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Abstract

In this research, the performance evaluation between an alternating type process and a recirculating type process was
investigated by using mathematical models. The Advanced Phase Isolation Ditch (APID) process and the A%0 process were
selected the target processes of the alternating type and recirculating type, respectively. For more quantitative evaluation, 5
performance indexes which included economy and energy efficiency as well as effluent quality were used, and various
disturbance conditions of influent were given to the process models. As simulation results, the APID process which had the
specific operation modes to use the organic matter in influent effectively showed higher efficiency of denitrification than the
A0 process. In the case of effluent TSS, the A%0 process that the retention time in reactors could be maintained stably was
more effective than the APID process. In the cases of various disturbance condition, although it was identified that both two
processes had similar effluent quality, the sludge production of the A%O process showed lower than that of the APID process

while the APID process showed higher energy efficiency.

keywords : Advanced Phase Isolation Ditch, Alternating type, A%O, Mathematical model, Performance evaluation, Recir-
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Karlsson, 1996; @degaard
2004), dternating FEj <
BE Aol9 HEg Ml 3
th ole 3% FHd wE d 2E WUt A=
HIZAA dFE st ZelA dternating e 9
71 2AHL Qe AHIZE EE]Y] dEolth
1A,
nating e ol Y3HL=

349 Bd 7w B7h &R SeAd 2PEY A
Y Bk 5 BYR FHES vn 9 Pk AT
B FOHANAT T, 2008 Heo et al., 200L
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330l
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+HEE A7 BaH

I QIS B, 2009, $9F S, 2007; Kim et al.,
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ol AEE F e F WY T T ZdF2 F7]
He Aol caFE wEH Ae A € F
AFHA 3 BAL HH Aol 2 A= gE 38 9
Hlal g7hs 98 tdstA AbgEo gtk 5 2d
P2 Hd8 e dFe ITHSL, 39 EE HFE
o IdFEe mEA F7HE 5 tH(Hao et a., 2001)

e 2 AT E AEsd Al S04 2o
2 AREHI Qe &gEEA 2ds %}%o}c} +4 aﬂ%

L HPr}s

7} 2 dternating 2 recirculating &
1A stHh ol 9l aternating %EHJ BRLEA F
Z FUA AF 722 FF I QE Advanced Phase
Isolation Ditch(APID) &8-S 4733}, recirculating ¥
el 2Foax, FHdA 71g Bol AMSEI glE AYO
F4E AZsanh 348 H7FE #15) Copp(2002)<l <3l
BaE 571 BHUF NXE EEsPeH, Y ¥ Y 5

Wshel 22 g d@Eo] AT Feo deiAx
349 v s FPA

£ Jehigth APD 339 712 &3 REE Y
TAHe A, 7 REY A2 &
= wet 59 A7 *am ik
A Aok Tankld Tank2E 2
U7t FUHE 4E9 GES H|
9 4 dE2 V|2 HdEn.

Recirculating Fele] 2222 AFE AYO ZHL A
APID 333 4% HIE 7HAH, 27
o JHe =2 dETa pgsiith A

A9 de
=

7} Aot

wgxe Hus ¥r]% 330 m', FAAZ 330 m®, &%
1,980 m*2.2 Vesilind(2003)ol 4] g3 A0 249 AA
HRT W9 WelA Adetls, 32 EAd4d §85 54
2 747+ 432 mP3 35 mZ 43354

APID 233 A0 34 2% LANs 43S 79
% oiH] 35%2 A8ty a, SRTE 155 dayZ FA5+%
th. A0 Flut &7 o}~ S8 ANE 43S 79

2 tH] 200%= A5t

ASM3+Bio-P R2dl(c]A s, 2006) &H&sluct T3 A
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Table 1. Influent characteristics during 12 days

Subject Range Average
Flowrate (m®/day) 4053.0~10869.9 8598.6
TCOD (mglL) 54.0~201.0 118.4
SCOD (mg/L) 43.0~154.0 72.8
NH,"-N (mg/L) 48~227 157
NOs-N (mg/L) 0.1~5.2 2.1
PO -P (mg/L) 05~3.5 21
23. 38 "Il XE =&
B aAgds 4gd 34 9 #% £3 was
THF FAY 2 A ZRgMY FFHA Y 5
#5k7] 30 Copp(2002)°l &sf A<He 57kA] B7F ARE

L Ox 22X

Hgstark 574 B7F AxE §F T2 (Effluent Qudlity,
EQ), £&A AlXtZ(Sludge Production, SP), BF dluA

(& APID picture

Fig. 1. Picture of APID field operation and operation modes of APID
flow; Kim et d., 2009)

(b) APID operation modes
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(Pumping Energy, PE), %7] olux](Aeration Energy, AE)
383k qYA|(Mixing Energy, ME)Z F2l¥t} EQ
o] AL #&4 TSS, COD, BODs, NHs-N, NOx-N 23

HZ715 43890 4 339 $55F NH-N, NO-N,
PO -P 183 TSS 5 %2 Fig. 201 UEl T
NHs-N %29 2% APID 233 AYO 23 =% Hl$

i PO -P FEL st AMNEE T, 4 59 1EA o AA 2&s YA 55 NO-N 5= AAY
g 437 98 49 FFF £2 J1ES 1859 TSS 2%, APID Z73°] Bt o &84 TFo=E IIFHA
10 ppm, COD 20 ppm, BODs 10 ppm, NH.-N 10 ppm, th ol A0 339 B, %45 W EAsE f71E0]
NOx-N 10 ppm @i PO -P 2 ppme2 HFF F 7 A7IZE AXA FAEZXE olFHo, @2 W HAH
FEFY d4g =& PEIsAth HESE #He SES §7180] 5T 4 & wdd APD 339 7
TSS 2, COD 1, BODs 2, NHs-N 2, NOx-N 2 Igx o ox myl 308 PAST W wE Wz Z
PO, -P 100|903, old FFAF FZo] i By £ Bad 8944 U 9780 geFom AgE £ QY
7}EX2 A L5t NHs-N 20, NOx-N 20 183 PO -P Eog ALEHTh
4002 AP F A gsATh FEF POS-P BEY B, AALAA gk ol
s F 33 BT ORT 22 718 2 ppmET @
24, ST 22 WM mE 3H Ms "It & POS-P 557 fE2ES AT £ AU AYO 33
EAE 129719 Yol s T FEY 45 FoHE 2 F7) AR fAHE B/ FHFH oz B Ho
oo, 2 AFelMe Yol d@el 28e 39S A& ¥, APID 332 HE9 F7|27t gIAT, &4 B
785k, olol gt F FBY H45& BN EAR S o) wa AL $He 99 ST 2 wezz
o YT AT B AR 22 1/E E AsE 2 Zgle d7) 2AL 2AH=ozH LA o AAM}
A, AR et 22 ARE 27, 1vE 23 a3 ST & gt AARET 92 FEFHE 27 TSS &
F3% s=7F FA S7kehe 24 22 F vl kA =9 A%, F A ASAA o7t A= AL &
g 21L& 7HgskaL, 1293tY] Y § 58Ut F 3 Q& & A AYO BHL §E% TSS HE7} 10 ppm
d I FFe NI F AEHNIES FFAAH S J|Fow 2 zol7} WAER = whH APID 23S
Ao #3E | Rt JFe dF FE AT A2 ok 6.2 ppmell M Hol o 153 ppm7bA] W 3lstgTh
T AES T 3P 24 AFS ZAMAT APD BE o= Al wet /Y #% zdA W 539 F9
o B9, EeAls FEH F71ge] ZAHIL A0 F xgo) wAA He APD 249 €4 244 9@ 2
g9 Ay, SHANS w¢, S 29 dRsHAd g Al5 9t} Fig. 19 B D 2= 2-0ME #4 #
& frgel ZAHAH(Table 2). 23 297 wE gZo @ APz 92Ho Az
W /4 EZol A fEIAY, A% C EEqAE W
3. Zut &l nH o fo] FAxE FYHEE TSS B=7F WA 459
T AUtk
31. M MEf AlEd 0/ Zut T A9 Hex YA 2gEd AAE FPstE 1
239 12979 fdE 2d 4 AER AMESHY AE =9 o|E &3ty Asl, APID 539 Tank2st
APID 343 AY0 39 54 J8 AEHAS FHh5t A0 B39 dHAY F71FNM FEYLIE, SEHIGT
Ak AlEH ol syt Hydromantis AF9] GPS-X ==& 9 2 4 vAEY HIE RSt Table 3o 47t
a¥e AEste £PEHAT APID 339 B$, GPSX HAE = WeE Jehdla, 1297t B4 MAE 5
Z23% Y 5258 B FE gliter 715H 258 2 € Fig. 3¢ YeRA AT
FAAFE combiner 715< Ea €3 REM mE §¢ ez Yo 59979 SYPILFY 5EE ATO F
T+ 9 EHANnE §FY FYAR LS HEFIL, A A ol A Jes, o 3 uAES APID 330 E4
g2 AFks 99 A5 &85t wgx Ul =7 % Uebgth APID 23S AYO ZAd HlE] 32 2&59Y
Table 2. Influent disturbance conditions and control of each process during 3 days
) - Change of operation condition
Disturbance conditions =
APID process A0 process
0, 0,
Conamraions 9% | or 200 1 o 156 1
Flowrate 50% | kia 50% | k.a 50% |
Concentrations 200% 7 Qr ZOOIlLAEa TZO(()%):’ ?00% f girr 21%%]& TT ?LA; 22882//2 ;
Flowrate 200% 1 Qr 200% T Qw 200% © Qr 200% T Qw 200% 1
Concentrations 200% 7 k.a 300% 1 Qir 150% T k.a 300% 1

Qr: return

sludge flowrate, Qir: inner retrun sludge flowrate, Qw: waste sludge flowrate
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Fig. 2. The comparison of simulation data between APID and A%O process.

Table 3. Daily concentration changes of three biomass

Heterotrophic Autotrophic

Tdime biomass biomass PAOs

(day) APID AY¥0 APID AY0 APID  A%0O
1 3388 3991 527 608 1670 1569
2 3450 4079 532 614 1689  156.9
3 3482 4236 531 617 1810  170.8
4 3376 4302 517 622 1870 1822
5 3387 4078 522 509 1047 1794
6 3270 3897 512 593 1840  170.2
7 3259 3835 510 582 1793 1622
8 3241 3769 508 578 1715 1554
9 3165 3608 498 569 1666  153.6
10 3169 3815 497 578 1725 1622
11 3234 3976 501 587 1795  167.6
12 3049 4068 469 508 1651 1665

PAQs: Phosphorous Accumulating Organisms

500 -
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397.8

400
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E
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o | N |
H ophic \utotrophi PAOs
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Fig. 3. Average concentrations of three biomass.
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g FPolgt guEHATH

IRE+NMSE, MRE

9 POS-P BEEE

FHF+ATE 5’4“1 %£1~EE EH(FIg 49 (a), AYO
3 1 M9 f&F POS-P BEE ool BWJ—}X] &
S tulste oF 2v) A= EA FEHE S IAE F
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(b) Effluent POs-P and NOx-N (high flowrate and concentrations)
Fig. 5. The comparison of simulation data between APID and A’I0 process in the case of high concentrations (a8) and high
flowrate and concentrations (b) during three days.
ARS A9 HaAE °, APD FF9 g2 wge] o 34. 7t X|EE St 3d M35 H|luW
ZeHos ddd A2 @M d3F APD 399 23 2 AgdqMe £ 34 45 e uok 3TN 7
RE) mhe 5843 #71% I A ARAL B st g4 S Bk AR A5E =@ A8
gtk o2 dtenating 33 %= 28 APID 332 #3445 e 3% 9 APD 8% A0 349 ka #g 9
7h Al we bl A A AR FPHER, § FGA T Z7] JUAAE)S AMHE 2F, F P =T
A W A7lee BE8H2E AMESt F7HAQL o s 9% Z7) quAE Jehigct AT 275 53 1
A9 Fgol Bagls IYOE #RL F ok B SUAME)Y B, AY0 BHo] WRe] A7z 72t
AW, AGFF+AEE P ZAY nIUIRAE A{F+ A2Z2 FAH 9omz APID ZART § & wu
AFE 94% ZAdM f25 TSS vEE AYO ZZET qUIA = Ve ek
A FEHAT & 9475 3 APD 339 24 R:= Fig. 6ol &jsto] ¥R L2 HASHEH I/FTF+IEE
7 849 dad el ERHd £ o, #F0 d# ZAZA BE ABHA A dF 4= 2
2718 A%, A0 ol wex Wl WAE §Eg A (EQ), 2814 A2KSP), B oUA(SP) A+2 Jehho
@ & sl W, APD 3FL weE U mgEel 5% F% FAEQY A%, Al g A9 AT o
A BEAE w2 #3 8 IWxE /22 F 9 LGF+ATE 20N E AYO FFo] APID FFHET o
= 7Fs80l Aok feE g J2 EQ A4S et AT 1EE ¥ 1HF+T
5500 -~ 500 - 4000 - - 11000
g g 4 3500 10000
£ 4500 S 400 b flo. E
g £ B
g E] € 3000 |- AR ] 8000
= g v
E E] \// E 2500 - -4 8000
w [
2500 200 2000 7000
a b c d e a b c d e a b c d L]

Disturbance conditions

@ EQ

(b) SP

(c) PE

Fig. 6. Three performance index according to each different disturbance conditions (a without disturbance, b: low flowrate,
c: high flowrate and low concentrations, d: high concentrations, e high flowrate and concentrations).
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Table 4. Performance Index(Pl) according to various disturbance conditions in APID and A%0 processes

P dsurbonce Low flowrate o e High conc. e cone
APID A%0 APID A%0 APID A%0 APID A%0 APID A%0
EQ (kg/d) 3232 3155 2831 2755 3994 3856 3802 3874 4827 4950
SP (kg/d) 303 278 263 243 328 321 338 310 434 377
PE (kwh/d) 2515 9119 2515 9119 3076 10482 3143 10549 3143 10549
AE (KWhid) 506 506 443 443 506 506 633 633 759 759
ME (KWhid) 158 79 158 79 158 79 158 79 158 79
EE 9 z7A9AME APID 349 EQ/F AYO EFET Z U rAES 28702 AT F 0o 9 U2 SP A
g 92 AFE Yehidth ol 1EE 2 I/F+E FE el v, oz SHolME APID 340 © &
E 9 A2 nAYY d¥EFY v=7F ATO FHol 3 Pz FAHAY
APID 33 EY o E917] dEoz Algdo wahs o B d3= 25 ¢4 FHIF o2 APD 43 AY0 F
o] Q& YutHQl A AFAAE AYO FHol O ¢HEH F9 Hs /P 43He2 FAFHATT AARHH, o) F
o2 fAFHY, o] HAGE FPFAe gz AAE Azl seAgFdes AddAY 71& dEAEEe 1=
BgFo ALY Y= APID B39 #& 2o o AP ggdoz AFF o 33 HAdS 9T Egol 2 £
dFgHoz FAE = vk ALEHT Ne Aoz ALRHT
ZEA AAFHSP)Y A, RE 2Ad4 AYO FHol 2 AT At 7MY 8 Bdg ARES AlEE
APID ZAHT o 32 Sp A42 Jehfgth o= AYO old ZAdolx, ME FHC FHA Ao LiE FE&S
Ao WFukEEH A Beleg A Hex Ul nAaE B3 23 9rte AdEgenz, F5 2 Ao ug
BEE O A 4AE & A3, o] @AsE 270 =7t & Wi SeE FAS s A4 3Y AsS 2o F
AZ gz U AFATLE AT § o FAZ R} g3 BAIE ¢ RS BdS £ F, ME FHAA
&Y & 7] WEolg #dHEh g s FF Ao 7P E F&5d AEHHE &
By AUA(PE)= APID 3o EE YyiuEE dotttd Bt o a3 FF FU e ALRE Als

7]
& =
!

B =R 4FE F27193Y 8 3ETlsNEAd
4. 82 E Aol A7H) A9 2 BFE Eco-STAR Project 58718
Ql FAYANFAIY HIAA IS 1I2WATERTECH 04-5)¢]
£ AFlME dternating FElS] APID 3783 recircula ATH) Ao &) FPHYon old A=Yk E=FH
ting 19 A0 339 H5< 94 2dye 59 3 B =80 gAaRo risEdux3s EAUIAA, 0
Zbetazt stgth AlEdHOd 2R, F 3 BEF URT 2 ARE AGEATI ol FAEH YT
T4 71ee FEste gAY fE FRE AAFCEA
FLEF AA 3Foz HAFada ARHJA, /2T AAT25]
NOx-N¢t TSS &5oA A2 & 33 54 A=A
ooAET W frlES mgHes A8R T Als R gug a0, 293 A8 o8d d5Ad B3
REE 7 APD 32 9d w8 mgddol wRL, AA 874 2 BAY B} @F9eF 897, 46(3),
g2 W ARAZEE PP fAT F dE AYO F pp. 610-618
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