J Korean Soc Disaster Secur 13(2): 65-75, 2020 Print ISSN: 2466-1147 Online ISSN: 2508-285X
https://doi.org/10.21729/ksds.2020.13.2.65 www.dssms.org

Original Article KS DS

ot A-0 St 2|5 golIM £ S0 2iet A+

Ha
i
o
~
rE
o
o
ol
ot

The Process Control Using Modeling Technique in A;0 Sewage
Treatment Process

Jung Soo Park’, Sung Duk Kim?*, and Dho Hyon Seung®

'Researcher, Dept. of Civil & Environment Engineering, Cheongju Univ.
“Lecturer, Dept. of Civil & Environment Engineering, Cheongju Univ.

3Professor, Dept. of Civil & Environment Engineering, Cheongju Univ.

2

B AFAE A0 534S A-goto] G520 shrA A o] G HoletE vk o 2 AR 2959l skeA el 584
Z7|HS o]gslo] BA5om, GPS-X AR T2 T3-S 885to] 22 0] &Y xS EESIAL shA o] 241A=
7|2 AR T ATTA RS, APEAE LS At 71 254 £ 47 A7 skl fAd#e o5 7 =
A BAE g om, o2 Al - of v|aA frdaFe] Mgl 71 A Vbt sk B o] At §-& T-N E NH, N2 C/NH| 2}
EAR R 8olgt o] TEE]R] Yotth(p-value : > 0.05). A, 052 9] 7+ JaFlatEolA A ABO AAL §4 2,
HRT, SRT, DOl =& %3k HH, BODS] A-¢ RE -2 Q12 CODE =2 HRT, SRT, DO -2 212 ]| 43S 9kt GPS-X=
A0 579 o] gt Al Ed| o] dof|A s = H o FA £, FEH I E & (FATAA), QI SHESHA 4, S5 G I E A
HE, TH5YYNBE A AFE, SHITIAE ) AFE, 2d JAd S5 2 e o] e w7 sigrt Al g o] ol 58 4
G u A= oIz 7 Sl Qi

FA-gol: A,0 TH, A el 5, BAIEA, GPS-X Al Ed oA

ABSTRACT

The efficiency of sewage treatment was ananlyzed selecting a sewage treatment plant in Gyeonggi-do where A,O process was applied.
Statistical techniques based on the operation data of the sewage treatment were used. The main factors directly affecting the efficiency of
the treatment process were analyzed using a GPS-X model. The correlation analysis and one-way ANOV A were performed. The T-N and
NH,"-N values of the effluent did not generate statistically significant level (p-value:>0.05) when compared with C/N ration values.
Removel of nitrogen components form sewage treatment plants were affected by temperature, HRT, SRT and DO. In the case of BOD, all
operating factors were affected, while COD was affecte by factors of HRT, STR and DO. In simulations using GPS-X, the parameters that
greatly influence was included the maximum sedimentation rate, the dependent nutrient microbial yield (anoxic), the phosphorus
saturation coefficient, the dependent nutrient microbial killing rate, the dependent nutrient microbial maximum growth rate, and the
independent trophic microorganisms. The maximum growth rate and the maximum setting rate were identified.
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=LA 0 & Haptetsls A71eEs B/do| flote] it Ale] Fo] /s o] @ 11 gk f-eluete] st
T T, eheolE, 2] 5o] i b o] Sl 7 e do] tiF-E& ARGkl QLo H, S E e ROl Q1 T 7P B
Haita AFAISHAL Qi T1efuh TRt A= ohA] A2l e S oA F9deke] 78 191 A 9 Q1S -S| AlA & 7
{Uct. T 55], 197 ERE Aol sl AR {712 0] F e 7 FEal A4t 910] F e Al ok AL 9
om, EEGANA HiEE= HEAE W —/F§94 TAE oFSIA]7= Fa @010 g ZR8sh(Chang and Kim,
2019; Jeon et al., 2005) o|2{5H F&olr= -2 35 = 2o 1 a2l AP Al
Aol o 2 -2-F 9] 737 F E e stk 2000 ©]% —4 =] 58242 BOD, COD 59] 471241} SS52] QA4

A A Ao % O] SrEo1 7 ¥, 2000 ATl o] S5 B = ok B o 40] £G90Rt 5 AIEE QA T-NI T-P 2] Aol
T, HA WRE0] 7 REE ITHMOE, 2016). A1 =U9] T2 SkpA| Al dof| A= AEoha] Al
Af57go] ERE o] RAFolH, 7|E0] BFEAdETR] FHo] AEcH M AR FH o R AR B S5 Qo
(NSTINS). @A7k2] =] & fj] sk ]A]dofA] To] 4ot Q= A 2]F -2 A,O(anaerobic/anoxic/oxic) Al
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(National Sewage Treatment Information System, 2019).

AEor] AR el TR E, AV VdEkeE, o7 dHke o) ae i S As] 2ot s dolal, ke A
OMW e oRA f7lE 18 IR A H R AAE

YFET A A=A 2F o] thFZa AFAskal Uk

131‘%, =N 2 T tiF-22] HEIA o= Q10 Sl the i Foke] Wsdo] Ash A elde] AANA] 1

T 7S TEAIZIA] RSl e Aol T2kl Alt. ot =4S sidsh] flsl F7HA Q1 A= A, oF

F 7Y 57 T ARAE S sl qlou, ol AR 0 2 B BRI AIS B e E jItR(Ahn, 2010). B9 AU 500E
o} Tt A A2 HlY 13] BOD, COD, SS, TN, TPE A AALS 5lo] Al A7 v w2 51l 9ot 19
71&30 e A A Y olub & = Qi o9} e shpA] el g goll A E ek A& S50k Slol Adxl=ollde =
G 2 A ARLES EQloto] A=Al o] | A31E DAdehL ek, RElE-S Foll AlofobA] HH 29 S A2 Al Al
A A Aol efstal Bt 29270 E tlo[elE 4 2Ae S ET R AlE o) sto] H| A o] 2 as-g g
T Qe 2 EET 4 Qe o] itk E5] 8- A a2l 2 o] oA st Sl @7l 2851 flel E
2 128 51 QIkNasr et al., 2011). “12{H, stielxd= oF4] 378/d<] ZARlof theh Al A~5lo] EA1 52 9 5 7hAle
T} o &7)&7 @A -8 B4 0] 7| 2 A7 A=} v wshA tha m] g Aol

=i XMAV%ﬂOﬂ o] Z-g5]o] Q1= A,02] &4 H|oJElS A 2% 0 2 K E] SH 5tk Park, 2019).
H48 Qloto] BAZIHS ohel AYEAHEA (Aanalysis of variance(ANOVA))-2 A A
O] £9 FIRIZE 52| (dynamic state), JZ(steady state) OZ HAFSH 4= Q= g T2 )H
£ Eole] shpAle] 99 7| ZA RS ARSSELAT SH.
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Table 1. Normal operation status of study plant

Bt 9.5YE ZAE QI 11 9] 1A A BE Table 1] YERHACE

Treatment process A>O Process
Type of raw water Municipal sewage
Processing capacity (m’/day) 280,000

Range 11.7-28.7
Influent temperature, °C

Mean 20.3£5.1
DO, mg/L Range 24-42

, ),

Mean 3.0+0.5

Range 6.3-16.1
SRT, d

Mean 9.5+1.8

Range 5.9-7.1
HRT, hr

Mean 6.5+0.3

Range 3,400-6,460
MLSS, mg/L

Mean 4,575+549
Influent BOD, Range 53.8-250.2
mg/L Mean 129.5+33.7
Influent COD, Range 59.8-304.8
mg/L Mean 144.8+34.8
Influent TN, Range 8.2-48.9
mg/L Mean 30.4+6.4
Influent NH4+N, Range 7.3-41.5
mg/L Mean 24.345.6

. Range 1.8-10.7

C/N ratio

Mean 4.4+1.3

ES, AT A=A AASE 9 AVIAIYE Fig. 19 YRS

18.6%, FAAZ 23.3%, T57)% 58.1%2] FO]H|E Ho|11 9)rt

&

Influent

— o=

A,O Process

Lo CRE Cae e T

L UE IS CE o

Fig. 1. Schematic layout of A,O Process Simulation
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2.2 SARRAS 0|88t 24

Aanalysis of variance(ANOVA)= AA|51o], T8 5427 i pdof| Y2 =4 AESISIH: Pkl 29
Z20A L F A FRE vl 2= FFB7HE ol -FrdrE o FAIA oVd R (meant30) S B7 I oldA] o] 4
o] FAPE A7l eF-acle] A 2R8et Ao=m msto] WA 7I7kS A|2Jckal ANOVA testE AAISHIT
ANOVA Zi}H=, p-value < 0.055 75 & 73 SHHAN(SEMAD S50 72) o HAP A 0 & [ofeh
& BTk oA o 4 Qi

2.3 GPS-XE 085t 20| U Al=Z2io|d

H AT A= GPS-X 7.0(hydromantis Co. Ltd, Canada)2] Carbon — Nitrogen — Phosphorus (CNP) library & 2}-8-5}
o] RElS 55190k TS Analyze modeS 018510 &2 BOD, COD, SS, T-N, T-PQIz}of| HakE n| 2= o252
TE0I3Inh T3k, ATty A A HeiAs T W AVEAIYS Fig. 10 RISl o H, & 2tAl= 4 vEE=
712 18.6%, FAEAZE 23.3%, ©71% 58.1%°] Fu]HE Kol qlrt.
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ATV A=A o] 29 HlolE T e B 'R 78 8 d=(BOD, COD, TN, NH4-N) 57 gk= Fig. 201 e}
Wlom, o] AAE v = 7| FAREAS X385t 9™ Table 201 LFEF QAT SAREA Ao, 2 AtellA] 4787t A2
1/49] 29 data7} A2 Helol A Hlofux] ottt A, 3ot RG4S R oS ofet tYd At ghe=
o= wAE e A o= TekETh 2471757, A,09] 9 /NS A8t 4.4% ZANESLCOH, sHE7] B4t 5.0, F
47] Bt 3.9% HYEPT. BOD2FCODE Aol whs 2 o] Zpo|7} 3| ehAA] eifet. B, T-N 5 NH, -NeF 22
Ao AR o] Hordas 7\1]744‘1 I ozl 4 Bt Ao H EAnE S W 2ol 2490t
ATl A A=H|[7] Frdao] B2 58710 EA RO Al a-ao] Holl Ao & bt sl Al
A A J= Al BIR]= 8 Q1A= HRT, SRT, Temperature, DO &%=, pH range, C/NH| -5 3/tk(Scrinshae and
Lester, 2002). C/NH]:= autohydrogenotrophic bacteria2] 4480t of 2t A Eof| JFS v|x = 523 Q4 F o=
a4 Q=T (Naugen et al., 2017), 2 AF Ao k2 C/NH7}Hs24-2 A4 B 2]2]71-gol] A 0 2 UeRdth 4]
71 E&ol 78 F&e vAE wiHeet a2 89 Aolo] I HRFZ A A Y= Table 30 (RISl oH, &2 T-N
9 NH, -N-2 C/N2t Eﬂlxq_i FoJgt = Significance level)o] =E5|Z] S TH(p-value : > 0.05). ©]= 5754 oH]
Ao 4R I5AAE 140}%— QHC/NH|7FEHE Ejofla= SfnlRtth ¥, 791 2, HRT, SRT, DO QIAek= o)<
<0.055 F=51. BODFE2 B dhdIAtet SA14 frola2 %éoh CODZE-2 HRT, SRT, DO} E7]
4 ol PRGN 102 Uebith 5, 4 A APKE 9 4, HRT, KT, DORLAR] 43255}, BoD 315
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Table 2. Basic statistical analysis of influent and effluent on A,O (W: Winter, Sp: Spring, Sm: Summer, F: Fall)

Parameter Influent Effluent
Range Mean Range Mean
W 146,417-191,043 173,365+10,377 - -
Q Sp 125,203-299,914 168,792+25,370 - -
(m’/d) Sm 165,077-597,163 280,702+94,249 - -
F 168,055-255,336 182,272+20,563 - -
9.8-13.2 11.4+0.8 - -
Temp. Sp 11.7-24.8 17.8+3.4 - -
(°O) Sm 23.0-27.1 26.140.9 - -
F 14.9-26.1 213432 - -
118.8-343.4 174.8+44.9 4.4-7.0 5.7+0.6
BOD Sp 118.5-255.8 185.1+16.2 6.0-9.5 7.0+0.9
(mg/L) Sm 72.2-207.8 129.7+30.0 2.1-9.9 49+1.6
F 117.9-248.3 174.4428.5 2.6-6.0 3.6+0.7
60.6-180.1 97.5426.3 8.8-12.7 11.2+0.8
COD Sp 77.8-139.2 105.3+11.1 10.3-14.7 12.7+1.1
(mg/L) Sm 50.4-111.0 76.0+£14.4 5.1-13.9 8.242.0
F 68.5-151.3 99.1+16.8 7.3-11.3 9.1+0.9
88.0-336.7 135.3+50.4 3.7-8.2 6.0+1.2
T-N Sp 92.4-317.6 158.3437.9 2.8-10.7 6.4+1.4
(mg/L) Sm 66.5-204.0 134.1£35.8 1.3-9.5 42420
F 96.3-283.2 144.8+27.0 2.1-5.0 3.240.6
25.6-57.4 37.9+6.4 10.4-16.9 14.0+2.0
NH,"-N Sp 31.0-50.5 40.4+4.2 6.9-16.6 12.842.6
(mg/L) Sm 17.4-44.1 28.9+6.6 2.9-13.3 6.4+2.6
F 27.6-47.0 32.7+4.5 4.2-10.1 6.7+1.5
19.4-48.7 28.2+53 0.5-0.9 0.7+0.1
T-P Sp 25.1-41.2 30.1+3.2 0.3-0.9 0.6+0.1
(mg/L) Sm 14.2-38.2 22.2+5.6 0.1-0.6 0.3+0.1
F 20.6-36.6 27.0+3.9 0.2-0.5 0.3+0.1
Table 3. Multi-way ANOVA analysis of parameter and effluent factor
Effluent factor Intervening variable p-value
Temp. 0.0049
HRT 0.0141
BOD SRT 0.0015
DO 0.0003
C/N 0.0496
Temp. 0.1274
HRT 0.0002
COD SRT 0.0059
DO 0.0097
C/N 0.7923




The Process Control Using Modeling Technique in A,O Sewage Treatment Process * 71

Table 3. Multi-way ANOVA analysis of parameter and effluent factor (Continued)

Effluent factor Intervening variable p-value
Temp. 0.0004

HRT 0.0082

T-N SRT 0.0149
DO 0.0208

C/N 0.1939

Temp. 0.0019

HRT 0.0004

NH,"-N SRT 0.0072
DO 0.0221

C/N 0.1874

HkR4Ho] A A0 2 oja kS W= Tels}7] $I5) W BOD, COD, SS, T-N, T-PHES A4S Eajiss
5101 QLA H(ANOVA test) © 2 EAI51 910k, QI PEAFELE ATk Table 49} 20 o, 408} 23} A0 et

=
AR} pvalue < 0055 THESto] IE HRA0] @B o] AR2R) GRS W Zlo] Silstrk

-

e

i)

Table 4. One-way ANOVA analysis of parameter and effluent factor

Effluent quality Source DF SS MS F value P value
Treatment 3 412.5 121.2 130.7 <0.001
BOD
Error 240 2412 1.21
Treatment 3 584.3 201.6 109.1 <0.001
COD
Error 240 4152 2.01
N Treatment 3 392.3 116.5 56.48 <0.001
Error 240 481.6 2.16
Tp Treatment 3 2852 898.1 204.2 <0.001
) Error 240 974 4.6

R TEA OB JYIFE AT 917 515 e] T AN sle] 1R E S Fast we)

o TEEAYE A S5 718 F 53] A6} 7R £7]B0] SR EAfstlo}

S}l ol 712 0] AL 9l o] B G wAITHKrist et al., 2004). AT AL F2 e s

o], 9149 S4& metsp] Slste] §.9049] 4712 S Tet 1 BAlslel 34 BRS 919 712 A4 st

A0 BHOE 29 59 A 2 §E5E TR ARE RYske 712 S4S Table 59 Heltick

TCOD ti] Z470] AAR(Ss, Xs, SL XIE B&2 AE= o1o] jolg Holm glou), FAlule] 271 7474e] 4
W 2 xjolglo] Hl5:4 vl &S Lehix gick
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Table 5. COD of influent on A,O process

A0
Parameter
Sp Sm F w

TCOD, mg/L 204.1 156.7 184.2 181.5
ss Conc. mg/L 72.0 55.5 70.5 71.5

SS/TCOD, % 35.6 34.1 35.7 36.7
s Conc. mg/L 482 34.1 52.8 42.8

XS /TCOD, % 239 22.4 26.2 23.1
ol Conc. mg/L 20.8 14.7 16.4 18.5

SI/TCOD, % 9.8 9.7 8.1 9.7
1 Conc. mg/L 59.3 49.6 53.5 49.8

XI/TCOD, % 27.1 30.4 27.0 28.0

Conc. mg/L 6.7 3.7 4.1 39
XBH

XBH/ TCOD, % 33 2.3 22 2.1

3.4 GPS-X A|22{l0| 4

Table 52} Table 6] Ai}elA] Heo] 71& 292tm 8o TAZH & fost] whe] 2 134 973 2 7
44(BOD, COD, SS, T-N, T-PE t.0 & 249 29 270-& 271 9]oll GPS-X 2 AlEd|o[AS 4345} 9itt. o|eh=
2, GPS-X9] layout 7| A A Q] FA e} o] FdstIth(Fig. 1).

GPS-XOlA f&R12tell G mlAls HaghE2 whe- thefolAeh, BE QIS thdo g 22315 Z14s ¢, 24
Sh 213l A A et Alzto] A w1, 2 A sto] Y7t Holxltkal def A itk Vanrolleghem, 2014). TWEHA], 2 T
A ER Rk FEA 8 FFS vAE H4gES TE B4 5o B0t 78 AES o= H|HstE
Zegoelet. I B410] F22 AlEdo]Ae] A TAClA AlEelold BEo] &8 ¥ (< W) o] WIf=E il
(=T B4 o] MiAof il 27 5HAtk(Hvala et al., 2002). ©]+= RElo] F2o] gigt B42S Al gsty Rdof 714 2
FEFS v|A= wi HeE *-1%%} ﬂ Tpg U wEbA, 47‘494— F3g5}7] It 741{}?}13011*1 A2gE =ol7] 919

o

Table 6. Model parameter of influent quality for unit process

Step Parameter Unit
Primary clarifier Maximum settling velocity m/d
Heterotrophic yield ¢COD/gCOD
Anoxic Phosphorus half saturation coefficient mgP/L
Heterotrophic decay rate 1/d
. Heterotrophic maximum specific growth rate 1/d
Aerobic . . .
Autotrophic maximum specific growth rate 1/d

Secondary clarifier Maximum settling velocity m/d
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Table 7. Variable of optimization for season

Parameter Variable Value
Primary clarifier Maximum settling velocity 70.74
Heterotrophic yield 0.26
Anoxic Phosphorus half saturation coefficient 3.81
Sp Heterotrophic decay rate 0.02
. Heterotrophic maximum specific growth rate 1.72
Aerobic . . .
Autotrophic maximum specific growth rate 3.63
Secondary clarifier Maximum settling velocity 78
Primary clarifier Maximum settling velocity 82.98
Heterotrophic yield 0.16
Anoxic Phosphorus half saturation coefficient 0.01
Sm Heterotrophic decay rate 0.01
Aetobic Heterotrophic maximum specific growth rate 1.8
Autotrophic maximum specific growth rate 6.7
Secondary clarifier Maximum settling velocity 50
Primary clarifier Maximum settling velocity 76.47
Heterotrophic yield 0.19
Anoxic Phosphorus half saturation coefficient 0.01
F Heterotrophic decay rate 0.01
. Heterotrophic maximum specific growth rate 1.8
Aerobic
Autotrophic maximum specific growth rate 4.01
Secondary clarifier Maximum settling velocity 50
Primary clarifier Maximum settling velocity 98.74
Heterotrophic yield 0.58
Anoxic Phosphorus half saturation coefficient 0.01
W Heterotrophic decay rate 0.01
Aetabic Heterotrophic maximum specific growth rate 1.8
Autotrophic maximum specific growth rate 6.06
Secondary clarifier Maximum settling velocity 49.99

F|Het oapg7FE, A5 e ALl Bt Ao YRl ASgk tin] ROghe] 22K (%error)= 10% WS U
slo] mello] A sty A s Sast Al o2 W EJD%, A7E Table 81 oIt SHAE o154 mo) ArolA
14.4~16.2%2] QAFE Kol 7] o, ol = sl WA R R ste] g4 veke
225 tedslr] 2t shA|2 whekEc)

At LA FaetshEA o E%ﬁ}?q Z3137] thzel, dF R d ISl 10%S st
A gzw gt o= 1=52]9} Artgko] RARR A2 LRt GPS-X T2 13
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Table 8. The error analysis of model optimization for season

Tt A\ Sp Sm F
em

RMSE Error RMSE Error RMSE Error RMSE Error
BOD 0.32 6.8 0.56 7.8 0.83 15.6 0.34 9.5
COD 0.72 6.7 0.77 8.4 1.05 16.2 0.95 10.5
SS 0.40 7.2 0.48 7.7 0.73 15.3 0.32 9.5
T-N 1.04 6.7 0.84 8.1 1.07 14.4 0.77 9.5
T-P 0.01 7.0 0.02 7.9 0.03 15.2 0.01 9.6
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