H) KNO) bH

Autotrophic growth and decay:

;&A s KNH’ KO,AJ bA

Correction factor for anoxic

growth of heterotrophs :n,

Ammonification : k,
Hydrolysis : ky, Kx
Correction factor for anoxic

Hydrolysis : 1y,




