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29) BEEHLMEEZER LRS- BRE-FREOV Iz —a VETIV
SIMULATION MODEL FOR A?0 PROCESS WITH IMMOBILIZED NITRIFIERS

A BBER** IR« ARG EFEX L COF, A7 -p R
Yutaka SUZUKI*, Masahiro TAKAHASHI**,  Markus Haesslein***, C.F. Seyfried™**

ABSTRACT ; A simulation model was developed for a combined activated sludge and biofilm process which was developed to
achieve nitrogen and phosphorus removal without extending the existing treatment facilities. The process consists of an A’0
(anaerobic, anoxic and oxic) process and a biofilm process in the form of fluidized bed in the aerobic zone. In this process
nitrification is carried out by the nitrifiers on the fiuidized media and denitrification and phosphorus removal are performed by the
activated sludge.

Firstly, a biofilm model was developed by modifying the components, biological processes and detachment mechanism of
an existing model, using the experimental results of the fluidized bed process. Secondly, the biofilm model was incorporated
into the IAWQ Activated Sludge Model No. 2 with the addition of a mechanism of transferring detached biofilm to the activated
sludge. The parameter values of this mode! were fitted using the data of a pilot plant during a period of no rainfall. The model
was then evaluated with the pilot plant data for a period of rainfall.

The mode! developed for the combined activated sludge and biofilm process simulated the water quality of the pilot plant
well. Necessary improvements were also discussed.

KEYWORDS ; Nitrogen and phosphorus removal, Activated sludge, Biofilm, Immobilization, Model
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Table 1__Components and processes of IAWQ Activated Sludge Model No.2

Soluble components

Particuiate components

Sa (MeooL™) . Fermentation products (Acetate) Xaur (Mcool™) Nitrifying organisms, which perform nitrification

Saik (MolﬁgLﬂ_' ) | Alkalinity (St — Snoa)

S (Mcopl ") Fermentable, readily biodegradable organic | Fx, {Mcool7) Heterotrophic organisms, which grow aerobically and
substrates, which are directly available for anoxically (denitrification) on S, and S¢ and perform
biodegradation by _heterotrophic organisms both hydrolysis of Xs to Sgunder all environmental

S, (Mcool?) inert soluble organic material conditions and fermentation of $¢ to $, under anaerobic|

Swz (ML) Dinitrogen condition

Spns (MAL?) Ammonium plus ammonia nitrogen X, (Mcool™) Inert particulate organic material

Snos (ML) Nitrate plus nitrite nitrogen Xugoon (MresL™) Metal-Hydroxides

So2 (MoL™) Dissolved oxygen Xuer (MzrssL) Metal-Phosphate

Seos (MpL?) Inorganic soluble phosphorus Xero{Mcool™) Phosphate accumulating organisms

(Ortho phosphate) Xea (Mcopl ) Cell internal storage product (poly-hydroxy-alkanoates,
glycogen, etc.) of Xpao
Xer (MpL™) Cell internal poly-phosphate storage in Xpao
Xs (Mool ") Slowly biodegradable substrate
Xrss (MrssL") Total suspended solids
o

Hydrolysis Transformation of Xs to S by Xy under all environmental conditions

Fer tation Transformation of Sy to S, by Xy under anaerobic condition

Growth of X, Growth of X, on S, and S¢  with either S, consumption of Syos reduction under anoxic condition (denitrification)

Growth of Xpao Growth of Xpao 001 Xpua With the consumption of So,

Growth of Xaur Growth of Xaur on Syus With the consumption of So;

Storage of Xeya Uptake of S, and formation of Xpya at the hydrolysis of Xpp into 8o, under anaerobic condition

Storage of Xz Uptake of Spas and formation of Xpp at the consumption of Xeua and So,

Lysis of Xy, Xpao and Xayr | Transformation of Xy, Xpac and Xaur to Xs and X, with the release of Sy, and Seos

Lysis of Xpya and Xep Transformation of Xpya of Xpp 10 Sa OF Spoy

3 1n the growth processes, uptake of Sy and Spes must be added.
3% Stoichiometric coefficients and kinetic expressions are omitted here.

2. 2 EPEETL

AR L A H R ERIER L ORISR R TET AV E LT,
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7
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ansportatin

L

Substrate transportation
and biofilm growth

Substrate Concentration

Fig. 1
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RBEBEEICI. TEAN Yy X7 b B RA, FRSF 2RSS LCHWE, £, % Run ©
EERREBICBOT, #F EAEHORRKMEEER L ORKEBYREZEE 4 B0 ERICL Y RDT,
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Table 2 Characteristics of Immobilization Media ﬁ ﬁ l' [ emuent
Substrate -
Material . Polypropylene j | ® %U | Reactor
Media 18.5L
Specific gravity  : 1.025 g/em® - =
Configuration . Cylinder with empty inside watar = Compressor
(diameter : 4 mm, length : 5 mm) MBIO
Specific surface area when packed densely 1410 mZ/m3 PP
Specific gravity when packed densely 1 0.271g/em? fowmeter

Fig. 2 Experimental apparatus

Table 3 Conditions for Experiment 1

Influent water quality (g/m3)
Reactor.[BOD [TOC [ T-N [NH4-N Runi | Run2 | Run3 | Run4
A [031 5 25 1 2 | RO B 2 2 !
B[ 725 20 ra75 7257 |
c s tas P25 T3 (m3qy | 00554 | 0.111 | 0222 | 0.444
QFAEEE A Z I LRS- infuent Recirculation __ Sgreen
FIFRIED N Ay b7 b EE (RBRID ¢ immobilization 22?' sedimentation
; = . — media
PLRRLEE L7 FAk% Fig 3 ISR 4 | Emygnt

py b7  IVMCHAR L, ERERE T o2, Y
T E—THETHEEIZASEI L, No. 1 BV

%%%lé%%%f//
/7//%7//?//”{%/ //4 )
el

EPREHE, No. 2 B/ MEEERTE. No. 3 %48 Nod  No2 No3  Nod
{ZIS’E%@JM) B ‘Li%%\%j}ﬂ@ﬁ}/ﬁ*@— No. 4 Anaerobic Anoxic Aerobic Aerobic I
NEBEERMULGREE Uk, $. Return sludge
No. 3 tﬂ/j’sct-()\‘ No. 4 t}b@ﬁ_ﬁ(ﬁg }:{i\ Anaerobic Anoxic Aerocic
R B Volume of aeration tank :10m3(2.5m3 2.5m3 5m3)
BEOTHEH SO ORA Y Y — & &iE Inflow rate - 30 ma/d
L Return siudge ratio 105
= Recirculation ratio of nitrified mixed liquor : 1.5
U7 7 & —DOKEER B RER] (HRT) i Solids retention time -14d

Volumetric ratio of media in aerobic cell : 40%

8h & L. {EMEIBIRD SRT I8 X OMFKAY SRT
ITFENFN14d, d L7,

72, A TARMERICH S L b A Fig. 3 Outline of pilot plant (Experiment II)
OB RKIHBWGEE 2R D79, TAWPRC &

—271-



Activated Sludge Model No.1 %) @OFEIZHEV, Bl&. N F R — VEBRER|IC L ATEMBROESOE
EREITo72, TOED, AEFTLICHNWSONR TWAKEIEE C5H 5 Readily Biodegradable COD (= Acetate
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B, EPREOFBERICBE L L. ERERAFAVTRRBMN L. HL<EFTMEmalz,

Fio, EHHERET N E OB K D72, BT NVOERITEARNIC TAWQ @ Activated Sludge Model No. 2
DFIEE— LT, L L., BEEOD S L Slowly biodegradable COD 13438 R FHME L STV BH, =
B ILPAMRE COD LR 2B X b A2, Table 4 ITRT K 31T, RN L RTHICHV., . EBRIS
WEEEINAT-, ZEBITHEALEEFREEITIA NI VRORXT MR EOESTEHEBY Th o729,
IS IIIAfEM O Slowly biodegradable COD & L TCHE Y # 7=,

EFTNHONRT A—F—D 5 MR ORKELHEBE, MKSEEE. ERFBMEONE, Fi
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SO BER Lo,

Table 4 Definition of slowly biodegradable COD

Definition [Activated sludge Biofilm Modification of hydrolysis process

Hydrolysis Penetration | Hydrolysis
Ss| Soluble OK OK OK Xo/(KeXp+Xs) —  Ss/(Kst+Ss)
Xs | Particulate OK No No No change

Table 5 Parameter values obtained from Experiment 1

Conversion Factors Source of parameter values
Nitrogen:
Soluble Material: Nitrogen content of organic substrate
inss N content of slowly biodegradable 0.1 gngcop

substrate Sg
Stoichiometric Constants
Heterotrophic Organisms Xu

Yu  Yield coefficient 0.8 gcop g'1COD Steady state data of Reactor C
Kinetic constants
Hydrolysis: Max. organic matter consumption rate of
rn = Hydrolysis rate constant 1.5 d’ Reactor C by batch test
Nitrifiers:
U aut = Maximum growth rate 0.25 d’ Max. nitrification rate of Reactor A by batch test
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Recirculation {Qc)

Effluent and
Excess Sludge
(Qin)

Influent  125m3  y|25m3  |25m3  [25m3

L ey ey O e g M e

Anaerobic Anoxic Aerobic Aerobic Receiving Tank
Mixed Reactor Mixed Reactor Mixed Reactor Mixed Reactor Sludge Sedimentation
with Biofilm with Biofilm
(@n
1.8m3
Return Sludge (Qr)
Sludge Zone
in Clariffier
Name of flow Flow rate | Flux of soluble matter | Flux of particulate matter
(L°m) (M) (M)
Recirculation Qc QcC QcX
Sludge sedimentation (or Return sludge) Qr QrC (Qin+Qr-Qex) X
Effluent and excess sludge Qin Qin C Qex X

C: concentration of soluble matter (M/L>)
X: concentration of particuiate matter (M/La)

Fig.4 Structure of the model of A0 process with immobilized nitrifiers
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ERE LT,
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Fig.5 Biofilm detachment rate
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Detachment
Intensity
A e W Y a) Surface detachment
o A Very thin layer of biofilm is detached
o 7 f from the biofilm surface
o ‘ | b) Depth detachment
o b-1) Certain depth of biofilm is detached
/ . 7 - I o at a gradient rate
L 7 ] . - b-2) Certain depth of biofilm is detached
i T g - at a constant rate
b-3) Whole depth of biofilm is detached
a b1 b2 b3 at a constant rate

Fig.6 Assumptions of biofilm detachment mechanisms

kB, YT alb—3asd, Table 5T/ L-EBRME & IAWQ Activated Sludge Model No. 2 DHFIZHR &
NTWBRT A—=F —HERANTITo 5, Table 6 IZTRT /87 A—F— DWW T, RNTA—F—T 4 vF
4 T ORER, FHIORTEE Uz, AR OIEREIC W T Table 7 (0RTEE RV 2,

Table 6 Parameter values Table 7 _Molecular diffusion coefficient

Kinetic constants

Hydrolysis: . Symbol |Substrate| Diffusion coefficient
Ks = Saturation coefficient for soluble 40 gcopm® ()

slowly biodegradable COD (Ss)

Heterotrophic Organisms: in Water [in Biofilm
bH = Rate constant for lysis 0.10 d” — —
Knna = Saturation coefficient for ammonium ~ [0.05 gym™ Da Acetate 11x10 0.8x10

Nitrfiors, e Dax  |Alkalinity [1x10°  [0.8x10°
baur = Decay rate 0.05 d’ Dr Sr 6x10°  4.8x107
KnHa = Saturation coefficient for ammonium |0.20 gNm"3 - =
KaLk =Saturation coefficient for alkalinity {0.10 molexcosm™ Ds Ss 1x10 0.8x10

Biofilm: 7 7

_ D
Xf = Biofilm concentration 25,000 gVS/m® nwa o NHs 16x107 11.3x10

Dnos  |NOs 12x107 [1.0x107
Do |02 2.2x10% [1.8x107
Dros  |POs 15x107 [1.2x107

@) vIal—ia U ER

VI ab—a UFER % Reactor B MEFAITOWT Fig 7 1R T, APBEE S B L UMLEK COD BEIC-
WTHL, EPBEOFESENNThOSETH, HbARERICERERFHRTIZENTEL, LiL,
SLTEA NH-N BRI 20T, AR S 2RIz e - THBET 2 L UE L7254 (b-3) 1D, Rund D3
BRERIGEWVVEE T2 R TER, 2hid, EPEOFBEHEEE a, b-1, b-2 L{RELEZBAICIE. Fig. 8
D b2 (LK E UTRTE I, BEHEREMEIC D> THEET 0I5 L, AR S HEES
B ERE LA (-3, AWERE T CBWTIHEMBEBFE LRV E 2 RRESE L D720 TH 5,
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Fig.7 Simulation results with four detachment mechanisms (Reactor B of Experiment 1)
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Fig.8 Distributions of biomass
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EMBEET VOB ERRD L Lol T A
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Table 8 _Influent water quality and operation conditions
No rainfall| Rainfall
influent water quality
Sa (mgcool ) 32 16
) 3 3
Sk (Mgcool ) 9 5
Ss (mgcooL'1) 13 0
S (mgcooL'1) 15 14
Siia (MgnL ™) 18.7 16.8
Snos (ML) 0.09 0.03
Soz (mgol ™) 0 0
Spos (MgeL ™) 2.15 14
Xs (Mgcool. ) 75 60
Xi {mgcopL™) 15 10
inss (g cop) 0.04 0.04
Operation condition of
aerobic cells No0.3[No.4|No.3 [No.4
Soz (Mgol ) 1338|2050

Table 8 Parameter values different from biofilm

model

Stoichiometric Constants

Heterotrophic Organisms Xn

Yy  Yield coefficient

0.63

B
gcop 9 cop

Kinetic constants

Hydrolysis:

= Hydrolysis rate constant |6
= Saturation coefficient for
particulate COD (Xs)

Kx

0.05

d
gcong 'con
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