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Abstract — Strengthening the regulation standard of biological nutrient in wastewater treatment plant(WWTP), the
necessity of repair of WWTP which is operated in conventional activated sludge process to advanced nutrient removal
treatment is increased. However, in full-scale wastewater treatment system, it is not easy to fine the optimized opera-
tional condition of the advanced nutrient removal treatment through experiment due to the complex response of various
influent conditions and operational conditions. Therefore, in this study, an upgrading design of conventional activated
sludge process to advanced nutrient removal process using the modeling and simulation method based on activated
sludge model(ASMs) is executed. And a design optimization of advanced treatment process using the response surface
method(RSM) is carried out for statistical and systematic approach. In addition, for the operational optimization of full-
scale WWTP, a correct analysis about kinetic variables of wastewater treatment is necessary. In this study, through par-
tial least square(PLS) analysis which is one of the multivariable statistical analysis methods, a correlation between the
kinetic variables of wastewater treatment system is comprehended, and the most effective variables to the advanced
treatment operation result is deducted. Through this study, the methodology for upgrading design and operational opti-
mization of advanced treatment process is provided, and an efficient repair of WWTP to advanced treatment can be
expected reducing the design time and costs.

Key words: Repair to Advanced Treatment Process, GPS-X Modeling, Activated Sludge Model(ASMs), Response Sur-
face Method, Optimization of Advanced Treatment Process, PLS Analysis
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Fig. 1. Concept of environmental system engineering based on envi-
ronmental modeling and process optimization.
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Table 1. Matrix representation in ASM2d [7]

Component (i)— 1 2 3 4 5
d Process (j) Se2 Sp S, Sy Syos

6
Spou

7 8 9 100 11 12 13 14 15 16 17
Si  Suk Sw Xi Xs Xy Xpo Xpp Xpus Xyor Xrss

1 Aerobic hydrolysis 1-fsi V; N

2 Anoxic hydrolysis 1-fsi V; v

3 Anaerobic hydrolysis 1-fsi V; v

4 Aerobic growthonS, 1-(1/Yy,) 1Yy

5 Aerobic growthon S,  1-(1/Y}) 1Yy

6 Anoxic growthonS,  1-(1/Y,) /Yy, -(1-Y,)/286Y
7 Anoxic growthon S, 1Yy -(1-Y;)/286Y
8 Fermentation -1 1

9 Lysis

10 Storage of X4 -1

11 Aerobic storage of Xpp =Y ppy

12 Anoxic storage of Xpp V12803
13 Aerobic growth of Xp,) V3

14 Anoxic growth of X, V4 n03
15 Lysis of X,

16 Lysis of X,p

17 Lysis of X4 1

18 Aerobic growth of X, (4.57-Y /Y, Vg N4 17Y
19 Lysis of autotrophs Vo N4

20 Precipitation

21 Re-dissolution
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Fig. 2. The procedure of upgrading design for advanced nutrient
removal treatment and process optimization.
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Table 2. Physical conditions of a WWTP in S-City

Operation Capacity Unit
Grit chamber 765 m’
First clarifier 30,240 m’

Aeration 121,968 m’

Second clarifier 83,520 m’
Waste sludge 150 m>/day

Table 3. Influent and effluent conditions of a WWTP in S-City

Influent Effluent
BOD; 142 7.3
TSS 120 12.7
TN 39.3 1291
T-P 43 0.96
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Fig. 3. Wastewater treatment process of a DNR WWTP in S-city.
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Table 4. Experimental ranges of independent variables (X) for response surface method (RSM)

Independent variables

Range and level

60% 100% 140% Unit
Anaerobic (X;) 18,750 31,250 43,750 m’
Anoxic (X,) 22,500 37,500 52,500 m?
Aerobic (X5) 90,000 150,000 210,000 m’
Settler surface (X,) 6,000 10,000 14,000 m?
Waste sludge (Xs) 7,764 12,940 18,116 m>/day
Recycle (X;) 54,000 90,000 126,000 m>/day
Internal (X;) 240,000 400,000 560,000 m>/day
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Bpop=2, Bp202- = 2185 Q1T (Vanrolleghem and Gillot, 2002)[7].
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Table 5. Stoichiometric and Kinetic variables of ASM2d
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Variables Definition

Variables Definition

ny  Heterotrophic maximum specific growth rate kyo  Nitrate half saturation coefficient
by  Lysis and decay rate constant kyy  Ammonium half saturation coefficient
Nyos yer Denitrification reduction factor kpp, ~ Phosphate half saturation coefficient
k; Fermentable substrate half saturation coefficient k.  Alkalinity half saturation coefficient
Ky yer  Volatile fatty acids half saturation coefficient Hae  Autotrophic maximum specific growth rate
qpus  Rate constant for storage of PHA b,  Autotrophic decay rate
qpp  Rate constant for storage of poly-P K., Oxygen half saturation coefficient for autotrophs
Wpo  Maximum specific growth rate of poly-P accumulating biomass Kvie ~ Ammonium half saturation coefficient for autotrophs
bp,y  Poly-P accumulating biomass lysis rate ke  Alkalinity half saturation coefficient for autotrophs
bpp  Poly-P lysis rate ky, Hydrolysis rate
bpy  PHA lysis rate Nxos nyaror ANOXic hydrolysis reduction factor
MNnos pao Reduction factor for anoxic activity M Anaerobic hydrolysis reduction factor
Ky pao  Volatile fatty acids for saturation coefficient ky Slowly biodegradable substrate half saturation coefficient for hydrolysis
k,,  Phosphorus half saturation coefficient for storage of poly-P qp Fermentation maximum rate
k,,  Poly-phosphate half saturation coefficient for storage of PHA kg, Fermentable substrate half saturation coefficient
k;,,  Inhibition coefficient for poly-P storage K Phosphorus precipitation with metal hydroxides rate
Kpry  PHA half saturation coefficient k.,  Redissolution of phosphates rate constant
k,  Oxygen half saturation coefficient K pre  Alkalinity half saturation coefficient for phosphates redissolution

Korean Chem. Eng. Res., Vol. 48, No. S, October, 2010



SAlElde] A2 upgrading A9} 3 HAsE 93t ok SR 595

Table 6. Primary design of operational condition and a capacity of A,O

Table 8. Optimized operational conditions and a capacity of A,O process

process Anaerobic Aerobic Anoxic
Anaerobic Aerobic Anoxic SRT(day) 27 27 R
SRT(day) 19.5 19.5 - HRT(Hr) 42 11.5 3
HRT(Hr) 4 12 25 Volume(m?) 52,500 138,300 43,800
Volume(m?) 50,000 150,000 31,250 Waste sludge ~ Recycle sludge  Internal sludge
Waste sludge  Recycle sludge  Internal sludge Capacity(m®/day) 7,800 0.22Q 0.96Q
Capacity(m>/day) 13,000 0.36Q 1.6Q
Table 7. Simulation results using a primary design o] HFS T BN S 351908 w)o] AREH, o) s
— Standard (Eegulation) Primla;yorlesult A7 7Es3 Hel2 A & Eiye] BAE 42 Q)= AA NS
’ = WS R Zlofet. ol Bol 37129 A, Al 7Fs e
BOD5 10 7.7 _ N 3 - -
N 20 01 5713 % 1] M= 90,000 m*~210,000 m*o]H 5522 H3
T-P 2 5.5 %Aé—% ‘?4?1’ é]?ﬁ'iﬂ J‘?‘ 1‘—: 138 300 m3°]‘:]'

AlEFOIA A AEHE A03H 2 TSS, BOD;, Total-N(GE

A2y 2T TV WO, Total-P(E Q1)e] 749

79 571 5.5 mgLE FA7IER] 2 mgLE 28T
b A, 08 skrAelde] 5 SV A W A

£9 AZRE A% WA 2 AR 5] e, o]
£ 9130 WS AR S S WAL S 17 40

kel 60~140% W] WelolM =gl om, sk el el 24

A5} 98t G50 Bu 51712 U WA FAXE vt
o] TSS =10, BOD =7, TN = 10, TP=1= 243}t
HP~ﬂﬂ‘ﬂ*U éﬂr 78] WEEH?(X)E} 47H4 ES R (Y)

o] 3] 2& Est AZO%l‘ﬁ kA ge] 4 AR 2Hx
7L Fig. 59} Table 8= YERITE

TSS = 61.73 — Anaerobic x 0.73 x E"1% + Anoxic x 1.37 x E™¢
2
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Table 9. Comparison of simulation results based on an optimized design
and an existing design

+ Oxic x 0.013 x E™'%+ ... — Anaerobic? x 2.91 x E"!! — Anoxic Optimized Standard  Existing design ~ Primary
x0.37 x E™' + Oxic? x 0.61 x E™ + - + Anearobic x Anoxic design (limitation) (S-city) design
. . _ T 10. 1 12. 12.01
x 0.0082 — Anearobic x Oxic x 3.47 x E™'% + ... — Surface SS 05 > ’ 0
BODS 5.99 10 7.3 7.7
x Internalx 0.0008 7 N 307 20 1291 1
Fig. 5= %7 2% E¢]0]Q] Minitab(Minitab Inc., USA)S A3} TP 0.81 2 0.96 5.5
Optimal anaerobi anoxic agrobic waste sl recycle internal surface
Hi 437500 £2500,0 210000,0 18116.0 1 .0 ) 0 14000.0
o Cur || r43749.9980) (5249399761 [138281,218] [7764.0) [54000.0i53] (240000,068]  [12709, 1387]
0.88186 ¢ 18750.0 22500.0 90000, 0 7764.0 54000.0 240000.0 6000,0
TSS
Targ: 6,0
v = 10,2894
d = 0,74768 | —
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Targ: 6,0
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d = 0,98882 e L W ,__g____‘__:___:____
T-N \
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d = 084258 \
T-P
Targ: 1.0
y=1.1749 [|——u | \ ) L
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Fig. 5. Optimization of operational conditions and a design factor of A,O process based on response surface method (RSM).
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Korean Chem. Eng. Res., Vol. 48, No. S, October, 2010

84 - R

A4 EQUF o] 8=|iT). PLS A sl Elrde] weeE] vl
W= 15719 249% (Latent variable) 0.2 59F%]§] o, o] 4]
2 X Yl dis)] 22} 70.37) 83.62] variance cumulatives
L}E}‘Hﬁi‘:} o] 362+ FHEHE wis|HGr} A e A
O] Whg-& AT = lE 1531S] R FoEH, o] AR
A X9]r YT AF9] oF 70%9} 84%E AT T S

w|gict,

PLS #242] X% 2 o]g-%]:= loading plotZ} VIP(variance important
project)i= Fig. 6(a)2} (b)ell ZH2} AIEQIE}. loading plot> %

F X HESRIF(Y) Ato] €] & ehllE e =s, &
Ak Aol = E"‘i—}F%ﬂiﬁ /\01—%@01 Eos ulgitt. Y
T A oT, T5A Y E = Hau,’% Al 2lgk
ote] W } "41394 Zog5-oll WA =o] 24z}l gt A
35 vrERT EE?E A¥EA © 2= BOD7} thE 55 /37l 1]
3l F=shA w7 YRS HAE 7, o5 F3 BOD=
e fAEF /H"L"ﬂ vlal] mi7iire] JaEs wol s A5
T Ak

VIPE= Hhg o) gt QJoFAre] 7o eg R ow 13
JIEEMN, 11 Fo] HE5F WS digh o geo

wlgitt, 367019) ASM2d B3] v - kpp qpp Kppel VIP
ol 71 =940, xppi= PHA A4S 913 poly-phosphate®] 32
3} AGE, qppe poly-P A I8t S5, kpy i PHAS] 23}

lo,

oy
£

i

-~

o

)

H

dlo

filo

1o o

¢

A2 ou)git}. o] W= BT sl U] oy} wE o)
geoln] | TR wdeel] b)) sl e ge] S35l ish ek
o] ErH= 7S oF 4= Qlt}. o] 2 Ealo] slAelde] BEehA v

52 HATORN A0THS &

RNl ! Ao ekt
5.4 E

-1 o
Bt ***Eixli‘ﬂ o= 3 R slrAeEe] Ao
5)
o

9] upgrading AAIE

S8l HEEEHEA 7 PLSIEA € 57%01 7S okt
AOTHE LS w), Q1L oF 16%, DAl 75%2) AATH 5
71 By o:q o5 Egl E AATollA 01.9_6]— Azoi‘ﬁ o B35k
%) oAt ARl E3Holn] 48 75 Ao) ujs- de o
- Ik R v BARAE Bkl AR R0 £ 3

Z—}g]_% o3tk Eé}ﬁl—ﬁ NS Ty

BAE Foto] kA Ede] kARl %@fﬁﬂ%ﬂ 6“"3] ]EH%E]’.
olggl A5 Fat sHEl Aee e 3 T, =4 Alzk
9l ZAn)e] A7t T2 it ZgEY, AR skrA el A
! "’Eﬂﬂi-i Agto] A ast & Aol sl el AEEA
AAZ 913 15222 upgrading A BZ=3lo] thgk

2 AT 2010d SR AT A A REATZHA| (KRF-2009-
0076129)e} A-ZA17EAT-A] AFeHE = 2441 (CS070160)2] A
A& Wol FaE gl o o]of] TRE=Hu )



—_—

W

7.

slrAlElde] aeA2] upgrading BAIS 37 HASHE S5t TR AR

M

k]

I

.Heo, H. S., “Optimization of Advanced Sewage Treatmentpro-

cess Treating High Fraction of Non Degradable Material}’ Ph. D.
thesis, the Univ. of Seoul, Korea(2006).

JJin, H. J., “A Study on the Optimum Design of Petrochemical

Wastewater Treatment Process Using a GPS-X Model; Ph. D.
thesis, Chonnam national Univ., Korea(2007).

.Lee, J. M., “A Study on Converting a Existing Activated Sludge

Plant into Biological Nutrient Removal Plant Using a Computer
Model; Ph. D. thesis, Kyung-gee Univ., Korea(2007).

.No, Y. K,, “A study on Optimization of Intermittently Aerated Con-

tact Oxidation Process by Simulation’ Ph. D. thesis, the Univ. of
Seoul, Korea(2006).

.Rho, H. Y. and Gil, K. 1., “Modeling of Existing BNR Process

using ASM3 and Modified Bio-P Module’’ J. Korean Society on
Water Quality, 23(3), 309-313(2007).

. Park, J. M. and Lee, H. W., “The Monitoring of Biological Wastewa-

ter Treatment Plant Using Multivariate Statistical Analysis
DICER Tech. Info Part 1, 3(10), 193-202(2004).

Kim, M. H. and Yoo, C. K., “Design and Environmental/Economic
Performance Evaluation of Wastewater Treatment Plants Using
Modeling Methodology, Korean Chem. Eng. Red. (HWAHAK
KONGHAK), 46(3), 610-618 (2008).

. Mogens, H., Willi, G, Takashi, M. and Mark, L., Activated Sludge

Models ASM1, ASM2, ASM2d, and ASM3., IWA Publishing in
its Scientific and Technical Report series(2000).

. Henze, M., Gujer, W., Mino, T. and Loosdrecht, M., Activated

Sludge Models ASM1, ASM2, ASM2d and ASM3, IWA Scien-
tific and Technical report No.9, IWA, UK(1999).

10. Henze, M., Gujer, W., Mino, T., Matsuo, T., Wentzel, M. C., Marais,

G. v. R. and Loosdrecht, M. C. M., “Activated Sludge Model No.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21

597

2d, Wat. Sci. Technol., 39(1), 165-182(1999).

Kim, M. H,, Rao, A. S. and Yoo, C. K., “Dual Optimization Strat-
egy for N and P Removal in a Biological Wastewater Treatment
Plant Ind. Eng. Chem. Res. 48(13) 6363-6371(2009).

Sung, S. Y., “Comparison of A Weight of Desirability Function
for Multiresponse Optimization}’ Ph. D. thesis, Ewha womans
Univ., Korea(2003).

Yamamoto, T., Shimameguri, A., Ogawa, M., Hashimoto, 1. and
Kano, M., “Application of Statistical Process Monitoring with
External Analysis to an Industrial Monomer Plant] IFAC Sypo-
sium on Advanced Control of Chemical Processes, 405-410(2004).
Rosen, C., “A Chemometric Approach to Process Monitoring
and Control with Applications to Wastewater Treatment Opera-
tion}’ Ph. D. thesis, Lund Univ., Sweden(2001).

Lee, S. W., “The Environmental Engineer for Water Quality,
SeongAn-dang(2006).

Park, S. H., “The Application of Media to Enhance Phosphorus
Removal Efficiency in A,O Process of Wastewater Treatment
Plant} Ph. D. thesis, Kyungnam national Univ., Korea(2008).
Reynolds, T. D. and Richards, P. A., “Unit Operations and Processes
in Environmental Engineering, 2nd Edition) BS:PWS publishing
company(1996).

Syed, R. Q., “Wastewater Treatment Plants(Planning, Design,
and Operation), 2nd Edition} University of Texas at Arlington
(1998).

Hydromantis, Inc., GPS-X Tutorial Guide, Hydromantis(2004).
Lee, C. H., “Determination of the Optimal Design Parameters of
Advanced Wastewater Treatment Process with Acid Fermenta-
tion using GPS-X Model} Ph. D. thesis, the Univ. of Hanyang,
Korea(20006).

. Kurt, B., “The Monte Carlo Method in Condensed Matter Phys-

ics, Springer, New York(1995).

Korean Chem. Eng. Res., Vol. 48, No. 5, October, 2010



