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Abstract

The purpose of this study was to evaluate adaptability of extemal carbon source using GPSX program in
pilot plant composed with 2-stage denitrification process. The result from analysis of piiot plant operation
and GPS-X simulation showed that effluent concentration could be simulated similarly by modifying
operation conditions, such as DO concentration, C/N ratio and other calibrated parameter. In order to
satisfy the standard of the effluent water quality on T-N.of 20mg/L, it required approximately 3.1 of C/N
ratio and 50% of nitrogen removal efficiency when influent T-N is 36.9mg/L. To maintain the stable water
quality of the receiving water, the effluent TN concentration should be less than 10-15mg/L and the
appropriate C/N ratio to remove nitrogen was 4.27-6.82. The analysis of sensitivity to kinetic coefficient
and reaction constant showed that Y,, and y,.,,; were most sensitive to nitrate and ammonia nitrogen,
relatively and sensitivity coefficient of their were 1.32, 1.98. It was concluded that as Y, decreased and
Linayy iNCreased, the reaction rates of denitrification and nitrification increased and the removal efficiencies
of NO;-N and NH,-N improved.
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T3E€ Rd¥YE B3 ¥AsnA e 97 g
8 Ay 1 ok, BAFEH A B oL o] &3 vy
Hog Fe ATle] A& uk-gr19 A LA2A
< 22 F glod, werE AAsA A
A B4z BYQ3A g0 £F Egj¥oz 749
o] & AY Mo U A7 % A EH oML F3
7Vgstet,

B2 AlEH A Z2IPE] A Y A
&g A%t AMEEE o7l 271546 ey dx)
AHEE T gl W] HA SAZIAE HEE o=
e AL dAF oz u)$ oAHHA A}, 2003).
mebx] 2ot A Aoy A A FAAAE
Hg3tn 9999 B4 4@ S5A 39
A4 g Aatol 3FHAY T2 Aol Yasge
o, IAWQelX & &S d¢xe 345 F3
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Activated Sludge Model No. 13} No. 2& 7Bastdth
(IAWQ, 1995; IAWPRC, 1987). o]T md< 7]z
2 3lo] AEEA Mo tF AARA o] Po| &
AT, HIZNe AHEAEY HAAHE =9 48
slgl AEo] Zol Uth(Gujer etal,, 1995: M H,
1999).

ASM No.1& 33 E3 A4 L4 (electron
acceptor) 9] 43 MBS A 2EAY Fad AE}A
FH S RAREA AME bl hdd whg o g B
437171 8 Aoz, mdy gde BT}
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A 25 daH Y. =3 57184 ¢ FAiE
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th ASMNo. 2= A& A AAE 371474 ASM
No. 12 34171 2d2 R 71&8 4717 F8
o FHL St RE, TEYYTNE, EHY G0
£, 4 34 vy Ea #-h=9 glr}. ASM No. 2d&
ASMNo. 24| 24 7158 Q) 23 g B s =
7HH o2 AAlE o] JITHIAWPRC, 1986). =3 o
TR AFEH Z2aPE] 84 LX) 2L ul
goz fgso] AMEE D glon, thEAQ Aew
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1993)
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GPS-X(General purpose simulator, Activated Sludge
Model No. 1 plus clarifier) = th¥ 8= 2] g9 #2]3
A 338 2 T4 dez 2 F 9 3
H z2aPoez 1987do IAWQoIA AXAF &
TAEE B4 83 A2"dN 4718 AA 2 A
Ase @22 &8 - e 84 X =Y 18
ujero 2 7itE] ¢l (Henze et al., 1987). GPS-X =
dolE 3% 2 Ao BAE s T4 o] eyl
o] AAAZ ddF A BHIHE Fo) B FHe
SHYHE B YA ok A EBGolHe £ 7
Bol g AW oldlg Wale 2@
AR A AEHoH =79 EFL 718 A
A, As, 24, 29 5 AY9F AT seto)
Zbedte, e, fdedy 9%y Az
(SRT, MLSS, RAS &) Sl @& $AENE =3
gtete ¢ glt}h. Modification® %3] th¥g 12X
JEYRE A 83t HAUAE 2EFo=y A%
9 FAME AZE & Uk fYF AL L Zate
@9 A A9 parameterZ I & 2dL o)L
3 Aol S B3t AHeF Ao ta o33
T & 5o oH(GPS-X, 2001).
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Fig. 1. Schematic diagram of pilot plant for modeling.
Tabie 1. Operation conditions of pilot piant Table 2. Water quality of influent and effluent in pilot plant
Reactor Volume(m?®) - HRT(hr) Water quality(mg/L.)
ltems g
Stabilization 1.94 Influent Effluent
Ax1 Preanoxic 2,00 1.50 TCOD,, 269.7 59.6
Ox1 Aerobic 1 260 195 STcéggC' ‘8252 fz'z
Aerobic 2 2.60 1.95 ® ) )
188 86.3 5.0
Ax2 Altemate(anoxic) 0.80 0.60 TN 36.9 5.8
Postanoxic 2.00 150 NH;-N 281 0.5
o Stripping 120 0.90 T+ 22 08
Total reactor 11.20 8.40
d ic simulation 71¥ ¢ A& &t 8-
2nd. seftiing 527 395 ynamic simulation 71| A171&& SHeti 3 - 3

staton®] UNIX #7402 wE9 o 2 Windows
BAAMT Algo] FMEdte s & s) welan
9lth. Simulaton program& plant® A A A8}
©H 7]8e] He #42d, 33, 84 &8x
o] AA BA B9 §L panameterE& ofdsledl 7}
% 738 8 wolo] H 1 HGPS-X, 2001). 3 - H¢
A e]% &2 dynamic behaviore} $H A 28]9] B4
A& HAEHEE e & P ed 8%
AEE & 5 Uk B2 2 toolE BY EYE
A9l 84 9% computer simulation, F3 ¢} ¢4
T Bt 528 FAHY don, FAEAH] g
AR Ao AR B, F3) wEt o
MM o2 Bslse $BE HEEd th solt, o
H WFEL ol el Wl RAlEY FYo oy
FE FE AVE Y 438 F g BN 2"
2AMe VR ZFa Yd. Z2a9 g B

39

FAYRY FAELE AA3in 53] 4 &8A
T4 % 9d 2 = kg 5 QA =AU
Eg - ey ¢4 2 34 vee dAgste
oM AR, HAYA 9 FH daa FHo2
A% feedback EAE 7HA & & e FHE Uk

2.2. Pilot plant 28 =H % 2 layout

Pilot plant 27 2= 9 21 21z Fig. 1 &
Table 13} Zon, HE2e Fit2x2g o g3t
Pilotplant #4le T JetrA 2R fYSFE o1&
Fgon, §32 2mid, WRwEg 200%, S8R
48 100%, SRT 17d, MLSS 3,400mg/Lo|%{ 0.5,
ojlef £HLEE 18-25°C M) €4& 98 A
FAaze FRALZ At REACE HE
o] FlE AR A E FYUHoY, Bl F
HFL A/ FFALZ FAATG(RAZGA],
2002). 299 A 849 pilotplant ¢ 2 EFHL
Table 29} Zon] o] & ulet o= GPS-X simulator&
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Table 3. General components of mecellulose wastewater (unit: mg/L)

ltems pH TCODy, SCOD, TSS T-N Alk.
Characteristic analysis* 10.5 62,333 57,416 234 ND 368
Lab-scale experiment** 10.4 60,000 53,000 210 N.D 300
Pilot plant experiment*** 10.1 60,757 56,991 43 23 336
Demonstration test**** 10.6 52,292 50,570 - 15 438
Average 104 58,846 54,494 162 19 361

* Characteristic analysis : avg. value on 3 times analysis (2001. 9)

** Lab-scale experiment : avg. value on 6 times analysis (2001. 11 ~2002. 1)

*** Pilot plant experiment : avg. value on 35 times analysis (2002. 3 ~ 2002. 6)

**** Demonstration test : avg. value on 12 times analysis (2002. 7)

Table 4. Characteristic of influent COD for modeling (unit : mg/L, (%))

ltem S Ss X Xs Xy
Modeling influent 94.4(35.0) 90.7(33.6) 3.2(1.2) 63.4(23.5) 17.9(6.6)
Extemal carbon source 6,187(9.9) 55,683(89.3) 22.2(0.04) 347.5(0.6) 92.7(0.1)
General characteristic* (12.5) (20) (12.5) (45) (10)

* General characteristic of domestic sewage of Korea(3 2] 4, 1999)
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2.3. Hid2AHY

2 d7dA did gFeidoR AlgE w4z
2 YL SALY UFAelA & A2 24§
AAZA Hdog vz A= HAEA cellulose
o] =% X&) wel HPMC(hydroxypropyl
methyl cellulose), HEMC(hydroxyethyl methyl
cellulose), MC(methyl cellulose)& FA =] STt 4
£4 nEAQ dzre A2 HAE, 3],
oFE 5 TgF FobdA F3 (thickening), F3}
(emulsificadon), ¥4F(dispersion), ¥ ¥} (suspension),
B4 (water retention), 3 29 A) (workability)
5ol 8FHE ¥4 Fo FHAMIZE AHSEHE 17
T A3 AFoltt. & AT A LT HEL
Hae BugAeto 2 hemicelluloseE AAF A&
AbEEt]on, A4S Table 33 o] pHe AT
1042 el e "u e, TCOD 7t Ha

§8,846mg/l, SCOD/TCOD & 0.930.2 &4 e}
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2.4, FYsteel MM 9 2F parameter
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F= zH "I (US EPA, 1993), £& QJEHAH 2
& dEEA A71E 52 BY] Y e /4
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Table 5. Operation conditions of pilot plant and modeling

ltems Operation conditions
DO concentration(mg/L) Anoxict 0.34 Anoxic 2 0.51
Aerobic 1(1) 3.58 Aerobic 2 349
Aerobic 1(2) 526
MLSS{mglL) 3,491
SRT(day) 75
Temperature(°C) 20
Table 6. Kinetic parameter and reaction coefficient for modeling
Parameter Symbol Constant
Heterotrophic yield Yy 0.63
Autotrophic yield Yot 0.24
Heterotrophic maximum specific growth rate e e/d
Autotrophic maximum specific growth rate ot i
Fermentable substrate half saturation cosfficient Ke 4g/m?®
Volatile fatty acids half saturation coefficient Ka 4g/m?
Maximurn settling velocity v 274m/d

£ BNsled 298 84F HRTo|W, HRTE 4
B3] AsME AdRFa) v £330 Wed
. 243z g9 &4 9 7g physical
parameter® )& 3lejo} 30 pilot plante] 72 E 3
Z1% B& £402 Rdy vz YUY Alest
At £, HRTS tj¥o] ¥hs-z 1o #4270
880, P4 9 37121 E gAse 2EHY
229 DO7} 744 $8% 848 & 4 ¢ld}. Pilot
plante 298] Baaze} 229 57128 FAH
qem, A4 F24le DO 5528 Ygsid F49
A E L SRIU0| B o] M5t s 8
ot

29 pilot plante} HRE 2L 2How MY
8t 21}, SRT] 74 pilot plante] 7$-H} 4453
won, ol RdoAe SRTY MLSS7 Aa#A
7b ol MLSSE A A3 gt37] el @
< SRTZ #&37) g &olc}, Bdgd) A Ld &
HZ2HL Table 59 2}
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Pilot plantel] di @ =g 4 A FHgAS
2 FEASFEN daME defaultgt& L3S
simulation$t 7-¢-9 33 €@ gt-& A48l simulation
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T A¢2 FEEUD. Defaultzto 2 Bdgo] ALE
¥ F8 FY8As 4 BgAlE Table 65} Zr},

EF #Axd € #4220 & 24%e A 9o
EHAS 2 FEAFE Nelder-Meads) thi 4 &
9 Fa§E 737] A8 Simplexycl] o8 +3&
dAon, o] WHe FEHAAST 3 YBASF 2L
A3 GPS-X Z2 oA Algstan itk ME7 5
S Aol AED2E Adgoln, A4y 4 B
AN T3 gk vlaste F4L Ag§c),
7P YR BXHE AR BxYog vired, o
714 74 vdEde AL f(x, y)ol gl 7P ade
A& onlgct. o|FA H4YE N2 FAHE T
FAE A&sld o] BN e B¥E s Az
ol sdo] wEod £ Uk Y BAHNA
TFE qrake] 2rle A4 FHoan 47y A7)
E ol ng, AFde Higtol Yer Ho AR
& 7% & U o] 41 Ee N ¥4 7k
o HAg& Fie Aol Z3F ot Nelder-
Mead & AHHolz, Ao 2x uj$ 1A
T} (Nelder et al., 1965) .
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Fig. 2. Schematic diagram for modeling.

91 % 1) -8-%4=(Cost Function) & th 43+ o] A4t
S| H(GPS-X, 2001: Nelderetal., 1965).

Cost Functions¥ 3 (Compasitgg,/ Composivggg— 1V/4

71N, Compositggeqie A FFF Atgholn,
TCOD,,, TBOD;, TSS, T-No 2 A3},

2.6 243 =9

zdd £ Ale 43" fE2527 4EA8E
v - FESD By dolM {718 € ALAA
AES Brlek¥t. E3§ pilot plant ¥Hg-x o] &4
Ay O/NH| § uhgx 328 9 A+ 2
A FE B3l Rdd HEsto fETES
d &8, WA UAEE B4 1} 2 9
FL X e AAE Hrlske F 29 22 3F 9
Fead e dAZ A8 A3 FH FAxUH
A% A4S AFsct 2dFPo ALE" GPS-X
simulator®] 4] 3} & Fig. 29} Zt}

3. 2 A ¥

3.1. 222 o5t RE+HE v

FHAYATE defaultgto = HPsle] 2AHYT 2
#& Table 7¢] vdehlidict. 2d3 Z3 f&59
COD¢,, T-N, NH{-N X+ Zt7z} 111.7mg/L,
11.0mg/L, 0.6mg/L2 A4 $£AZzE 4 yel
wo}. ol 2d3e] Axrt AA pilotplant 242
HEot A vehde Ae 298 Jd¥zd9 v
Z9] M ze] SetA WgAF F, defaultgle] O
27 43 =] AAEe] R ALz A7dn. 18
B2 pilot plant 443} 9} simulatone] &3

42

Table 7. Quality of influent and effluent result as modeling (unit:

- Influent Effluent
(anoxic tank1) Simulated Observed

TCOD,, 393.6 111.7 59.6
TBOD, 156.6 49 10.8
TSS 86.7 78 5.0

T-N 404 11.0 5.8
NH.-N 278 0.6 05

T-P 36 26 09

o] & &°|7] §l8ix = DOV HRT, C/N ¥] 5 ¥

z ¢Aze| g U QPzde) 28 5O
uHo] Wasi,

JERg e 7 wexd FAAE(NH{-N,
NO;-N)& %7} 252 Fig. 30] Vehigich, A4
ghuk-g-& pilot plant £33 29 A8} FAIH
Uetou}, gAwgd] QolHE TaT Aol E B
Rt WHezWE NO;-N $E& Avdoz vdy
Az}l B dehton, A4 AZAAY TaL
Zod DO 57+ ¥4 $A€chd wez gz
Ao et g go] Astslo] §25e A2EE}
gold 7bsAol BdY Adevy =25HUY.
9y Az ANs whge @A LAZANA HEA
o2 fAF T YA, GAEES Wi Ueht 24
429 DO & 5 $42d9) 24o0] WRY Ao
= o

3.2. 29 23X ot 7

(1) DOg] &

A% ¥xo loJA pilot plant SHzIE 9} 22
A7t ael7t A JeheR AAAA H& 9
&< o] FlAE YEigx Yo DOE BAH ¥

& olF
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Fig. 3. Comparison of effluent nitrogen observed and simulated in each reactor.

Table 8. Modified DO concentration in each reactor

DO condition Anoxict Aerobic1(1) Aerobic1(2) Anoxic2 Aerobic2
Simulated DO(mg/L) 0.34 358 5.26 051 3.49
Modified DO(mg/L) 0.25 158 176 0.42 1.49

Table 9. Concentration of nitrogen in effluent by DO modification ® mdaglo £Ao] FAVEHA YEIEA| T, AlE 7] %

Itern Concentration of effiuent nitrogen(mg/L) ol NH;-NEt DOE ZAstd 2Ag 297}
Observed Simulated Modified NO;-NE pilot plant 42371 o] ¥4 Jebs

simulation DO =3 & T3 All&7]z¢ DOE 3.58mg/LeilA

NH;-N 05 0.59 050 1.58mg/L2 %397 W&o A3 &o| tii o}
e e it 2 A gRyUoly A& ¥Es} ¥4, AMNAL FEt

H @A Jehd Aoz #wetdd, a2y DO 234

9 WM 2dsle] fE59 NHi-N 2 NO;-N 5 o3 2d7 o2 Fig. 4o Yeld AAH fE35= B
%7} pilot plant &4 Ao} FYHEE wdyd S &= & AAHSZ pilot plant 27} ¥HE29] MFEd S &
83ttt Pilotplant 8] DO FE9} 2d3 o]  ARHA BARG Ao 2 Yeiyith, ojd Wz (HF43
X 239 DO =« Table 83} 2tk &, Adst 2 &2, 37|x HER(37]2), ez, )2
22uge DO $Ed U 9o Zn2 7|2 (F7]R))9 §ENLE 47 025, 1.58, 1.76, 042,
2 Fairze DO $28 33 §#EFEE %  149mg/LE 43 = pilotplante] &2 3 FA
gk, 53 57129 DOsF 2da A 3.58~  &HA BAIEHAG.
526mg/LZ Ekou A A fE&Fed %A
DOE =335l & ve 1.58~176mg/L2 A Y& (2) s8&AISr & FEATY 34 2 23
st o2 AAZTE @A AENEEE #F7) AlgH ol oA B4 &£8A] 2de HeuHE
g0, HFAH e SAHn e AL &+ U FEERY] AF HAH3} P2 GPS-Xd £¥d
t} 2322 DOE Y30l RdPsted: Table9 Nelder-Mead Simplex ol 2la] Fa=2lom, 1|
d Jerd AMY F&59 AA2EEE pilotplant & &Fro] E3HE Compositd}2 o532 o] A4le
AFAT v&aA AT £ de Ao d2HY AcH(Nelderetal., 1965).
o

DO =3 & FalM Z wtgxo ALAFE AF  Compositggey) =TCODG =5+ S+ X+ X, + X + X + X,
8to] pilot plant A3} ¥ H3}E Fig. 49 el Compositggey) = TBOD; = 0.25(S, + X, + (1 - )X + X3))
Witk thREe] wkgzoA pilot plantst DO 23 Compositggey, = TSS = 0.75(X; + X, + X, + X, + X))

43
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Fig. 4. Comparison of effiuent nitrogen observed and modified simulation in each reactor
Table 10. Comparison of defauit and calibrated parameter in GPS-X program
Symbol Defauit Calibrated Unit Description
Lrmaxt 6.0 1 1/day Heterotrophic maximum specific growth rate
Kr, Ka 4 10 gCoD/m? Half saturation coefficient for heterotrophic growth
K, 3.0 15 1/day Hydrolysis rate
by 04 03 1/day Lysis and decay rate constant
Yy 0.63 0.78 - Heterotrophic yield
Tabile 11. Calibrated simulation data compared with modified simulation (unit : mg/L)
item TCOD, BOD; TSS T-N NH;-N NO;-N TP
Observed 59.6 10.8 5.0 58 0.50 4.26 0.25
Modified simulation 11.7 49 78 6.3 0.50 424 2.61
Calibrated simulation 113.9 64 9.0 8.1 047 5.88 057

CmparitEﬁ;Ca“ =T - N = Sno + Snb + Snd + Xnd + ixb(Xbb +
X)) +i,(X;+ X)

A7), fE BB E Ardd o3 A" 4AE A
2o £¢, i,= vl4E Wol CODY Noj A3, i,
£ AE A1Ed 93 B4E A4ES CODY N
o] Aujoln 1 & z}7 0.08, 0.086, 0.062=
IWA Simulation Benchmarkel] A ) Al1 % gtg o] 83}
Act. ¥l & FFE o1 4317) 93t pilot plante} {4,
JEgr, #2288 A &3A 2d FUdA
22 g en, vEdSE Hase ey
e 2R3 A= Table 105} ot Al Ed o)A
A5 9E default Zk(Table 5)5} vz o}, Kp, K,
E 4g/m’, Ve 0.630|AAT Setnle Fgoz B
F8 g g e 42 10g/m’, 0782 ¢ AA F35

Atk

23% Jue & ALEs A EHAT A
(calibrated simuladon) ¢} DOE ZA st A|EH oA
3t A3} (modified simulation) & ¥ w3ted Table 11,
Fig. 59 ztz Yehi At Table 119 AA S| Sle
zZt Bl Aol U FE25AE vwakd T-
PE A 93tnEe FHE HrE & L83t A1 &Y
old% ZA7st DOE A3 Al ggolds Aor
Y 23 2/ JEAT, F 399 fE4Ee A
AR oz FAIEIdtt. Fig 59 AASo e 2z
229 Fxo] YoM E NH;-N9 v=& F 714
A B0l Lol Qo] wh$ FABIAR, NO-N
o2& 3% Heue & ALE3t A EH AT
A7t tha g4 JeRg
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Fig. 5. Comparison of effluent nitrogen for modified simulation and calibrated simulation in each reactor.

Table 12. C/N ratio applied in modeling

ltem Influent of pilot plant Infiuent of domestic STPs
w/ mecellulose w/o mecellulose Range Average
BOD/T-N ratio 6.73 273 0.63~10.46 3.19
3.3. HH C/N Bl HH A FYHe JFesde FET o Bo] A=

e d A olN R e 8 2809E Fde AL AR Aoz wdd
e, 53 4449 ON e daAAd g9 o
&g vk ON ¥ W3l W f&529 9% olg|§ Arte FAYHEE ON vlo g §%
2 #71817) 949 pilot plant $UAS (R g2 23 T FAFEE vadEH F, ONHJL 673 o)
2 o e S sl de) Y7 ONug 3 oR gad FUPo] I/ E fE59 NO-N
&5ttt Pilot plant 94 BOD/T-N Hl& ¥/ 5222 AAH #%5 T-Ne 34 %4
Table 129} Zo] 9JRgigoe A2~ F A o AN A8 £ Uk ON H7F 38
YAE W 67302 GHo FET ©ado] FF doE FHZzAG 2 o F ERAES AN
U, F08A 4te w 27322 2 st o @AV slens FAeln AeAQ €4 E H
B 3.199 =1 A eyt 3 AAY ON HE A3 43 dag FFTo|

Table 12¢] AAIE ON ¥l ujegh 2dx¢ B3] Basitte AL ¢ 5 35
#&54 & o289 Table 13] YehATh. Pilot 2dyoz o&d O/N v Hzte] g T-N A A
plantoj A MAZ2AH AL 984 GRS A4S E&L Fig. 63 o] 2ageA ez FHE o8
(CN=273) #& T-N9| =7} Wis #8712 & §5422 2HHe #2459 T-N 528 §4
0mg/LE HSEZ R FYo] Wao]l 7] AT ON vl AoAALe] #AE B9, &
o, iz 2fd s FUAAE AHON=673) & ¥ WFT TA7EL T-N 20mg/lo|s, & d7
2 T-Ne] 63mg/L2 HH o2 fAse Aoy A9 o] FUdLrl 369mg/ld W o] /&L &
vebgeh $2 Ut seAge] ON Hlo) g 8] fAsiMe ON H7E o 27, A2AALL 50%
2y Ao viarw ON v} goldsg A=/ Basit a3y FA7180] HA FesHn
T-N9 AAKE) e 2L ¢ + Ut 231 ow, A #&24d A8 Ase /& T-
U N HI7} 1046712) gelrltgts (N ] 67391 No| 10~15mg/L o|3t2 AzlHojof &}, ojuje]
9o vig] T-No| f-&+2o] Bo| A=A ol  FUHFY ON vl 427~6827F H7sitt. & A
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Table 13. Prediction of effluent depending on C/N ratio (unit: mg/L)

C/N ratio Water Quality TCOD,, TBOD; TSS T-N NH;-N NO;-N T-P
0.63 Influent 60 244 30 36.9 338 1 0.85
Effluent 17.3 36 5.8 335 13.2 19.9 0.36
Removal eff.(%) 71.2 85.3 80.7 9.2 - - -
273 Influent 269.7 100.8 86.3 36.9 278 1 252
Effluent 729 44 7.0 221 447 16.48 047
Removal eff.(%) 72.9 95.6 91.3 40.1 - -
3.19 Influent 315 117.6 100 36.9 26.45 1 2.89
Effluent 84.6 45 7.3 19.6 2.82 15.53 049
Removal eff.(%) 73.1 96.2 92.7 46.9 - - -
6.73 Influent 3936 156.6 86.7 404 278 1 36
Effluent 111.7 6.4 9.0 6.3 0.5 4.24 2.61
Removal eff.(%) 711 95.9 89.6 80.0 - - -
10.46 Influent 1030 386.7 350 369 4.61 1 8.88
Effluent 3103 430 17.0 10.3 6.8 0 1.69
Removal eff.(%) 69.9 88.9 95.1 721 - -
100
~ 90 'S
2 g0
3 70 ¢
<
2L 60
2 y =29074Ln(x) + 17.081
£ 50 R? = 09104
w 40
3 30
§ 20
s
10
o]
o] 4 6 8 10 12
C/N ratio

Fig. 6. Prediction of T-N removal efficiency as C/N ratio.
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Table 14. Sensitivity coefficient of kinetic and stoichiometric

parameter
Item Yy Yaur Hron Hraut
TN 091 0.025 0.097 1.385
NH;-N 0.55 0.524 - 1.978
NO;-N 1.32 0.057 0.122

AoA Ztzh 1.385, 19782 AARE AF7t & Ao

e,

A= A7t &

A gl M EH‘}%JC-‘% Fager ASNAL 5

dhg oA Aatst g g vt

&= Wil st

of Atwj gk}, Table 150) Vebd RAAH Yyate] &
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Tabie 15, Variation of denitrification rate as change of Yy

ttem : Y, =047 Y, =0.63 Y, =078
Denitrification rate in Anoxic 1 10.23 8.53 576
Denitrification rate in Anoxic 2 11.30 8.41 5.03

Tabie 16. Variation of nitrification rate as change of [t

ltem ot = 0.27 oy = 1.0 Pt = 1.20
Nitrification rate in Oxic 1(1) 0.5 52 58
Nitrification rate in Oxic 1(2) 0.5 45 4.6

o}d+E gAE T} AREe AL YT & poaor 1/day, Kp, K, 10gCOD/m?, K, 1.5/day, by
Yukol Zold4E gda&ersl Axn ¥ex §%  03/day, Y40.780]%{c}.
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