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Development of the Simulation Model to Predict Dissolved Ozone Concentration
for a Real Water Treatment Plant

AREFEHET, AMBEY. HERE BHEPr
Tadao MIZUNO', No-Suk PARK, Hiroshi TSUNO™ and Taira HIDAKA”

ABSTRACT; The simulation model to predict dissolved 0zone concentration in a real ozone contactor was developed.
The hydrodynamic behavior in the contactor was investigated by CFD (Computational Fluid Dynamics) technique
before developing the reaction model. The ozone contactor was divided into small compartments and interaction between
compartments was evaluated based on the result of CFD. Mass balance equations were established in each divided
compartment with reaction terms. As state variables, organic compounds, odor compounds, bacteria groups, bromide ion,
bromate ion as well as dissolved ozone were selected. Organic compounds were classified into only two groups in this
model. The concentration of dissolved ozone was favorably evaluated and reasonable results were obtained for other
items. From these, we conclude that dissolved ozone concentration as well as organic compounds, bacteria groups,
bromate ion can be predicted in this model.
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Tablel State variables

State variable Symbol Unit
Ozone (o M
Hydroxyl Radical HO- M

Dissolved Organic Carbon 1 DOC1 mgC/1
Dissolved Organic Carbon 2 DOC2 mgC/|
Assimilable Organic Carbon AOC mgC/I

Carbon Dioxide CO, mgC/t
Geosmin Geo M
2-MIB MIB M
. Count/I
Bacteria Ba CFU/I
Bromide ion Br M
Bromate ion BrO, M
Ozone and Hydroxyl radicat
K a OH~ _ Rio0s >
| O, / " decomposed
Fo L= >
- #
M| [m]"
““““““““ . Rue___,
HO- " ... decomposed
7
(MM
[orasnie compounds ote. |
R Ray s,
DOC1 > DOC2 » AOC % CO,

Ry I Ry II?TJL%’T?;

N, U ¥

Bacteria[

R;
- Ry -
Br BrO,
————P ozone

e iy droxyl radical

M : Omganic compounds etc.
W : Oxidezed organic compounds ete.

Figurel State variables and transformation
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() HIBWHERE

Z =T, DOCI (Dissolved Organic Carbon 1), DOC2 (Dissolved Organic Carbon 2)33 & T8 AOC (Assimilable
Organic Carbon)% FTHEMEBE L MRS, HHWEREL 4 v L ORIRIT, HBYEORIGEDE, o<V EL
P BRSBTS & WbV T E b, FRENIHIET S L 512k & < DOCH B LUDOC2
2T, DOCI 726 DOC2 ~E B A AR 2 T2 & & L, 72700, S Gt = 25672 8% %
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Table2 Reaction rate equations

Organic compound X X _ -
Reaction equation O, HO DoCT ] DOCZ | AOC co, Geosmin | 2-MIB Bacte;li Br BrO,
count,

M M meC/L| mgC/L{mgC/L|mgC/L M M CFU/L M M
Ry = K,a* (05" - Oy 1
Rio3 = K1og* Oy -1
Ring = K1p0 * HO -1
Ryo3 = ky03* DOCT * Oy -1 “MNao3| M0
Roto = Kano * DOCT * HO 1 |~Mano| Tamo
Rao3 = k303 % DOC2 * Oy -1 “TMao3] Maos
Rspg = kguo* DOC2 * HO -1 “Mano] Mapo
Ryg3 = kagg* DOCT * Oy -1 403 Naoa
Rapo = kapo * DOCT * HO -1 |~Naso M 4si0
Rso03 = k503 * AOC * Oy -1 “Nsos| Msos
Rsyo = kspo * AOC * HO -1 “NsHo| Msmo
Reos = K603 * DOCT * Oy -1 ~Mso3 N 603
R o = kgpo * DOCT * HO 1 |=Memo M s1o
Ry03 = k303 % DOC2 * Oy -1 “Ni103 N3103
Rito = A0 * DOC2 * HO -1 ~MHo M 7h0
Ryo1 = kgoa* Geo * Oy “Tso3 Ys03 -1
Rano = kgpo * Geo * HO “Tlsro Yo -1
Roo3 = kgo3* MIB * O, “Ns0s Y03 -1
Ryso = kopo * MIB * HO “ Mo Y a0 -1
Rig03 = k1003 * Ba * Oy “ M08 Y1003 -1
Rigro = kom0 * Ba * HO /AT ¥ 1oHo -1
Ritos = A1ios* Br ™ * 0" “Miros “Yioal 1
Ry11i0 = ky1po* Br %+ Ho'! ~ 71 11H0 =¥ 0t 1

Table3 Reaction rate constants, molar ratios and conversion coefficients

Reaction rate constant Value Ref. Molar ratio Value Conversion coefficient Value
K.a s 0.003 9)
k03 s 00015 (RUNT) 21)

0.0012 (RUN2) 21)

0.001 (RUN3)  21)
kino s 0
kios (mgC/L7's™  10x 107 6711~16) 7,0 (mgC/LUM' 12x10*
kavo (mgC/LY's™ 20 x 10° 6711~16) 7.0 (meC/LIM'  12x10*
kios (mgC/L)'s™  10x10™  8711~16) ny0 (meC/LMT  12x10*
kano (mgC/LY's™ 20 x10* 6.7.11~16) 754 (mgC/UM'  12x10°
kaoy  (mgC/u)'s™ 0 Taos (mgC/LM™' 12 x10*
koo (mgC/L)'s™ 0 Nao (meC/UM'  12x710
ksos (mgC/L)'s™  10x10*  6711~16) ns0 (mgC/LIM™  12x10*
kspo (mgCrL)'s™ 20 x 10° 6711~16) 750 (meC/LIMT 12 x10*
keos (mgC/L)'s™  50x107  67.11~16) 5g0s (meC/LM* 12x10°
keno (mgC/L)Y's™  20x10* 6711~16) 7eo (meC/LM'  12x10°

ki0s (mgC/L)'s™ 0 N10s  (mgC/LUM' 12x710*

K1no (mgC/L's™ 0 7o (mgC/L) M 12 x10t

ko3 M's™ ] 17.18) Ts0a MM 1 Y5.03 (mgC/LY'M™" 144 x 10°
kspo M5 14x 10" 17.18) Taro MM 1 Yo (mgC/L) "W 1.44 x 10°
kg 03 M 0 17.18) Nooa MM 1 Yoo (mgC/LY'M™ 132 x 10°
Kono M's™ 82 x 10° 17.18) Toro MM 1 Yoro (mgC/L'M™ 132 x 10°
K003 M5! 10x 10° 19,20) Miooa M {count/L)”! 0 Yioos (meC/L)(count/L)”’ 0
Koo Ms™ 0 19,20) Niono M (count/L) 0 Yiono  (mgC/L)(count/L)” 0
k103 MO 0 8) 7103 MM 3 Y1.03 MM 1
Ko M 10x 10" 8) 77 1150 MM’ 3 Y11H0 MM 1
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Table4 Operational condition

Water flow Gas flow rate Gas conc. Exhaust gas Water temp. Hold-u G-L
rate (m’/s) (Nm®*/s) (g/Nm®) conc. (g/Nm°) (°C) P coefficient
RUN1 112 0.039 146 24 26.7 0.006 0.247
RUN2 0.94 0.039 12 22 232 0.006 0.266
RUN3 0.78 0.040 6.6 1.1 18.3 0.006 0.299
Wl 3 KT

=
T

[P PITV ENCY . PRGNSR RN V] N ] W)
<
&
~d
m
+
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Figure3 Water velocity (sige view)
1
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NEEWNT A LI L THRIEBARE LB L, &
SISEE A THEI % & -7,
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Table5 Initial condition

DOCH DOC2 AOC Geosmin  2-MIB Bacteria Br BrO4

mgC/L mgC/L ugC/L ng/L ng/L count/L, CFU/L ng/L pg/L
RUN1 0.4 12 0 100 100 1.0 x 10’ 20 0.3
RUN2 0.3 1.3 0 100 100 1.0 x 107 19 0
RUN3 0 1.5 0 100 100 1.0 x 107 47 0

BSE R LU Bacteria B IAIGE T I = L3 9 V(T 5 EEHIIER S TVAY, 2T, AOC
RS A AR L > TERT2HE THH L D PR Y e & LAERECIMiT 22 L & L,
77, REWEIZFEET 100 ng/l BEAHRAL T 52 E8HD LD E VL0 Geosmin BLTR2MIB & %
100 ng/l &R%7E LTz, RAUMA A 2B L Cri s v iz,

42 FUSIHRPEERR

PO EHUE, XHMEAEBEIC3RE LT (Table3 BFR) , AHMRHIRET 2 FUSHEREE ERITA icB L
T21x10% ~ 41x 107 (mgCAy's 73, HO T YA MZBEL T 1.3x10° ~ 68x 10" (mgCM)'s” DIEASHE Sh
TNB MO 22T AV Y EORISIZIN T, AR TS LR O R b IEFIC RSN E LT
W B IS Re (ks o)t B L TDF 5.0 x 107 (meC/y's™ & ok & < B L, F OB S & LT 1.0x10*
(mgCNY's' & Uiz, F2, HO T Vh0 & DORUCBI L Tid 20 x 10° (mgCy's™ & U7, 727250, WEEH L
LTHEEL TORWRBICO W R TEr i 527,

ZF DM, Geosmin'™™®, 2-MIB"® | B{k#1 AL VE, TARTHO 50 H 0L EDRIGDIHBRI S & &R T
WBZEME, AV EORIGEEII Y L L, HO 7 Uh & ORIGEEERIISTREOEEBRA L%
Fh, 14x10°Ms!, 82x10°MIs BTN 1.0x10°MYs! & ULie, $72, AU F ) FEITEL RFEIVET
TEDRRICA Y  EDFRISIC I O NSNS T2, TV EDRISDOHREEZ, E coli #RBELT,
CHEKEL Y 1.0x10°M'sT L3 L 100,

Elo, AV UBIEFET Kald, KEARE L OBHRM TR Y LY 0.003s" EFRELT.

43 ¥x U7 L—T g
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FTEEN S EZFHITE /20 2, RUN2 B X3 THRIEE AW GHEZ1T -7,
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Table6 Comparison of calculated and

detected exhaust gas concentration
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Figure5 Comparison of calculated dissolved
ozone concentration and detected dissolved ozone
concentration
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