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A study on the determination of a representative location for

monitoring the dissolved oxygen concentration in a aeration tank
of sewage treatment plant

1 2 Zp*
YME-HEF"- HTlst
Seok-Yong Bang'-Bong-Su Bum’:Jin-Han Kim"

'QIMCEl ARSI ST ZAMEAISIR, QXA o7tHIn|2 119, 22012

‘HQIIRICHSIN RSN} QIMTSA| AIYT HIQAMZ 63, 21041

'Department of Civil and Environmetnal Engieering, Incheon National University, 119, Academy-ro, Yeonsu-gu, Incheon
22012, Republic of Korea

’Department of Human and Enviromental, Kung-In Womens’s University, 63, Gyeyangsan-ro, Gyeyang-gu, Incheon
21041, Republic of Korea

ABSTRACT

In order to determine the location of average concentration and distribution status of dissolved oxygen in the rectangular
aeration tank of the sewage treatment plant was analyzed and the difference of dissolved oxygen concentration was
remarkable at each location. Compared with the computational fluid dynamics analysis, it was found that the results
were consistent with the measurement results by showing the difference of dissolved oxygen concentration between
the locations. Based on the measured data, the representative location of dissolved oxygen in aeration tank was selected
by using statistical analysis method and the representative location was expressed in three-dimensional coordinates(L\WH
1 25%, 50%, 33%) from flow direction and left wall. Also the difference between the dissolved oxygen concentration
at the actual measurement location and the average concentration value of the entire aeration tank was founded, and
the equations for calibrating the automatic measurement data considering the actual measurement location were calculated.
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o5t} (Barros and Carlsson, 1998). E3F, Z/d&2 A e AAstarat shyich
A ®Rdlgs o]gste] 2 DO w25 A5, &
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AlZ =9 o (Amand and Carlsson, 2012; Fikar et al., - lod
2005), 3:";7]5’: U]*}ﬂ%ﬂ i%%(oxygen upta_ke rate)% g@_&_ Table loﬂ L“]ﬂ‘% H]—EPJ— 7E}_O] WJE%@QE
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AuA] At Aakel 45 st Aol A Q1A SAFY 40l AuFE Ey|2E Aoz e
Y= At (Kim and Kim, 2019; Lee et al., 2014). At} E7|2= E 8 m, Zo] 36 m, =0] 5m 7|2
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A e WAl W R WA B2 FF o meter(ProODO, YSI, USAYE AME-le] ZA I
& oS T A0 1A AT GARE RO O1 o, geyge wet o m pAoR %o 3504, 4
o . . == N
r5) Q.ﬂ Mﬂ‘ (Karplsnka and Brldgeman, 2016) ‘;01 T /1\:][94 1/3(17 m)’ 2/3(34 m)?(]ﬁ_‘li, %_ 307]_] X];g—%
- “ = - i ; -
Al wopol A= Ab71EEe] 7 (Bhuyar et al, % 43 2594k 3 Z7)z2 U] A9 2]
2~®9] @7} (Jensen et al., 2006; Lei and Ni, 2014) U omA HAewds 7S Table 20] Q.okseiC).
=4 Z)A3} (Glover et al., 2006; Le Moullec et al.,
2010; Lei and Ni, 2014)0f #-8-%]31 )t}
- “ an_ 1’_ el = iﬂJ_ At ) Table 1. Characteristics of aeration tank
) T SH el el e 7] 20 pH, DO(dissolved
Item S-Sewage treatment plant
W(m) 8
Aeration tank
. L(m) 36
proportions
H(m) 5
Type |Disc Type Membrane Diffuser
Aerator
Number 340EA
Treatment process MLE / A20
Average inflow quantity
(/day) 9,280

oxygen), ORP(oxidation reduction potential), MLSS(mixed
liquor suspended solid) 5= 59] X5 SAHAHE A4
stal £7|20] FFEHE SEESALANA AT &2
YEH kil lon), 7o) g4 9 5o wet A
Ao 24 HLHE B7EsH] 91t 578wl e] AA| s

AL A4 A =
A7t A ] of

o] FAR Qst &
EERLEE

F

U Aol gt gkt o]
slato] 1 A Aar} HEste] 27
E4E 71 4 glom, gre 3
g Au7t s AEE A EE7F 27l
R FH 29 Al Fx el o
DO Aol tigk 7]&e] laL, Ataaae A% =713
#9] FbA|e] 271e] BEo] ojeen R 7| e
Heavlgol AR A fABue of
40~70%%5 *}A)3laL = AAo|t) (Kim et al., 2014;
Rosso et al., 2008).
wety B ATelMe @A DO = RS »
o3 FEL e sAE FrlxE ddeR
27)%4 DO ¥EE A4 245l £7]1%) DO
= FixE Bristal, SAU AAA S SHCED) 4 Fig. 1. Diagram of measurement locations(circle).
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Table 2. Specification of CFD model

Application model Phase

* K-turbulent model

+ Steady state

+ Turbulent kinetic energy : 1 m?s®

+ Turbulent dissipation energy : 1 m?s?

Water(mixed)
Property

* Density : 998.2 kg/m®

* Viscosity : 1.003 g/m-s

+CP : 4.182 J/kg'K

 Thermal conductivity : 0.6 W/m-K

* Density : 1.225 kg/m®
* Viscosity : 1.789 g/m-s

Basic condition Operating condition

+ Gravity : 9.81 m/s’
» Temperature :
« Standard atmospheric pressure

286 K

Wall *No slip shear condition
Release(air) * Release from aerator, escape at surface of water
. Oulet * Pressure outlet
Boundary condition — — -
* Velocity inlet condition(Magnitude, Normal)
Inlet * Reference frame : absolute

» Velocity magnitude : 9,280 m®/day

Aeration method

+270mm disc type membrane diffuser

Air supply condition

Air supply

+ 39,360 m®/day

2 Aol A3 CFD e & Heeg 517
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Fig. 2. Distribution of DO concentration (a) depth 1.7 m
(b) depth 3.4 m.

Journal of Korean Society of Water and Wastewater Vol. 33, No. 5, October 2019

pp. 389-394




Skraiely £7|120| E2ihst ZUET tEAIY HE

S

205

o

A 1.7 moA SUHEZEE 9 mA AL o] §H
AR &St ETE $A SAHEUA R =4
34 mo| FUI Ao HEHOZRY 2 mAHS
ALt 1 x7t 271 & 4= Qgith o] nE
FAlo A SYRZRE 18 m A HA Hf Aty Z
e 7] U BEG6 m) o R AhE vt
Hashe AL BT H& 71E0R fARA §
P%VOEE 18 mo| & A FE 2= 2 mA| o vls|
Y DO F&=7F B w2 78]%]:%‘ Hdeh

d

ofr

ofy

3.2 CFD M

Z7)1z0 gt ¥7] #52 CFD &4 43E Fig. 3
of YeERAeh Fig. 3& AR FAAE oA F7]
Z Y 7)o Bg B 02% Hd%i 717 £
I Z7)20] Sl ASHe Ae & & Atk o=
A SRENA et vlet o] Sl §
sHEFeFo 2 18 mA|HofA Q] FZA3 DO =
LE 7Eo R YR DO =7t xz%
Qe AT fARIAC ER 25 HoRRE 2m A
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A7 DO B ZAHAT FURAA B2 2 mAY
A DO =7t AT +5H 2 mAFH A<
DO =Wt} =9k Al SApslt AL Hyth sk
W F7]2 W6 m)FLol A AFg o] yEbyt=d,

01

[e)

Volume fraction

I 1.00e-01

9.60e-02
9.30e-02
9.00e-02
8.70e-02
8.40e-02
8.10e-02
7.80e-02
7.50e-02
7.20e-02
6.90e-02
6.60e-02
6.30e-02
6.00e-02
5.70e-02
5.40e-02
5.10e-02
4.80e-02
4.50e-02
4.20e-02
3.90e-02
3.60e-02
3.30e-02
3.00e-02
2.70e-02
2.40e-02
2.10e-02
1.80e-02
1.50e-02
1.20e-02
9.00e-03
6.00e-03
3.00e-03
0.00e+00
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(c)
Fig. 3. Simulation results of air distribution status by CFD; (@) 2 m (b) 4 m (¢) 6 m from left wall.
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Table 3. Estimation of representative location in rectangular
aeration tank

location (L,W,H) Z | mean| Rank
(9,4,1.7) 0.009113 1
(0,4,1.7) 0.027476 2
(9,2,1.7) 0.041745 3
(9,6,1.7) 0.079745 4
(36,6,3.4) 0.136684 5
(0,6,1.7) 0.137503 6

AtA o 72 Al HFglo] 0of] 243 Lo 7 9=

AATG =], SYRZHE $5HEEC 2 9 m(25%),
FHSE O RZHE 4 m(50%), =4 1.7 m(33%) 2|0 £7]
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Table 4. Calculation results of average DO concentration based on the correction formula

L Linear regression Non-linear regression
Temp. | Monitoring DO Average DO
T DO Error DO Error
(¢) (mg/L) (mg/L)

(mg/L) (%) (mg/L) (%)

1 13.1 4.32 3.56 3.49 2.10 3.58 0.47
2nd 12.9 4.42 3.75 3.58 4.55 3.67 2.15
31 15.3 4.35 3.39 3.39 0.03 3.51 3.47
4 17.7 2.96 2.34 2.22 5.02 2.29 2.20
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