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Abstract

Advanced Phase Isolation Ditch (APID) process was studied to develop economic retrofitting technology, for the plants where
retrofitting of common activated sludge process is required. In this study, to evaluate and monitor the effluent water quality
(BODs, SS, T-N, and T-P) and operating conditions (Influent, SVI, SRT, and HRT) as process capable and stable parameters
for treating municipa wastewater, ademonstration plant was installed and operated in the existing sewage treatment plant of P
city. During this study, the average effluent BODs, SS, T-N, and T-P concentrations were 7.7, 5.6, 10.8, and 1.6 mg/L. Trend
analysis of influent BODs, SS, T-N, and T-P in APID process were illustrated that APID process need for more strong APID
process management on the winter session, such as developing new intermediated aeration mode, operating methods, and
managements strategy. At the application of control chart, the signal of uncommon effects at APID process was determined
much higher existing control chart tntr conventional control chart in this study. These resultsindicate that conventional control
chart has been collected and determined cleary signa at only stable situation. Therefore, newly developed APID process of
dynamic control chart can be one of the useful tool for monitoring and management process.

keywords : BNR, Dynamic control chart, Nitrogen, Phosphorous, Process management
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APIDEE W SHZXEZS {8t dynamic z-R BE|ze M 705

9] BODs%t &2 o]ststd RAZAAE utgdo s Zd 9
Este 2Fske B9 BrHelREH £4 4, 2005).
HZ steAg e kAol FAAYA HES A7
Instrumentation, Control and Automation(ICA)7]
274 Ao (Kim, 2006), ICA 71&¢ &
aBH9 FAAUR AE A ey FUoR H5H
BEgel B9 FPolA o zol: EAH 39
71:¢1 #E E(Control Chart)E &3l dAFsta ot
(Dixon et al., 2007; Rieger et al., 2005). T == 1924
H= BelldT49 WA. Swhatel 98] Hx=2 AAHA
on, o]% BE AT THE AR eudE Ax
*%MW FEEYE A% 582 "i =24 AREEAL gl
Hog Fgstetl 48 AHEH
o] gtoH, 3 FPRFES FYstL 3YsE S A5
<d 2RHY A & Jdo £ 3Y 5 (pro-
cess capability)o]l@ ] =(control chart)s} & AZF
oA BATHE F2 #EE AT 8% =TEA, I
ol AEFe st oA dake SHE HdAE U=
s 58S SaH(LSE &, 2001 RE S EHEE,
2004, &Y< 5, 2007b), SAH B 71W T
7 B o, Ate] &olsta dZeA Abgsty]
stk Z¥oz A3 FHY A 2 Prho A=A I
AAMFE Qo] ol 4HT Qe EFOITHITS 5, 2008;
An et al., 2007).

oA & ATFdME B71E PAl steAEd 44
A2 &% 10,000 m¥Y F2 Advanced Phase Isola
tion Ditch(APID)&H < ASAIA AlF ©o]F, APID3Hanced
=Y FHEHR APIDIHY o A=A FELEHY
e 2 B =9 7 84S Ptz dnh

_4

0l

2. AP

2.1. APD3H MSAIM

PAl A Ed W A EERS2(40,000 mY Q)Y & 8AF
27(10,000 M /¥)S WA Z APID AFAHLS A1F5H%]
thFig. 1). A= FAANAN AEHSEE FYHD 7E

(a) Bioreactor

fFoEles A9d fEHE 9 EEVE 99 9
£ Ao, BENSEY A M2 AAIZE AojE
A FRALHE AARLE AT ¢ e AN £F
AZ71(DO, ORP, NHs"-N, NOs-N, PO, *-P, MLSS)S A
EVrEE £HOZHE 70 cm ZHold AX 3 eH, APID
Y AsAol g AYF fFEHZE 2 IV
SHIZEEE Fig 29 Zth APDEH S 3o EE7F
WMol WyozM $9W G (dynamic flow)S o] &3k
24 Al Zad gd2ds HHH AENRSERY FYst=
TRhem V& 9 HE Y4 /f24dF 9 ¥ EUEFF
9 A B C DM 7[ErER FAGQOH 7+ REE=
0E AR FHIATE T, AT ASTAAN #HS
He AENSxY £AMHA waEx 4 BREs AAZE
AAX2H S Foto] AEWHSEY HAHy Px7]) 2 &
ALYX WA 7158 =E programingsh ot

C mode D mode

77 7

“

A Y

—  Flow FZ727Z] Aerobic condition [] Anaerobic condition

Fig. 2. Schematic flow diagram of intermittent aeration in
APID process.

1
z %%ér% 1°é 194 AFRoH, BFES BODs, SS,
T-N 232 T-PAth AE8A A BEFEL o248 EZ
Q1 NH'-N, NOs-N, PO -PE 24351921, 045 um mem-
brane filter(D= 47 mm)Z 3}3le] SR oH, RE £
ABNFEL Standard Methods(APHA et al., 1985)¢] =
skt

i&

(b) Inflow and RAS line
Fig. 1. Demongtration of APID process in P-WWTP. (8) Bioreactor, (b) Inflow and RAS line
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2.3. APD3 Y MSHII EMUY
APIDZH #&3t7] 95t dynamic HEFE #HE =
(dynamic z-Rr #2|x)9 84 B7/FE S5t APIDIH

9 4% Bhe ANsan. 39 3Pl @ AAH

#HEHL = FF AE7L A miholH ol
38 W Axs BAYA FAERTRA)E daAAe 33
o o]do]l WASRHE BT olF A& EX o +73
ZAE Fstodof gt} Aty or AP} xR FHE
TdsEEE oA F2Y EdAE AW s FHL
2 2xsta glow, FF¢ WEdele +AdI(chance
cause)Z o] gQl(assignavie cause)ell 71Q1%tc} <9 €
12 Fgol dASA A FH stlAE EAEHE= o
L BAEY 7S MEoR FE2IAY S8R Ao,
QA9 Aol FolH, ol FdAleld FFXFAY FF
9], Aulde o § AdHom WA FZ HES

4
w9 FBA(r)H WARE 3F 2 FEEI Wk
et 30 @ SAEE AP, AdE A AN o
& 3% WE dynamic z-R T ES] WIst A
22 30 FHIANE AET F A=EF STk 4 25
d e Al A% z-R B =l M3 dynamic
z-R FHEAME 4 258 B AN ool aF
9 WEHe QAstd AgHY Hid B f714o=
#e] AN AT 5 Utk B, 2-R B R W3
i s8Hoz 339 o AsE 428 F itk & 9

APID 339 FExE EHste HPoR 2 subgroup(Sk)el Hd ZBEE {7 Tpays 0 Tpyni}
¥l &(control chart)E AH&ste 33 W &2 FHE & 2 WEsgon, Tale 29 2L WHowm Huzo Hy
Ao FH =D SAH FABEAA oW K(IE ¥ 3 WO(R)Z ANt

o =) o 5 ¥ =) o 1A 5] - .
e SAHLE HES 1Ed FAFALAE 7‘—.’5}}04 UL 239 FAEAA z 7t Mu,o?) 9] BEES w2tz 7}
YAAAE o o]dddel g WEer HFsty - . ' g
] il i AE W BB ZHR 1 Ty s T ) BE 79
I 9R1Es 2 2AE AL T UEE 284FE ETo0 Ry A ()7 2Y. g A9 zAdPE .9 24
e g gsRste A e P Bue a5t T 0
o s = R = 5] g
A AETSE FYTd 45 HHTY BODs, SS, e L= ZM;O] ;f ol e
TN, TP ol SAAEG ePUAU sogF o SO rH THAL 8 o wA@AUI Upper
> - S - o 4%
SRT, HRT, SVI. MU S /%8 E4=54902 Ada = Control Llinlts(UCL)JJr Lower Control Limits(LCL)S 43
Ae s A5 BAsgon AR AES g5t & staen, » FYEY AT BAIALL 2 (3)F Zrt
4G (Pvaue)s AHEYT MFE A= o= 38 W
_ 2
A&EH R Heke FAE ZE volHY Hd(x) 2 A4X T~ Ny, <) 1)
(B2 ZRFe=A, AA3E #25 £29 FF4e 5 "
o g 3389 HF8Es Brtstke W olti(Table 1). -
Aoz AYY BARG-R VAN A% R B =, o= fn) 2
w9 249 ATE wdsid 3H g detsted A o
8t -k BYEY B BE o] FISHA #AH A =
3 gle FRANT BHE AAE F 9k A0 & UCL =1+3 }=E+37ff( ) )
- =y = _ - ’ mn Mty 12
HA At kAR st g 2 AF7|RAIEY BT ’
Table 1. Measure value, mean, and range at conventional control chart
Subgroups Value Mean Range
©) (mg/L) (mglL) (mgiL)
1 Trp Trgs e Ty T = E-Tl_,'/”- B= ) e ™ T
i=1
2 Tys Togs wes Ty ?2: ZZ‘T?J/”' Ry= oy 00— Ty i
=
k ‘T.l'17 ‘T.l"_)’ eee? ‘T.l'n ?3. E‘Ti‘j/n 1?’1 - ‘T.l'.max ‘T.l'.,min
i=1
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Table 2. Measure value, mean, and range at dynamic control chart

Subgroups Value Mean Range
(Sk) (mg/L) (mg/L) (mg/L)
1 ‘T17 ‘TQ’ " ‘Tn ?1: E‘Tj/n' }% = ‘Tl.max - ‘Tl,min
j=1
_ ntl
2 ‘T27 ‘T‘J’ Y ‘le +1 ‘T2: ‘Tj/n' RZ = ‘T2.mux - ‘T2.,1niu
j=2
_ ktn-1
k Tps Tpogys "7 T = E ‘T_j/n' BA- = Tpmax  Thmin
i=k
- ko .k
= E x./k R= 1?/!\
i=1 i=1
CL.=z 3. 2m Y 13
LCL-=z—3——=1x

_ =7-3 R
L NG \/;(32('1’?)

T3, FYRFY TV} AR BYRAR T
FUEE B Aol FYRIBEEY R VoIS
olgstel 2 W WAFE olFUAY VA ¥ 3P FF
3 BAWEE FA59ch R BA=g 4497 A9 4
@ o183l 573 ot FFRPBANY EEY 1)
W9 RY Ut EREAS At £%, 7 @

i
4»1
ox,

g Ee 2o OA':E/(IQ(T?)E o
UCLR#} LCLRE &AXA3t% 1 (@), (), (4), B)NA At
&3 dy, d;, d= nll YES) T2HN FEL 37
n=3% W d,, d,, d,;= BAE=AFEAN <Js) 1.6930, 0.8884,
158809 & AMEEtH AlLtetATh(olSE, 2007).

ae} 4 (59 2ol

o
1>

rr
0%

uR=r12(-r?)- o, URZrIS(-n)- o 4

dy (n)

UCLy, = ldy(n) +3d,(n)]o= (1+3 — \E

CLp=dy(n)o =R -
~ d3(n) _

LCLy=[dy(n) =3dy(n)lo=(1-3——) R

d, (n)

3.1. APD3H 2| sl N=AME|EE

2 AFNEAAYA PA A d Y9 C/IN(BODs/
T-N)H]&¢] 33 BEZ A ZAAAE 9 CINY&
]l 5 o] H(EYE &, 2007)F C/N(BODs/TKN)H]E?1 35
o] 4(Grady et al., 1999)R.t} Yo} PA] st¢AE g B
ALAAC QAN F71E] FEF A2 YErsith(Table
3). 7€ BNR 349 4% &4 A ©t=x] e 471E
o] T7]xZ1A FFo] R Ao o]F o] & F §lV]
g Zo] & dAFA JIPYE APIDFHEES

BENSE Al

=
o]
=

ooz oo

2008 1€ 19%E 20083 12¢€ 31474 HEIAA
&5 A&EF L BODs, SS, T-N, T-PY 7.7, 5.6, 10.8,
16 mglLZ Zste+ HATRTES wEsdth &F &
A+d R FEFEy HEAFTE v¥vind 27, FYFe
BODs, SS, T-N, T-P9] ®WEAQl 25.8, 32.7, 17.1, 18.39
H|sle] #5429 BODs, SS, T-N, T-P9] WEAI+E 156,

3499 3
4(BODs% S99 AAL FUFAY WE wet
A9 WEHIED Ae5d)

e PR Aow
o JFARTNG TP F9 fdFae wEe

Table 3. Measure influent levels, effluent levels, and coefficient of vatiations at this study (unit: mg/L)

ltemn Influent Effluent

BODs SS T-N T-P BODs SS T-N T-P

Mean 100.6 92.77 30.0 43 7.7 5.6 10.8 1.6

Maximum 2110 210.0 49.0 6.4 9.8 9.6 195 1.9

Minimum 52.5 42.0 14.0 2.0 42 2.0 4.0 0.4

StDev” 26.0 30.3 51 0.8 1.2 21 3.9 0.4

Variance 674.6 921.8 26.5 0.6 15 44 149 0.1

CoefVar? 25.8 32.7 171 18.3 15.6 384 35.8 24.1

Y'stDev : Standard Deviation, 2 CoefVar : Coefficient of Variation
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3.3. Dynamic W28 B2IE2 ME7HsY
#UEE 5 APDIWE 33 BALHE s

300 100 300 l.. F r 100
= re - = —o— Influent_SS e
3 7 Efnt 00 % o | Emenss g
g 200 _2_ _BoD » E rE’a‘ 200 | —® Removal effciency . %\
% b 1:.; % 150 %
§ b 40 E g 40 g
5 100 ¢ % 100 g
Q [=] [&]
g kjw @
50 [ = ’ 20
o
080101
Time(day) Time(day)
(a) BODs concentration and removal efficiency
100 100
—8— Influent_TN
Q- Effluent_TN
—8— Removal efficiency
_ g _ g
3 g ) g
E 8 E k5
s £ S £
w @ ] @
£ ] ] =
g 3 g 3
- (=
Time(day) Time(day)
(c) T-N concentration and remova efficiency (d) T-P concentration and removal efficiency
Fig. 3. Variation of concentration and removal efficiency in APID process.
Table 4. Time series andysis of influent water quality
BODs SS T-N T-P
Trend model Quadratic trend model Growth curve model Quadratic trend model Quadratic trend model
Equation Y t=99.577+0.363t-0.002t* Y1=82.604x(1.001") Y t=37.788-0.151t+0.001° Y t=4.809-0.012t+0.0011*
MAPE 15.639 22.722 12.416 15.623
MAD 15.580 21.367 3.434 0.616
MSD 465.236 909.742 19.022 0.584
TAEN shmE&dsts|x| M5 A58, 2009
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300 300
® BOD ® 55
m— Trand w— Trend

250 4 250 -
3 0 ' 3
£ E
c . . c
o
T 1501 L ® '%
£ =
3 3
§ 100 5
L] [&]

50

0+ T r 0 T T
06-01-01 08-05-01 08-09-01 08-01-01 08-01-01 08-0501 08-09-01 09-01-01
Time(day) Time(day)
() BODs concentration and trend (b) SS concentration and trend
80 10
e TN e TP
— Trend — Trend
sl
60

Concentration(mg/L)
£
=1

]
o

08-01-01 08-05-01 08-09-01 09-01-01
Time(day)

(c) T-N concentration and trend

Concentration{mg/L)

08-01-01 oerué-rm DS—DEI&DI 09-01-01
Time(day)
(d) T-P concentration and trend

Fig. 4. Trend anadysis of influent BODs, SS, T-N, and T-P in APID process.

et z-R B XS dynamic z-R B EES
olHE Agdte] 45 wwsHth z-R FEEE Table 1
o] PH& A8t BODs &2 #EF9 #% BODs
BH(z)d WAR)E 33 2 FELY Wl we) 30
F AN S AgstATh Fig 5ollA HoFRo] 71&E -
R AT EE dynamic z-R B = st ZAY #F

Fe 2 olZAEE dynamic z-R H T} HAEAS

L o

® BOD

—— ucL
cL

| ——

Concentration(mg/L)
=1

el ?-;"*"é' ~Te

" . °‘.¢\co

t

08-01-01 03-0’5-01 08-08-01 09-01-01
Time({day)
(@ BODs control chart

P~ :
AxTEANA NEd AR
of WEni stW 30 #F A
0.27%%= i 3ustH(clSE,
2007), &8¢ EE Z:Zﬂol T4 fFAHL /FAE F

1 A 9l

o orr 2
i)
o
A
ox,
N
N
N
ox,
25
Mz

F[O H

e & Qe BRoly] R s
ANFRH 2ol 349 2o W AeE R
AT 2 ol 4L WG] oy WMol wekA

Concentration(mg/L)

08-1-1 08-5-1 08-9-1 08-1-1
Time(day)

(b) BODs dynamic control chart

Fig. 5. Comparison effluent BODs control chart and effluent BODs dynamic control chart.
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Fig. 6. Variation of operating parameters dynamic control chart at this study.
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Fig. 7. Variation of effluent water quality dynamic control chart at this study.
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