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Modeling and evaluation of treatment performance
in pre-precipitation and biofilm process

BB AT FE T . BRSO WmEEH | Azt
Hiroshi TSUNO®, Isa0 SOMIYA®, Fumitake NISHIMURA*, Hiromasa KUSUDA**, Naoyuki WATANABE***

ABSTRACT; Mathematical models are developed to evaluate treatment performance in a pre-precipitation and biofilm
process which is operated for phosphorus removal and nitrification as well as BOD removal. The biofilm process is a
fluidized medium reactor with polyurethane foam. Treatment performance is also evaluated by fractionation method, in
which pollutants are separated by particle size with filters (pore size; 105, 1.0 and 0.1 micro-meter). A distribution matrix
model is developed to show the change in distribution pattern and concentration of each particle size through precipitation
and sedimentation. A mathematical model developed for biofilm reactor, which can simulate the competition between
autotrophic and heterotrophic bacteria with respect to attached surface of the medium, is demonstrated to predict the
treatment performance (BOD removal and nitrification) by comparing the simulated results with experimental results.
With these models, the pre-precipitation and biofilm process is evaluated with respect to hydraulic retention time and
recovery of organic sludge by comparing with primary sedimentation and biofilm process. As a result, it is shown to
shorten the hydraulic retention time and increase the organic recovery effectively.

KEYWORDS; Model, Pre-precipitation, Biofilm, Sewage treatment, Nutrient removal
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y = Ax )
I Ty AlRSTT4ROR S RITHITH . BELRBL Table 1 Distribution matrix
BEAOBEOEBAZIT-ETHEEEET 5,
. i N COAGULATION - PRECIPITATION PROCESS
FoZOF AL, BB B L URBRLBAEIC o1u.poDs P
LEHTIIHBIEEL, BARTINIE (BE) 2L 000 1000 1.000 0.000 1000 1000 1.000 0.034
BT B0 T& & BUBICEHE L ToRob i, £ /L 0000 0.000 0000 0.148 0.000 0.000 0.000 0.041
= L e —° " |0.000 0.000 0.000 0.074 0.000 0.000 0.000 0.782

L THERT BRI RTINS, RGBT DL ES 2L 0000 0000 0.000 0074 0.000 0.000 0.000 0.075
B HEAKIZE O v —F R b (B3P ; 130rpm. G [0.000 0.000 0.000 0.704 0.000 0.000 0.000 0.068
fli137sec'y 2.557F8. BEHEHE ; 30pm. Gff1Ssec’s 10

PRIMARY SEDIMENTATION PROCESS
AR L U305 R O 42BREDNSUTD A1y-sobs P
IHITEE U, BB X URKREBALBEIOH [1.000 0861 0.000 0.000 1000 0.413 0.000 0.000
A\ %ﬂ{:ﬂﬁ:@?‘lﬂﬁkﬂﬂ(ﬁiUﬁ%if&é%ﬁﬁaﬂgﬁ 0.000 0.139 0.280 0.000 0.000 0.270 0.000 0.000

0.000 0.000 0.400 0.000 0.000 0.213 0.616 0.000

kD302 #EHD EEKISOWTRBRICHEE U |o000 0000 0320 0037 0.000 0.000 0.384 0.063
ZHAUBADEHEa; L LT, ial]_:l;s;(j;@xgg\ 0.000 0.000 0.000 0.963 0.000 0.000 0.000 0.937
j=1

SEHTFOH BT &5 &M FTARE 2 L— SECONDARY SEDIMENTATION PROCESS
o T ATU-BODs P
Y a5 Y AETFVREDICE DRI LIS 8O0 10 0317 0000 0.000 1000 0.413 0.000 0.000
R EFINAEE LIZRT, JORISHEELBRTOD Joooo 0575 0.000 0.000 0.000 0.270 0.000 0.000
BRI EALE — 8 & L. % OIEAR|SFe/SSE LY, |0.000 0108 0618 0000 0.000 0317 0.616 0.000
o 3 0.000 0.000 0.382 0.122 0.000 0.000 0.384 0.063
10%D—EE UIBHaTH B TIETIVTREAFe |00 0000 0000 0878 0.000 0.000 0.000 0.937
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Table 2 State variables

Fig.1 State variables and transformation paths incorporated in model

symbol state variable dimension
Xu |attached heterotrophic bacteria mgCOD/cm?
Xa |attached autotrophic bacteria mgCOD/cm?
Bu |suspended heterotrophic bacteria mgCOD/L
Ba [suspended autotrophic bacteria mgCOD/L
Cps |non-biodegradable particulate organics | mgCOD/L
NBs {nitrogen content in Cbs mgN/L

Cs |biodegradable particulate organics mgCOD/L
Ns  |nitrogen content in Cs mgN/L

Cep |[non-biodegradable soluble organics mgCOD/L
NBD |nitrogen content in CBD mgN/L

Cp |biodegradable soluble organics mgCOD/L
Nb |nitrogen content in Cb mgN/L

NH |amunonium nitrogen mgN/L

No |nitrite and nilrate nitrogen mgN/L

AL lalkalinity mgCaCO3/L

Table 3_Design and operational parameters

parameters symbol  {value dimension
water temperature T 15-25 C
volume of each cell v 160 L
flowrate into

coagulation tank Qc 120 L/
flowrate into bioreactor | Qb 107 L/
total surface arca M(®D) 74T X

of medium in each cell | [=3~6 102 cm?
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Table 4 Transformation paths and rate equations

Table 5 Example of material balance equations

biodegradable soluble organics

+V{(1-B)Riz - R28}

Cp (mgCOD/L)
v dCth(l) =0{Cou -1y _CD(])} +M{(1-B)Ria ~Raa}

ammonium nitrogen
ANy
t

NH (mgN/L)

V—d- =Q{Nug <1y - Nuy}

+M{R14(Np/Cp-F1Y1)~ Raa+ €3R4Y 1+ EaRsY1}
+V{Ras(Np/Cp -Y1y1)- Rz + €1Rsy 1 + €2Roy1}

v dNo(1)
dt

oxidized (nitrite and nitrate) nitrogen

No (mgN/L)

= O{Not1 -1y- Noth} + M(1=Y2)R34+V(1-Y2)R3z

ath| transformation rate equation (dimension)
2.
1A Ria=k- Cs -8 T2 Xu . Kov (mgCOD/em*-h)
Ks+Cs
1-B Cs r-20 (mgCOD/L-h)
-—fy—— _.Q .B
Rip =k Kes+Cs ! "
2-A Co Nu (mgCOD/cm? +h)
whyo _—— .~ .9 T-20
Raa=ka 22 Kvu+Ni |
«X#.Kon
2.B Cp Nu (mgCOD/L-h)
-fye— .7 __gT-W.p g
fas =k Kp+Cp Kwu+Nu | "
3-A Ny 7-20 (mgNH, "N
=k @ +Xa+-Kon.Fp 4
Ron =ks Knva+No 2 ArRoN P fem?-h)
+ N/L-
3B[ pupmks— " g -2, By Fen (mgNH,™-N/L-h)
Kna+ Nu
4 [Ry =ka:0 T2 Xn {(mgCOD/em?+h)
5 |Rs =ks-01-2. X4 (mgCOD/em? + )
6 |Re =ks-0 T2 Xu.Fu (mgCOD/cmz-h)
7R =k7+0 I-0. Xu. Fy (mgCOD/cm? -+ h)
8 | Rg =ks-© {-20.3;1 (mgCOD/L -h)
9 | Ry =ky-81%.B4 (mgCOD/Lh)
10 Rio = k100 7-?°- Bu (mgCOD/L-h)
11 Riy =k11-8 7% Ba (ngCOD/L -h)
12 pH-6+4.L )
Ka +AL
PH>T20 & & | Fpyrl
PHST20 & & | Fpy=1-0.833(7.2pH)
13 | Kon=1 )
X+ Xa>XeD & &
XH+Xa-Xc
Konml "7 "~
Xmax = Xc
14 | Fr=i1 “)
Xt Xa> XD b % |
Fuml+A4. M
Xmax ~Xc

1-A ; dissolution of Cs by XH
2-A ; ingestion of CD by XH
3-A ; nitrification by XA
4 ; self-degradation of XH
6 ; detachment of XH from
medium
8 ; self-degradation of BH

10
12
14

; attachment of BH to medium
; pH and its effect on XA and BA 13 crowded effect on growth
; crowded effect on detachment

1-B ; dissolution of CS by BH
2-B ; ingestion of CD by Bl
3-B ; nitrification by BA
5 ; self-degradation of XA
7 ; detachment of XA from

medium

9 ; self-degradation of BA
, attachment of BA to medium

11

M dXa(h) -
dt

attached autotrophic bacteria

Xa (mgCOD/cm2)
M(R3aY2/y1-Rs~R7)+VRu

suspended autotrophic bacteria

Ba (mgCOD/L)

V@%:tﬁ «O{Bact -1y~ By} + MR7 4 V(RsY2/ Y1 - Ro - Ru)
Table 6 Constants and coefficients 5.6)
symbol | dimension definition value
--rale constant--
ki mgCOD/mMgCODM maximum dissolutio of Cs 0.07
k2 mgCOD/mgCOD/h mximum ingestion of Cp 0.0675
K3 mgNH4*-N/mgCOD/M| maximum nitrification 0.165
ke Vh self-degradation of Xy 0.005
ks 1/ self-degradation of Xao 0.0015 §-
ke 1/h detachment of Xy 0.007
k7 1h detachment of X4 0.007
kg 1/h self-degradation of By 0.005
ko 1h self-degradation of BA 0.0015
kio 1/h attachment of By 0.075
kit 1 attachment of B 0.126
~-half-saturation constant--
Kcs | mgCOD/L dissolution of Cs 360
Kep | mgCOD/L ingestion of Cp 30
KNH mgNH4+-N/ L ingestion of Cp 0.01
KNa | mgNH4T-N/L nitrification 1.0
KaL mgCaCO3/L relation of Alkalinity to pH 50
~temperature effect—
o1 - heterotrophic bacteria 1.04
092 - autotrophic bacteria .1
--yield--
41 - heterotrophic bacteria 0.5
2 - autotrophic bacteria 0.181
~ratio of Cpgs in Cps and Cs
produced through self-
degradation--
uj - BH 0.5
) Ba 05
g |- Xu 0.5
a4 - Xa 0.5
[} - ratio of Cgp produced 0.04
through dissolution of Cg
--ratio of Cgs and Cs
produced through self-
degradation--
£ - By 0.7
€2 - Ba 0.7
€3 - Xu 0.7
€4 - Xa 07
Y1 mgN/mgCOD content of N in bacteria 0.0875
Y3 mgCaCO3/mgN alkalinity produced through 3.57
degradation of Cp
Y4 mgCaCO3/mgN alkalinity consumed through | 7.14
nitrification
Xc mgCOD/cm2 bacteria density when crowded | 1.34
effect exerts
XMAX | mgCOD/cm? maximum bacteria density 251
A - detachiment constant 10
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Fig.3 Tracer experiment ( 0 Response) Fig.4 Fractionation of BOD and phosphorus

n : theoretical tank number in influent and effluent of coagulation - precipitation tank
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Fig.7 Treatment characteristics through the primary
sedimentation and biofilm process(simulated)

Fig.6 Treatment characteristics through the pre-
precipitation and biofilm process(simulated)
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