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Abstract

This study was implemented to find an optimal model for wastewater treatment
processes using PHOENICS(Parabolic, hyperbolic or Elliptic Numerical Integration Code
Series) and ASM(Activated Sludge Model). PHOENICS is a geﬁeral software based upon
the laws of physics and chemistry which govern the motion of fluids, the stresses and
strains in solids, heat flow, diffusion, and chemical reaction. The wastewater flow and
removal efficiency of particle in two phase system of a grit chamber in wastewater
treatment plant were analyzed to inquire the predictive aspect of the operational model.
ASM was developed for a biokinetic model based upon material balance in complex
activated sludge systems, which can demonstrate dynamic and spatial behavior of
biological treatment system. This model was applied to aeration tank and settling
chamber in Choonchun city, and the modeling result shows dynamic transport in
aeration tank. PHOENCS and ASM could be contributed for the optimal operation of
wastewater treatment plant.
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Keywords. © wastewater treatment plant, optimal operation, PHOENICS, ASM3

I L §2014 Bl Haw ASM 29| o3
sehelE Bl @ d7E s 29,
At 2 gdolgEA Aol WEH AA

b o

FeAPAe EARE A2

2 wgdAE
& o fe) b =238 oy Re=1
#7148 el sheA sedy gawe g 0 o0 PHOENICSS 38 7iede =Asad
A% AN 2Ye Hgd ot ATE 28 ASMe|tt PHOENICS= 23 717t B2 dw7tE
2 Jd =8 =17C ¥ = T 0}‘93\]:]'. ol = - o o= i]—']— S
SRR ge Qudel Fege 44, ggug 0 TR RT A IuaGa S4@ 29
5 = = = o oz2x o7, IHIrE, AEW 3 zAZ 2
= 4R ol 54 ¥Pow gy my  FH IS AATR HARA AL 09 7
S 5 L = PR 1 T
7, e Fol sk ¥ ERANE o D mmd e s meer e .
‘:H{g], ZAEZE A nEL 7 7H}£_:_} ‘?‘]; ?l' ‘T"\L’oﬂ BJ_’ }—‘)‘}”E‘ 00}’0%, o At 1_.01 013"1‘1'
¢ BBE HEY = KA gt7] &t vHe e S QR /\7H5}‘°O 234 3
o s = = T MR- o "1, =
e FAYP) B 2REY A8/F5HES AEHA.
* Addsa SFFE af, FEay Nee) sade w4 A4 RESe mHol
> Zdne dund #FFok 403 Egdo] Q& AetuE $7 UF Bn St
wer RS st BB whapT

_73__



o
M

o

Sl AR A 33
goste A A &35t

Jﬁr_\%:&

o e A ol
o @ >
oo Ny
{-rLr-ch_IZ“..'\“:L

o & o

2
2

%011 Eeﬂg}ﬂ n%ﬂoﬂ
HE7Fe] Ao} ;(}doﬂ
Z47 dRgeln =
eg 72 xﬂow o)
47k o
%Oﬂf\i olgj g J|E RP 9
PHOENICSY ASM 23

e RAsSi

rHa

lo hu

i
O

2
A
m]o o 2 oo o ff & 2

sl
EE!

e fAREAY x Ee
4 38 2/20%, HHVEYY 5 AR
Ay A GeRe Zzadelth AREL @

Ago] wel EaHe] AFHARW HAZEY
Eo] HREY FAREELE 95T F e 7
o] WeHe mzadlon HIHeE FAoltl
w5 XAl AFH ZRaeWe &5
AR Yot s agol A-gd F 7
A ¥t PHOENICSE 2719 #F AAt Ef‘é
Ao Bz 2ol . F A
SATELLITES EARTHelth Bz R¥Fo] FA
238.e PHOTON, AUTOPLOT, PINTOZF ik A}
f7}o] AA AL ol Eol= L2 1Wel GUIDE
2 FA50 vHll AT WAdME AXHAA
2 VR-Editor®} $Hz2%AZ VR-Viewerg *3
gn gen I FAL EdA U9

are
RS .y

_&:_l,
S

<Figure 2.1.1>9 #Zth

The structure of PHOENICS
VR-SATELLITE-EARTH-PHOTON

2.2 PHOENICSE ©l &% #3A ste32AE
A9 AANARLH
AxNA 7z LAY WY 22L& 49Ed o

3 zZvh, fAEAe wF-E 2000~2500ke/m'
Tola, AA(YAA)E 0.2mmo]Foith =3 A
0.0225m/s¢1 4AEIH {712 Y
stoh, ok fEe 0.15~0.3m/s, AFA

o

= Q
= RS

sh

H i H
2 M

@ = o

s Aol f-&sirh

ARG FAL fFaFel 15~2m, FZHol 2
5~35m, & Zo] 10~20m=Z 39 AZxe] 47
3~6m AR AHE F= o] Foh FApACdE
48 7Ax7 Qed Age Ayl A, HHF
o A7), 97 FA9 AddA, AFTHS EGA|
5 g 7R 44 FS-FEcoh JAAC glofA
Fod AL AAXGE g =g 22 9nF
HlFe] 3 ZU7L & QAE AAAIE
B2 AN Fe F ¥l gk w3
dsez YA AAUNA FES
gt} AF3 A2FEEE ok

AT Q2.0 Zoh

7k 30~60secE

FA o)

221
ol7]A,

! Darcy-weisbach & AF(E3FER]

3% 0.03)

2.2.1 PHOENICS®] ¢g8A=s AA 2 +4

1) #3144 s g JARe] 27 23
ZA4 A Zh AARY fFYFele
dARE 4 §% BAZ A8A4 %) FE A
A Hojglen AAA FEFRAE FE FES
Azjsted HAX B Hgalel ol gt Yt
AAAR HANAY AL <Table 22.1>3 2t}

<Table 2.2.1> Condition of grit chamber

+ & = 100,000 m¥/4
+< Gate 27] | mm B1,000 ><H2,000
4= Gate 27] | mm | WL000 xI2000

A m 3.0

A & m 18.0

Z a3 i’ 162.0
gz [NzEW] m 0.45
=3 | #2314 | m 135

A 5 3 A 3

AR - A2 o] ¥&F(two phase flow)S 34
ste WiozE Y4xe AAE FHIY A&

A4z B (A el FEztel
A8l Lagrangian W3 4AE

HAE ge A

= shtel Az

_74_



A Ed £99 AH3E 93 ASIM, PHOENICSS =&

Ho
o
o
12

dEdez 7FAso oo g Auf
F= Eulerian H'8e] Utk E =% o &
71791 PHOENICS= % 714 WHg 2% 4
A gt 1 Fo|A Eulerian % 5
(Inter Phase Slip Algonthm)E Alg3t gk,
B =g Ae= <
F& vy, 2¥9m 2oig z‘?ff—% HE N e
£ 4R 2ET x v, 2 BHE FEE
w2z WERTE
3

3k upe} Lol B AFAE= Eulerlan
3 2]

ok

o

n![o

2

oo

o

fr

)

C oo

»
B
X o

M

=
u, v,
e 4

=4

a
E;(pv,»-(- o) =0 (22.2)

42220 % v, z 2449 ARXSH diste] A
W A(223)% 2t

%(pzﬂr oty + %(pﬁ owp + %(puﬂr oswp) =0

223)
AANA, u, v, we 24 REZ FPe| &=
AR, o A9 u7] HE, o 9Rd Aw

fl
e
L
T,
)
=
o
o
2
o

[o}
23

HAE {57 o AMRETe d72 dEh
+ Reynolds &3] 93 Z3o] "Hasy £ =
Tl A& Boussinesq 7t ¥ Prandti-Kolmogorov
FAN R FoiNE EFE k—eRFE ALY
t}. Boussinesq 7F4-& o3 2.

('uv) o #,»%;i (2.2.4)
Prandti-Kolmogorov #4142 t}&-3 2}

pi=C, 2K (2.25)

82 x I K @«
NH o e
o g > Aoy oo
e R
I;o_%ﬁh‘tﬁ‘é
o O 2 [0 do g
T oo o My
O
rloﬁgﬁ de{NN:ajZ
= O oo
AP A
B T N
& 0]
R
ooZinx‘ ;I‘l‘_dé‘
—?L; H)—AN
r1r_'>'; %05
)M—‘%' T{N‘ ﬁ,
2 o mopL
¥ o= =
_ﬂ'—?—‘ O ju

PHOENICS 9] &= F2d
£T = AR AA 2R W@
230 wepA oha Folsk gl
P AREEE 0.225m/sE 7Hg 5

7 & BUA s £ 3
ALA 2] QlFdlA ST RE o= 9 AF F
G A7) w g w7Wh4mt%ﬁﬂﬂZ§

gteltt. watA PHOENICSS VR-editordl A =

b e
du o

&

ot
Ay FZAE

£ A A

i =1 ho4

Haa o B
o]
],

(o]
TF ﬂd‘a

!I,_.

e £ v‘i'—"ﬂ mainell A g E F3E
Zz Azl FaA AlFite
== Q"H}‘?‘r. E{p,) % TEE(p)9 €
77} 1000kg/m' (20°C), 2500kg/m' (20C)E &

OB E B
oo Sk g o

LFEY F¥ fFEE Y2
2 B@sE 27 4(226)% 4277 2ok

Qu=R,*0p,< U, (2.2.6)

Qs=RX0p:xX Uy (2.2.7)

7] A, Qw9‘r Qs% BF 44

0
l*‘H Ur P AFHES 42 1000kg/
w' ¥ 1000 % 2500kg/m’ @] ¥

222 w4z Ay 24
e dHAFTE PHOENICSY VR-editorE
1839 main menudlA YHFFYPoH, wdg
T ZvElA 37 YA HAAF Bzo] AL
stol AARE HEe AT,
olgA A HAA R dE AR
te Ae A e AR B A
of

O

o

pi

o2

2

o FAgel Gyl W] AATe 74
Z oHfe fA FA% CFD 2dzg ol 3l
FAAH AR 2 ALPE AV 294 A
ARE FAE RE WS T8 dolg 2
Tl A= Z]/‘}X]a xZF02 100/ vE3 z&
= 4z 1002 3t

Az o8 g4y FAZe] AR
PHOENICS 9] simulator$¢] EARTHel A A4HE
g3tA Ak ol e AAE FHA Lol &=
HEaZgd o 2R VR-ViewE FaiA
s F 9

<Figure 2.2.1>~<Figure 2.23>2 EARTH=Z
28 A" #&  vector, contour, I
isosurfaceZ e A AHolch

<Table 2.2.2>%} <Figure 2.2.4>°| 4 Q‘%QL
ulel o] FUFN FETE LFE
1A Ha R2ge #Ag AL *‘r’r%:ﬁi
7hE A HFo] FAL R2 & 1Bl ALY
o)tk EE olgt FAY AAAUY £x= 7
28HA Bk o]AL <Figure 2.2.3>°] A 3t
F Aavh =23 ogA TP 2HEe ;e A
(228)& ©] g3t FEE F4E 4 Jrt

£ 30

Mg ol

o

o I

J@L-h_-%

Com=s =2t — g (2.238)

_75_



N,

A7IA, C, LREY T =
U:AA 2
o L HEENY 2R
0,0 1YY 7R S

<Figure 2.2.1> Calculated velocity using Earth
(left : contour, right : vector).

<Figure 2.2.2> Calculated velocity using Earth
(isosurface).

<Figure 2.2.3> Volumetric fraction of water and
solid phase in grit chamber.

# ol o

<Table 2.2.2> Volumetric fraction of water and
solid in grit chamber.
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<Table 2.3.1> Kinetic rate expressions po; for
all p;20 in ASM3.
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<Table 2.3.2> Stoichiometric matrix "&; ; and
composition matrix £z ; of ASM3.
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1 [hydrolysis fa [x1 |0 ) -1 —ixs
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o COD va [x[xs |7 sTON 3
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Mo
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<Figure 2.4.1> Flow-Diagram of 4-Stage-BNR
System.

BNR ®e=xiE <Figure 24.1>% 7o) 1st
Anoxic - Anaerobic - 2nd Anoxic - Oxice] 4%
Az FAAT Ist AnoxicZE dE & A Ud] &

£1gt ASIM, PHOENICS®| #-&

ANt 9= NO3E AAs7] Yste AX3ae
¥, AnaerobicxE AE&EFE 95 HAHUT
2nd AnoxicZE uWHEukEe] ZF

N2 g3AA77] A3t} A A
7159 AAG Fiae Fis L
HAE o= HAXHAUTY 7 w
Px7L <Table 241> #Ztoh

Mo mx rir

<Table 2.4.1> Operational condition and
volume of reactors..

1st Aroxic 1L
Anaerobic 2.4L
Volume of Reactor|2st A oxic 6.6L

Oxic @ 10L
Clarifier 10L
st Anoxic 0.1
DO concentration | Anaerobic 0.0
of Reactor 2st Anoxic 0.1
Oxic | 2.4
Total influent flowrate 3.3L
Returnsludge flowrate 1.65L(50%)

Internal recirculation flowrate |6.6L(200%)
Saturation concentration for
10mg/L

523.2(hr)

oxygen
Sludge age (SRT)

<Table 2.4.2> Typical range of organic fractions
of primary effluent in municipal wastewater

Typical
Gk I’ i : ) fraction of
mbol omponefi
v - total COD
_in %
Sk Readily(fermentable) 10~20

biodegradable substrate
Sa Volatile acids (acetate) 2~10
St Inert, non-hiodegradable

. 5~10
organics
X1 Inert, non-hiodegradable
. 10~15
organics
X Slow! biodegradable
s v € 30~60
substrate
Xu Heterotrophic biomass 5~15
Phosphorus-accumulating
Xpao K 0~1
organisms
< S t o r e d 0~1
A poly-hydroxy-alkanocate
Autotrophic nitrifyi
Xavur X P Hyme 0~1
biomass
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<Figure 2.4.2> The behavior of Nitrate and
Ammonium in each reactor.
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<Figure 2.4,3> Ammonium, Alkalinity, and
Oxygen consumption in reactors.

140 - Readily biodegradable Substrates |

e 120 -+ Slowly biodegradable substrates |
£100
~ 80

O 60
2 20
0
inflow 1 2 3 4
Reactor No.

<Figure 24.4> The behavior of readily bio
—~degradable  substrates and lowly bio
~degradable substrates in reactors.
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