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Automatic control and characteristics of ORP for nitrogen

and phosphorus removal in a SBR process

Kwang Pil Lee

Department of Environmenial Engineering, Graduate School,

Pukyong National University

Abstract

Domestic water has been discharged without treatment plant in rural area. And
<o small scale water treatment plant was needed. In case of rural area, automatic
control might need for a lack of operater in treatment plant. The SBR process
was a suitable plant because it need a small area and it was that is how to easy
to operate.

An enhanced process model for SBRs has been developed. For alternating
Anoxic-Oxic activated sludge, the relatively simple sensors meausring ORP
appeared to be useful for managing end point nitrification and denitrification. ORP
can be used as a process control parameter for real-time automatic control in SBR
systems. This study was conducted to way of Anoxicl - Oxicl - AnoxicZ -
Oxic2 - Settle - Draw. The operation had two feeding ways. One thing was way
of adding exogenous carbon with methanol in Anoxic2, the other thing was the
way of step feeding.

The aim of this study was to find characteristics of ORP as change of

operating system in SBR. To find dORP value as automatic control parameter in a

_vi_



minute interval . dORP means before ORP minus current ORP. The role of feeding
in Anoxic? was for finishing denitrification. In order to get a P-release, SBR
software was designed to add 30min operating time in Anoxic stage before Anoxic
stage move in Oxic stage.

The results of this study that a correlation between dORP and nitrification or
denitrification in Anoxic and Oxic condition was the very suitable parameter. The
ending point of nitrification appeared in dORP value was under -10 and the ening
point of denitrification appeared in dORP value was under -1.

ORP value increased up in Oxic but decreased down in Anoxic. When operating
started in Anoxicl, ORP value increased a little about 5 minutes because DO
remained after treatment water drew.

This study got a result of savetime of 42 percent in Anoxicl stage and 39
percent in Oxic2 stage. Control of SBR using dORP value was good operating
process to decrease operating time and operating power expernse.

The simulation used to ASM2d model was conducted for finding optimal
parameters. According to modeling results, calculated value was similar to oberved

value.

Key words @ SBR(Sequencing batch reactor), ORP(Oxidation Reduction Potential,

Automatic ¢ontrol.
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o 2.303RT Ky
E‘_‘E Ag,Ag‘ + F 10g aCl—
i =
E=E° po e 2.3}§RT log @,

ANNA E ° pppger & BEE DFe] 2§ Aolo], ofs FEPF WA 4

Aol BHo dgojrt,

Table 2.1¢ M08 Ex4A2AZS 7170z #4 & oj&axel KCI9 &4
zo] 95C €3e AZTAYE Jed otk THgse HFF AEHEE AT
Table 2.19 2] &}

Eag - aga = 1985(mV) = 200(mV) (Hra A=)

Z By = Eagar + 200mV)7F Eoh

Table 2.1 @8k Aol A9A (25T)

—

KCl % (M) Eag - agct (mV)
0.1 293.8
1.0 235.8
40 199.8
417 (£3+59) 1985
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Table 22 x4 A

Saturated Saturated
Calomel Electrode Silver-Silver Electrode

Temp. Temp. Temp. Temp.

0wy I [T @y | mv)

() (C) () (C)

0 260 30 241 0 223 30 194

5 257 35 238 5 218 35 189

10 254 40 234 10 214 40 184

15 251 45 231 15 209 45 179

20 248 50 227 20 204 50 173

25 244 60 220 25 199 60 162
@ F4agAFTTH)

A3iskelele e FHss 2 wHoRM rH(FAGAS)7E ook o2 F4 4
g}ato) Rolo) A Alg o]t
1/2 H2 =H +e

o] vlg AL Asla WSS mAE glrh o] WIS FAHOZ A7 BUY, A3}
Hil 398 F4%MH)TH DA dokE AL 4 5 Aok o] FAYS 4kt
2o HEg 3 4 glon] Aolsle BH
rEl = - log { M2 |

RT [H']

E,=E° + In

h F [H 2] 1/2
[H:] © 49 (atm)
(amTe] )

o) oA [Hi = [H] = 1 o ©ohd, [Bli 00) 53, pH = - log (H'], rH = -

log [H:] 2 ®©ob9,
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E,=2.303 % (Lf — pH)

Eb
yH=2( ol + pH)

2 "ok 17199 £a7ts ool A rH = 0 ©l3, By = 0 olch = 171%ke] Al
A= = 410) 3, By = 800mV olth olZle] B4 4#A stoll AolM rH HE
o, dheke) 71EH ol

MBBAs] AEe ol rHe HYE 8-27 Y=ol BEsn ks,
Aol AsBnYsel FACE HaRwsich rHatel Hue 22 FaUe ¥ HoR
Ao me Aold, = AsAo] sttt RE ovlwoh rHgke] 20 o]dd e
1A A Utks AL FASL, 20 ol W P4 ded sdvs AE
n @l Table 2.3°0 2303 RT/F &2 JERHAT.

o

Table 2.3 2.303 RT/F &

Temp.(T) 2.303 RT/F (mV) Temp.(T) 2303 RT/F (mV)
0 54.20 50 64.12
5 55.19 55 65.11
10 56.19 60 66.11
15 57.13 6o §7.10
20 53.17 70 63.09
25 58.16 5 69.08
30 60.15 80 70.08
35 61.15 85 71.07
40 62.14 90 72.06
45 63.13 9 73.03
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of E7|AEs AE T, AR v Er] FE7t dgHE RE oudnh HAEH
olu @2l Pilot Plantel A Nitrification-Denitrification® ORP curve$t 22| %8t
o] BAE olF UHstHZipper et al, 1998).
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ZolE 5 A Jun et al., 2002).
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2 =
~— "50 =
£35% >
g 0 &
g 2 - -50 e,
] £
&) . - =100 ©

- =150

0 . ’ T . . * + "0200

0 50 100 150 200 250 300 350

Fig. 2.1 Typical ORP profile of nitrification-denitrification cycle.
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Biological window

EH Corresponding
v e redox pairs
+ BOO mV - b
e} « E O2/+20
+ 600 mV
NO3
S
+ 400 mV Foe —_——
— NOZT
—"21 T4« EnNcwnNOZ
N4 T —— ]
+ 200 mVv —f H2POs HPO— d( E NO/NH
< HEOG <> SO
oMV g E Fe{OMH)3/Fevr+
. Fe(OH)d E Fe{OH)3/Fo{OH}
so4 Tl
e - . N
_20D mv — ==l Fewe oo E soamzs
- i Fe(OH)2
HZ5 et RS o E SOHS
= H HS
- 400 mV — Q_Tt‘:on ‘—sﬁ_\_— f HCO3ICH3IO
s Aa——J% EH/H2
. Hoso—-—0u 1
- 600 mv JC29% yzp 6T m—— E HCO¥HCQO
— - Ko ] €. E HCONC204+
HPO -
- 800 MV «y 3 T E H2POs/HPO3
E HPO4IHPOS
5 7 g < pH

Fig. 2.2 Main biological treatment elements

in the “biological window”.

Fig. 2.20] biological window® WERoAtH 7 ka2l A9 & AR a-be AA
Mol T, c-de FaAAMolth c-dE E7)ZAM AEsta Wgo] Yoidd wE pH 2|

Agta Aol abi w450l QoM olEa sty Aol

Bilogical window®e| &&=

Stsulpur) el % pHrE 78u 2 ow 1L,S7F S-Astth. pH7F 7Rl 298 HSZ?ZE %
A shet,

N(nitrogen)e] 7% ZArsh= EH +400mVel4d et pH 7904 NHe — NO» -
NO: 9 ez wets AL ousn, @3 NO; — NO; — Ny £ Hed
+400mVE &k

P(phosphorous)® 7% pH7t 7190182 o} H:POs 7+ $-A& 3, pH7E 718 o3
W HPOS &4 ol $4lsttHCharpentier, 1998).
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25 SBR Aol Alx"le] AAF +A4

25.1 CIMON9 54

- AwE Pz AAY CIMONS th%d Agale] 448 A dS4d = 8
on g ATEd A2RER A2 AHHNLE A

- OLE Automation2 stz o2 $2uzzaddre CIMON A& 50|
£ o]

- ODBCE o] &3 W&roleujol2ste]l A4 7bg

~ CIMON Atolel Holg] waho A}8E 3 CIMON-Net Z2EH(RS232, TCF/IP)
& 370 sz, d9el Host WFE A CIMONS zZ dleleld stz

44 7te

- OCX Componet® 9 gtdo] A& 75

@ ohEd e A
- thE Alzule] Mol 25l Alawle] ol atE Al
- Windows 95/98/NTe] WEHAZISS HAgd &8
- 2GFR AlAEol A g Alzglzta] "Rk A A &ol st g

EQa P

BN

e

=z 21(Stand Alone, Peer to Peer, Client/Server)

- hergr =

il
rlo

A]

ki
b
rie

@ WgdoEiuel At A2
ODBCE ol&3ta] zE Pauoleimols At AFFA 428 + Aow, EE

SQLS AQstmz dmoe] 7 2 FA/37/4A 5 RE DB $80] %
@ <teidll A

CIMONS EY Web Auels A48 7%, 4AAe04 ¢ nexz due
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© B ayRsE 2y
dead duel AAce Ay golnded AFske} AgAT HA ALUE T
g 4 gov AsAsl F4Y enAER Ay dolndele Tl JAETA A

go) 7b%, w3 3rd PartyslM 7lw@ OCX Componet® CIMONWolAN 2BHEZ
AEEF ARE AggozA Alade GAAdE 8o
® VB Script

Visual Basic Script Language® A ¥ae2z, 534% 1& glol= 44 A8% F
lom #a & I OLE LB AES}e] AR T3he 5000 7HAle] o e
A2k 53], SQLE AQstE @45 AFstol A& deoleuo]azRE e o]

3 442 7t

il

o

olf

) theks SELZEIGe] doly TF
- Microsoft Excel® CIMON Apole] i1 dlele{sle]x 2tg7t &8 7bF
- Microsoft Excel, Word $olA #4% us 445 A8 7e
- Auto-CAD, Adobe PhotoShop, Corel Draw 59 2#8 &3] dielH ud 7}

olf
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252 SBR panel 774

SBR panel 7A4& daol ddel 23 waeg STDH=A HE7t §o/29F
3, fE&, 2], B2ort A HEE 1 o,
eclmu g&HIZ wwutz], ZEol: MENUZ AUTO#t: 4#AFe & + doH
MENUY Menualol 8 %29 ¢n& o/va3 AUTOE Automaticol@d ovlz 2&

UE operatorol o#] 2 FUHEE, FEHE, uytr], Z&2]

z 2% A7 4 gon ABFHALZY Aol Erbesth AUTOE operatorel 9
HAE UYL, AT wuy) 2ol Aolsix Ear AHE, F CIMONS
se g AA] A Logicol 2aiAst g Hel An

MENUY o= ON/OFFZ operator’t 24 %2 3 4 U= wEAS 28x7}
9lth. SBR uFg 7)o ofabe] A7IAY CIMONZZ 2 A& gAY F2 ool
9le w, 223 STD cardel 2 F7F HAMS wol= operators AUTOE Hol e
A9A8 MENUR 188 F Q9502 SBRIE7IE 2248 4 At

253 CIMON 4

CIMONE KDTets slatefA]l sh= al&cid], o] 2XEsglols HMIE 24 A1 7171
olaf Al sura A3 Eglo]olel. HMI(Human Machine Interface) @ <13t 7147} ¥
A7b ol ahurh ddkE enlz # 4 gler olRe aAFEE HE e
Interface?t &% #Aeolch
® SBRe| BWe 2HsiHn =sdcddor PAsEd 2P SBRe ZF @7
ojelgt 7Aooz & SBRe 7 AR AME
olth, = VBscriptghs ZE2ad do)E o] &3
7h GAle] e AR TRy F4c] Edd ZRaYE FHSHRY 2
Aordol QIge =7 ok 7iAS ZEaYel MR A% s Ao ZRIaERt
o AZo] B Hogw MR AF5S AR A d YL FEIVIE T
ot

®

G

ileS

[
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o

e
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g
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254 STD card®} Panelzte] @713 944

STD card® Panelzte] 912 Relaydl 913 f@eg o|Fo|7d. STD cardelA
computer® Ea&] W& A5 Paneld] @712 ON/OFF 3= 71%5& 27 ®d. SBR
of Zr SYWE, fEUE wuty) Zojoe Pyt FAHA ONsi B elrt
Al dEHe FYUE, ST, @), B2ejzt OFFE = Zoloh

255 STD card¢} CIMONZ9] 341 42

CIMONOIM el #FUBE, #2H= myt7], B2ole) ONOFFE dAa53 RS232
ZEE o|&#hA STD cardehel £41o2 STD carde #YUFE, FEFHE, 237)
B=zol ON/OFFZ ZA#4ste] STD cardel Helol2 dgsiAl €k, STD carde 2
Zo zte AZEeln & 4 Ut DIDigital Input), DO(Digital Output), Al{Analog
Input), AO(Analog Output), CPU(Central Processing Unit}= Z4 €}, Digital2 0%

19] AEwke 91487, Analogs +9 @g UA &

DL DOl ON/OFFZ15% &= $98=, F&HI, any], £2o50] A7
31 AL AO9lE pH, DO, ORP So] dAdsel AR HelHE HFE [ s A G

wel Avmoz ooy £iE AdetA wrk

STD CARD

DI | 1ag2| aO1| | A1 | |cPU| [POW
DO ER

Fig. 2.3 Configuration of STD card.
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256 AEAo] AXEYe] T

O VBscrip

thgo Z2ad A2y Cimonel VBscriptel diFojth & 109AZ o
script® 19419l Z4%Z Jeld Aok AnoxiclelMe 23 #EAdE |1
dORPZ &8 % dAE Oxicle® AEst7] Mol P released 3 F7HATE
a3, U9l Anoxiclel Aol A17be 2bAl @ik Oxiclol M= A3 g8 AlE2 |
®7te] dORP2 #& F Anoxic2Z @74 A$2 st old Oxicleal A8 vzl Al

o

e
£
M o
o2
o, 22

to

o

¢

Sub Start(}

am = GetTagVal("SBR1_AUTO")
if am = 1 then

SetTagVal "a3_test”.D

SetTagVal “next_ok"0

SetTagVal “min_cnt2"0

SetTagVal "add_£'.0

SetTagVal “"testl” 0

SetTagVal "test2”0

oml=GetTagVall"ORP")
orp2=GetTagVall"ORP")
arp3= 10
cmf$=GetTagVal("& 51"}
Select Case cmf$
Case "% 711"
SetTagVal “@AvA" 571"
Case “&.7]2"
SetTagVal " AfskAl" &2
Case "HFAb2a=t”

SetTagVal "@ agbaA]” w24k 21"
Case "F4HA2"
SetTagVal "3 A AP, 4k 22"

Case "# A"

SetTagVal "&b 3 d”
Case "fr&"

SetTagVal "8 A gHA""# &~
End Select
bat=GetTagVal("batch”}

if bat=0 then
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SetTagVal "A1 %412} timestr(12) +timestr(5)

end if

al = GetTagVal("ehAl1_ A7 A")
if al > O then

Index% = GetTagVal("#lz211 &%)
If Index% -1 "Then

o tag= a_tag or 1

Else

a_tag= a_tag and 254

End If

Index% = GetTagVal("#M=l_&%")
If Index%=1 Then

a_tag~ a_tag or 2

Else

a tag= a_tag and 253

End If

Index% = GetTagVal("# Z1_3118k7]")
If Index®=1 Then

atag= a_tag or 4

Llse

a_tag= a_tag and 251

End If

Index® = GetTagVal("# z11_¥20o{")
If Index%-=1 Then

a_tag= a_tag or 8

Else

a_tag= a_tag and 247

EEnd If

Index% = GetTagVal("3 211 24127
If Index®=1 Then

atag= a_tag or 16

Else

a_tags a_tag and 239

End If

SetT'agVal "DO_VALUE"a_tag

tlg=Now{)
ts#=Second(t1#)
If ts# = 0 Then
min_cni=-1

else

min_cnt=0
min_cnt2=0

encl if

While 1

am = GetTagVal("SBR1_AUTO")
if am =1 then

o 7hE 3 owl
o s JE A
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al=GetTagVal("¢tA1_H A 4] ")
alf=GetTagVal("F 42 1_FA1 317
cmf$=GetTagVal("FH21")

if (emf$="5t41") then

if alf < min_cnt then
al=GetTagVal("&#1_4 3 A1 z1")
inputT=GetTagVal{"# A1 T+")
alb=GetTagVal("&A1_Z A ="

a4 = {(al - min_cne)

SetTagVal "testl” ad
add_save=GetTagVal(“add_savel”)
if (alb <= 0 and orp3 <= alb and orp3<1000) then
next_ock=1

add f = 1

SetTagVal "next_ok”next_ok
SetTagVal "add_f",add_f

end if

if next_ok then

if min_cnt2 >= add_save then
SetTagVal "wrA A 11" 0
SetTagVal "sHAI1 A1ZH0
min_cnt2=0

add_f=0

next ok = 0

SetTagVal "add _{".add_f
runscript(” gk A2
stopscript{start”)

end if

end if

end if

end 1if
ffffffffffffffffffffffffffffffffffffff -- ORP & A9
t1#=Now()

is#= Second{ti#)

If ts# = 0 Then

min_cnt = min_cnt + 1

if add_f then

min_cnt2=min_cntZ + 1
SetTagVal “min_cnt2”, min_cnt?
end if
five_min = (min_cnt mod 1)

if five_min=0 then
orpl=GetTagVal("ORP")
orp3=orpl-orp2

ompZ=orpl

end if
****************************************** dORP A%k
alf=GetTagVal("f A1 ")

If min_cnt >= alf Then
SetTagVal "DO_#%"0
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End If

alf=GetTagVall" &% 4 A1 +3")

If min_cnt >= alf Then

SetTagVal "DO_#Y2"0

End If

************************************** - SFdEE oA
if al<=min_cnt then

min_cnt=0

SetTagVal "¢ AI1_A1 7" min cnt

runscript{ g A12")

stopscript(”start”)

end 1f

--------------------------------------------- WAl A zE Ao
SetTagVal "wA11_A] 7+ min_cnt

SetTagVal “vr A3 &8 A 7H min_cnt

End 1if

sleep(1000)

end if

Wend

Else

min_cnt=0

RunScript(” A2
StopScript(“start”)

End if

S e o S e - v o)l Alo]
Else

MsgBox “MANUAL defgivlch”
StopScript"start”)

End if

End Sub
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@ AEAY cHE

=1 (=

Y \ 4

Read ORP value |« Read ORP value
Y Y
Caculate dORP value Caculate dORP value

If ¢ORP value <-10
In Ancxic(1)

1t dORP value <1
In Oxic(1)

Change Stage J [ Change Stage J

Fig. 2.4 Flowchart of automatic control system in Anoxicl and Oxicl.

s Adsiel s dORPYCl HE Aol
olo] Hojm I¥uitkel ORP & @A
t}. AnoxiclolAl dORP kel -10Rth #o

Fig. 2.4+ Anoxicl®} OxicldlAle &
vheluigler wAlle] AlatE| ORP &
ORP %3 o« ORP del zeld Ats
W A o]% e &3, 2%A ¢ow thAl ORP & ¢l Seolm dORPE 7itste
Loop2 AxA Ak Oxicl? A$%E Anoxicl# 2 HH 2 Loopd o] &}

oy

-

¢
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26 24d¢g

waask gy SYFer e 548 wArte A2 Modeling calibratione]

2}a gl

Activated Sludge Model No.1(ASM1)

o)A el weeL heterotrophic processoll #IAM W o] Fof Hh Y ASMILS 4
2oty Az BANML Hals 5Fo) zAolE UEhle ol &7t WEEe] MLSSH
o} Mg EHd W chEoE AL $Asn MLSSH FExe FRE
heterotrophicol ¥ 23+ zlo] o}l@ autotrophicel #& #24-& #EeA Hrh
ASM1€ Mass balance® CODR e At {Peter, 1959).

My off

Activated Sludge Model No.2(ASMZ2)

ASM2E AE TR S 74zbe]l Mo} thel *FHEA %R biomasse] Bl s i
Astedth, ASMIGlAl S CODe Mt g, Aol di A7ag 7]z ol Feoldl
2ok ASM23= o] Azkrlelvhz ol thE AVEE FriEtdvh ASMZolAME
Fermentation®ll #+8F & 28 Zrstedr). “rels z2] Zzel 2] PAOset TSS(total
suspended solids)e] #eishedl F 53k th{Henze, 1995).

Activated Sludge Model No.2d(ASM2d)

ASM2dE ASM29 #adtolch ASM2ZolA PAOsel #3lA 7 EANMG AFGH
o1}, ASM2dE =@o| Bas PAOsE A 2 AA mechanism & 4 FAH
OIS Xpaooll o3tod @7] AEielA SaE AHE Xewa BUlE AFE A XpeE
LA PO WEET, B At IW Xppa® ol E8ked B E o] A= &Sl
A P02 MAsHA Xpp FHZ HAYSE Aoz o8 Bt WFx o A AA
A7 A g oh(Henze, 1999).

N
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Table 2.4 Definition of souluble components
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Table 2.5 Definition of particle components

£ 9 ) &l A ]
oo | £H9Y 243 c AN U4E e SEYY AF 22 Nitrosomonas$
AUT | gy gt nitrobactor?} £ %
» Heterotophs © #7122 413 A% €3 vj4E
o A ojok A2 *
i sHIeRdEd o RHA 72 A (SA+Sr)
y, |7 R sl CAzEol s BaEa gon BASYAAY #
I AR A exEe] AA, U5/ HARAF YA
Ko, |7 AFATIAED cPAOY FTols MW A4E2 PPY PHAE ¥%d
PAC I (PAQS) 2 ¢ton] &4t o nAETe] A BUL eI
Ko |7 AFHA AT «PAOS ool ¥argal 9ol COD EFAle) g
PHA | gz Haga & gtk
sop |7 REA TIERS [ PAOS el 2RAA Yok
PPl qeyg 24 21%}%75‘ «olzb4 elo) iHoju] EQ(TP)9 YRg BA =4
O R Lol gEAls slojof shE2 waldl AR
Sl aad s7182 bR o] nSolN AMB(S)E LEAR o &
NN POt - egHeY EasAY A2 BN EdaFE
MEQI TR TR FEEA8E, A3 Aae APBE YHY o
Xamp |+ 2521088 .« 3490 zr} Adtelol HAY LA
. . sgERoz wrRe A4y Ad oidE gA%A 2
Xpss fo &PH28E doj w0 Adets) s e 2
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Table 26 A stoichiometric matrix for ASM2d for scluble

r Stoichiometric mairix for soluble components

Process component Sz SF  Sa  Si Snwa Sw Swos Seos Salk

expressed as> (Op COD COD COD N N N P Mole

1 Aerobic Hydrolysis 1.00 0.01 0.001
2 Anoxic Hyvdorlysis 1.00 0.01 0.001
3 Anaerobic Hydrolysis 1.00 0.01 0.001
Heterotrophic organisms @ Xu
4 Growth on Sy -0.60 -1.60 -0.022 -0.004 -0.001
5 Growth on Sa -0.60 -160 -0.07 -0.02 0.021
6 Denitrification with Sr -160 -0022 021 -004 0014
7 Denitrification with Sa -160 -0.07 021 -0.02 0036
8 Fementation of Sy -1 -1 0.03 001 -0.014
9 Lysis 0.031 001 0002
Phosphorus accumulating organisms{PAQ) © Xeao
10 Storage of PHA -1 040 0.009
11 Aerobic storage of PP -0.20 -1 0.016
12 Anoxic storage of PP 007 -007 -1 0.021
13 Aerobic growth -0.60 -0.07 -0.02 -0.004
14 Anoxic growth -007 021 -02Y -002 001
15 Lysis of PAC 0.031 00t 0.002
1A Lysis of PP 1 -0016
17 Lysis of PHA I -0.016
Nitrifying organismstautotrophic organisms) @ Xacr
18 Aerobic Growth ~18.0 -4.24 417  -002 -060
19 Lysis 0.031 001 0002
Simultaneous precipitation of phosphorus with ferric hydroxide(Fe(OHa)) -
20 Precipitation -1 0048
21 Redissolution 1 -0.048
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Table 2.7 A stoichiometric matrix for ASM2d for particulate

| Stoichiometric matrix for soluble components
Process component  X; Xs Xn Xeao Xep Xpna Xa Xrss Xwmon XMEp
expressed as> COD COD COD COD P COD COD TSS TSS TSS
1 Aerobic Hydrolysis -1 -0.7%
2 Anoxic Hydorlysis -1 -0.75
3 Anaerobic Hydrolysis -1 075

Heterotrophic organisms @ Xu

4 Growth on Sg 1 0.90

5 Growth on Sa 1 0.90

6 Denitrificatien with Sy 1 0.90

7 Denitrification with Sa 1 0.90

8 Fementation of S¢ .
9 Lysis 010 09 -1 -0.12
Phosphorus accumulating organisms(PAO) @ Xpao

10 Storage of PHA -040 1 -0.69

11 Aerobic storage of PP 1 -020 31

12 Anoxic storage of PP 1 -020 311

13 Aerobic growth ! -160 -0.06

i4 Anoxic growth 1 -160 -0.06

15 Lysis of PAOQ 010 09 -1 -0.15

16 Lysis of PP -1 -323

17 Lysis of PHA -1 -060
Nitrifying organisms(autotrophic orgamisms) @ Xaur

18 Aerobic Growth 1 0.90

19 Lysis 010 090 -1 015
Simultaneous precipitation of phosphorus with ferric hydroxide(Fe(OHsh) :

20 Precipitation 142 -345 487
21 Redissolution =142 345 -487
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Table 2.8 Process rate equation and kinetic parameterfor ASM2d.

Process

-

Process rale equation

Hydrolysis Processes

S Xs/Xu
1. aerobic hydrolysis Kn © Xu
K+ See Kx+Xs/Xn
Ko S Xo'Xi
2. anoxic hydmlysis Koo M — T = X
o e Kot Sep Koarr* Swens Kot XX !
Ko K, XX
3anaerobic hydrolysis Koo e - w“ . X
K+ Soz Houz? Swu Kx+ Xs/Xn
Heterotrophic Organisms @ X4
S S S¢ Spns Sros Sux
4. Growth on S¢ B . - - - Xu
Ko+ S L Srrar Sub i+ Sams S Imx KaneSux
S : S 3 Ssis St Sa
5 Growth nn 5a i : . : o il u.. X
5 Ka*5a Seely S S Skt N Kaia*Sun
Swiss 5 5 Saik S S
6. Denitnfication on Sy "R N = ! L \1}, H_ Uf Xu
Ko-Sa Karn* S KrrOF ST Snik 3 ERIM RS
S 5 S 3 b1 Sh S .
7. Deminficauon on 3. (IR Yo z e A\ - : i v - u Xn
et S Kocn*Sher. Ka*Sa Se+Sa Snna-Same KeSpon Kot Sus
Kz K S S .
8 Fementation [ - . = X
Kar S R+ Saa Sk+Se Faewt Sux
9, Lysis by X
Phospharus accumulating organisms(PAO) & Xpao
Sa Sak X/ Xeao .
10 storage of N tia . - Nowo
Kasa Rax*Dax Kowr X Xian
S S S X N Ko XXy i
b aerobic storge of Xig [ S
Kavr S S Sien KounSas Rt N N Koo Kapu- Nin
KUE 5.\\)4
12 gnuxde sorage of X ey LTI T 3 .
TR " ' o Sax Kuan=Sun
S 5y St 5 hCTI.CF
13 sercdic grosth o S - x Ntk 0 K A% w‘; Ko
Kar* S St Sans Kot Siem Kok *S Kinpa Xim Koo
Ker S
4 anosic growt2 on P " P Ten - T
nosie gt on N 8 TR 13 o Ken-San
15 Lvsis of Neao hiai X - Sax o AKaur*Dak!
16 Lysis of Xp b - K - Sak 7 (Kaux*Sak)
17, Lysis of Xpia e Xiaa - Sas | KaukeSak?
Nitrifving urganisms (autotrophic erganisms) © Xae
e S Swnt Saik
1% aerobic growth of Xaur Bars " - - - - N
Ko+ S Switz* Stk Ki+Sreu Kas-Sxn
19, Lysis of Xavr bant Xavr
Sinlataneous precipitation of phosphorus with ferric hydroxide Fel(OH)
20. precipitation Ketg - Sprn » Xnaeowt
21. Redissoltion ke * Xikr - Sak MKux+Sak)
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A 3 A9HA 2 AP

3.1 SBR w3 &£

2 Ago o]8%¥ SBR A¥AXE Fig 31¢ Jehlin. SBR #gxE FAL
10 mme! o228 ojgsted £ 50 L7t S22 MAsgon oo 1 84E 36
Lol plAZ LS S stexaiae] B5afASE 4Fshel oF 3093 stead state ¥
gloll ol w7z £zslgen, HRTE 10hre]lil MLSS sx¢ 5000 ~ 7,000
mg/l. & SR olwel MLSSSt MLVSSe &2 075 ~086010t. 57!
2 A3l Yo 2xrt 25+ 2 CTE FAZ & AEF 25 =
o, 9rgz uo] SHEFL A mukrle HAE FEE 2
el BAlE] A °—?-‘4 dead zone BAFS whxlalgtl mukrlE B&7|F 2R AAE

2ro

ol £3te BErELEZ 1600rpm/minlE FAT F AL Pt FFFL 10L/min

Control Panel® @714 %2 PFelz 2l AFeHAA dedd ON/OFF 2t
o] mi ORP A3 ¥& ZAGA A Azt o3 oA d&E I 5 UA
HMI(Human Machine Interface)s Astedch SBR 4o xAdE 54 T
gl AZV|RE £24A FEE =AsE DO meter, pH meter, ATEEUS
(ORPYA G o] dAstirt.

2 o A] Ab&3H MM 2 pH meter(pH-6000), ORP meter(US Filter Strantrol
830), DO meter(DO-600) 3% 75 Aaratad 2, B0C320KC, EA2 5} 2F Relay,
Control paneld AH&&3t. AHE Aol Z2adc g CIMONS o] gslg el oA
2 A§gsts F-S VBScript® ol #3e Anoxicl - Oxicl - AnoxicZ - OxicZ -
Settle - Draw® %o wEg 4 oA Zzadg FAssch CIMON Z=223
W Seriptell M= 2+ 98 AR 4 e T2aRs Ao, Hidd 48
Ay g ggde] Yy o 9% oA B3e ¢F Z2ayg MdAFH 1
T AAMEZRE 2o Folt dolHEL dFUAE AFT F USRS TRIRI

Azt

e
]
ok
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Fig. 3.1 Schematic of the operation strategy of the SBR during a cycle.
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3.2 Agay

321 Au9 x4

rlo

BaglogE 223AE o]£59 CODe 100 ~ 200 mg/L, a8 <19 ¥+
NHCI® KHoPO.Z o] &3ted, 2b2F TN 50 mg/L, TP 6mg/L2 @-gdstch. ditstel
o8 pHeol M2 vhr) 3ted 2R LM E(NaHCONE & 3shsith

3.2.2 Cycle time

B oA eycle timed #(2002)¢ 4 2 oj(200ne AdelA H4 H ]l Al
Aol A cycle imeS 2 YEW A0 ol&atgth f(2002)9 AF Aol g o
Wz A7e WA 222 9s Anoxic2 BAE dgstged, & A7dAs W4 #
w7 =27 g% RundolA Anoxicl® Oxicl®l 2 A o]ofl of gk b A Ajgh
Anoxic2=  H A
HRTY ©2 §32 Ana ok Fig 3290 3 22 ddE vedioh

i

o

@i 4w Az 2 N0 2d ARoEd dddew

Runl€ Anoxicl(d0) - Oxicl(80) - Anoxic2(50) - Oxic2{10) - Settle(30) -
Draw(30 e 2 FAse] 1 cycled # 4Ados HAsAch Runlel @A 44S o
A @ ol&= old Aol Anoxicl(102) - Oxicl(138) - Anoxic2(50) - Oxic2(10}
- Settle(30) - Draw(3®) e & &xadch AFalele] Aol W d5d AR 2

ol ol 24 HEEe] ot rid Sasdnt S S Ao A 308 Fetyn o
~9lo g W22 AnoxicZol4 500 mL/min®l % ez 5 FdstRch

Run2y  Anoxicl(40) - Oxicl(80) - Anoxic2(50) - Oxic2(10) - Settle(30)
Draw(30) S 2 FA3Hd 1 cycled % 4A7toz dysgoh ¢ £E 7902 3
Ard o)l QEREARL g FQswW eRehidd wWE vEol FHE 2R
Qaz Hgd o]Edrt= o wolM AnoxicllA 208, Anoxic2elA 10& Fda e
o 99 R e 99 ulT 20T 3 olft o200 A Azeld £
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l

2qle] A @AM Hal maol 7Y FHTE AR TARE ATE £98
et

Run3S Anoxicl(60) - Oxicl(80) - Anoxic2(30) - Oxic2(10) - Settle(30) -
Draw(30)2.2 T4l 1 cycled & 472z AdAAT. 9a B FAL
Anoxicl™ Anoxic2elMel wlgg 21e2 4ot 22y Run2elAd  Anoxicl®
Anoxic2e] Alzb Bl &e) 450lth B¥ Flel wlE 200tk ¥ FY AH
Anoxiclell BASRZF H7)744 BEAL 285tk ol Run2elA el Anoxiclel
40291 258 gEel GAATS wd 1520 FET 1580lF A%E P releaseE
siulellE B3 A7k 7)o Anoxic2ell A2l 2082 Anoxiclel F7b dted AnoxiclE
GO, Anoxic2® 30% o2 AT

Rund:= Run32l $4 A7+bd gl stgen, Agaels Attt (2001
5 f2002000 odl AE A AnoxiclelME 2 @& ARl UEYE OxiclgA
2 AEEn g A7 Savetimeol#atel AnoxicZel A AlE FWEHEE o,
B To M= Anoxiclol M = @x Aol vehuw wAlE dH@sts] 303t
27} £S48 stgi=ch pFold A @@e] fRFHL GF iz F

223
o ®aatel P orealease FESH7] YshMeltt 3089 SAw & Aol 4

NEEFal

S Az 3080 Avid P oreleasert 710 @R F How wuadr] WEoint.
o gao] ghRsn Y Al7re] 302 ET AW Aol 60T} FAET Oxicl
oAz MIEEE SArh £2002)9 AFNAE Oxicl GAlelAE At E 4ol

M7 H Anoxic? 9AR dualn e A7H2 Savetimeoldt dted Anoxic2el M @&
Azke A =g e A4 LHsER stk el B oAl Oxiclell M
gra grmaol UENIW Anoxic2® wAE A#Es Oxiclel Aol uelA AHE
Anoxic2ol A Zsl Al7]A] Ekch ool R Ul RAE AT AlRbel Apeld AL

o GEAAM o 2& 57122 s HalAolt

GORPE= ©](2001), #(2002)90 4% 5%:14el dORP k& Faid Zarstsh 2ol
de Aol ow ol&adid, dORPE 5E7ACR HAWS o F4% 93 A

LA

- 36 -



o A%s 2E + W B ATAE dORPE 1E}Aem Astth
dORP= 1372 ORPS} @lel ORP @<l Aolz ek

Fill{30) EC

Runl  \oxic1 Oxicl Anoxic2 Oxic2 Settle  Draw
Fill(20) Fill(10})
Run2 - . ' . : . .
Anoxict Oxicl Anoxic2 Oxic?2 Settle Draw
Fill(20) Fill(10)
B B aidoss i :
Run3 , . . .
Anoxici Oxict Anoxic2 Oxic2 Settle Draw

Fill{20) Fill(10)

R S

Anoxici Oxict Anoxic2 Oxic2

. [o: g i
Run Settle  Draw

60-A+30 80-B

Fig. 3.2 Operation mode of SBR
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3.3.3 A0

gAnR ] Y 52L M3 FAsty] fEe SEIHALE ARE
Az Az A¥EE wolz] AlFEEE AlEels 108

o %3 AHSHTh 5EF 10BArel] Eyctst g% Wyt 79

B oeEn AYAHEER dotar) s M4 Ade snew, 7g G 29

=2
B =

Table 3.1 R dw

Table 3.1 Analvtical Items and methods

Standard Methodoll ©738te 2¢& Fdsdd &

A Foll AbgEolzl 23

(Standard Method 20th, 1998)

[tems Experimental methods
NH;"-N Ammonia-selective electrode method
using known addition
NOy —N lon Chromatography
(Dionex co. ltd. DX-100)
NQO» -N lon Chromatography
(Dionex co. ltd. DX-100)
PO, -P lon Chromatography
(Dionex co. Itd. DX~-100)
Cob Potassium Dichromate Reflux Method
SS Total solid dried at 103~105T
Alkalinity Potentionmetric titration method
pH Flectrode method
DO Electrode method
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4.1.1 COD AA

|—e—in —m—0ut —&—Reroval |

CODer{mg/L)
PR n
g g g 8
e
c
5
~
&
5
@
B8E88IB8G
Removal efficiency(%)

i
|
5{

35 37 33 40 43 44 53 55 57 60 ©8 70 /1 73 /5
Operating days

Fig. 4.1 Variation of COD concentration as operating maode.

Fig. 412 ¢4 27 wg CoD #eg Jehldch Runlel 4%& 42 T4
Aol Anoxic 2014 |FEtAfe R degs FYF ALelth Run2sk Run3d %
9lolth. Runl® RunZ2i¥ Anoxiclol 40%, Anoxic2e S0R o= dgle
Anoxicl 60%, Anoxic2E 302 o2 $AHS ZSolt Runle 24L& M e
29 zolgl7] wWiel CODE w9U%Fol 100mg/LAAM 150mg/LE52 T
Run2¢t Run3: ok Folel glol 3 F9& 3] wied 2
CODZE 200mg/LolM 250mg/LA =R Fdstsint. 8208 AAS2 85% ~ 99%
o] A7 &S Vet

i)
iio
I
2
jo
s

(o3

(&
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412 TN AA

|+ In —i~Out —A—Reroval |

100

88

TN(mrg/L)
5883

CZ8E88883883

70t Runl

Rernoval efficiency(%)

o588

35 37 38 40 43 44 53 55 57 80 68 70 71 73 V5
Operating days

Fig. 4.2 Variation of TN concentration as operating mode.

Fig 427 ¢dz7 ¥all B2 TN 528 dehigch oleee Agstel g
999 ¥ Runlel 2ol #H3 99%71xel TN A7 &% vehuch Run2eh Run3
“ TN AA &0l 75%2 tha Runlol wlald #7&e] A zatgnh
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413 NH,'

Run

NH4-N(mg/L)

35

Fig. 4.3 Variation of NH4
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414 TP AA

—&—|n —M—Qut —&— Removal

'F\iil‘

35 37 38 40 43 44 53 55 57 60 68 /0 71 73 75
Operating days

Removal efficiency(%}

TP(mg/L)
O—‘I\JOJ-bU'!O)\Jm(.DO

Fig. 4.4 Variation of TP concentration as operating mode.

Fig. 445 $d27d @Wao] 2 NH,/-N ¥=& vebdgla, 92 QAA e
of oslM AAEEG ol oAduwtEd d4H AHE FaMA ol o]zt TPe A%
Runlel Hl 814 Run29} Run3s & algol ztejrzt @wol vhebwtth Run2¢ Run32l 74

o puzdon F9% Anoxic2dlAel P7h Oxic2l M F¥3 4H7h @3 Zshol

el gol H 60%HE S e
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42 & =7 A3zle 2 ORPY 24, 2 AA EA

42.1 ORPW 3}

Fig. 455 Runl, Run2, Run3¢l ORP# &2 vrebd Aolth Runle P @idez
mWEee e oj&s 7ZAgolty A AL ORP 2l ZolA Anoxicl, Oxicl, Anoxic?,
Oxic2, Settle, Draw #3t 25 ORP#E &9 32 72 vk Run2¢ Rund< fr
Ax7)o) ORPZEo) 444&ctzh thAl sh4dts Feel 2 Runld ¥@ol 8ith Run2eh
Run3®) Aol 2@3le] #4924 §F2o4 P& NO; -Nol #9492 CODE A
Adn Bdg e w8S 2R ORPgel HofHrh Runl® 2 %% NOs -Ne|
zo) 9ok oRElAY FYA HHFEL 100%2 deiwch, 2822 Runl2 &9 £
7lol M8 NO, -No| glel4] ORP #3t7} oFsh ozt et Oxiclel Al # s
27bol A ORPZtel B Z7b3tth Run2® Run3E ¥l std Anoxicl® AnoxicZE
=43 7o}, Run22 Anoxicl(40) - Anoxic2(50)% Run3lAE Anoxicl(60) -
Anoxic2300 0 2 wzatgth 4089 602 AlelE =W Run3®l 34l ORPgrel
Rum2 ol =4 o] Wedsds RS @ £ gk ol Run3el Anoxicl®l +3h&
Run2¢ Anoxicl “FFwul 20% ©f 97 wifen drbglch Oxiclel #'d w7hA
sbmnd Runl 270 W3 !
W meAe] ORPRISHE ulnd k4 Eel Al ORP7E 2 4dtel, 7] e
iz ORP7E &7) 8k S

e spans A wAdd 5 Ak A 7bx el SBR

uio
0
3
3
°
O
--—

Runl& Paul(1998)7 Plisson(1995)7t AA18 o, B Hel 3 vehva Aok e 81
B g1 126%e] vbebba Aok Run2el 2% Anoxicl F3telAl x7F vrEbdCh

ORP7F &% Z7)o 587 &7tA] F7hete 2& Runl, Run3els #Aa%% + AN
ool Oxic(2O)7t Bum uA uE ddes wust 2ES DO7E 4R &
WA 2aTm dob ee o 4 Atk HYzslel Ewhg Aadd Al ORP

= e DOZ o &so] AERE S a7l HEom B
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Fig. 462 wgzuel DO ¥Eo dgd 49g ¢a) Jebslch Axldel FEH 1
g 216l AWoln BAYE Ao ¥ Microbes® #AI#Th A-Bel DO% Bel
stel DOZF 239 #ol® UeEch B-C Fe) DOE 003 derta o,
A-B F2HE DO7E wob 9l et & g Eel ddste Tilel DO7E A
ol 0o A YA upgE AART ¢ Fo 4Ade DOt BAE 15mg/L7h Hob
9193t} 7123 Anoxiclol el ORP$t dORPel 208 %<t W& Fig. 4790 HERAR
U Run2el ASE -103mVelA SomV7AR dEsti Rundel A4S 33mV el A

112mV 72 &8k oleh

[——Runt ——Run2 —— Run3|

ORP(mV )

0 50 100 150 200

Time(mn)

Fig. 4.5 Variation of ORP value in phase as Runl, Run2 and Rund.
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QRP{mV

dORP(mY

36L

Effluent line(A)

Microbes line(B)

Microbes

(C)

Fig. 4.6 Schematic of SBR in effluent.
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Fig. 4.7 Initial ORP and dORP value in Anoxicl.
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Fig. 48€ Anoixcl °142) dORPE 183 5802 gy slojrh 2Us o]
Ueltb= Anoxicl ZRolA 178 o)A 3829 dORP$ ORPE 4“etwWlth. dORPE 5
o e A% FANM -10003 #F2 AW AAE FHATHF,2002). dORP7} 1
ol A9 278 olZo -10 °ldt ol UERI NOy -N F&E& Oolsith 22lx dORP
e —1p0lAteE Zrbst: AL 2 4 Qloh SR o2 dORP el -100lst2 HA
ol 158 seEen Moldoz yebdch dORPE 2AsHA NO; -No sx< 20
2ol 1mg/Lol7] W&o 1582 NO; -No ¥E& Ilmg/L °ldelth 1£22 dORPE
AR g 7AeeE 27%o] NOy-No ¥ %7 Omg/L® Jveixth 68 dORPS 1+
dORPE 29+S o JdORP 747S& sRoz 4x #2 me g4d sy 277t

e Aol Qlow, w2l ga AHe 3] g8 B 5w Ak 7

ta
s
1%

Cejoldich, AT 1% (ASE (ORPE HA e dWE sRAcE Uys:
Anch e mMAR AelMziAel B fEAES setw F Yot oo d ol f

A
7 Bl po s dORPE 7HAS 1oz HAFAC
l

® 1 minute M- 5mnute !

10 | ]
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o RS bl NS P24 A YT TN a4
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Fig. 4.8 Comparinson of dORP interval in Anoxicl.
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Fig. 49 Comparinson of dORP interval in Oxicl.

Fig. 49¢ Oxicl lMe dORPE 183 S¥ex debd Zolth 1 Ao
GORPE AAFSHA 105%-¢ -1eojat7t vh2Alwk dORPE 5w 7
oler ghg 2S£ glom 110%0] 2 wzix dORPZF 1.71mV @& YEbHH

&
|o
s
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¥
o
£
rir

olWE 5% $A 0T JORPE AMad AFaleld Hguvw dis dEAH F
AEAo e 24 £ 754l Y7l @B ¥ «FelH dORPE 1RUNACE

Fig. 4102 72t ¢4 w=o wg ORPS dORP ®W3E 3 Abo]Ewh JERUY AT
Fig 4112 7+ ¢4 2coo w2 4 #o]Zel dlg ORPS dORP 43512 Jeldgd
o} Ha s o] obAg % Areiol A9 ORPeH dORPS dgelth
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Fig. 4.10 Variation of each ORP value in phase as Runl, Run2 and Run3.
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422 ORP Adge] @& S W3

Fig. 412= Runl Z, 9|3 &A4¢ Weg2 F94 ORP ¥HsE dehd Aot
SBReIAM & Alo]Z el A ORP7F Omvech 22 o el dFL vzl
& Lozt #gPrr WAL ORP el OmVE uEtdE A Aol ofFead
=q9] AL ORP #% et Ash Belld ORPe A ge zZzk -206mVet
97imVE uEbyen), znger= ztz -16mvVer 8lmVE vrebwth Ast Be
ORPZtel Az Hagtel o)E wamshd z+zh 352mvet 280mVE YERHH. A
o} Bo] A2 €& Table 4100 EbHsich. CODe TN, NHs -N, TP 45 &
o A B BT 2 Aolgle] Agsn gk olsh #& A% Rop HHEL ORP
Aozt Rt ORPZLe] W3l 3 Aol gt Asek Be] A7&S ¥, CODE A
9 B 25 95%¢° AA7F 93en, NHo-No| 2% 99.7% ol4el obF $d 3
AEee ozt TNO Z$E 86% ol4el AAE BAEdH, ol Anoxic27
oMo gjRetagdor WL FUA WFelt TP A% 7% oldel A

AEES Bt
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QRP{mvV}

Time(min)

ORP{mY)

Fig. 4.12 Correlation of different ORP and treatment quality.

5

10

151
Time{min)

201

Table 4.1 Characteristic of nutrient removal as different ORF

COD TN NHs -N TP

+(mg/L) | 1302 426 36.6 5.9

A | FE(mg/L) 4.3 5.1 0.03 1.4
#H A& (%) 96.7 33.0 99.9 76.3

< (mg/L) 135.0 46.2 387 6.2

B | f&(mg/L) 35 6.4 0.1 15
A 7 & (%) 97.4 86.1 99.7 758
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423 &R =7 M3l WA F ORP W3

Fig 4130442 $Ad) A 2AA Z, Aoy &5 fFdel 2AH22 FEHAN
oo Argo)l wAlE Fo| ORP7F oAl @Sl 7 F4& Jehhid 7 @A
¥ om z7]olE ORPY e Eo ztas] g Adect o 3 218 29
Foen n|AES Aqze S HEL B X Esld f718S B HHE A
wam Aas ojdEn gd oAE 2un A5A ndEse AR TFE A
2atg ojnjaty, YA AstE YNl Fof £ WA A ORPY Ex Foj=<
Aoz ARTCH Anoxicld 100202 78} w3tk ORPE S580A4o2 EIEHA

¥

8¢ 219, 229, 239, 2499 A7t 7o) wE ORP ¥WaE 4% KUt < A
Agss BAZ QA Aol ALGHE AA L] Frtete AL dehdled, 21Y
of 2% ORPY: +3tS vehlEdl, o2 Anoxic Tolslol® ORPalel -@ez=
Wl shals otk 1ela 22900] sojME ORPY geol & o delizte A& = 7
oli=g o] 212 ORP # A gl WmVelAd 229 &2mV7HA ez A& & UUH
94elell = ORP 4 3to] -24mV7hl Wzizich AAH3 ORP WatddAN = 219l
Anoxic? F7rel Wavh o] AlAch 236l wAAn §E AbelolAl okgh Bd P
o] ORP ¥i3l& WAt

Table 42014= ORP wWalel w2 ¥x W3 vehhuch CODE 63.1%°14
94392 2 A g0 Zrvigon TNzt TPel #A$x ORPel waFo] v 7l ute
283 Anoxic® Oxice] FRol ORPolA 3ol YeErEs 5 22 &0] Z7ter gk
NH. -No| A9 gados 98% ol4e AA4E BAD, 249 Z+de 99.5%
A MAES e
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Fig. 4.13 Stabilization of ORP value after operating condition change.
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Table 4.2 Variation of removal efficiency as stabilization of ORP value

4 5 8Y 214 84 224 8 23¢9 84 244
in(mg/1.) 106.8 90.4 140.5 150.7
CODcr | out{mg/L) 394 325 357 8.63
removal(%) 63.1 64.0 74.6 94.3
in(mg/L) 45.6 46.2 45.2 46.8
TN out{mg/L) 28.2 25.2 218 156
removal(%) 27.9 455 51.7 66.7
in(mg/1.) 0.7 0.4 54 59
TP out{mg/L) 10.3 6.1 45 42
removal(%6) -80.2 -13.1 176 288
intmg/L) 32.29 317 312 358
NH4 outtmg/L.) 045 0.45 0.36 0.17
removal(%6) 98.6 93.6 93.9 995
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Fig. 4.14 Variation of ORP and DO.
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Fig. 4145 ORPZ DOZ WeRHATE Anoxicl TtlXE DOZE #43% Ax#d.
Anoxic? 3742 120-170%2 Abelell Al DO¥ 5% ojuhel O0.lme/L °l3tz2 A# 5 %o
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g0 Zagch zdd 27| 5EAEAAE ofw T #HArol YehtA g3 28H
z7tsts AL B £ dEd ol #%59 DOsF geob 17l #Eolth Fig. 4,142 4
DO7F Z71oh 0o 7H7bs- | o= wreZd DO meters} BlAEo] AA e 7
of ¥ ot o= E=F ¢ ok Img/L A= DOE vl gl o3 2ulHe AL

L

N

rir
rr

2 Algdch nAZo) HAMYE Yo AAde DOFEE OxicZol A9 108k £
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Fig. 4.16 Variation of dORP value in Runl, Run2 and Run3.
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Table 437 Table 44% Anoxicl® OxiclelAd 127422 ORPE A dY
Anoxiclol 4l Runle ORP7} 128mvelst2 el 7k %3, Run2e 228 7Z<s
—427TmVE JEugEd 2784 -12mV7AA gte) weiztth 2 a oAl 278 & 7
zx 0% o ORP #to] Z718hdch. Runde 228d -342mVE Jetdle=d ol
o780 -27.35mV7HAl 874343, Runzet vha7bAl 2 whAl ORP kel A stich
Oxiciel M Runl& 105%, Run2: 978, Runds® 99%ol 242k -1.28 -1.71, ~1.28mV
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Table 4.3 dORP value of each Run in Anoxicl in a minute

Time {min) Runl Run2 Run3
22 0.86 -4.27 -3.42
23 -1.28 -5.13 -10.26
24 0.85 -3.85 -13.68
25 -0.43 -6.84 -20.94
26 1.71 -8.12 -22.22
27 0 -12.39 -27.35
28 0.43 -10.26 -21.79
29 -0.86 -11.11 -17.09
30 0 -10.68 -14.10
3 043 -8.97 -12.39
32 2.99 -6.84 -10.68
33 (.85 ~6.84 ~7.69
34 -0.43 -6.84 ~5.56
35 0.43 -6.84 -6.84

Table 4.4 dORP value of each

Run in Oxicl in a minute

Time (min) Runl Run?2 Run3
95 0 0 3.85
96 2.56 0 0.43
97 0.85 -1.71 299
98 0 1.71 385
99 -0.85 0 -1.28
100 0.85 0.43 1.28
101 0 0 2.56
102 1.28 0.43 .43
103 -0.43 0 0
104 2.14 -0.85 171
105 -1.28 0.85 0.43
106 2.14 1.28 0.86
107 -0.43 0.86 0
108 -(.43 0 1.28
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Fig. 4.17 Variation of Ammonia concentration in Runl, RunZ and Run3.
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Fig. 4.18 Variation of ammonia concentration in Runl, Run2 and Run3.
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Fig. 4.19 Variation of Nitrate concentration in Runl, Run2 and Run3.
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Fig. 420 Vanation of ORP and NOsz -N in Runl, RunZ and Run3.
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Fig. 4.21 Variation of Phosporus concentration in Runl, RunZ and Run.
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Fig. 4.26 Variation of ORP value and dORP value in

Denitrification.
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Fig. 4.27 Variation of ORP value and dORP value in Nitrification.
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Fig. 4.28 Operation Time and Save time after auto control.
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o CODE $5%oNA 90%2 5% Z7183, TNY A+ 74%AM 75%Z 1% F7H
o} NHy'-N& A5 Aol A9 aAFAcleta 2¥¢g del =7t 25 9% ol YoM
AA EEol L5k TP A5 63%lA 65%2 2% Z7F Rrhk. Table 459 = 7
240 HA 2AFA] Fo AA & ¢ #YH fEF FEE YA Rund
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Fig. 4.29 Removal efficiency as automatic contro! and not.

Table 45 Nutrient concentration and removal efficiency of influent and effluent

COoD TN NH4'-N TP

+ 4 (mg/L) 179.4 49.4 4.1 34

Run3 #&(mg/L) 26.1 12.56 .04 12
A7 & (%) 855 74.6 99.8 63.8

F A {mg/L) 1199 46.4 315 44

Run4 % (mg/L) 11.2 11.4 0.05 15
A A & (%) 80.7 75.4 99.8 65.1
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Fig. 4.30 Schematic of SBR for modeling.
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e2e ASMZd ZdoME Ba sHsd #7148 2 S8 Sa% SreR WTA
2 dzdME stz F¥3Id Alkalintye F¥3 &

= mgAZh 123 Heterotrophic OrganismellA1e] A4rsiel gl #¢ vbg
A& Nitrfication® Denitrification® h1¥ h2& ztzb uro] whgAE s
7} Hbe &nal oto] Qe ASEe ASM2d 229 soluble® particulate®] %E A
e Algsidn, 9 5o sEE Monod 4o HElE A1, Koo (KootSo)H
e Aejzg s ofn Pt

o

o £

N

A wF22 e Mass balance®t Kinetice 2 o] FolZtl. Mass balance®E #7112
223 (COD, ammonia, phosphorus, nitrate, DO, heterotrophic organisms}
autotrophic organismsel s} 43 stk =gA Ralldte dAA 22l Xsol
sl atBo Aeksteltl Kinetics Aerobicdt Anoxicoll Aol g% 2ol st o
2o ol gal o] Anaerobicol Al PHAOL #% 1 A% Fdd B¢ ¥5& F7H8

ol
v

=3

ASM28 ASM2dell A 2] 20C 71 &el Al parameter b2l WA=, Koa?l ASMZ
= 04mg/Lel 2, ASM2d¥ 05mg/Lth ASM29} ASM2dell 4 gpua® 0.00501/minel
A 0.00208/min, qers 0.0015/minelA] 0.00104/min,  bu= 0.000035/minoll A
0.000278/min, ba® 0.000035/min?l 4] 0.000104/min, beua®t beao, beri= 0.00007/minel
A 0000139/mino 2 Z+z Waiade

ol A4 mechanism & ¢l %3 o4& Xeaool &3t &7 Arefell M SA8 Al #H St
o Xpya FEHZ AFS sl XpE AT POE BE3tn, 371 AEs =59
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o7 olE B3t gz e ¢

Table 460 2 Q72 =dxgdA AHgg AAgE LA

AAAZIA Dot

Table 46 Used parameter valeds in ASM 2d. model

Parameter Value Unit Parameter Value Unit
Kuna 0.005 mg/L GrHA 0.00208 min
Koz 0.5 mg/L Ao 0.00104 min

Ko 0.2 mg/L bu (1.000278 min
Koa 0.5 mg/L. ba 0.000104 min
Ks 10 mg/L brua 0.000139 min
K 0.01 mg/L brao 0.000139 min

Kina 0.01 mg/L brp 0.000139 min

Km;l.\; 0.34 mg/L

Kipp 0.02 mg/L

Kroa 0.01 mg/L
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4.42 Mass balance

) Mass balance of COD in unsteady state

D i i D.
d%? _ Qm*\C[ODm + Qec*SO €C ] Grrg— 1.6%r3— 1y

) Mass balance of NHa -N in unsteady state

dNH in*NH 41
i = N Qin N 4l 4+ Qec*NHyec —4,24*13

3) Mass balance of NOs -N in unsteady state

dNO 3 erl * NO 3i1’l QEC * NO 3ec

g = v + v —0.21*r;+4.17*r 4

@ Mass balance of PO;* -P in unsteady state

dPO, Qin*PO,n . Qec*xPQO,ec

dt = v + vV *0.02*(r5+r—,+r13+r13)+0.4*r10+ I'ig—I'n

% Mass balance of Xpua in unsteady state

dXpra
—a rp—1.6*r3—rp

% Mass balance of Xpp in unsteady state

dX
dtPP = r16—0.4*rm—r16

(& Mass balance of Xui in unsteady state

dXy

=TI T
dt 5 Yhl

& Mass balance of Xu» in unsteady state
d¥uw
ar  Fr Tow
&) Mass balance of Xa in unsteady state

aX s

dt =T1g~ Iy
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@3 Mass balance of Xpao in unsteady state

dXpao _ e
dt 13 15

D) Mass balance of Xi in unsteady state

dX,

a 0.1#(rgm+roe 15 +11)
0 Mass balance of Oz in unsteady state

dO,
dt

ZKLa*(CS“C)_O.G*r5_ 18*1’13"}“0.6*1'13‘“0.2*1'15

4.4.3 Kinetics

(D Aerobic growth of X

o ( Scop ( So
5THMVEK +Seop  Kont So

X

2 Anoxic growth of Xy
o S Scon Kow )
‘ 124 K o3 + Swos - Keop+ Scon * Ko+ S0 7'
3 Lysis of X

Tony = by X
@ Lysis of Xu
Tony = by X

G Anaerobic storage of PHA

Xpp
X
rl(}:qPHA*( KS(‘:‘}"O(I:)OD )*( K +PA§(pp )*XPAO
P XPAO
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® Aerobic storage of Xpep

X pHa K. - Xer
Q PO, Xrao TR Xpao +X
rllquP*( KOH+O )*( KP04+P04 )*( K + XPHA )*( K + PP ) PAO
PHA T X eno PP Xpao
@ Aerobic growth of Xpeao
Xpua
O Xpao POy
ri3=tpao*( Kou+0 ) *( X orin Y*( K po; + PO4 Y*Xpao
Kpua ¥y 0

® Lysis of Xpao
I'yg = bpao Xpao
@ Lysis of Xpp
T = bep Xpp
) Lysis of Xpua
Iy = bpua XFHA
0 Aerchbic growth of Xa

(o SO
fis #a K.‘\'H4'1+SNI{ KOA‘i-SO

)X A
42 Lysis of Xa

rl‘szAXHA
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Fig. 4.31 Comparison between calculated and observed COD concentration.
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Fig. 4.32 Comparison between calculated and observed DO concentration.
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Fig. 4.33 Comparison between calculated and observed NHa -N concentration.
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Fig. 4.34 Comparison between calculated and observed NOs -N concentration.
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Fig. 4.35 Comparison between calculated and observed POs" ~P concentration.

Table 4.7 Optimal value of parameters according to modeling

ASM2d(207C) Experiment
pmtd ) 6.0 0.0618
patd D 1.0 0576
prpdd D 6.0 1.757
ppaotd ) 10 0.864
arnatd ) 3.0 8.755
aee(d D) 15 6.336

g @ Adae Figo 431dA Fig. 4357 el 2adgae
calculated® Eaglon] 2@ observed® A 52 COD, DO, NH4'-N,
NO: -N. PO/ -P2 Uehdth Table 476 2daldld vebd 33 da 5 &
WA, pm 00518d ", wza¥ 0576d', pws 1757 prao®E 0864d ", qeuas
8775d | qret 6.336d'e g EEFHACE
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