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[ 1
SBR(Sequencing Batch Reactor.) (Fill  React),
(Bio-React), (Settle), (Decant), (Ideal) (S
ludge Selection) 5 SBR
Bacillus khr-10-mx khr-5-mx - ,
, SBR DO, pH, ORP, TWL, BWL,
Fuzzy PLC ) )
SBR (Sludge Selection Time)
(Oxident)
SBR (Sludge Volume)
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1 1 SBR

2 1 SBR
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3 1 SBR
4 1
5 1
6 1
7 1
8 1
10: 11:
12 . 13:
14 : SBR 15 : SBR
16 : 17 .
101 : 102 : Fuzzy PLC

103 : pH Controller 104 : ORP Controller
105 : DO Controller 106 : Temperature Sensor
107 : TWL Sensor 108 : BWL Sensor

200 : (Pump) 201 : (Air-Valve)
202 : (Blower) 203 : (Decanter)
204 : (Diffuser) 205 : (Sludge Pump)
206 : 207 : SRS (Sludge Reduction By
208 : (Bio-Ceramic Ball) Sludge System)
[ ]
[ 1
, (Ammonia)
: (NO »)
(Methemoglobinemia)
(Nitrosamine)
(PO 4)
, (Continuous Flo
w) (Batch Flow)
- (A/0), - - (A 5 /0), VIP(Virgi
nia Initiative Plant) , UTC(University of Cape Town) , (Bardenpho) .
SBR
SBR ,
SBR ,
) SBR SBR
(Fluidyne SBR, CAST SBR, ICEAS SBR, Aqua SBR, Jet Tech Omniflo SBR, CASS SBR, KIDEA SBR )
, SBR SBR 10mg/t



(1)Aqua SBR
Agua Aerobic Systems,Inc.

- (Mixed-Fill) , - (React-Fill) , (React) , (Settle) ,
(Decant-Sludge Wasts) , (Idle)
(2)CASS(CycI|c Activated Sludge System)
Babcock King-Wilkinson,L.P ,
(Floc)

(3)Jet Tech Omniflo SBR
Jet Tech Omniflo,Inc. (Jet Aeration) ,

: (DO)
(4)ICEAS(Intermittent Cyclic Extended Aeration System)
Austgen Biojet Waste System,Inc.

(Zooglead Microorganism) , (B
ulking) .
SBR
, 00-0036569 SBR
01-0028648 , NO ; -N
, 00-0033238
, 118160
, 99-015325 ,
) 2000-001771
, 9-122679 9-174098
, 9-150196
, 2000-312895 , ,
2001-38397
2001-149998 . 2001-2
9979 , 9-276887
, 10-13778 ,
11-216500 ,
2000-202484 , 2000-237795
SBR BO
D, SS, T-N )
-B - (PHB) :
, (NOx-N)
SBR
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SBR , , , , , ,
(Bio-Ceramic Ball)
BOD, COD, SS, T-N, T-P
, SBR (Selection Time) ,
SBR
[ 1
SBR
I 1] 1 SBR
[ 2] 1 BR L 31
1 SBR [ 4] 1
[ 5] 1 [ 6] 1
L 7] 1 [ 8]
1 .
(10)
(12) , (11)
(13) SBR (14) 1 (Baffle Wall) SBR 1
5) 1 (1 Cycle)
SBR (15) (DO) , (Temperature), (pH) , ©
RP), (TWL, BWL) (101)
Fuzzy PLC (102) , SBR
(15) ,

SBR (15) khr-10-mx(

KCTC 8533P) khr-5-mx( KCTC 0078BP) BOD

(Bacillus sp. Zoothamnium sp. ),
(Boda sp. Vorticella spp. Amoeba sp. ),

(14)

SBR
(207)
SBR
1 2
1 ( :
.2
2 (

(Monassp. Lepadella sp. Epistylis sp. ),
(Poly-P) (Pseudomonas sp. Acinetobactor sp. ),
(Bacillus sp. ) (206)
(208) SBR
a7 1 SRS
, SBR (15)
(Sludge Volume)
[ 1] :
) :
(10) 1
(1.0mm , 2.65) (12)
H ) :
(11) ,
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(101) (102) , (13
) SBR (14)
(11)
3 (SBR ) : SBR 1
4) SBR (14) SBR (15) (Baffle Wall)
SBR (14) 10% 15% SBR (14)
SBR (15)
SBR (15) SBR (14) 1
. SBR (14) BOD F/M F/M
SBR (14)
(Sludge Selection Zone) (Selecti
on Time) 17) SRS (207)
: (C-BOD)
, SBR , (Bulking)
4 (SBR ) SBR (14) 1 3
(Fuzzy) PLC(Programmable Logic Controller) .1
/ . (Air-on)
(BOD) , (Air-off)
(C-BOD) (N 2) (CO )
.2 .3
(Decanter) TWL(Top Water Level) BWL (Bottom Water
Level) (Weir) .
160min / , 50min , 60min 1 (1 Cycle) 4
.0 4.8hr
SBR
(Storm Flow) (11)
3.4hr
. . SBR Bacillus khr-10-mx
, khr-5-mx : : (Poly-P)
1 2 1 1 3 4ppm ,2
1 1 2ppm (206)
BOD, COD, SS, T-N, T-P SBR
, 2
(208)
SBR (14) SBR (15)
(208)
(BOD )
ClyO+(x+ £ = £)0; — x00+ FHO-AH
( )
nCH,0,n(x+ ;}i - % =5)0z —(CsH/NO2) s #n(x-5)COs+ % (y-)H0-AH
( )
(CaHioNO>)s¥5n0z — 5:C07+2H;04nNHg~AH
1) ( )
SBR NH 4 -N NO 3 -N ,
N 5, gas 2
Nitrosomonas 0, ,
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Nitrobactor

714 N — NH'

NH,'+ -3-02 Nitrosomonas Ny 41 49 +66 . Skeal

N02‘+-§~oz Nitrosoaonas N“417 Blcal

NH,+20, — NO3 +H:0+2H"+84kcal

Imol NH 4, * -N 2mol . Nitrosomonas  Nitrobacter
NH , + NO , - Co ,
1kg NO , - 0.47kg Nitrosomo
nas 1kg NO , - 0.02 Nitrobacter .
BOD , (0.5 0.7)

500:+56NH; 476 02 — CsHNO+52H,0+109H

5C02+400N02 +19 50,4NHst+2H:0 — CsHyNOo+400NOs~

SBR 3 CFU
[ 1]

[ 1]
ANEE AFSF, oFB3AA, AN, BEL
+ ¥ A5 | ok A AN ge3dgd
Agrg= | 30x10 1.6x10° 3.7x10° 2.7%10°
FHER 2.2%x10 2.1x10° 36x10° 6.1x10°

[ 2]

[ 2]
A4sHg $4% 48
Epistyli .
pisty 1s.sp oeba sp.
Opercularia sp. .

. . Arcella vulgaris
Vorticella convallaria
Euglypha sp.

Chinetochilum margaritaceum
Monostyla sp.

Pfilodina sp.
Trichocerca sp.
Chaetogaster sp.

Uronema sp.

Colpoda sp.

Trachelophyllum sp.
Litonotus sp. .
. Nais sp.
Loxophillum sp. .
Rotaria sp.

Colpidi hum
pidium campy Rhabdolaimas sp.

Chilodonrila cucullulus
Aspidisca costata

Lepadella sp.
Macrobiotus macronyx
Sphaerotilus natans
Fungi

Vorticella microstoma
Monas sp.
Chilomomas sp.




2) ( )

SBR (S-BOD)

Polyphosphat  Orthophosphate

: §7]237A Poly-P + VFA — PHB = PO

(Short Chain Fatty Acid)

10-0425552

SCFA

SCFA PHB(C gH 4O ,)n

o)ﬂ‘}%
PHB (
) ( ) , Poly-P
: PHB + PO , 3- - Poly-P+H , 0+ CO ,
(Bacillus sp.
3) ( )
SBR NO 3-N N ,gas
N » Nitrous Oxide(N , O) Nitric Oxide(NO)
INO, +6H(FF7] &) Peewdomonas N+ 4OH,0+20H
INOs +10H( 7] &) Peewdomonas N+ 4 AHLOH20H
3 CFU
[ 3] [ 4]
[ 3]
gA L I, ofdAy, A, B3
T B | AR F ob A dHE ANT a4
ZAA 18x10° | 38x10° 53x10° 72X10°
[ 4]
238 4% s

Carchesium ploypinum
Colpidium campyium
Vorticella extensa
Paramecium caudatum
Metopus es

Colpoda sp.
Trachelophy! lum sp.
Lacrymaria sp.
Euplotes sp.
Aspidisca lynceus
Metous seriatus

Vorticella corrvallaria

taenomorpha medusula

Aspidisca costata
Trachlius sp.
Spirostomum Ssp.
Monas sp.

Bodo sp.

Amoeba spp.

Arcella vulgaris
Lepadelia sp.
Rhabdolaimus sp.
Philodina sp.
Sphaerotilus natans
Filamentous Bacteria
Beggiatoa sp.

5 ( )

)
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uv (NaOCl)
L 1]
[ 1 '
[ 71 [ 51 [ 6] .
[ 5] [ 1] Pilot Plant  Lab Test
. Pilot Plant 50 /day Lab Test SBR 500¢ , (N) P)

) , pH, ORP, DO, TW

L, BWL , , .
(Fuzzy PLC) DO, pH, ORP, TWL, BWL,
ORP Controller, Blower, Air-Velve, Pump, Decanter
BOD 120 259ppm , 150ppm
, BOD/TKN Ratio 3.0 .
.1 COD 7 30
18 .
, . 50 450ppm
[ 5]
T 43
FIF A=
g m | TOT AAdsE(me/t )| W X
(mg/2 )
BOD 120~259 150
Cob 119~238 139
SS 155~280 150
T-N 31~50 27
T-P 3~11 5.8
1 ( ) : (10)
; (12) .
2 ( ) : (12) (11)
(13 SBR (14) SBR (15)
TWL(Top Water Level) (202) .
(Sludge Selection Time) 17) SRS (207
) .
3 ( ) : SBR (14) SBR (15)
TWL(Top Water Level) (202)
4.0 4.8hr , (Air- on/off) 20 25min 4 ,
DO DO 3mg/? 6mg/t
(Air-on/off) . 20 25min 3 , 50min,
60min . (Storm Flow) 3.0 3.4hr
[ 3]
SBR (15 1,2 , (Fuzzy) PLC(P
rogrammable Logic Controller) . 4.0 4.8hr
[ 3] (1 Basin)
) (2 Basin)
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ORP Controller(104) -50 +300mV (206)
Bacillus khr-10-mx khr-5-mx 14 .
(NO 3 -N) N , Ga
S , ORP Controller(104) -50 -150mV .
4 ( ) :
(Biomass) . 4.0 4.8hr 50min
5 ( ) : (Electromotive Effluent Gate) (203)
(203) 60min . TWL(Top Water Level)
BWL(Bottom Water Level) (203) 60min BWL 3min
6 ( ) :
(17)
17) SRS (207) SBR 14) SBR
(15) .
(Cycle) TWL(Top Water Level) (202)
SBR (14) . SBR 4 S
BR (14) .
khr-10-mx( KCTC
8533P) khr-5-mx( KCTC 0078BP) (Ba
cillus sp. Zoothagmium sp. Colpada sp. ), (Monas sp. Lepadella sp. Epistylis sp. ),
(Boda sp. Vorticella spp. Amoeba sp. ), (Poly-P) (Pseudomonas sp. Acinetobacter sp. B
acillus sp. ) (206) .
2 1 7 3 5ppm/ .day, 7 14 1 2p
pm/ .day
(208) SBR
(208)
. 1 336 504
.1 20 30min , 7 (Peak Time) . 1
SBR (14) SBR (15) Air-on/off .
pH Controller(103), DO Controller(105), ORP Controller(104), Temperature Sensor(106), TWL Sen
sor(107), BWL Sensor(108) (101),
, Fuzzy PLC (102) ,
ORP Controller(104) -50 +300mV , (202) DO 3 6p
pm
(Operating Data  Alarm List)
1)
31 50mg/t 27mg/t 22.45mg/t
1.23mg/t 0.89mg/? . 90%
. , Heterot
roph , Air-0On/Off
2)
Nitrate .
4.27 16.38mg/t . 3.75mg/t , 9.43mg/?
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9.48mg/t
, 3 4mg/t Nitrate , Nitra
te (Floc)
(Organic Carbon Source)
C_BOD( ) )
N , gas .
17) SRS (207) SBR (14) (
Sludge Selection Time) ,
3)
(EBPR:Biological Phosphorus Removing)
-B - (PHB:Poly-B -Hydroxybutyrate) PHV(Poly-p -Hyd
roxyvalerate) , Polyphosphate .
. SBR (Air-on) Poly-P
Polyphosphate .
(Air-off) (S-BOD) (SCFA : Short Chain Fatty Acid) SCFA
Polyphosphate (Orthophosphate) . SCFA -B -
(PHB) .
(Air-on) PHB
, Poly-P
3 1img/t 5.8mg/t . COD
. SBR Air-on/off
. , NO - 3 ,DO
NO - 3 DO , Poly-P
80% SBR
Poly-P [ 6]

- 10 -
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[ 6]
g9 #HYAHH 2 23 3T UAE
rAcetobactor suboxydans Hydrogenomonas sp
Acinetobactor calcoaceticus Micrococcus lysodeickticus
A. lIwoffi Mucor racemosus
Aeroabctor aerogeneds M. chelonei
Azotobactor agilisB M. phlei
Bacillus subtilis M. smegmatis
Bacterium aerogenes M. thammopheos
B. cloacae M. tuberculosis
B. friedlanderi Nitrococcus denitrifiers
beggotia Nitrosococcus
betrinckia Nitrosomana europeac
Caulobactor vibroides Nocardia
Chlamydomoda Pseudomonas vesicularis
4)
Poly-P
Poly-P . SBR
Poly-P
Poly-P
khr-5-mx
. ' D
PB(Denitrifying Phosphorus Removing Bacteria) , DPB
SBR (Sludge Selection Time) ,
SRS SBR
5)
SBR 1
Air-on/off
(Sludge Volume) ,
(Oxident) , SRS SBR
. SBR
,» SBR (Sludge Volume)
, (Zero)
) -
Bacillus Subtilis Amylase 6% Glucose, 30% Maltose
, 64% Dextrin
Amylase (
H 2 0) (CO )
CeleOs_* 6C02+6H20+685.5KC81
)
Bacllus Subtilis  Bacillus Polymyxa Protease
N Bacillus Subtilis  Bacillus Polymyxa
Protease

- 11 -
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(H > 0), (CO »),
NI'{;; —9H NII{ HZO,}\IHZ
R~CH—-COOH - R—CH-COOH — R—-C—
(ohu] =4Y) (oku} 2T) l
OH
COOH — R—CO—COOH — NH;+ CO;+ NH;
(AEA)
)
Rodopseudmonss Bacillus Licheniformis Lipase
Lipase
(H20) (CO 2)
RO—OCR+H;0 — ROH+R" COOH — H;0+CO,
(A%) (¢8) (A4)
) (H259)
Autotrophic Bacteria Beggiatoacea HO ,
HzS+H20 - HZT +H2804
)
Nitrobactor, Pseudomonas NO , NO ; N ,gas
NH; 225 No, 22, NO;— N1 +0;
)
Tricchoderma Viride Cellulase C 4
Cellulase Cx
Standard Methods BOD, CODcr, CODmn, S
S, TN, TP, [ 7]
[ 7]
SEEE
T B FYSmg/e) | ADT g/t )| 8B71E(mg/t )
BOD 150 4.1
COD 139 6.7
SS 150 6.4
T-N 27 8.5
T-P 5.8 0.7
SBR

(Selection Time)

(57)

- 12 -
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SBR . ,
(10) : ; (1
2) .
; (11) (13)
; (11)
SBR (14) SBR (15)
(fill-react) (bio-react) ;
(settle) ; (203) (decant)
; (ideal) i1 (1 cycle) 40 4.8
; (storm flow) 1 3.0 34
(16) ; SBR (15)
a7) , SRS
(207) SBR (14, 15) (S-BOD) (organic carbon source
; a7 1 2 ,
; SBR . ,
2.
SBR (14, 15) (fill-react), (bio-react), (settle),
(decant), (ideal) 1 (1 cycle)
SBR (14, 15) (206) ,
Bacillus khr-10-mx(KCTC 8533P) , Mixture khr-5-mx(KCTC 0078BP)
1 7 1 3 4ppm .7 14
1 1 2ppm ; SBR
, SBR (sludge volume)
; DO, pH, ORP, TWL, BWL, (101)
PLC (102) , (200), (202), (201), (203), SRS
(207)
PLC ;

(operating data  alarm list)

3.
4,
5.
6.
7.
8.
Bacillus khr-10-mx(KCTC 8533P) Mixture khr-5-mx(KCTC 0078BP)
, , 1 (208) SBR (14, 15)
: : ; (208)

- 13 -
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3
Air off/on o '
0 7 7 NN o
/IR, 7 N ;
25[201251201251204‘25, 60 , 60 =1O
o 80 o 25 20 25 20 25 20 25
; N / V)
N / / /] 7
Air on/off
4
SBRUISE
e ORP Controlier | -
: pH Controller I -%
E“ - - DO Controller ] -1
s Temperature Sensor —I -

L Host Computer ]

Oxident

SR RTINS

SBR

(=]
sIg=x
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3.5

~N
o

~N

total Phosphorus (mg/1

Nitrogen (mg/l)

6

—e— 2Q!(AmmoniatNitrate)
—o— SZ(Amonia+Nitrate)

25

2-2 10-7 10-31

- 16 -
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2 y
10 . —
R L o1 aaRMMT
9 | 0.045kg/kg(BIO-SBR)
50 100 150 200
HABOD)
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