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Simulation of a Media-added Anaerobic-Anoxic-Oxic Process Using an Activated Sludge Model

by Hiroshi SAKUMA, Tatsuya DEGUCHI, Kenji SAWAI, Ryo FUJII, & Masaaki NISHIMOTO

A simulation of a media-added anaerobic-anoxic-oxic process was done using an activated sludge model to study the water quality.
Experimental data obtained from the continuous treatment of actual sewage by a pilot plant was used. Studies revealed that the changes
in the water quality resulting from the simulation and that from the experiment matched, thus suggesting that it was possible to simu-
late treatment at an actual plant. It is expected that improving the constituent ratio of organics in the raw water, as well as the biofilm
model itself would heighten the precision of the simulation, thus making it possible to use simulation for supporting operation manage-

ment and design planning.
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Table 1 Components in the ASM2d

No| % | w5
<IBSRTER S >
Dissolved components

1 Soz ayEdliE
Dissolved oxygen

2 Se | WS LRLT VRS

Readily biodegradable substrate

3| Sa | FEERENH (WERR)
Fermentation products (acetate)
4 | Sy | NH&N
5 | Sxoz | NOx-N
6 Spos | POSP
7 St | WSS N AN 2 R AT B

Inert non-biodegradable soluble organics

TV A JE

Bicarbonate alkalinity

EFRAA (BEFIEO AR THRL)

Dinitrogen (product of denitrification)

< [R5 >

Particulate components

W IR S T AT 2 B A B

Inert non-biodegradable particulate organics
EWGR LI WWE ; &5, aaA F, SStk
FEW 7 & WARIVINIK G 8 % S0 ) Splfisr & S
|

Slowly biodegradable substrate

Telm AN T

Heterotrophic biomass

D AZERGME (PAO)

Phosphorus accumulating organisms
PAOICERENL AR ) AR

Stored poly-phosphate of PAO

PAO OB SN D W 5 Poly-hydroxy-
alkanoates (PHA), 7V a—rrilk
Organics storage products of PAO

Nitrifying biomass

17 | Xrss | TSS

18 | Xyeon | FWAKERALY ; D A LREET 28R OKERILY .
fRFEIIZI1Z Fe (OH),

Metal-hydrooxide

&8 VB ; MePO,(FePO,)

Metal-phosphate

8 S:\LK

9 Sxe

10| X

1] Xs

12| Xy

13 XPA()

14 pr

15 XPI].r\

19 XMeP
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Table 2 Definition and typical values for the kinetic parameters of ASM2d

i 20T 10T Hfi i 20T 10C HfL
Temperature Units Temperature Units
ETPE R 53 Xs DI 53-8 D AERME (PAO) © Xpao
Hydrolysis of particulate substrate Phosphorus-accumulating organisms
K, ﬂu%ﬁf‘#iiﬁl 300 200 d°! Qs PHA O 300 200 g-Xpma: (g-Xpao) 1d !
Hydrolysis rate constant Rate constant for storage of Xpya
oy SERFEIRREIZ 5515 B A3 R (base Xpp)
WORE , 060 060 - W K BRI 150 100 gXpp. (gXpno) 'd”!
Anoxic hydrolysis reduction factor Rate constant for storage of Xep
e ) - s SV NN P —_
Nie ﬁﬂ/{k?ﬁkk 75 1JHI7J<57 %(ﬁ@ FRE 040 040 1t pro PAO D e AT i 100 067 d°!
Anaerobic hyifobf?ls reduction factor 73 Anaerobic hydrolysis reduction factor
Ko DOORAVEERR 020 020 g0m Do MEFREC BB EOMMRE 060 060 -
Oiggglon mhibition coetlicient for Reduction factor for Anoxic activity
. o
Kaos B0 SUH1/ HEAR 2 050 050 gN'm”’ brao iftg gﬁ”’iffx 020 0lo d
Saturation/inhibition coefficient for : VOIS OF Reno )
nitrate bep RV VBRI REIE 020 010 d°!
Ky [ COD DRI H 010 010 gXs- (gXy)"! Rate for lysis of Xy |
Saturation coefficient for particulate beus  PHA D53 HUE 020 010 d
COD Rate for lysis or Xpya
R X Koz DO Ofifll/MHERE 020 020 g-Oym”*
Heterotrophic or gnanisms Saturation/inhibition coefficient for
= ; R oxygen
wn BRI 600 300 d°' , .
Maximum growth rate on substrate Kyos gH@@ﬁ_t"lfﬂﬁié . S 050 050 gN-m™*
" IR 300 150 @S (g-XH)’l 4! aturatmlrlh c.f)e iclent for nitrate, Syoz .
Maximum rate for fermentation Ka SA@ﬁﬁﬁ]Eﬁ . 400 400 ¢-COD-m
Mxos BRI O WA REL 080 080 - Saturation coefficient for acetate, Sy
Reduction factor for denitrification Kay KBEHELTOT VBT ORBARE 005 005 gN'm*
by TEMEREE R 040 020 d°! Saturation coefficient for ammonium
Rate constant for lysis and decay (nutrient) )
Ko, DO D8RI/ MERK 020 020 gO,m~* Kps RV VBEEICBIT2Y) v offlER 020 020 gPm™?®
* Saturation/inhibition coefficient Saturation coefficient for phosphorus in
for oxygen storage of PP
Ky SFRHEFEL LIRS ET 2M0AEH 400 400 gCOD'm™* Ky RAEHEELTOY ¥ ORI 001 001 gPm™®
Saturation coefficient for growth on Sg Saturation coefficient for phosphate
K. SFORRAZBIT2MAEN 400 400 gCOD-m® (nutrient)
Saturation coefficient for fermentation Kux 7VHY) EORRIER 010 010 mol-HCO; *m™~*
of Sg Saturation coefficient for alkalinity
Ky SAZIEE L7WRICBY 28MER 400 400 gCOD'm™* (HCO;)
Saturation coefficient for growth on Kpp KV VEROSIRIER 001 001 g-Xpr (g-Xpao)'
acetate Sy Saturation coefficient for poly-phosphate
Kyos MR A/ BLE AR R 050 050 gN'm~™ Kyax PAODBKH) Y V& HE 034 034 g-Xpp* (g-Xpao)
Saturation/inhibition coefficient for Maximum ratio of Xpp/Xpao
iltrate ‘ ( ) . Kpp KUY v BREFEOMIE E 5 002 002 g-Xpp (g-Xpso) !
Ky A k Lo 7YEZT @ﬁﬁﬂﬁﬁ 005 005 gN'm Inhibition coefficient for PP storage
Satu{atlon coefficient for ammonium Koys PHA OSIAIEH 001 001 gXena (@Xpao)!
(“nutrlent) , . Saturation coefficient for PHA
Ke REHELTOY v OfARK 001 001 gPm™*
Saturation coefficient for phosphate
(nutrient)
Kux 7VHY EORRIER 010 010 mol-HCO; *m~*
Saturation coefficient for alkalinity
(HCO; )
AL G2 FEA) © Xaor A3
Nitrification organisms (autotrophic organisms) Precipitation
tavr TALHIE O Rl L 100 035 d! o BRI 100 100 m® (g-Fe(OH)y) "+d"!
Maximum growth rate of X,ur Rate constant for P precipitaion
bagr  BHALAITE DB 015 005 d°! e TRV 5L 060 060 d!
Decay rate of Xaur Rate constant for redissolution
Ko, DODfaMER 050 050 gOym™’ Kux 7V Y BEORAIER 050 050 mol-HCO; 'm ™
Saturation coefficient for oxygen Saturation coefficient for alkalinity
Ky #EEELTOT VY EZT OfRIER 100 100 gN-m™
Saturation coefficient for ammonium
(substrate)
Kux 7VHY EORRIER 050 050 mol-HCO; *m™*
Saturation coefficient for alkalinity
(HCO; ")
Ko FEHELTOY v OfflER 001 001 gP-m’

Saturation coefficient for phosphate
(nutrient)
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Table 3 Stoichiometric matrix for ASM2d

.
& Sop Sp Sy Sy Sxos Seos St Saik Sy X Xs Xy Xrao Xep X Xaur Xrss | Xueon | Xy | HUBTTEA
g0, g-COD | g-COD N &N g-P g-COD mol N g-COD | g-COD |gCOD |g-COD | gP g-COD | g¢COD | g-TSS |g-TSS |g-TSS
Process j
1 I=fa Vi, NH V1,p01 fr Vi ALK -1 Vi, 1ss I SARTE DK 3
2 1~fy Vo Nig V2, pos fa Vo ALK -1 Vo 1ss SEFEFARIE D MK 57
3 1=f V3, N4 V3,p01 fr V3, ALK -1 V3,185 BREARTE D INIK 31
4 1-1/Yy | -1/Yy VN Vipot Vi ALK 1 Vitss Spa HE & L7 Xy Ohgil
5 1-1/Yy -1/Yy Vs N V5,004 Vs, ALK 1 V5,188 Sy B & L7 Xy 05l
6 /Yy V6, NH4 -(1-Yy) V6, P04 Ve, ALK (1-Yy) 1 V6,155 SR EEE LNE
/2.86Yy /2.86Yy
7 /Yy V7N -(1-Yy) V7,po4 V7.ALK (1-Yy) 1 V7,188 S\ R L7aBiE
/2.86Yy /286Yy
3 -1 1 Vs, NH4 Vs, P04 Vs ALK V8 188 FERE
9 Vo, NH4 Vo, pos Vo, ALK fa 1=/ -1 V9,155 Xy DI
10 -1 Yros V10, ALK ~Yros 1 Vio, 188 Xpya D Wy
11 ~Ypua -1 V11, ALK 1 ~Ypua Vi, 1SS BFRARBEIZ B 5 Xop DI
12 = Ypya/2.86 -1 Vigak | Yena/2.86 1 ~Ypua V12,158 IERARTE I BT 5 Xpp DI
13 1=1/Yppo V13, NH4 ~ippy V13, ALK 1 ~1/Yeao V13,188 Xy 2 FIH L 72 Xpao DA
B0 5 8m
14 V14, NH4 =(1-Ypy0) “ippyt V14, ALK (1-Ypao) 1 —1/Yeao V14,188 Xpyp &R L 72 Xpao D MR
/2.86Ypr0 /2.86Ypa0 FAEZ BT B R
15 V15, NH4 V15,P04 V15, ALK far I=fa -1 V15,188 Xpao DFLH
16 1 V16, ALK -1 V16,15 Xpp DI
17 1 Vi ALk -1 Vinss Xoa D5
18 _(4<%_YA) =ixpn—1/Y 1/Y, —lppyt V18, ALK 1 V18, 1SS Xavr (L) oRmm
/Xy
19 V19, NH4 V19,P04 V19, ALK fu 1-fu -1 V19,18 Xaur DL
20 -1 V20, ALK 142 =345 | A87 | BEARIMICLLYAD
L
21 1 Va1, ALk -142 | 345 | 487 | W L72) ADOTHER
icon,i -1 1 1 -14/64 1 —-24/14 1 1 1 1 1 1
iy, iN,5F 1 1 in,s1 1 i1 in,xs in,BM N, B ix,BM
in,i i, 57 1 ip,s1 ipx1 ip, x5 ip,BM ip,BM 1 ip,BM 0205
iCharge,i -1/64 +1/14 -1/14 -15/31 -1
irss,i s, x1 itss,xs | issev | drssen | 323 0.60 155, B -1 1 1

Vi 7O AICBT B ORI, i KO TOWE c ~NOEIAREL  (vy; i) =0, iyg(g-N/g-COD) ; SONEHH (001), iy s(g-N/g-COD) ; SeONEHHK (003), iyx (g-N/g-COD) ; X,ONEHAHK (002),

inxs (gN/g-COD) 5 Xs ONEAHZE (0.04), iy sy (gN/g-COD) ; BAEY (Xu, Xavr, Xeao) ODNEHZE (007), ipg(g-P/g-COD) 3 SSOPEAHZE (000), ips(gP/gCOD) 5 SeOPEHZ (001), ipxy(gP/gCOD) ; XiOPEAHZE (0.01),
ipxs (gP/g-COD) ; XsDPEATH (0.01), ip gy (g-P/g-COD) 5 A Xy, Xavrs Xpao) DPEAH (0.02), iz (g TSS/g-COD) 5 X;® COD A& SSNHELIH (0.75), irgs xs (g-TSS/g-COD) 3 Xs® COD %> 5 SSAH4i I (0.75),
irss, s (2-TSS/g-COD) 5 MEM (Xyy, Xaurs Xpao) D COD 25 SSAHALILE (0.90), fy (2=COD/g-COD) ; Xs OISR & 1 2L U 2 Rifith: % w1 COD o4 (0.00),

fx(g-COD/g-COD) 5 AWM DILRIZ & 1 4 U 2 AL KR COD DFlE (0.10), Yy (g-COD/g-COD) ; e Szl 14 DL

(0.625), Ypao (g-COD/g-COD) ; PHA 272 ) @ PAO DL

(0.625),

Yroi (g-P/g-COD) 5 PHA OWFHI ML AR ) Y BR (PHA BRI BUIN S 41% POP) (040), Ypua (g-COD/g-P) 3 U W Y ERIFHICLE AR PHA (0.20), Y, (g-COD/g-N) ; LB DU (0.24)
(1) EREBIISCR OFEINN O Efif i ASM2d T/R EN TV MBI 2 fETH 5,

Al L T YRELTA R O P SE SRS Y e Y 3k T
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Fig. 1 Flow sheet of the pilot plant

g4 My bTT Y oOEEE
Table 4 Operational condition of the pilot plant

x5 EAKRTOEREWE S O

Table 5 Organic components ratio of influent

Sy B 2 COD LT 5 Je

COD ratio of soluble organics except S;

FEEAECOD A % Hee

COD ratio of particulate organics

MR LR B (Se) ¢ 06
Readily biodegradable substrate
AR (S)) ¢ 04

Fermentation product

(AU 2 W RRE R4 (S) © 20 mg/L)

Inert, non-biodegradable organics

A% SSTERS (X)) * 012
Inert, non-biodegradable organics
SR DY (Xs) 072
Slowly biodegradable substrate
FERFAEANE (Xp) © 015
Heterotrophic organisms

D AR (Xpao) © 001

Phosphorus-accumulating organisms

TALAE Xar) © 0

Nitrifying organisms

F6 HHK L RLRETFIRO RS 7 D FAE
Table 6 Bifurcation of recirculation components and return
sludge components

TEAK = 28 m*/d
Inflow rate et (m/d) IR (S) | BIEERS (X)
THALAE B 25 D (g/d) D (g/d)
Nitrified liquor recirculation ratio Amount of Amount of
G E 05 Flow rate soluble particulate
Return sludge ratio components components
SRR s R T[] 8h TEBRAK 0 oS 0-X
(A - HERR R © T4 (13:4:27) Recirculation ¢ c c
Total retention time of reactors I
(Anaerobic : anoxic : aerobic) }%Zﬁﬁsﬁludge Q: Q.S Q.+~ Q)X
SRT 9.6 H

(73H~124H) %I%ﬂ% .

2 SRETGRE Bt @ QS QX
AR 16:v/v% Efffuent with | (50kH £ L) (RHTBIRR)
Media charge ratio excess sludge

1) S 5 IR O
X 5 BB 0 (ﬁi‘ﬂ#ﬁ@MLSSﬁ‘Z}j‘
Qu X s BFHRE, Q. =V/SRT &i&E (Vrldoln &7k
AT 1994455 H A5 199543 H £ ToOR 11HE A Mo . ! remERTEEE
W T — & L O3 EER T — 7 & 7z,
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TEBTK (Q)

Recirculation
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BTG (Q,)

Return sludge

K2 YIalb—varilBlraHyo—
Fig. 2 Process flow for simulation
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bOWRREGRIC D Z L 2 KT D72012, REHR
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WG % B8 L7ze WIRVERLT SO W Tidim s I He s L
Teme LTHRELL, &b, #HBREEI M uy VT
T MNEBOSRT DT — 7 HRD7=,

4-4 FEMTERETIRUBFEHETT IV

WEPEBIRE T VI ASM2d &2 wize 7V LD &Kos
T A — Z R REIZFEARIIZ ASM2d IR STV B4R
KM %E 7z,

FEME IS0z, BEEOXZ 8N
TLUEND L, HEMODO % AN &fFE LTS 272
Yitr, HEAEZBT 2MEMHFORILLT O L9 12K
T& 5%,

dSoz/dt=K (So;" = So2)

T, K3 So* 13FEAME e DO

D DO (Sgn) H3So" DED ST NARVEHITT
5 720021E, BRI HE 2 5 ICB T % DO
EXDFHRELTE KOEETHSRELTS) BE
b, T T, KOfEE 10000 d'& L7z F72,
So2" \ZFEBRIZ BT 2 4F5HE DO FEHME & v 7z,

4-5 EYREOFH

PRI L7 T 2 B EsRt 2R TIC
R o EWEOEAIZ1I00um T—EEREL, 7SV
A & AW B 2 W IZ D SS K55 D B B 78 7%
Wbk Lz, $hbh, EWBENIBN BRSO
AOBE)L, WAROMA I AW ILIE 2 S HEET 21
WL Lze AWIREIN O R R 55 O EBAR B SOk %
=12,

K7 WO &M
Table 7 Condition of biofilm

THARLE g
Media diameter 4zmm (BRiR)
YRR 100 2m
Biofilm thickness :

HEW I 0> % 1 3
Biofilm density 25000 g-COD/m

4-6 EPEBRO>IalL—2ar

MISEBROY I 2 L—3 3 i, H5EBRIERE O
PHRRL AW OIRE LY KILT 572012, WKk T—
FIZE DY I b= a v EERRGY S 5 IR N
HE Tfiv, ZoREEZONEMEL L TiIT-72,

5. >Ialb—Ya DR

5-1 EfREBRNIalL—Tar

IFEAE DO MLVSS ROVLBREFE DY I ab— g3~
MEER IR T . M3ICIEKIRDOERT— 5 P T
w720

(1) MLVSS
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Fig. 3 Simulation of the pilot plant experiment

IoNZ R No. 201 (2003-10)



AR AL - ER R A AL O RET VY 32 b —2 g v

FEAKIE14390HH (28.5C)
Test on the 90th day
35
5 30 7N
S~ P

E [AY
7 20 gw/ O NH/N7—% Data ||
& /b< #ANH4-N Simulation H

o 15
. A NO3-N7—% Data I
Zér O |77 - FI$ENO3-N Simulation
: 5 o
0 1 1 1
0 1 2 3 4 5
B ()
Time
KR 4270HE (13.7C)
%5 Test on the 270th day
A A
2 30 ~ o
%ﬂ 25 } //' -~
Z 20 FO—t——"4 0 NH/N7—% Data
S 15 o el #I#ENH4-N Simulation ||
Z, A NO3-N7—% Data
Z 10 9'//(;,\ ”””” FIRNO3-N Simulation [
CRy s
N \Ou
1 O O 1
0 1 2 3 4 5
B ()
Time

R4 HEOLHGTFERDY I 2L =Ygy
Fig. 4 Batch tests for nitrification performance of media
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