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Abstract

A Study on the Optimization Process of

|ce—cream Sugar Wastewater Treatment

By Seol Dong - Hwa
Advisor: Prof. Choi Hyung - il
Department of Environmental Biological Engineering

Graduate School of Chosun University

Sugar waste water is soluble and is discharged as high
concentrate. And in the process of producing ice cream much
dairy cream and chocolate is used and the use of detergents
such as chlorine germicide and liquid soap increase to get rid
of general bacteria. For this reason, in the primary chemical
disposal of sugar waste water, much sludge condensed by
chemical agents is produced but on the other hand, fusible
organisms are not removed enough. In the main process of sugar
waste water disposal, activated sludge system is applied and
its planned BOD removal rate is up to 90~95%, which is hard to

comply with the effluent standard of the final waste water.

The undisposed fusible sugar waste water acts as an
overloading factor and makes the activated sludge tank produce
viscous bulking at all times. I|ts long-term stay and the

components of influent detergent makes the dismantling of floc

_Xi_



proceed and residual dairy cream causes actinomycete to
increase and filamentous fungal bulking to create. The purpose
of sludge disposal lies in preserving the self-cleansing of
river system by minimizing the effluence of waste water as
well as observing the effluent standard of waste water through

complete removal of influent contaminants.

To achieve the goal of sugar waste water disposal,
biodegradability of activated sludge microorganisms should
reach at the level of more than 98~99% but the phenomenon of
deterioration of biodegradability repeats caused by rapid
change of loads and difference in concentration of substrate.
Activated sludge microorganisms has the property that its
biodegradability deteriorates in the optimal greenhouse

condition to proliferate, instead.

Compared with this, the organisms survived in such an
environment as the impacts have been loaded repeatedly at any
time create strong resistance. As this resistance is
succeeded the genetic information of Dbiodegradability
individual ly among generations, the biodegradability of sugar

waste water greatly increases.
Therefore, the application of operating technique to

intensify the degradability is needed for an effective

effluent sludge disposal.
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Table 1. Chronological table of ice cream production

Year Production history

1292 | DIZREZS| "SHYHARE" Zz==23 UiEHIgE A

1760 | The Compleat Confectioner” Off ™ ctAHI2l OFOIATIE MY “ AZ
1800 | OI=2l Pennsylvania 2t GermantownOil “OtOIAZTE A" S&
1846 | 01=2] Nancy JohnstonOl X/Z=2| hand-cracked ice cream freezer 2™
1851 | 0I=22] SEIZ20{0ll Jacob FusselOl X[=2| 0t0|AZY SH &8

1855 | AustraliaOllM ==2| &S OOIAIEHIIAH M=

1902 | Brine freezer JHY

1904 | DI=0IA =I=2] Ice—cream waffle cone JHE

1919 | OI=20A lce—cream Bar MISIME “Chocolate-coated bar"

g

1960 | Korea, & 2A=29=2 0t= BlIIE MAL
1962 | Korea, 224t “Bar" 2tel &
1970 | Korea, oHEHMIZF “APAl lce—cream SetE 27 MAt

1977 | Korea, ROIM 2 Ice—cream AIHEIS

2008F AlZFsSAHZ2 SotH 20078 & =W OFOIAIZAES RE=E

9,620 A& 2007 CHUI 2.8% &l &otALt.

OLOIATEAIEOA JtE 2 202 BarAl#2 33,8104 22 MU0
1.3% A ECIALD, & AIE2 1,240 F2Z 5% 0laf AMEGHACH

= EBte Ol0IADE 2 9502 &2 HEZ 6.7% A EGIR2H, 22F A2
1,780 @22 MUEMiHl 8.5% D=0 A&Est HeZ UEHECH ddu |E

HMS(HS)2 1,840 22 HES JIS0HH =S M0 MdEHl 2.6%2 A
st ZUE 22U



orolA3E DHEE HstE 2% HEE z1JI201 256TE
&0l SJtot=0l, JI=201 1C &=2 MOIL HEE=2

DEO ATH

M 25~35C AHOIOIAE D120l SIte+=S HE0I

22 JI20] 30CE =5tH Ot0OIAIE 20 =201 H1 LUHCZ AA

g0l SAlst =2k A =

HEE d=J M3 ¥Ux== WIISZI 1T &5 Al IHEHE 4% SItot
AL, HSE= WII2E0H 20CE €= HRH WE0l sOHUA HII2%
1C &t Al BHE 40l 8% Sotote A Hluol = M, II=2X 1T &=
CH 0IA3E0l Mol =2 ot2J] =19 85 AFY



H2& otolA3Ee HEZHY

OotolA=d 2 Sugar, MSNF, SR3teHERMI, Fat, Salt, water&= OlE0ot(H
MAE SO, MZEZMEC=Z= FE2E 20 A2 = “HHg - 47 - 72
-2 - =4 - 3Z - Za" 9 HES M HM3S MAGHH, 40T 2
CUHAMN 25 HSAZI = 25T 24A12t 014 MESHACHL EotE &Lt
bH &td|

Table 22t 20| OIOIAZE JME2 HigHles SA&M2=Z Fat 12.5%

MSNF 10.0%, Sugar 16.0% O0l12 OIOIAZECS DNEE FAAHHIZ2= Fat 31.3%
MSNF 25.1%, Sugar 40.1%, S3tOtE M 3.5%2 BiEHIE 20112 UL,
Table 2. Ratio of ice cream combination
Fat (%) MSNF Suger Emulsifier Salt Water
12.5 10.0 16.0 0.5 0.9 60. 1

orolA3gel =el® F*x
orolA3g el =l X E= Liauid, Air, Solids2l 322 =201 &
Ct. Air= 10~150um 3712 OIMIEt SIIJIZEZM & D=2 250~300% £

= S HERES 60~100%E S&AI-US WM, 0l0IATES ZXHEHM &

2 S0l EE2 AEHIL =Lt
datle £E€0ILH £=01 SO UL FE) HEHM2 S20/=42
ANg2 =0 2450 gel

fcltetel ASHdga ol0lA382 Ot0lATE = its, OotolA3

g 2YRE 2FLHU U ANl =SH= M32 gti= Ot0lADdE R
LIt HE=20ICH
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UL
TAHCHEE SR 00B& =2 L
M HENH JIE2Z 2
Table 33t 20| 2008 & Hl
MLOE HEX=2 197.99 22 1
HOoZ 67.1%2 HE FEHIE 20110 UL

Table 3. Component ratio of sales in 2008

Products
Sales amoun biscuits candies ice—cream
(hundred million
1447 .1 278.4 197.9 970.8

Table 42t 20| 20088 < OtOIATE HEMUSZ BarFI 631.82 ALZE
65.1%01 0, =t 110.62 22 11.4%010H, 2FIt 228.4 A2 Z 23.5%
o lHE74H1E 20/ ULt

Table 4. Component ratio of ice cream sales

Products
Sales amoun Bar cup cone
(hundred million)
970.8 631.8 110.6 228.4

(1) - 2HE A8 & NS o
A

Table 52t 20| 005&2 4l

e 22 1904.5t 22 &M 10.4%0110, HIARZO MasSsE 2585.5t
©Z 14.1% OIH, OlOIADE =2 MASSE = 13822.9 &
ULCH @ 2t NSHLSSE= 18312.9t OICH.



Table 5. Total production of products

. Products Biscuits Candies |ce—cream
Weight(ton)
18312.9 2585.5 1904.5 13822.9

Table 61t 20[ 18312.9t2 MESS M&toh)| 9 FMEZ AIES 2E€F
= 5702.0t 22 MM =2 49.6%=2 ItE 0| AHEZIRULH
=2

40 mx
30 om
to
10

F= 2164.3t 22 18.8%, == JIESFE 1409.7t 22 12.3%

ZDUFE 1059.4t 22 9.3%, RAZF= 617.0t 22 5.4%

Z HAFe=E 313.2t L2 2.7%, HI=SFc= 174.61 22 1.5%

st2s= 37.7t 22 0.3%

HOAMASE= 16.41 22 0.1% OI0H, S 11494.3t2 FMESIt AAEEIATH

NZS &6t 28t BHEAES JiSol)| fIst FMEE 2EEx= &
=EIF 166,400 /& t, MI| 12,638,000kw/ =, LNGItA 1,528,827m' /& It
AE AT

Table 6. Amount of primary, secondary materials

M Amount used (ton) Share (%)
Sugars 5,702 49.6
Cones 313.2 2.7
Milks 2164.3 18.8
Chocolate 1059.4 9.3
Grains, Fruits 1409.7 12.3
Palm oil, Hardened oil 617.0 5.4
Natural additives 174.6 1.5
Natural pigments 16.4 0.1
Flavor agents 37.7 0.3
Total 11494 .3 100.0
Water (m") 166,400
Electricity (kw) 12,638,000
LNG (m") 1,528,827
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Standard
concentration
5.8 ~8.6
120
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120
30
60

Na
11

Area

tCt.

F2H0l Jbts
ncentration
pH
BOD
COoD
SS
N-H

T-N
T-P

[tems

Table 7. Effluent standard of waste water




Table 81t 20| H=BISAIZ ZXI&10 Al 00SEHUHA MAIS HCISOA
2HdolE H=2 |SE2 Bz 161.8t/2 0, s&= pH 82t 3.5-6.0,
BOD === 1153mg/ £, COD === 839mg/ £, SS s = 1065mg/ £ OIRUCH.

= {

OOIATIE SUHA Zdots H=2 RE=2 B2 337.1t/201H, s&= pH
HeIOt 3.5~6.0, BOD= 1600mg/ £, COD= 2222mg/ £, SS= 600mg/ £, N-H2
50mg/ £ 01 E=AlE SOA Zdcts H=2 22 21.2t/20, H=+X
CIAIEEH Al HEots QERGHE2 Ot0IAIESUHA HiEols M=+ &
o= JI=LZ ot

20080l HiEE SgH=+2 L2 XPY JIIESR 420t/20I10H, &
H=2 EIsT= pH 5.2, BOD 4712.0mg/ £, COD 3479.0mg/ 4, SS
1554.0mg/ £ , N-H 62.80mg/ £ , T-N 64.37mg/ £, T-P 11.27mg/ £ OICt. BOD =
CE JIELE € I £HsZ0 dliol X HiEsE== 2.95810F =H UE
Lt QAUCH

KJ

Table 8. State of the primary effluent by each processing

C ification Industrial water Target Input
Cand | ce— ) .
| tems wastovater was tonater fao T s Con%ﬁg}rﬂaglon Con%ﬁg} i
pH 3.5~6.0] 3.5~6.0 6 ~7 3.5~6.0 5.2
BOD 1153 1600 5 1600 4712
CoD 839 2222 5 2222 3479
SS 1065 600 5 600 1554
N-H - 50 - 50 62.80
T-N - - - - 64.37
T-P - - - - 11.27
Amouent of
wastewater 161.8 337.1 21.2 520.1 429.0
output (ton)

Table 9%2F 20| dAtctQIE AN H-ZME2 MOS0l B 80t/€22 &
HMH <=2 18.6%0111, OtOIAZIH S0l 345t/22 80.5%0104, JIEt H+=Z&H
SO0IA 4t/2 S HHE6HH 0.9%E ERots F&HIE 20110 UACH.



C= HOS HE2 BOO==IF 7324.7mg/ £ 012, OlOIA3A
= 4157.8mg/ £ O|C}.

H=X2l &0 Sots BOOSHE 2 523.291t/F 0l HCIsUHAM HiEdt=
BOD= 151.768t/EH 22 29 %0I04, Ot0lAIAEBS2 371.523t/H2 2 71%E &
Mee 88, 2% S ]It 2322 AAE-D Y,

Table 9. State of waste water and report of installing disposal system

Process Waste(vs{%tne/rdac;/u)tput o0 cc()rrglgc;?nﬂtgation (TtootnilyeBSrD) Share (%)
Candy factory 80 7324.7 151.768 29.0
Ice-cream factory 345 4157.8 371.523 71.0
Water treatment 4 - -

facility

Total 429 4712 523.291 100.0

Table 101+ Z0I 00Z2H0UAM= 2008E=0 RIISEZM BOD =ZO0I
523.291t/8 R & = & 99.90%F MAHEZO 0.50t/80] +=HZ HHEEA
©M, Ol 23R BODS BA=T= 4.5mg/ £ OICH. StE=HO0 FALSE

el T-N2 7.149t/50] 7&& = 93.04%IF MHEO 0.498t/

ol
=
o

[l

o

= 1.252t/40]
2 6.974t/40]
HOol HiEE ZWIt ZAZIJACH. =S 2=

H=BH=d&EJ1=2! 120mg/ £ 2 4.0%010t s&

98.72%Jt MIAHEIO 0.016t/
98.95%Jt MIHEIO 0.073t/
| BODs&E= 4.5mg/ L 22 M
S XIotA L.

o
TT
[eXe]|
TT -9

[l

o

|0

i



Table 10. Status quo of waste water disposal

Class. Inputam%ru%ctessed procTersesaetdmeanmtount Outpu;mglrjgct:essed Treraattmeent
[tems C(? mgg?/?cfj’;)_ (fon) i?mgg‘;/?%‘ (fen) iingg?/?g’;)_ o | o
pH 5.2 7.3

BOD 4712 |523.291| 4707.5 \522.791| 4.5 0.50 99.90
CoD 3479 |386.360 | 3463.2 |384.606| 15.8 1.754 | 99.55
SS 1554 | 172.579| 1542.7 | 171.325] 11.3 1.255 | 99.27
N-H 62.80 | 6.974 | 62.14 | 6.901 0.66 | 0.073 | 98.95
T-N 64.37 | 7.149 | 59.89 | 6.651 4.48 | 0.498 | 93.04
T-P 11.27 | 1.252 | 11.126 | 1.236 | 0.144 | 0.016 | 98.72

3. =5 I

(1) ==l HH&
Table 1110t 20| OtOIAE S HMZ0 AIESH=s EM=0=E As, Pb, JIE

=59 &RII=0 £8EHN AL, AME HMEADE HMELSZ MAIE &
EEAHNs 2HZ200 Hg E= 2HE2 JIME X2z =2 M, EM=
tiAde 2012 =501 &=otXB X0 et Rld2 &8d 8l ==

2ME d=20 WetA As, Pb, JIEt =500 01 H+2 REH=s A
A

mg/ £, Zn 03 mg/ £ &t=otl) UCH E£et SZFUR 22 2= 0|5
20t ofdmolE THEZ &0 UK FA0 28t Fedt Zn2l E=01 US

Aoz EOICt.



Table 11. Standard table of heavy metals contended in raw material

: Synthe
| tems O||gosSt hiFruitla Fl Pig- Natural Zhi
Sugar | sacha [2\8TC\T UL LGEMADE G a o (T 1AVOT [6rea| 1197 | addi- 1C
Class. Zride | SYrup |sugar|sugar agents ments tives ??Sés
0.3 O O
As
(ppm) | 1-3 O
Iess 15 O O O
than
4.0 O O
Pb 0.5 O O O
(ppm) 1.0 O O @)
Other | 10 O O o | O O O O
h
eavy 20 O
metals
(ppm) | 50 O

Table 12. Table of heavy metal analysis in industrial water

Cl .
S g | As | Hg ol cd [ cu| zn | Fe | Mn | Al
Concentra
S(tn?;/dgr)d 0.0510.05/0.001 0.05 [0.005/ 1.0 | 1.0 0.3 | 0.3 | 0.2
Result ND 10.008) NO | ND | ND |0.014/0.003 ND | ND | ND

H=2 stst& el Al AtE0t= PACOI= Fedt 2.0% Olok, &0l 0.005% Ol
ot2 SIZJIF0l €30 UCH. OolAst elol 2ol zBLF=0= Cu,
Pb, Ni, Ba, Zn, FeOl DI& &t=&HCH

Table 131 20| ¥J7=0=s SF+-ERN=SEL S==5 &FIIE0 €8
Tl Al H=e=XHel = HiEHe gdF+= AE2HZ BHEEMH, Cu 8.884
kg/&, Pb 2.221kg/¥, Ba 3.332kg/&, N 0.111ka/¥, Fe

1kg/E S & 16.88kg/E0| HHEE = ot+=ZS2XE2Z 7ML
0 ACH



Fe
2.97
0.01

10

less

than

n
0.40
0.01

5
less
than

Ni
0.03
0.02

0.04
0.03

Ba
3.332 | 2.221

Mn

10
less
than

Ha
0.29
0.005
less
than

Pb
0.04
0.02
0.5
less
than

3
less
than

Cu
8.884 | 2.221

0.32
0.08

Class.
Source
waste
water
(mg/ 2 )
output
water
(mg/ 2)
Standard
concent—
ration
Output (kg)

Table 13. Effluent standard of the area 'Na’
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4. Holems®

(1) H=&2X0l 2st =
2008. HIZ=XM2lZeS 111,055ton01 0 H&=2{Xl= 1,300ton0] LA4GHRACE.
HAHE & 2Mels M2SHRHZ| X0 ANSHAIQ HE2O 5HEHE Y
2IAl M= A 25160 SHXHAY sa2
S Table 262t 20l B2 81.91% 0| CH
Table 14t 20| 2008. ZFZAAIBASAHDANN 248 20| 26
o XA =0 XMRGHE E322 Pb0l 0.3809g/E, CuJt 0.0416kg/
4, HgOl 0.0012 kg/&, Cr'°e 0.

—
AU, =58 &

[\D

0023kg/&, Cd= 0.0364kg/H 0l HHEE D
skte NEHJIZ2 =FIJI=0lct2 HES 0l MetA
=

Table 14. Table of ingredients analysis in the sludge

[ tems » N-H
Classifi Po Qu As Ho Cr ON| Cd | O-P|PCE|TCE . Animals—
cation Minerals| " ants

Designated
standard

for waste | 3.0 | 3.0 |1.5/0.006| 1.5 |1.0] 0.3 |1.0/0.1]0.3

materials

(mg/ ¢ )
B [0.505]| N N [0.0018]0.035 | N0 [0.049| ND | ND | ND
gon(t:ent 13,000
(r;g/lfr; 08 |0.040|0.063| N ND N | N0 0.007| N0 | ND | NO | 1,800 15,600
average| 0.293 | 0.032 | — 10.0009|0.0018| — |0.028| = | — | = | 1,800 |14,300
O‘(““B‘)“ 0.38090.0416 - |0.0012/0.0008) - |00 — | - | - 2,310 18,500
stetEXel Al 22lE= Scum S0l= 224 N-HIF 3,436mg/ £, SA=2H
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Table 16. Concentration of heavy metals in CaCl2

CaCl2 output Heavy metal concentration (mg/¢ )

(ton) Pb As Fe

93.04 0.25 0.15 0.002

Fig. 1. Impeller scale.



CaClz M=2=

2,885mg/ 4 , H, 222 LEE2 Fig. 1
o 20| H=z=0ls22Z2LF 0|SEDN AHY MHE=2 SIHAIZICH. HEezZ2 8
= CaClez2 ==25 2RE2 44Xl S22 sz 2=
22 =X st SFEH2Z BHASHLE.
(3) B &0l o5t HyE®
Table 1710t 20| 2008E & S&Q AIRS S 28 XBEO0=Z AIE = di
ESCe= H E§2Z2SJ= 84001/9 OIALCH.
Table 17. Output of heavy metals from light bulbs waste
[ tems Olzléxljlt Weignt (g) Izlg //\mouplg Hg Tot(al)
mg/eac output (g
Kinds of bulbs Each Total
20W 80 114 9,120
32W 200 128 2,560
Fluorescent 20 ~ 25 20.0
lamp 36W 140 148 20,720
40W 380 250 9,500
3-wavelength lamp -
(20W) 40 105 4,200 6 ~8 0.32
Metal lamp
(250W) 130 165 21,450 255 33.15
Natrium lamp
(2500) 10 165 1,650 25 0.25
Tungsten 160W 25 72 1,800 5 - 30 e
lamp - Fosgn | 20 170 3,400
Total 1,025 74,400 55.07
MAMAHES AMHAOMMBAHH Al X Ol 150LUxE &FI| /ol LE=
Aol HESHT S0| 185I/9 At = HIIZ2Z Y= &




OHMEHENMN SEHE SE52 = 280~400Lux BRIZ SET0 &Y

28 == X0 HeotRUCt
H A5 & 1,02501/8 HHEHASH BHESE2 74.40kgO0ICh. 2008.

SER0A HAIS g0l 2ot Hgel BHEEE &8 g2 55.07¢/E0112
2|

YME [ FIARE TN MY G0l Malstn A
(4) HIRO 2t HiE
O AYHRO 2Bt HHE

OrOIATE Mok Al AFEEH B, 25D, 280 Sti= JI10e, 1
2

S0l 2EHZ AME0l Z1D OI0IAZIE S dS
A

BX 59 2gMz=s Jloegw JdelAdt olE&th. H=sXalAlZ22 Jts
HE JI0L O2lAE MESHH, A2 = HIEE SE22= 3.44t, 2
IZ= 3.9 {2 HYHRIb LAUSHACH. H=XHAZ2 RX22E st
ey 222 304 /49, dels 222 104 /E0IC.

Table 18. Output of heavy metals from waste oil

| Classification con’\f:eeansturraetdion ag;?gtocinl‘ Total(go)utput (Qlueaslsi % :nt?n%d/azd)
Test items (mg/ 2) (ke)
Chrome & its compounds | less than 1.0 3.990 1.0
Lead & its compounds 0.5 1.995 1.0
Cadmium & its compounds 1.0 3.99 3.990 1.0
Arsenic & its compounds 1.0 3.990 1.0
Total 13.965

Table 181} 20 2007. FAUSH =
Crit Pb, Cd, As S° =20 XFotl, Cre

9
3.99g, As 3.99g2& @ 2t 13.965g Olctel ===01 HRO S8REAH HHE
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JIHS EHl Ale D&HSIF 1.84t/8 2ot SFH=2 W22t JI
HF2 2eHdsS Aot MMEBIAHZU 2H FIH2Z2 REHUE =M
£ o= HEUAM HLE 2, 2, 48|, MHHUE S0l HHE=Z

0.49t/40I HH=EICt.
HHQEE Hat=l &EHZ IS0l ZIH XNEHIIS M2gL2 0l O

S LHH=® S O NEHIISW S&8ott 242 HeHEZ2 EE2 S
=52 HiEssk SE2 2ol D244 20M Mot A2 2 =
=5t E SHE2EZM 248 FHotle 2¥ES HEGAT

Table 192t 20| 2006. SIStAIEE S =0 =28 D& HR2 H

Table 19. Components of solid waste oil, waste paint and combustibles

Test iten) gy Cu As | Hg | cd or oN
Concentration
mg/kg ND 0.032 | 0.009 ND ND ND ND

LUFE2 2.27~6.24%t Lot &8 g2l 6.24%5 JI=EL=2 &
0.145ton0| ZMSIE2 SSEUEE2 Cult 0.0046g/E=, Asot

0l

&

A28 Al HJI2 BiEEE=E JtA2 &2 17046.285m 0104, Table 201t
BHEE=s 2E=E2 S0x, NOx, CO, ®Xl, HCI S0l SEU& =0 o
D S HE QESEE2 1226.522kg OICt.

00 m



Table 20. Components of solid waste oil, waste paint and exhaust gas

Test items |Limits allowed COT&SﬂiLfijon Gaisg%}fUt (égnggﬁ)
SOx(ppm) 30 2.83 48.241
NOx (ppm) 80 58.48 996 . 866
CO(ppm) 50 3.76 17046.28 64.094
dust(mg/Sm’) 30 2.52 0.043
HCI (ppm) 30 6.88 117.278
Total 1226.522
(5) S Ml st s
2ED 3B0HEES Salote MUAFHNHA=E StAalX2lE F2otd ULH =
cl = HELZ=E SASXdIl= 2.98t/H0] ZM0IH IISAZELZ SSL
0 ULk,

Table 21. Output of heavy metals from waste food

Classification  concentration Food output Heavy metal total
Test items measured (mg/kg) (ton/year) output (g/year)
Nacl (%) 3.44 102,512
Fe (mg/kg) 250.75 747 .24
n 27.12 80.82
Pb 0.33 0.98
Cu 6.88 2.98 20.50
Cr 6.19 18.45
Cd 0.32 0.95
Ni 1.47 1.44
Total 2.98 870.38
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Table 22. Concentration of components from exhaust gas

Test items ;]HT;JSE Coﬂﬁiﬂﬁjﬁé%ion Gas(éﬁ#SDUt (ég?j:gﬁ)
SOx (ppm) 30 4.61 5667.107
NOx (ppm) 80 11.32 13915.760
CO(ppm) 50 3.18 3909.198
Dust (mg/Sm’) 30 6.87 8.445
NH3(ppm) 100 6.85 8420.756
CS2(ppm) 30 ND -
HCL (ppm) 30 3.39 4167.352
HCN (ppm) 10 0.71 872.808
H2S(ppm) 2 0.472 580.233
Cl2(ppm) 10 0.436 535.978
F compounds (ppm) 2 0.46 565.481
Cd compounds (mg/Sm") 0.02 ND 1229307 .48 -
Pb compounds (mg/Sm’) 0.2 ND -
Cr compounds (mg/Sm) 0.5 0.144 0.177
Cu compounds (mg/Sm") 10 0.194 0.238
Ni compounds (mg/Srm') 20 0.215 0.264
Br compounds (ppm) 5 0.303 372.480
Benzene compounds (ppm) 30 0.47 577.775
phenol compounds (ppm) 10 0.328 403.213
HCHO(ppm) 10 0.08 98.345
Hg compounds (mg/Sm") 0.1 ND -
As compounds (ppm) 0.5 ND -
Zn compounds (mg/Sm") 10 0.258 0.317
Total 1229307 .48 40095.927
@ HAM, HIAHO 28t ti&E
A E JIHAEHI 22 HAaMe A2HII2 €Y 10~20%)F LMot A2
MAIZIH UL HMEZS 15%2 HZ0HH 25.205t/EH2 HAATHOL LMt

Bl &HH =

8.445t/



Table 23. Concentration of components in combustible

Classification

Designated standard|Concentration

Test items for Wa(smtge/ ga)terals m?;;;"f? burﬁmggrnwt((t)gn) (8%22%
o & its | burn ash 0.725 25.205 18.274
compounds |1y, agh >0 2.355 8.445 19.888
Cu & its | burnash - 0.012 0.302
compounds | ¢ |y, g ' 0.062 0.524
Cd & its | burn ash 03 0.011 0.277
compounds | ¢ agp ' 0.050 0.422
Cr* 8 itg | urn ash e 0.002 0.050
compounds | ¢ 4 ' 0.089 0.752

total 33.650 40.489

Table 231t 20l 2005. ZF=Al BAHSFHAAHL SHUW H=2H A2 =
SHAS AATHOIE Pb, Cu, Cd, Cr'® 0l &F35ID UACH, RSS2 Pb

(7) SE2LI0 28 HiE
OHolA3E MEZWEUWAM BiEct=s SE2L=
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Table 24. Concentration of components in biscuit
Test T1ems | py g jts | Cu & its | Cd & its |Cr'® & its| CN& its | Hg & its | As & its
Concentration compounds| compounds | compounds | compounds | compounds| compounds |compounds
Designated
standard
for waste 3.0 0.3 1.5 1.0 0.005 1.5
materials
(mg/ 2 )
e ey | ND | 0.024 | ND ND ND ND ND
Table 242} 20| 2003. ZFAl BAHEHAR A SN OEH HIA2!
S0l S2SHE22 Cult BEH1D UCH dE=sST= 0.024mg/¢ 012
i £ 1.0292 2 [ S 0.7584kg/ = OICH
Table 25. Amount of waste from working place

Classification Sourse Output Process Remark

Waste water sludge Wastewater treatment 1300.0 Ear thworm breeding
) . S General
Combustible waste Production activities 168.03 incineration
WaStergg?;het'c Product packaging 26.2 RPF
: —— Animal feed
Process sludge Production activities 31.6 Product ion
Construction waste Factory upkeep 170.5 Landfill Gaggigl
Waste wood materials 12.0 Recycling
Scrap metal Factory upkeep 31.5 Recycling
Packaging of raw
Waste paper materials 290.0 Recycling
Food garbage Employee feeding 2.98 Livestock feed
Total 2032.81
Liquid waste oil Freezing facilities 3.44 Refining
) ) High-temp .
Solid waste oil Factory upkeep 1.84 incineration Desig-
; High-temp Qﬁ;;ﬁ?
Waste paint Factory upkeep 0.49 incineration
Total 5.77
Grand total 2038.58
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Table 252t 20| 2008F = AISHEII=SE 2038.58t/H01 HHEEZ UCH
== HJI=Z2 FdEHIE 2 JI=0l 2032.81tonZ2 &M<
99.7%E ERot¥ L, NEH B%E B=otl) UCH. AFS EH
JlE22 XoEHEZ =68 MHEEHII=0l 1697.72t2 83.3%, OHE HIJI
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Table 26. Rate of water content in sludge cake

Month Slu?%gngake Water amount (%) VSS (%) Organic matter (ton)
1 93.06 86.61 90.70 11.30
92.18 85.17 88.99 12.17
3 66.79 80.12 91.10 12.10
4 97.0 79.56 89.91 17.81
5 174.23 79.01 92.49 33.82
6 172.9 82.20 86.71 26.68
7 182.97 81.70 85.76 28.73
8 128.45 80.62 84.70 21.08
9 99.14 81.02 86.44 16.27
10 72.29 84.70 91.44 10.00
11 72.04 80.83 84.15 11.62
12 48.95 81.43 86.27 7.84
total 1300.0 81.91 88.13 207.2
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Table 29. Measurement of environmental noise

Test
location . Release Plant Blower |Dehydration

. Lab dB(A)| Office tank boundary room room
Test time

12:00 60~66 56~66 68~73 66~71 93~100 83~88

20:00 60~63 54~65 70~71 65~70 92~97 -

24:00 60~64 54~62 62~72 65~70 91~94 -
Test conditions 3 blower

Average 62.2 59.5 69.3 67.8 94 .5 81.5

LhStol HEoz X 10082t 1.5T2o JI201 &456t0 NRER ASEQ

2HHE =Dtot¥ D M=XNDe of+=HE Rt 408 2F 22cmIot &4 S6HH X7 E

o ASES HHE =g EEZ DI St ot M&e 0 JATH
20058 &= 2c2itiet 24 IJtA 1840 E/C0.22 & MAHHEE

A 10910ICH. =201 oISt &2
Oz, CHs. NeO, HPFCs, PFCs, SFs S0l

tAOl oF gg%= HR6tD QULEH.”

= MIIQ AR Qi 2alJtAol

Co20t HHEE 1 ULD, H==XHlSEHU A= C022t CHaIt BHEO0I =IC.
_‘

T
nr m % Ho
o r m g

3
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el
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> > 4
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x

Or0IA38 EMz2 big, &2, 49, &, g3, Eot 52 MXE <
st HItsd FUXNEAE 28 € H=a+ € HII=22 XM2E /I S82
ZM Table 302+ 20l 12,638,000kw/H 2 M0| AISZUAD, 2L s

SZ2E 1,528,827m 2 NGOt AF=Z EIUALCEH.
HHAES0 28 C02= 5510168.0kg/ =0l ZGHALD, LNG AFE0 <&t
CO2= 973862.8kg/E 0l LA GHALCEH.



>

Table 30 &0l 88& H=2 =S8 XC Al |RII=S2 C0: M=

0
_I

2 Al DI 20| 19125.87ton 22 AEEUCH.
Al (1) TOC 996.1g/™ x0.9984 x 0.5 = 497.25g.C/m A4
497.25g/ ™ x 1mol/kg.C x 22.4 4 /1mol x 273+33/273 = 1036.35 £ .CO2
1036.35 £ x 12070ton x 1.529 = 19125.87ton,C02 A4 .
Table 30. Amount of CO2 emission from secondary material
|tems .
Calculation C0. output
Cinds Amount used quot ient (ka/year ) Remark
o 1,528,827 0.637 973862.8
e'ec<tkrwi)0”y 12,638,000 0.436 5510168.0
total 6484030.8
Table 311t 2t0| 2002. AMZOHC GF HISH2IASNMAL 24D (X HHES
o} o1 o5t AIZAE HAFIAILNA LMEs HEHSHLS
4.292x 107 kg.CHs/kg.BOD 2 MAIZIA =0, MAIE AZAZEO| CHs MEHH
S N8 A2 00|ATE E9 ¢ H=2ZE XMoldts HEM2AZWA IS

= CHa= 224.60kg/E OICH.
HeXels8e 2atARdS
olgt Al RYFOIE N2

dxcl SN2 02 dEAME =0l

ol
=~

ol

0
HU
=
|J
Jo
Jd

MAEHIC 22l BEHS 52 FANE+E oHA HIS 1.08~1.102
SEHAEES 7612 /8 AIEctR L, REHES SHel slAN= 4184 /4
ArEoH A CH HAHQE EMe 3t HEF22M EFHSKRIE 30~39%, A4
glhol 1~10%, OIEZRIREOl 1~9%0I10 &Ml 32~58%It =&« VOCOILC.



Table 31. Process of waste water disposal and the generation of green
house gas.

(1 CO2 generation 2008. 8.

Amount of Organic matter Amount of C02
processed TOC (mg/ £) decomposition |Mater t(e%p)erature generat ion
wastewater (ton) rate (%) (ton/8 month)

12,070 996. 1 99.84 33 19125.87

@ CH4 generation 2008.

Total(?gg)input CH4 output quotient CHﬂég?§g;?;on
523.291 4.292 x 10° kg.CHs/kg.BOD 224.60

S NeE FHEEL2= EFSKRIE 71~80%, A0l 14~23%, GEBIAO|
~10%2MN SEHCIES EXe s28 4222 FdD0 UL 0leist &
M2t sl8dHd= HE STEHAH A SO 22 = AXNENAN HES
S0t WILE=S 7Yetlt.

Table 322t 20| REHE M ARl KCCUHIA HIAISH MSDSOl 22X F74
HQIE ALE0l 28t Dl = VOCs BHE &2 608.36kg/ 0| LCt.

SER=E TAXYEY QELIES =0/J| ®ldiM= Nx& HZEC= Y
d SJlstg=202 VOC BHES =0l= A0l ARl HeZ ZA6H] 20074
C2H ZateE VOO &RIIES Mol BE6t] UCH. E8F 20108 0= &2
Ol Zatel &2 VOC &=JI&E 20 30% ZeteEl JIELZ #AMA & WEOI
Ct.

VOC2H NOxSl HIES St LEMLEZS 23 VOC/NOxIH 6 014 &€ =
NOxOl Sloi 2Z01 MAE0, 50/ct & MH= VOCOl 2ol LEOl MALZEZ
VOC2l BHE M0l CHet 2H0 4 =Lt

VOCE M2 S EJIE M=ot AFH HOHE RLotH 3752 VOCol =
2 BINOILL ERU2 LAH0l UYL HEHS doj|l= JAL=SEHO T
ULE.



SHHCE Z=MUHNAM HIZEt= VOC*E A2 & HEHIMES FHOIA
Ol 37E2 VOCcOl ZE&E0l ©EH, ==Al 8=, & =3, =&, AOE=R
SO HAAEHME 2Lod|l= EF UWIIRMN2EEMN LEAI2EL0 ek =
Aso T JAHRS TMMEUHMN FRAHICIES AIEE2 Z2=ot] =4
OIES| THAl At=Z0| ZR3lCH
Table 32. Amount of VOCs emission

Solvent
[tems|Amount used| Solvent Output
Kinds (£ /year) gravity perc(%/S])tage (kg/year) Remark
oil paint 761 0.8 32~58 273.96 45%
thinner 418 0.8 100 334.40
total 1179 608.36
(14) gt A2 g ?

o] =0 ti=dle S25F%2 Hs LESE 2 S0x, NOxsS 1201 &=
o=z uiE0] T ULE.

Table 331t 20| LEAISEHIIZSO! JIHHHIIZ 168.03t2 Aol S
HOIAM 40094.931kgll CHOILE2Z0| IECAD HEH-XE IS0 A4
AtSE RPF 26.2t2] AAMAEMA = 120507.015kg2l THOILE=ZE 0| &
OM, DAHSS H HOE 2.33t2 A2otes SHUHAM= 1226.522kg2 2
AZZE0| U] =22 HIEZRULE.

DAHSS H HOIE A2 Al HISIOIAZE 2006, 20|82 3HO| “HD|
SAZAILS 2HSE L IIQHSE TIISAHN 28 AR oA FMAl
gt 7316Sm'/t g2 26l LE =S MEHGIRCH



Table 33. Emission of air pollutants

at e‘ﬁl?g}g Comv?ausstteirble Bursnoilnigd of Bur E |:|> Eg of Total
Pol lutants materials waste oil
SOX (kg/year) 5667.107 48.241 7512.740
NOx 13915.760 996 . 866 25006.930
co 3909. 198 64.094 84539. 147
dust 8.445 0.043 116.606
NHs 8420.756 -
HC £ 4167.352 117.278 3331.592
HCN 872.808
HoS 580.233
Cl 535.978
F compounds 565.481
Phenol 403.213
HCHO 98.345
Benzene 577.775
Bromine 372.480
Total (ka/year) 40094 .931 1226.522 120507.015 | 161828.468
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Table 34%t 20|

17.15%, S 0.1%, CI

0

ol
X0
Ki

A

or

—_

10y

n

total
100

ash
3.4

20 2w ol

moisture
5.5

b

S
[weld

Cl

N 0.18%,

H 9.47%,
17.15] 0.1

3.4%2 Hl

C 62.6%,

=
[

=]

62.6 | 9.47 1 0.18
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== 5.5%,
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Table 35, 361t &0l RPF XMIZAtR! SEHAH0l KAl

Table 34. Chemical composition of RPF
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H OJIsS22

NOx 25,006.930kg, SOx 7,512.740kg,

HAIPAU 2|0

CO 84,539.147kg,

HC

333,159.2 Nm*0l22

116.606 kg,

Ll

3331.592kg S2ZM & 2+ 120,507.015kg O bH



Table 35. Amount of burned gas of RPF

ltem;ﬂfiCMion B%%ﬂ#?iéfs Total gas generation (Nm) | Share (%)
CO2 1.17 12.04
N2 9.48 73.18
02 0.945 (12716ﬁ%§1§<9'§6.2ton 3.24
= 333159.2Nm’) —
H20 1.12 11.53
S02 0.0007 0.01
Total 12.716 333159.2 100
Table 36. Pollutants emitted from RPF
ltemSSSi“caﬂon Theoretical output Output (kg) Remark
Dust 350 mg/Nm’ 116.606
Co 253.75mg/ £ 84539. 147
SOx 22.55mg/ ¢ 7512.740
NOx 75.06mg/ £ 25006.930
HC 10.0mg/ £ 3331.592
Soot less than 2
Total 120507.015




OHoIATE ) HOE s MBIt g = S #HEZ d96 US
PE 23S0ILt, PE 2EZE S0/, PE &Xt, PE &, 222 E B0I2J| S
O &2 11X ZZHO0l OIFUHACH 11Xt ZEEAHE L0 ZH2=Z FOI6HH
20 L0l 2= MS2 SEHS EotAA30 et 2xF SXANZEES &t
FEHCZE S ZHE MS2 S0I8tA RHAEZ 3% ZHE 288 = £
otJot =Tt

Oldst M32 & A0EN =56t 0l=F 33X ZEME B0I2tA= =2el&
O HYOIE22 2oLt HEE2 HE2E SHCZ 3t H22 2ZAz M

e Xl =0

LS

Jdeflt A"IAHU 2toheEl SX1 2 20 &2 PE ZE, PE EE
D8 B0/&J|, PE &K, PE &, 2%3DE S0/ MEZ ZEIHH UAHM
MeE TUHIb g0 AHIAS0l HEHCZ 2 ZHEIIE 2el=s=Hot|
b 20l et R MMy DIt =22 s A22ZEUMA A2
ot U

Table 37, 381 20| 2l =M= ME2L= HA= 1986.006t/H2=2
A ZEEOISS 59.5%0ICH. Z2l=HIF 2ot A2 Heldle ZEED)|
= HEE=XF2 SNE, 2% S22 M 1351.004t/EH 2= 40.5%0ICF.

SHE HII2E2 dH=2M Bar2t &&= BarJt Zact=0l O0IAIE
Bar MISHM=Z0 Ol2e = HIISEZ M0l =Lt
Table 37. Discharge of packing materials

tems Foods production Packing material waste
Products Prg%ga“on Composi tion Output Composition
(ton/year ) (%) (ton/year) (%)
Candy (ton) 4490.0 24.5 72.25 2.17
Ice—cream (ton) 13822.9 75.5 3264.76 97.83
Total 18312.9 100 3337.01 100




Table 38. Composition of waste packing materials
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Table 39. Amount of chemicals used

| tems Amounts | Test item | Output to
Kinds saee (toﬁ?igar) ?roTQS iﬂiﬁﬁﬂzﬂiﬂt remark
PAC Wastevater 20.325 - 0
NaOH Wastenater 34.515 0 0
HC-611 Wastenater 8.887 - 0
HeS04 Wastenaler {150 0 0
Fecla Wastenaler 3.670 - 0
Urea Wastenaler 11.99 - 0
wo | Metomle | ae | - o
NaOC 10 Pasteurization 28.88 - 0
Liquid soap Washing 4.80 - 0
CaClz Freezing coolant 93.04 - 0
NH3 Freezing coolant 3.50 0 3.50
N2 Freezing coolant 625.5 - 625.5
Total 839.917 629.0
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3. & HaH2e SxEMS

(1) e fes gt 28"

Table 403 20| 1999. RFLEAHTNY, “HAHEAL BECC
20 oIt BROMME X HEBT MIALS HAHSSEE 80D
1153mg/ £ , COD 839mg/ £ , SS 1065mg/ £, T-N 24mg/ £, T-P 8mg/ £ 2 HIAIGH
0 ACH otoIATE H ASHUFE MEAIES BDsT= 1809mg/ £, COD

1415mg/ ¢ , SS 821mg/ £, T-N 21mg/ £, T-P 1img/ £ 2 MIAlStD UCH?.

Table 40. Unit of discharging sugar waste water

Standard 1 > Target | Real concentration
Items concentration in output
pH 7.3 - 3.5+6 56
BOD 1153 1809 1600 4712
COD 839 1415 2222 3479
SS 1065 821 600 1554
N-H - - 50 62.80
T-N 24 21 - 64.37
T-P 8 11 - 1.27
Volume load - - - 0.55
* JlEet 1. 1999, =g+ HtisAld 23 He g4
"RIAO0MME & YU MEAIL
JlEet 2. 1999, g3+ E HUIEAE 2E2dH? A4
‘Ot0lATE H ASHUFHMEAE



_1ciLt Table 92+ 0] 2008. & HI=+=2 &M BHEsZE 2H
& 2L MEAEZ0 hgEes HOs 2 AM=+=2 BD s&== 7324.7
mg/ L 2M HMAIE 22 =%9 6.4H101 o= D=sE2 HIEctD UL
OLoIATE =2l &4 JH= BOD s== 4157.8mg/ £ 2M HIAlIE

S 2.3 =ot= D=sEH=It

F

SHAHGHD QUCH AIME S22 408 0t
A2 RMEAOA B1S6t0 s HE22 BD s& 2t2 3000~5000mg/ £ 2
= ZAEQICH FIIZEIX HHIIE ACZ MEst= BID SSRGS
0.1~0.4 kg.BOD/m .day2 MIAIZIOf QUCt.™
Ol2{8r 2ACHY| 2 HHEXNLG} g2 2HLABT Al AIZAM L B
HHESHMUNA HaHelAES A ot=0 JIZN22 018560 A2, HMAl
S ST ST MK BHEsSO XH01JF 20 et X HaHa AL
of AHAIZN BI LMGIH ST ZFUAHCZ AIRE HlAlEE229 -
S=0l2ts 22Xt SE6HH &= 240IC

SAE 0EM 2412 0l01AZDE HMZXZgHe E2 MAl= =P 8t

BHA
EotAS % H=X2AE EY FF2NE F&H H=x=Xot 2etst A

nio
JA

= AH =t

O =Btel HiEZM=2 ME+E S=2otH AtEots 2501 AWM
HHEE RHb=> =50t sl = S JA/ULD, H=HISSH ZAIE WS
Al = s&EU HtHEES SEE0HH MAISH 20l H=BHEAIE &
AZ0 HEE 2HOF FEHP 2 2FE LUADIE UNZE HEE N2
=4 &,

20008 0H Ol= JI¥el EXMe |IIE2 ) SZF2e 822 HEE
H&0l ®¥Mol HEZ D A= FHO0IEZ &= I 108 SHRI2 H-HE|E
12 HEALS Sot S84l 28e =R gt MAIDE &t

Lot 2dE gd=sdAl 28)|les8s BIotHA UTd H==XclAlZ
Of NBEX == HEE BOD EXFot gt= HMAIGHHOF 8Tt



Table 41. Fig.2%2 20| & H=zx= FE L 2FLotE0l = 5832

4 2 21.876t0] Zot0d 3.59H12 =

| et otolA3E & H=+E XMcldots H=X2ENAE
@]

100

80 o

60 -~

BOD ()

40 -

20 +

Time (month)

Fig. 2. BOD Generation according to time.

Table 41. Amount of BOD in discharging sugar waste water

nth
| tem

Source
waste 10380 | 6590 | 4760 | 9900 | 12280 | 13320 | 14855 | 12070 | 8515 | 6635 | 5435 | 6315 | 111055

water
(t)

(ton) 44.125) 29.339 |33.482|43.105|78.580| 63.310 |59.479| 42.571|34.545| 21.876 |24.583| 37.189 |539.291

1 2 3 4 5 6 7 8 9 10 11 12 | Total




(3) Bulking 2ra4'®
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Table 43. Standard of designing Extended aeration tank

Classification 1 2 3 T?gﬁ?é ggg?;{?grﬂ
B0D volume | 0.1~0.4 | 0.15-0.25 | 0.15-0.25 |  0.34 0.55
F/M ratio | 0.05~1.5 | 0.03~0.05  0.03-0.05 |  0.09 0.07

MLSS (mg/ £) | 3000~6000 | 3000~4000 | 3000~6000 | 4000 7618
HRT (hr) 18~36 16~24 16~24 75 158

Feedback rate | 0.5~1.5 | 0.5~1.5 | 0.51.5 | 1.0~1.5 | 1.0~2.0
SAT (day) 20~30 13~50 15~30

Blowing amount 15 15

1. DI= WEF & ASCE. 1992, .Metcalf & Eddy.inc..1991

2. U U=FAT Bl 1994

3. S350l 2 - HAele £Hel. 2004
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I EAXRE oG JIQEHIZ JISol0] 2kg/cml Jtete sto2 M H=
O] S& Flocll SII7IEZE BoHA B&22l HHotLD 2cls sfEAAHS
SATCIZ 5l0 AS4LE SUXFEXZ 0|85l 2REE 28t ®

ststy M= 2450 Ot 2 22X 850 245522 88
Floc &40 EXECH. 02l 8BS R.P.M, pH, 4, SEM EolsE, X
SAZ2E S0l T2t S& FlocE4H0l etXled ASEose 2H 22 £20|
12CIHHR SOAILE 92 Hi==2F10 BOOSF ot 2AS M0l et A&2A0l 3iskA
Xel 882 B3 e 2010
Table 44. Concentration for BOD disposal

ontht v Lo gl al s 6| 7 18] 9 10 11| 12]ae
| tems

Source

Waste™ | 4251|4452 | 7034 | 4354 | 6399 | 4753 | 4004 | 3527 | 4057 | 3297 | 4523 | 5889 | 4712

(mg/ £)

Chemical

tEea}rr}Zer;t 2112 | 2846 | 3489 | 2890 | 3984 | 3218 | 2637 | 2396 | 2921 | 1864 | 2597 | 2409 | 2773

mg

Treatment

r(a;/t;e 50.32|36.07|50.40|33.62|39. 15(32.30| 34.14 |32.07| 28.00 |43.46| 42.58 | 59.09 | 41.15

Table 442t 20l & = BOD=ZE 2 3stH XMclg&=2 28.0~59.09% F 0l
H 82 41.15%2 SZHALU ststH XMelx=2 AMsEA Al 1AXe =
TEXUA 12.9~40A12F Ol MZFE AIRE =0l Ot RSXZE X0

SO0l 2ol RIIA &SIt &Mlet 29 sEE oSN XHlsE k=2
E4ots FIF Loty UL

Table 45, 46, 4710t 20| COD MHEEZ 13.41~45.48%010{ B 33.46%0|
Ck. SS HMHEB=2 90.59~95.91%=2 Ho 93.37%012, N-H HMHE=2

86.55~97.71% Ol &z 91.13%0ICt.



Table 45. Concentration for COD disposal

Month
| tems

ave.

Source

water
(mg/ 2)

waste— 2849

3332

3586

3669

4267

3932|3795 | 4031

2768

3479

Chemical

(mg/ 4)

treatment| 1973

2236

2426

2267

2828

2496 | 2525 | 2639

2323

1509

2315

Treatment

(%)

rate  |130.75

32.89

32.35

33.72

36.52|33.47|34.53

26.77

45.48

33.46

Table 46. Concentration for SS disposal

Month
| tems

ave.

Source
waste—
water
(mg/ £ )

997

1337

2149

1208

1554

Chemical
treatment
(mg/ 4)

75

62

88

90 | 113

93

Treatment
rate
(%)

90.97

92.48

95.36

95.91

94.31

94.48|93.17| 92.89

92.30

93.37

Table 47. Concentration for N-H disposal

Month
| tems

ave.

Source
waste—
water

(mg/ £)

40.
35

226

35.4

23.2|15.0

25.3

17.85

18.50

62.80

Chemical
treatment
(mg/ 4)

5.0

30.4

0.72

0.58

0.49

0.76

0.98

Treatment
rate
(%)

96.4

89.62

86.55

88.35

96.50

95.26|89.87

96.27

97.71

97.25

95.89

92.85




Table 48, 492t 20| FLAZ=Cl T-No| HAHHRI= 19.93~83.52%2] 2 Xt
Ol 20l=0 1~28 & MAHE0l ¥2 A2 M=20 2t BHSKote 2ds
AKX MEotE gt

g M EOIS Z0 G0l JIQIEC
32 0|59 SN He g2 ofF

ZHAHAESE 69.08%=2 EH LIEFSCEH.

=

g

Table 48. Concentration for T-N disposal

onth

1 2 3 4 5 6 7 8 9 10 1 12 | ave.
| tems

Source

Wasle™ |74.85| 82.3 | 27.0 |49.00| 75.5 | 52.2 | 75.6 | 87.4 | 47.2 | 71.85 |69.60| 59.8 | 64.37

(mg/ £ )
Chemical
treatment| 40.4 165.9| 8.6 | 12.6 | 15.8 | 8.6 | 15.2| 15.7 | 15.7 | 14.0 |13.51|12.75| 19.9
(mg/ 4)
Treatment

Q%}? 46.03/19.93|68.15|74.33| 79.07 |83.52|79.76| 82.04 |66.74| 80.51 |80.59| 78.68 | 69.08
0

Table 49. Concentration for T-P disposal

onth 1 2 3 4 5 6 7 8 9 10 1A 12 | ave.
| tems
Source
waste- |24.6

water 8 14.46)3.36 | 7.41|16.5311.79/9.02 | 7.16 | 11.3 111.18/10.19| 8.10 | 11.27
(mg/ £ )
Chemical
tEea}T?gt 5.45/4.57 | 2.75|1.40 | 3.63 |3.04|2.58|2.10 | 1.85| 1.41|1.32| 1.18| 2.61

mg
Treatment| 77 g

Q%}? 1 68.40|18.15/81.11/78.04|74.22|71.40|70.67|83.63|87.39|87.05|85.43|76.84

T-P2l MIAERI= 18.15~87.39%2 2 X0IE 20/ Y=0 38 7= &
H= =9 T-P %It 3.36mg/ £ 2 Mol FAD FItst STMe= H==
5 UEE MM E= Abl= SE0Itt. SEHMQ 1% PACS EIlsk=
= E 183mg/ L 0IA2UL 38 EIlsE= 120.8 mg/ £ 2 RUCEH. Olefgt &
S0l 2ol T-P2 HAHE=2 B 76.84%J)t RAZ/JL. Ds= & H=s2 3t
SIH XMldFilts JHEHNOZ 2Se =222 2HEFSEIN =t U=sH



@ C/N

g H=2 dM=E=diE P8t =28 K4= BOD:N:PE &
OF 8tCt. Table 5 2 &
C/NHl= 540110 stst&Xel =2 C/NHlE 11622 ROtMAM ®IIS2 SHEA
FollJt Hed2 =201 4 &L

Old2 JH=2 at=td XMelAl fx0dg=0 &Fots T-NOI SE=22 3
Of HE ZU0I0H =S HMelAl HMAHEE T-N2 2 69.08%0IC.

=
—
g H=o M=st™ 2oE <ol d10&= C/NHl 302 £AHS E=0t
(]

= il
Old=e 242 <ol =Xl AQ A8 Zzot)| ?lol UEHS 24
£ HJIotH C/NHIS 342 XF&t = M=t HMelE & 2 T-N MAs2
93.38%0110, &7 T-N BadsT= 4.48mg/ L 2M BHESIEIIES 7.5%

Table. 50 Ratio of C/N in sugar waste water

Classification wagct)g\;vg?er fDlistsa%Iivgnd taainrk Urea addition | Release tank
CODun 3479 2315 2315 15.8
T-N (mg/2) 64.37 19.9 67.67 4.48
C/N ratio 54 116 34 3.5
® BOD/COD HI®
SdsXl DIME0 ol F=SEHe s ZolE I8t BOD/CODHI=
1.0 0l&H0] QRS 0|AS DIMSZAN ZQs =28 HEo RIS

Ol &+5=oll0F &= 2I0I&tCt.



—_

Table 51, 522 201 & MHI£=2| BOD/COD HIE 248t g0 X &
= 1.350112, St el L Xl 1.2022 MIsHAE x2lo Hg st
a2 =0 AL
Bt& 49| BOD/COD= 0.282 LIEIGHE=EM Ol ME2HE0A 2o JIsdt
S22 zlUst S0t OIFHFTCH, ME26iJF 2etst ot S =2
2 MEZoAl &EMct= DIME UHARKS0| &Fst FSH0ICH
& Hx=Xc2lo =Nz &F HEoA Co0D 222 =JF 2281 SS
O MAHE N2 fst A2HI0e 8&F0| E RSt
S2re A2 =2 SA4Z 1 0] 60.5%21 0 0l= &Ad=24Xl Floc
oM SIE S¢ot 3lE2 MA W SHEHHMAHI FECH
Table 51. Ratio of BOD/COD
Process Dissolved air Biological
[tems Source wastewater flotation decomposition
BOD concentration
(1o £) 4712 2773 4.5
COD concentration
(no/ £) 3479 2315 15.8
BOD/COD 1.35 1.20 0.28
Table 52. Ratio of ash in discharge water
Month Burn ash (%) Month Burn ash (%)
1 46.5 7 49.0
2 45 .4 8 53.8
3 69.4 9 58.9
4 70.9 10 69.1
5 67.7 1A 61.0
6 61.8 12 72.9
Average (%) 60.5 -
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Table 53. Concentration for BOD disposal

Month | 1 2,3 4|56 7 8 9 |10 11 | 12 |Ave.

Input
(wa}er) 2112 | 2846 | 3489 | 2890 | 3894 | 3218 | 2637 | 2396 | 2921 | 1864 | 2597 | 2409 | 2773
ma/ £

Output
water 156 6.7 |12.3| 1.9 | 3.1 |16 | 26 | 29| 21| 13| 2.3 1.7 4.5
(mg/ 4)

Trﬁﬁ;gf”t 99.26(99.76/99.65(99.93|99.92|99.95| 99.90 |99.88|99.93/99.93| 99.91 | 99.93 | 99.84

(%)

a000 100.0

4000 B Influent g

[ Effluent
—a&— R emoval efficiency

F99.0

3000

P985

2000
as.0

1000
ara
u] T T T T T T T T T T T 7.0

1 2 3 4 il G 7 2 a 10 11 12

Tirme (maonth)

BOD (ol

Removal efficiency (%)

Fig. 3. BOD Treatment concentration according to month.



Table 54. Efficiency of biological disposal

Sour ce
waste
water
(mg
/4)

| tems

4

10

11

12

Ave.

BOD

4251

4452

7034

4354

6399

4753

4004

3527

4057

3297

4523

5889

4712

CoD

2849

3332

3586

3669

4267

3932

3795

4031

3172

2768

3618

2729

3479

SS

1240

997

1337

2149

2055

1631

1654

1730

1655

1487

1509

1208

1554

N-H

140.35

104

226

115

35.4

23.2

15.0

19.3

25.3

17.85

18.50

13.70

62.80

T-N

74.85

82.3

27.0

49.09

75.5

52.2

75.6

87.4

47.2

71.85

69.60

59.8

64.37

T-P

24.68

14.46

3.36

7.41

16.53

11.79

9.02

7.16

11.3

11.18

10.19

8.10

11.27

Input
water

BOD

2112

2846

3489

2890

3894

3218

2637

2396

2921

1864

2597

2409

2773

CoD

1973

2236

2426

2267

2828

2496

2525

2639

2323

1509

2201

2362

2315

SS

112

75

62

88

117

90

113

123

117

140

106

93

103

N-H

5.0

10.8

30.4

13.4

1.24

1.1

1.52

0.72

0.58

0.49

0.76

0.98

5.57

40.4

65.9

8.6

12.6

15.8

8.6

15.2

15.7

15.7

14.0

13.51

12.75

19.9

T-P

5.45

4.57

2.75

3.63

3.04

2.58

2.10

1.85

1.41

1.32

2.61

Output
water

BOD

15.6

6.7

12.3

3.1

1.6

2.6

2.9

2.1

2.3

4.5

CoD

43.0

25

12.8

14.0

14.4

10.3

10.1

14.6

15.1

10.3

8.7

15.8

SS

39.2

5.1

15

18

7.8

7.4

4.9

5.2

5.5

8.0

11.3

N-H

0.74

0.74

0.74

0.33

1.07

0.74

0.74

0.50

0.50

0.49

0.74

0.64

0.66

0.215

0.41

0.78

1.33

7.89

25.6

5.77

6.90

1.22

1.32

4.48

T-P

0.09

0.133

0.12

0.043

0.236

0.133

0.14

0.13

0.16

0.08

0.322

0.138

0.144

BOD

99.26

99.76

99.65

99.93

99.92

99.95

99.90

99.88

99.93

99.93

99.91

99.93

99.84

CoD

97.82

98.88

99.47

99.38

99.49

99.59

99.60

99.56

99.37

99.00

99.53

99.63

99.32

SS

65.0

88.0

82.26

94.20

87.18

80.0

93.10

93.99

95.81

96.29

94.81

91.40

89.03

N-H

85.2

93.15

97.57

97.54

13.71

32.73

51.32

30.66

13.8

0.00

2.63

34.69

88.15

T-N

99.47

98.25

86.98

96.75

95.06

84.53

48.09

-63.06

63.25

50.70

90.97

89.65

77.49

T-P

98.35

97.09

95.64

96.93

93.50

95.63

94.57

93.81

91.35

94.33

75.61

88.31

94.48




Table 55~59, Fig. 4~81t &0l COD MAH=EZ2 99.32%0ICt. SS MHE=2
89.03% OIH, N-H MIHE= 88.15%0ICt. T-N MAHA== 93.38%012 T-P2 Xl
HEZ2 98.94%0ICt.

Table 55. Concentration for COD disposal

Month
| tems

Input
water 1973 | 2336 | 2426 | 2267 | 2828 | 2496 | 2525 | 2639 | 2323 | 1509 | 2201 | 2362 | 2315

(mg/ 4)

Output
water 43.0| 25 |12.8|14.0|14.4110.3 | 10.1|11.7|14.6| 15.1 | 10.3 | 8.7 | 15.8

(mg/ 4)

Treatment
rate 97.82198.88(99.47(99.38/99.49|99.59]99.60|99.56199.37] 99.00 | 99.53 | 99.63 | 99.32

(%)

1 2,34 |5 16 789|111 ] 12 |Ave.

Table 56. Concentration for SS disposal

Month
1 2 3 4 5 6 | 7 8 9 10 | 11| 12 | Ave.

| tems

Input
water 112 | 75 62 88 117 | 90 | 113 | 128 | 117 | 140 | 106 93 103

(mg/ 4)

Output
water 39.2] 9 11 5.1 15 18|78 74| 49 |52 )|55]| 8.0 11.3

(mg/ 4 )

Treatment
rate 65.0 | 88.0 [82.26|94.20| 87.18 |80.0/93.10(93.98| 95.81 |96.29|94.81| 91.40 | 89.03

(%)

Table 57. Concentration for N-H disposal

Month
1 2 3 4 5 6 7 8 9 | 10| 11| 12 | Ave.

| tems

Input
water 5.0 110.8130.4| 18.4 | 1.24|1.10 | 1.52| 0.72 | 0.58 | 0.49 |0.76| 0.98 | 5.57

(mg/ 4)

Output
water 0.7410.7410.74| 0.33 | 1.07 1 0.74 1 0.74| 0.50 | 0.50 | 0.49 |0.74| 0.64 | 0.66

(mg/ 4 )

Treatment
rate 85.20(93.15|97.57|97.54 |13.71|32.73|51.32| 30.56 | 13.79] 0.00 | 2.63| 34.69 | 88.15

(%)




Table 58. Concentration for T-N disposal

onth
8 9 | 10| 11| 12 |Ave.

| tems

Input
water 40.4165.9| 8.6 | 12.6 | 15.8| 8.6 | 15.2|15.7 | 15.7 | 14.0 |13.51

(mg/ 4)

Supp lement
water 68.5100.6|58.94| 62.57 |70.15| 64.7

(mg/ 4)

Output
water 0.21511.15|1.12| 0.41 | 0.78 1 1.33|7.89 |25.6 | 56.77| 6.9 | 1.22

(mg/ 4)

Average
treatment [99.69|98.86|98.10| 99.34 |98.89|97.94

rate (%)

12.75] 19.9

78.81(87.23|72.15|60.77|45.71| 41.91 | 67.67

1.32 | 4.48

89.99(70.65|92.00|88.65|97.33| 96.85 | 93.38

Table 59. Concentration for T-P disposal

Month
3 4 5 6 7 8 9 10 | 11 12 | Ave.

| tems

Input
water 5.45 |1 4.57 | 2.75

(mg/ 4)
Supp lement

(wa}er) 13.07|14.52|13.46|10.83|11.20|10.40| 12.48| 14.29
ma/ £

Output
water 0.09 /0.133| 0.12

(mg/ 4)

Treatment
rate 99.31(99.08/99.11/99.60(97.89|98.72|98.88| 99.09

(%)

1.4013.633.042.58|2.10 | 1.85| 1.41]1.32| 1.18 | 2.61

12.44113.57|18.49| 17.71 | 13.54

0.043/0.236|0.133| 0.14| 0.13 | 0.16 | 0.08 |0.322| 0.138

98.71/99.41/98.26| 99.22 | 98.94
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Table 62. Efficiency of biological disposal

| tems Range (mg/2) Average (mg/¢)

BOD 1.3~15.6 4.5

COD 8.7~43.0 15.8

SS 4.9~39.2 11.3

N-H 0.33~1.07 0.66

T-N 0.41~25.6 4.48

T-P 0.08~0.322 0.144

etMOFZ MIsHAE XMl HEgst H=+2 4dl= 80D ¢ N @ P HIZO0|
100 : 5+ 12 HAFEHD YL HIIZIIXZ0HAME=E N, P 480 E&&4
(@]

sAHAYEEN B2
FINZFIJIx0 &N =&ots H==2 F4HIE 22 B0D : N : PHIIJF 100 :
0.7 : 0.092 N, PEEO0I & XMaol &5

0. ®MIZJE 2@EAY

20082 & HIIZJIX HHS EXFot= Table 633+ 201 0.28~1.02kg
BOD/m .daySl HeIZ2 2&0l UL, BIFEHIFSH= 0.55kg.B0OD/m" . dayOl
Ch. ZHLE zIHEHFot= 20088 52 142 1.612M EZHEHROIE 4.7
B =toted 2H0l ZJACH HIIZIIx2 SAHXC 2 B0 s&=2

o

ss
95% OIAU2LE ANl XMelgE2 WFol ZHY0NE =S+ot) 99.84%2 =2

[
0

10

XMelgs 20110 JACH. Table 64, Fig. 100 20| #J|=FJ|X8 XEZ 7
fl= EHRCIE XZAMet 2UE 28 14 FIIX0HA R |II=S2 99.71%
b 2oEAD, 1 ZIIEX 2XHPots @ S 1.64kg.BOD/m .day Ol =
CHgt= 3.06kg.BOD/ M .dayOIRACH. 2Xt ZI|X2 EXFot= 0.0040112, 3%t
ZJ|x£= 0.0022M 2,3XF ZJIXEs BIFot0l 218t XDldtst HANA S8
O &0 UCH

X ZI|1x2 EXSol= 108 =01 £/M 2 0.83kg.BOD/ M .day0l1) 5&8 =



Ol ZCH 3.06kg.BOD/m .day2 SX T 0 3.69H42 2Alet 2X 235} X0|0f &
FACH S HA0 ME8HM He|Z2AQl HI|EI|XO| |

oz 2FED YO A

12| BOD M EICH 2ol 7

| X2l 242 2= UCH @

ol

1 KW 0F
MM ﬂ>t1_‘0 0t

|0

Month | 1 2 3 4 51 6 7 8 | 9 | 10 | 11| 12 |ave.

0
ZZ%E 22 18 21 | 21 |21 21| 21 | 25|25 21 | 18| 19 | 259
ay

Indust-

el 118815]11755] 9530 | 14860 | 16630| 17595| 21055 | 16060| 14040 | 10445 | 8360 | 10255 | 166400

(m)

Waste
—\(/vagcnjr 10380| 6590 | 4760 | 9900 |12280|13320| 14855 |12070| 8515 | 6635 | 5435 | 6315 | 111055
m

volume 10.45/0.37| 0.31 | 0.67 | 1.02|0.89| 0.76 |0.62|0.57 | 0.28 |0.28| 0.32 | 0.55

HRT 14.98| 9.0 |11.94|4.89 |4.11/4.05| 3.6 |4.68|5.07|8.07 |9.15| 9.36 | 6.57

rg{'\?o 0.06]0.06|0.040.080.13{0.12| 0.09 |0.09|0.08| 0.03 |0.04| 0.04 | 0.07

SV | 99199 | 98 | 97 | 90 |8 | 93 |99 | 99 | 100 99.5 99 |96.5

SVI | 1441125 125 | 114 | 114 | 113 | 110 | 137 | 130 | 135 | 128 | 119 | 125

Py | 20 18.2) 20 | 24 | 26| 30 | 32 | 33 | 30 | 25 |18.3]18.7|25.4

Air-
telmrp. 6 | 7| 16|21 | 25283 32|29 )| 2 | 16| 8 |20.5

(t)

w0y 1.412.6] 1.84.01.3/2.0] 1.4 1.9 2.7 2.7 3.2 2823

Ai
olowing| 50 | 50 | 75 | 100 |87.5| 100 | 100 | 100 | 100 | 100 | 75 | 75 |84.4

(m/min)

rg{’}lo 38 140.5|132.8| 74.7 | 56.5|75.3| 50.2 | 46.1|67.2| 38.5 |52.0| 45.6 | 54.0

(MQLPE) 6968 | 7860 | 7798 | 8519 | 7627 | 7473 | 6754 | 7239 | 7606 | 7451 | 7792 | 8329 | 7618




Table 64. BOD Volume load by each aerator

onth
1 2 3 4 5 6 7 8 9 10 | 11 | 12 |ave.
| tems
1 1.34 11.101 0.94 |2.01| 3.06 |2.68|2.28|1.86| 1.72 {0.83] 0.85|0.97| 1.64
Aerator
2
0.0181]0.005|0.005|0.002| 0.004|0.002|0.004|0.004|0.002 |0.001|0.001(0.001|0.004
Aerator
3
Aerator 0.011]0.003/0.003|0.001{0.003|0.0010.003|0.003|0.001|0.000|0.000 |0.000|0.002
2.0
L
. 1.5 4
T
©
=
o
@ 1.0 ~
2]
X
a
O
@ 0.5 o
0.0
1 aerator 2 aerator 3 aerator

Fig. 10. Volume load by aerator.
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Table 65. Treatment efficiency by volume load

BOD (mg/ £ ) SS (mg/ £) F/M Ratio

vol .

HRT (day)

BOD Treatment
rate (%)

|oad 2

Aer

3
Aer

2
Aer

2
Aer

3
Aer

1 1 1
Aer Aer Aer

+4-1240

1
Aer

+4-1240

Aer

2
Aer

3
Aer

2
Aer

3

1
Aer Aer

less (18721 8.2|5.0|4.3 15 0.12]0.06/0.04|2.56

than

7.69

99.56| 9.73|9.77

6.313.9/3.5 8.9/6.40.21

1.74/3.

99.73/ 9.83|9.85

5.6/3.8|3.4 0.36
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Table 66. F/M Ratio by aerator according to month
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Fig. 11. F/M Ratio by aerator.

Table 67, Fig. 122t 20| 2, 3X ZJ|X0UH M JIE2ZA0 TE MLSS
£ HE= 2XHUIA 1.0% 3XH0IAM 0.8% JF 2 A6HCH.

SVao2 2K 0.9%, 3XIUIA 0.5%2AdtA D, SVie 2XU A= BSot
SIOLE 3XH0IA 0.8% EJtol= DIMEH XI0IE 20l2 AN OIEE Z2HAUl W
E Flocl S22t oMU MEMES SNt 24 SH&AS2 LIEtLIX 2= M
SEXEMNO JIs0| &€& ECHD EHECEH
Table 67. MLSS Concentration by aerator
LMyl 2 3456 7 89 10 11 12 A

ems

nerator | 6881 7939 | 7798 | 8547 | 7885 | 7504 7758 | 7329 | 7674 7008 | 7795 | 8077 | 7690

nerator | B814] 7851 | 7779|8521 | 7516 | 7443| 7430 | 7226 | 7608 | 6863 | 7810 | 8474 | 7611

nerator | 6832|7812 | 7697 8491|7483 | 7483|7301 7161|7526 | 6763 | 7730 | 8431 | 7551
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Fig. 12. MLSS Concentration by aerator.

Table 68. Fig. 1323t &0l SVeo=2 11X+ ZJ[ZIF 96.1%0110, 2% ZI|XL
95.2% 33X |IIXE= 94.8%ZM FTHLZE Z4=5 Floc A3t ML D

s € = UL

£0 Ir

00

Table 68. SVso by aerator according to month

Vonthl v 1ol 3l a5 6| 7 89 10|11 12]Ave.
| tems

1
Aerator 96.3198.6197.7197.0189.4|85.393.1(98.7199.1/99.8(/99.5/98.9| 96.1

2

Aerator | 92.5/98.4197.7/96.3/85.7 81.3 | 92.3 198.4/99.1/99.8/99.5/98.9| 95.2

3
Aerator | 92-1/98.4197.7/96.3/83.8| 79.9 | 91.4 197.9/99.1/99.8/99.5/98.9| 94.8
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Fig. 13. SV30 by aerator according to month.

Table 69. Fig. 142F 20| SVIgt=2 1,2X ZJ|X 242 HE = 2Lt 3K
ZI|IXZ0UA OIMSE SO0 JAUYXNC =Ko EEA BHEuH= JIHGHA &
= =Z0|C}.

Table 69. SVI by aerator according to month
onth g o 34 56 7| 8] 91011 12 e
items e
1 125 | 124 | 126 | 114 | 108 | 113 | 121 | 135 | 130 | 133 | 128 | 123 | 123
aerator
2
125 | 126 | 126 | 114 | 108 | 110 | 125 | 137 | 131 | 134 | 128 | 117 | 123
aerator
3
126 | 127 | 127 | 114 | 106 | 108 | 126 | 137 | 133 | 137 | 129 | 118 | 124
aerator
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Fig. 14. SVI by aerator according to month.

2. F/MHI 8 HMclZ1

3ol HIIZIIXE &  H=It RYct= 1X FIIx2 0/44
ot U222 RII2& Zdidt 0l 82 11X ZJIX2 F/M
2 Ot F/MHIZ XMelE&S ZAGHALH. Table 702t Z0l,

F/MBIJF 0.04~0.20 kg.BOD/kg.MLSS.day Olote [ BOD MIHEES

=S40l

|0 g

HH ]

Al
BIE DI

£IF 99.61%, 2X+ = I X0t 99.76%, 3X+ =1 XJF 99.79% Ol UL,

F/MHIDOE 0.21~0.25 kg.BOD/kg.MLSS.day & <IAl BODMHEZ 1
99.74%, 2Xb ZIJ|Z0F 99.85%, 3XF ZIIJF 99.87% OIRUL.
F/MHIDJF 0.26~0.30 kg.BOD/kg.MLSS.day & <IAl BODMHEZ 1
99.84%, 2X+ Z=J|Z0F 99.90%, 3XH =I[ZIF 99.91% OICh.
F/MHIDJF 0.31~0.35 kg.BOD/kg.MLSS.day & <IAl BODMHEZ 1
99.79%, 2X+ ZIJ|Z0F 99.84%, 3X =I[ZJF 99.86% OICh.
F/MBIJF 0.36~0.40 kg.BOD/kg.MLSS.day H<IAl BODMIHEE

Xt =IOt

Xt =IOt

X =IOt

1XF ZJ1 20t



99.75%, 2Xb ZIJ|Z0F 99.81%, 3XF =I[ZJF 99.83% OICh.
F/MHl 0.41~0.53 kg.BOD/kg.MLSS.day &<l Al BODMAHEE2 1X+ =Xt
99.88%, 2Xb ZJ|ZJF 99.91%, 3XF ZIIXEIF 99.91% & ZAZIRULCE.

F/MHIE XMcleES 29 BD X228l €2 RAS XMElE€EHE 20110 U

Ct. F/MHIDE 0.04~0.20 & M 11Xt Z=J|1x2 BOOXM2IE0l 99.61%0IA%2LLE,

F/MEIOF SJt8t 0.41~0.538 9 & [ 235l Xc2lE0| 99.88%= SItotRULt.
1ZF FIIX% 3% ZI|x 28 |RII==2d&e 0.07~0.15% HRZ OlME S

HEE 20110 UL,

Table 70. Treatment efficiency by F/M ratio

BOD(mg/ £ ) SS(mg/ £) Volume load HRT (day) BODraTt;eetEA,m)ent
Vol.
load| = | 1 | 2 |3 |Z| 1|2 |3 |1 2|3 |1]2]3|1]2]3
Z aer | aer | aer Z aer | aer |aer |aer | aer | aer (aer | aer | aer | aer | aer | aer
0.04
~ |1961| 7.6 | 4.7 | 4.2 | 209|17.6| 9.8 | 7.6 [0.93| 0.46 | 0.31|2.15| 4.30 | 6.46 |99.61/99.76/99.79
0.20
0.21
~ |2598| 6.7 | 3.8 | 3.5 | 176|12.6| 7.5 | 4.3 |1.45/0.72 | 0.48 | 1.82| 3.64 | 5.46 |99.74|99.85/99.87
0.25
0.26
~ |2868| 4.6 2.9 | 2.6 | 106] 13 | 6.7 | 3.5 1.99]0.99 | 0.64 |1.42| 2.85 | 4.27 |99.84/99.90|99.91
0.30
0.31
~ |3341/7.0| 5.3 4.6 131 12| 9 | 4 [1.98/0.990.66|1.70| 3.39 | 5.09 |99.79|99.84|99.86
0.35
0.36
~ g2 7.4 5.5 |52 120 12 | 12 | 12 |2.96]1.48|0.99 |1.01] 2.01 | 3.02 |99.75|99.81|99.83
0.40
0.41
~ |3714) 4.3 3.5 3.2 134 15 | 11| 9 [3.13]1.57 | 1.04|1.29| 2.57 | 3.86 |99.88|99.91|99.91
0.53
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Table 71,

=

JIZI|IE2 HRT=

NG
=]

1

M &ZH HRT

12 | Ave.

11

1.6912.69]3.05(3.12| 2.19

1.56

1.2

4.05/3.60|4.68(5.07 18.0219.15]9.35| 6.57

1.35
- 81 —

1.37

HFAIZEE 33Al

1.63
4.89|4.11
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1L
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11.9
4
o

=N

HRT by aerator according to month
3.3216.0(7.96(/3.262.74|2.7012.40|3.12| 3.385.38|6.10|6.24| 4.38

1.66 | 3.0 |3.98

4.98 | 9.0

Month
b =] X9
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1
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Fig. 15. HRT by aerator.




2. HRT & XclZ

Table 722t Z0l HRTJF 1.0~2.0 OIGtAl BOD HHES 11X ZI|XIt
99.80%, 2Xxt ZJIZJF 99.86%, 33X ZI1XEIF 99.87% OIALH. HRTIF 2.0~3.0
OlotAI2l BOD MIAE2 1A ZJIX0F 99.44%, 2xF = X0 99.74%, 3X =
JIZIE 99.77% OIRXLD, HRTOF 3.0~4.0 & [ BOD MHE=2 11X =I|EIt
99.75%, 2Xb ZIJ|Z0F 99.80%, 3XH ZI[XJF 99.81% OIRUL.

ZIIX0A MFAIZLE 2BollesS 28 HRTIOF 1~22 [ 11Xt

= =
=E80] 99.80%2 It =% HRTIF SIEE+=S XMelsE2 2a0tH 240t
QUCH IXF SII2% 33X FIX 28 ]II=2 EoiE2 0.06~0.33%2 OlMIEt S
IIEE 20110 Ut
2EH2Z FIIFIIXZNAME HRTIF 25 H=+X2EE0l Motk=s S

HRTJt 3.0~4.0day2 & E+E RII2 2olE0l HO0tNes A2 =/
g =7/l 302 OolLthol == RII=S0l MAH =HOAM 2, 3FIIX0

JIE0l Hel g8l =270t ZJIEX W MBI AIZH0I UEctAH =L
Fot 2HXE2H H20ICH 0l=2 2ol 2,3ZJIX0M= DIMSAHIES XD

b HMoHA MENMEZ= 24 ofiMotH HEdiE 201 HAKKES 2 i

rir
My M
T e 10

rz
tol

[1}]
il

Table 72. Treatment efficiency by HRT

BOD Treatment

BOD (mg/ £ ) SS (mg/ £ ) Volume load F/M ratio rate (%)
HRT - -
Gy) 2 | 1 2|3 2| 123|123 |12 3| 1|2 3
Z aer |aer|aer Z aer (aer|aer|aer |aer |aer |aer | aer |aer | aer aer aer

1’%~ 25561/ 5.113.6|3.2| 155 15.2|9.6|7.0(1.75/0.88|0.58/0.26| 0.13]0.09/99.80|99.86|99.87

2
23’%~ 2386|13.4/6.3|5.5| 252 |15.8|7.9|5.5]1.02/0.51|0.34/0.17| 0.08 |0.05(99.44|99.74|99.77
34’%~ 2385/ 6.0 14.8/4.5/ 196 |15.7|6.8(4.0]0.76/0.38(0.25/0.13| 0.07{0.04|99.75{99.80|99.81
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Table 73, Fig. 161 20| 2008 & &HIIZI| X2 BEAMLSEE BH
X ZIJIX29 E#7 00= 0.9mg/ £, 2X+ =ZJ|X2CS] HF 00= 2.8mg/ £, 3%t =
=9 B D0= 3.1mg/ £ 2 2HEIRUCEH.

12 =JEX= 00sE0t 1310 9282 0.3mg/ £, 682 0.2mg/ L 2 2EEU

D otolA3" d=Dlel 5,7, 822 0.1mg/ £ 2l s&E2 A SZULH,

Table 73. Monthly DO concentration

omoMhl 1 2 3 | 456 |7 8|9 10 11|12 Ave.
t aerator| 0.3 1.7 1.2/3.7/0.1/0.2/0.1/0.1/0.3/0.7 /0.7 1.5 0.9
2 aerator| 1.6]2.9| 2.0 |3.7(1.25/ 2.8 | 1.9/2.6/3.1/3.7 4.3/3.4 2.8
3aerator| 2.4|3.3|2.23.6/2.4/3.02.1/3.03.6/3.8 4.7 /3.6 3.1

L0 10.06] 0.2 0.04/0.20/0.04/0.03/0.03/0.02/0.04/0.10/1.25 0.9 |0.24

sludge

DO (mglL)
N
1

0 T T
1 aerator 2 aerator 3 aerator return slud¢

Fig. 16. DO Concentration change by aerator.
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Table 74, Fig. 171 20| & H=xXclE F& 2|12 2222 884 82
~ 361m /kg.BOD2| HRAOIM, T 166.8m /kg-.BODIH Z2&IACH. BOD 1kgS
Folot=0 22 &I 0.35kg/kg.SS.dayE JI=2=2 & [ 30~40m el ZJ|

20l LRSI &)= &AL = 10% FEIF BOOKM M 01222 80D
kgHIHE ABHAE 1~1.2kgQ MATF QB 2022 HMAIE QUACH. Y

g H=2 ZNXcA H2ESHPote £HFGE 1.6680 =0 2HEUAL,
A=J] =

288 Z0 AN SJI22E2 BT 166.8m /kg.B0D2
& 52202 40m /kg.BODE 3.6H1 =1t Gt
~3

ol 00= B 0.9-3.1mg/ L B2 =E S0 et st
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Table 74. Amount of air supply according to time

ot vl 2 i34 56 78910 11 12 Ave.
| tems

Volume

load |707.2|647.7 | 535.7 | 953.7 | 1542.5(1428.3|1263.6/932.91827.0|399.0(470.5|490.7 | 849.9
(kg/day)

air

blowing|72000| 72000 | 108000 | 144000 | 126000 | 144000 144000/ 144000 144000 | 144000/ 108000 108000
(m/day)
air
(w/kﬁ_ 102 111 202 151 82 101 114 | 154 | 174 | 361 230 | 220 | 166.8
BOD

400

2480

300

2480

00

Auir (e Airg BO DY
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100 =

50 T T T T T T T T T T

Time (month)

Fig. 17. Amount of air supply according to time.
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0
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Har2l A B012 4EO JIE ¢OR QIR0 IS

DIIZIIZO| 52 MARTS EX51| AN M4 HLB0| 23202
=2 WOl ADIB 212HE HXIGHACH D0 ABIZOl 2 X BZI|xo
DOE ASAIII SIB WS 1 ZIIX0 22U DI SaAHI
S oiZs £ JIE 20120 MAS FJF B2ols wHol A WO
4. DOSE & BOD Me2lZDt

1A FIJIX2 00 s&0t 2 sk

SotALCH. HIIZIJ|IX0AM
M =oi=II=S2 99.71%9F Xl &l
< OI201 0l Met Table 759+ &
Ol 1Xt ZJ1X2 D0 =<8 BOD o= Hlw =40tACH. D0 &2 0.1
~0.5mg/ £ 2 2& Al BOD BTZHMHES 99.84%01A12, 0.5~1.0mg/ £ 2 2 Al
BOD EZMHEE 99.92% OIA2M, 1.0~2.0mg/ £ 2 2&Al= BOD & HIH
£0] 99.76% OIUCH.D0sEE 2.0~3.7mg/ £ EFIZ 2& & B2 BIO MAHES
2 ZIHQl 99.93%2 XZALEI=0I, D0 ==JF 0.5mg/ £ Olot2 28 ME
Ct BOD MIAE2 0.09% OIAlISH SOtol /O = BOD MAS

0l &

e =
=g 8=0 240/ D0=sZIt 0.1mg/ £ Ol RJII2 2ot 3

|.m|:l

oll

A
ro

ol
a

Table 75. BOD Treatment rate by DO concentration

Classification BOD Concentration (mg/ £ ) Treatment

D0 Concentratio Input water Output water rate (%)
0.1~0.5(mg/ £ ) 2863 4.7 99.84
0.5~1.0(mg/ £ ) 2231 1.8 99.92
1.0~2.0(mg/ £ ) 2915 6.9 99.76 -
2.0~3.7(mg/ £ ) 2890 1.9 99.93
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Table 77, Fig. 183t 20| ZJ|x2 =25 3HAHZ =200 BOD HMH
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Table 77. BOD Treatment rate by temperature

WS%ST BOD Concentration (mg/ £ ) Treatm%pt Cate Remark
() Input water Output water ’
17~22°C 2691 7.7 99.71
24~30°C 2892 2.1 99.93
30~34C 2750 2.4 99.91
100 0%
99 9%
g 95 F%
E 29 1%
a
(@}
m
99 5%
99 5% T
17T-227%¢ 24-30 ¢ 03l
Temperature (707

Fig. 18. BOD Treatment rate by water temperature.
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Table 78. Treatment rate in low temperatures

Month|  Water Air C?%g??f@gﬁ?” Treatment
temperature| temperature 0

osiriation. | (C) | (©)] mut | Quut | rete B
06.12.5 15 =1~7 1945 20 98.97
12.10 15 —2~2 1955 24 98.77
12.15 12 —2~4 1690 51 96.98
12.20 12 -5~0 1965 45 97.71
12.30 11 -6~3 2130 50 97.65
07.1.5 11 -3~1 2434 63 97.41
1.10 11 -2~3 2410 113 95.31
1.15 14 5~9 1963 171 91.34
1.20 15 3~11 2000 168 91.60
1.25 15 5~12 2134 112 94.75
1.30 15 5~11 2315 43 98.14
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NaOH &EIIJIEO0ILE EIAIDIOF E&otA (%D, SEEZ X0 NaOHE HE
&It pHE 5.001422 &3 SCE2EM 229 &0l EsteE S0l
Ct.
Table 79. Fermentation rate of organic acids
Dissolved
ssification Source air Wastewater | Organic acid
Month (wmags/tgw'aBt OeDr) f Iottaantki on (mg/tfzm.kBOD) fe;g?gt?% ;on
(mg/ 4 .BOD)
1 4251 2523 2112 16.29
2 4452 3489 2846 18.43
3 7034 3891 3489 10.33
4 4354 3729 2890 22.50
5 6399 4314 3894 9.74
6 4753 3488 3218 7.74
7 4004 2782 2637 5.21
8 3527 2642 2396 9.31
9 4057 3140 2921 6.97
10 3297 2343 1864 20.44
11 4523 3113 2597 16.58
12 5889 2560 2409 5.90
Average 4712 3168 2773
Treatnent rate 32.77 12.47 12.47
ot&J|el 5~9F A0l RIIMESE0l MEE Jolg SLH-E SItE
SEEEX W MFIAIZ0l 240310, EII=I|IEZIH RS ZHUHA 28
Ol &IB2 pH & FotE oflAct)| ol FELEEX K&+ pH SSAHHRE
6.0~6.52 =AIGt== NaOH EIIES =2 Z2U0IC.
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S0l Ot REFEEL2 MFAIZHD pHel HE2tel Als 20% 0142l BOD Al
NHEd 240 Jtsg A2 HOEC. el RI14 LSOt 2ot &
HE 0= 4F iE0l SIHEHC

30
—e— fermentation percentage
25 A
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el
I
c
)
£
Q2
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m —~
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52
6 g
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Fig. 21. Rate of organic acid fermentation.
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CISEAPS s&= 19.9mg/ £ 2 2146t C/NHIJH 11622 ZO0tAM
N EAHO ME2EoHI 2otB2, RAFEIIZ N2 47.7/mg/LE &
= C/N HIE 342 =& S8 2 T-NHHE2 93.04%, BOD XA
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Table 80. T-N Treatment rate by process

Crassification| o, .~ |Dissolved
waste air Long-term| Release | Treatment Remark
i flotation| aerator tank rate (%)

| tems water tank

T-N 47 .77mg/ 4

(na/ 1) 64 .37 19.9 67.67 4.48 93.04 addition
C/N ratio 54 116 34 3.5 CODwn

BOD:N

. 1.37 0.72 2.42 99.56
ratio

Table 81, Fig. 22%2 20| BOD/NHI= 1.74~3.64 HRI0/H < BOD:NHI=
100:2.42 =HC2 2HAEULH. OHEZ & H=+2 HEXE & BOD:N

gt2 8 100:2.42 B0t Mgt gtz MAIED

Table 81. Ratio of BOD:N

onth
[ tems

BOD:N |3.2412.32/1.69/2.16|1.80/2.01/2.99/3.64|2.47|3.26/1.76|1.74|2.42

1 213 4 5671879 10 11] 12 |Ave.

Output
T-N 10.215/1.1511.12/0.41]0.78|1.33|7.89|25.6/5.77/6.90/1.22| 1.32 | 4.48

(mg/ £)
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HMelstet 7HESl stz Xl D0sEE 0.02+0. Ing/
0 OILHZM ZHEO| Xest ZAHO2 20| &1 UCH 1 ZI|xe 3 =
| saoz B}

Table 82. Operation conditions by aerator

Water temp. (C) pH DO (mg/ £ )
Month

1Aer. |2Aer. |3 er. |Return|1Aer. |2Aer. | 3Aer. |Return| 1Aer. |2Aer. | 3Aer. |Return

—_

17.3118.0/18.0/17.8 |7.24|7.25|7.40|7.31] 0.3 | 1.6 | 2.3 | 0.06

2 | 18.6/18.6/18.718.3|7.30|7.52|7.70 | 7.56 | 1.7 | 2.9 3.3 0.20
3 121.5|21.7/21.6121.4|7.31|7.49|7.57 | 7.48|1.2|2.0|2.2| 0.4
4 |1 24.1124.2/24.2\124.07.43|7.52|7.64|7.513.73.7]3.6 0.2
5 129.0/28.7|28.4|28.2|7.61|7.66|7.71|7.54 0.1 1.3,2.4,0.04
6 [30.8/30.9/30.5 31.1|7.36|7.56|7.67|7.21 0.2 2.8|3.0/0.03
7 132.8/32.8/32.7,32.6|7.38|7.38|7.47|7.46/ 0.1 1.92.1/0.03
8 133.033.2/32.7,32.3|7.52|7.86|7.93|7.54|0.1|2.6|3.0/0.02
9 |28.9/28.9/28.7|28.5|7.42|7.66(8.03|7.71 0.3 3.1/3.6/0.04
10 | 26.1125.9|25.4|25.2|7.61|7.87|7.90|7.67 0.7 3.7 |3.8/0.10

11120.1/19.8/19.5| 19.38.19/8.18/8.26 |8.17| 0.7 | 4.3 | 4.7 | 1.25

12 [17.9118.0{17.9| 17.5|7.56|7.79|7.87 | 7.62 1.5 | 3.4 | 3.6 | 0.90
Ave. | 25.0 |25.1\/24.9/24.7|7.49|7.65|7.76 | 7.57/0.88|2.78|3.13|0.28

ZIIZINIZ0AN & H=E XMelg I LMol SAIEESEY
22 Z2A0A Floc SXUUEN Sde RALESFYL ZI|X ol

Olz EX¥st gild =2XS2 I 2 StCt.
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Table 83. Mixed liquids and state changes by aerator

- Initial :
Claggigén concentration Concentration after 10 hours
D0 Water Classifi- Water
Days (mg/ £ ) |temp.(T)| cation DO(mg/ 2 ) temp.(TC) PH
High
quality 1.7 34.7 7.54
2007/8/17 2.2 32.5 water
sludge 0.14 35.6 7.12
High
quality 1.01 25.0 7.58
8/18 2.0 32.8 water
sludge 0.11 25.0 7.12
High
qualty 1.60 36.0 7.67
8/19 1.75 33.1 water
sludge 0.08 37.7 7.24
High
quality 1.10 37.8 7.62
8/20 3.1 32.3 water
sludge 0.07 40.3 7.10
High
quality 2.21 26.8 7.66
8/21 2.0 32.5 water
sludge 0.52 27.0 7.1
High
quality 0.67 37.5 7.81
8/22 1.9 32.7 water
sludge 0.10 38.4 7.51
High
quality 1.38 33.0 7.65
average 2.16 32.7 water
sludge 0.17 34.0 7.20
Table 831 &0 2007.80 TYE ZEIJ|X ZEHO SV =& = 10AI2
dXle O3 4522 otF sHXE2 =2, 0%, pHetE2 SHOUTH
ZIIEE 002 2.16mg/ £ 0IA =0 10AI2H01 H st £ AElH A4S
D0s&= 1.38mg/ L 2, SIREHE SHAES WES D0s== 0.17mg/ L 2 &
A0IHCH, =22 =J|JF 32.7C OIY2LE 10 A2 & AsE4 =22 33C2
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Qe Hdet MFAZ 278 S0 Ok & MA =801 2HE Sotst
Ct. 2X B&X =H0l AlgS Eo0tg B20= T-P2 HR=01 AMHEHZ
EMot22 ASSE0l Z20lotH S&EE =dXllle RIE=201 Sototl
N H2R=sEE 2AGHH =0

=58 ot Al BEE pHE 5.6~7.0 HRLL AIZE0l 6mg-Al/ £ 014 SOt
ANe d=2=4d0l UEHHCH A3 EIOF Al HEE pHE 10.0 ERI0ICH.

(2) E.I-O| D:Iﬂl.

Table 84, 85, Fig. 231 &0 & H=Xdcl =&Y BOD:PHIE 2 JAM =
E T-PsT= 11.27mg/ £ 2M BOD:POF 0.240ICH. &8t MXel 9 T-Pskce
2.6Img/ £ 2 246D BOD:PIF 0.092 EOHMA L&A OIME SAS
PIeH A W Ao ELAEH0| YMEIEZ MOZ PE 10.93mg/ £ B OISt
= BOD:PE ZEZ 0.51 =i 0.742 =& Est 20 TP HIA 8.94%
Z SALAUCH
Table 84. T-P Treatment rate by process

Dissolved
Classifi- Swo;srtcee air Long-term | Release | Treatment Remark
cation water flotation aerator tank rate (%)
tank

T-P

(no/ £) 11.27 2.61 13.54 0.144 98.72
C/P ratio 309 887 171 110 CODwn
BOD:P

ratio 0.24 0.09 0.51 3.2

Z2E80z T H=2o HAX2IE €8 BOD:PHI= 100:0.74 Ol3tJF HEgst
HOZ MAI=CH YUF% FO TP=sZe= 0.144mg/ L 2 SEHE O et TP
FIE 2 2 Z Q0.
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Table 733t 20l 1Xt ZJIX2 00 s&= 0.9ng/ £ 22 2Lt 2x =D
Jmg/ £ 22 SOt et 214 01420

3
2101 &0 UL

ot el Brs0l e X
E=PIES Lt 2IEZ3 X2 S220 282 2304 £¢=0ls &

-Ps&= 0.05mg/ £ Oldtel S XIJt Jbs0otCt.

Table 85. BOD:P Ratio

onth
[ tems

t,y2 13 4|5 |6 | 7|89 10 11|12 |Ave.

BOD:P |0.62]0.51{0.39|0.37]0.29/0.32/0.47|0.60| 0.43 |0.73| 0.71] 0.74 | 0.51

Output
T-P 0.09]0.133| 0.120.043|0.236|0.133| 0.14 | 0.13 | 0.16 | 0.08 | 0.322|0.138|0.144

(mg/ £)

1.0

0.8

0.6

BOD/P ratio

00 T T T T T T T T T T

Time (month)

Fig. 23. BOD:P Ratio.
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H8E SJ|2 MA @‘%%19,23,3435)

SdsHIR0 ReYctE & Hx RII8E 15-36C2 2& =210 1~3mg/
0.

40152l F/MHI, 4.0kg.BOD/kg.m Olctel EX L3, 24Al

o DD T XA

{ sEad,

2t 0latel MSEAIZE & BOD:N:P=100:3:1 Olotel =24 S0l RA 2 I 24
sdiAl D=2 22st SAES0l doUAM JI22 22= 0dE NES
A 2 OUXIThALSl Ol8& = C0, 2 H0=2 MEt=Ch.
HE2HXZUA dES2oiIt S| et 2HXHL2 RYFot HE =0|
4

15% OILH & =13t JIZ2=% = BOD/CODHIJH 1.0 o1& A, 2 SS2 =

T = 300mg/ £ 0I5t & 240l @7PE D UCH™

S O JIE2 YR RIIA, HHEEQIDZ BID 2R SAECI}
30 BIEIXE 28 HILHZM 20~30Z2 M= DIME0| ZAlGH
o2 BDESHI SIS FE MOl BODMHSS SXIJb Jtssich. & H
So D=ST HAMA 1 0219 BtHI2I0tS 28AI2F LHOI 10 CFUR ZAlsH
E}'19)

DEEAZHX HOAM IR0 MEHU MW HESE2Z HELE &
22 43%0/10 HUXKCZ MetE 222 57%2 LM A1, 2 20
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Table 86. BOD Organism conversion rate

Hemzlfltlon Input BOD (kg)|Output BOD (ka) an%rugnatm(skmg) coneégg%ﬁm(%)
1 21922.56 161.93 14165.8 64.6
2 18755. 14 44 15 12405.2 66. 1
3 16607 .64 58.55 11306.2 68.1
4 28611.0 18.81 18988. 1 66.4
5 47818.32 38.07 32226.7 67.4
6 42850.44 21.05 26289.8 61.5
7 39172.64 38.62 28059.5 71.6
8 28919.72 35.00 20839. 1 72.1
9 24880.83 17.88 17660.5 71.0
10 12367 .64 8.63 9777.2 79.1
11 14114.70 14.67 11693.8 82.8
12 15212.84 11.94 9777 .1 64.3
Average 307955.5 469.3 214337.0 69.6
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Table 87. State of microorganisms in active sludge

Filame . .
Month|Floc| ntous Microoganisms AlB|C
virus
Centropyxis, Arecella, Epistylis,
1 © O ) L ©|0|0
BoDo Litonotus, Aspidisca
Vorticella, Rotaria, Lecane, Arcella,
2 [ O i i ) ©|0|0
Epistylis, Centropyxis, BoDo, Tokohrya
Rotaria, Vovticella, Lecane, Arcella,
3 © O ) . ©|0|0
Centropyxis, BoDo, Aspidisca
Rotaria, Lecane, Arcella, Centropyxis,
4| @] O ! . by ©|oe|0
Litonatus, Vorticella
5 O O Epistylis, Vorticella, Litonotus, Arcella OO0 |0
Epistylis, Vorticella, Paramecium, Rotaria,
6 | ©| O pIsty & ololo
Lecane, Aspidisca, Nematoda
Rotaria, BoDo, Arcella, Centropyxis,
7 1e]| o o . by ©|oe|0
Aspidisca, Litonotus
Lecane, Rotaria, Arcella, Vorticella, Centropyxis,
8 | ©@| O . . cete by e o O
Litonotus, Polysis, BoDo, Epistylis, ToKopHrya
Vorticella, BlepHarisma, BoDo, Rotaria, nematoda,
9 | @ | O . P . . ®|o|o
Centropyxis, AsPidisca, Litonotus, Polysis, CoPePoda
Centropyxis, BlepHarisma, Rotaria, Arcella,
10 © O L . i [ AN BN
Aspidisca, Litonotus, BoDo, Polysis, nematoda
Centropyxis, Rotaria, Vorticella, Lecane, BlepHarisma,
1A © O . L ©|0|0
BoDo, Litonotus, Aspidisca, CoPePoda, nematoda
Centropyxis, BlepHarisma, Arcella, Polysis,
2 @ O byx18, Siepnar isma, Y ©|oe|o
Litonotus, Aspidisca, BoDo
Table 871 20| ZJ|X2 £=20| 33C 0|&9 XIDAENII &= 682 1
2 BHAN SHEO2 ZAsle 85582 40| 2YsIAD, 2855 4i
2 M &8 Z= HI£0] 37%2 L3S0l ek MLVSSZ2l HE=0| 61.5%2 %
H UEGCH. S0IE AN Qs 0IM=2"e JIM=NMeE &8 &£8ote &
N2 HAIGIFCH, =& 0|2 HM=2 ZAl= 10 JHAl Ol&H, © HEA

= 510 JHHl OIth, O HEAl= 5 JHAl Olat

- 113 -

LHEHH ACH.



Table 88. Conversion rate of MLVSS

Month

oy o345 6 78 9 10|11 12 |Ave.
| tems
(mMgL/Sﬁ) 6968 | 7860 | 7798 | 8519 7627 | 7473 | 6754 | 7239 | 7606 | 7451 | 7792 | 8329 | 7618

(V) 8320|6455 6007 | 6675 5773 | 5552 | 5174 | 5038 | 5828 | 5699 | 5740 | 6838 | 5925

Conversion | g 70|82. 12|77.03| 78.36| 75.69|74.30| 76.61|69.60| 76.62 | 76.48|73.67| 82.10 77.77

100%
909
e
[
2 8%
)
>
C
o
(&]
0 70%
2]
>
-
=
60%
500” T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12
Time (month)
Fig. 24. Conversion rate of MLVSS.
JIdH s 2ol Al 4% = MSS & 80~90%)F =AMl MLVSSE &N &

FW 0

& OF M USLE Table 88, Fig. 242 201 & H=2 HIIZIIX
2l Al MLVSS M E&E2 77.77%2 A Tl UCEH.

Z2EH2Z 1kg2 BODES 0.696kg0l =J|X0 &=ots M, HHEHE
=Xl =2 VSSZE HE0| ZIRUCH.
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0,5kg.BOD/kg.MLSSOIA D0O= &
At

Nk
=T

T-P2l MAHEE2 0.15~0.20kg T-P/kg. MLSSZ MIAIZI0f RUCE.
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S
JH
S
A
=
0B

g oMl HAHEE 0.8904kg.BOD/kg.MLVSS OILE 1X+ =D
TUHA MHSEHES HREQ 99.71%F MAHZUCH. 42RH 98 NHX 694

B =2 Sotot AL
SItAt=E of&J12 ZFJ|Ix =25l 28 EHESoI Ba 2.27ke.
BOD/m .dayC 2 B EXSFot2CH 1.38H1 SIHELZMN OlM=2 HFE <I&
S2E JIERYW D20 28t DIMSHME 2450 28 Z2DH0IC.
1NFol 2HXIAQ 6HE 2t BID & HMHEEZ @ HZHMIAE 99.90%=2C
=2 99.95%=2 ZALEIACH

=3ot E87 BD EXFoHIL 3.06
kg.BOD/m .day2 &&GHRAS M =ZJIE =2 24~33C, F/MHl= 0.08~0.13
kg.BOD/kg. MLVSS, D0 =s&= 0.1~0.3 mg/ £, BOD:N:P=100:2.51:0.412 2&
ZA0A ZHAEOI UALCE.

I
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o
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o
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BOD (Kg.BOD/Kg.MLVSS)
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1 aerator 2 aerator 3 aeratq

Fig. 25. Absorption rate of BOD.
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BOD 2&°9 = S=2 68 0| 1.1741kg.BOD/ ' .dayE2 M =N St
ol 108 =92l 0.6161kg.BOD/ " .dayE2CH 1.91Hi0F =l LIEIL Ho=2 £ 0
FAINE s =25 0|M22 st SAES0| 0IFHAe HE &
2= QOMH, HEXEEB2ES Seldoz 22 oA 0Fo|ATE Matet=s I
SCH 50% Olah &icte ALY StA SHS| 80| JIs&2 & It UTH
Table 89. Amount of BOD absorption.

Organism ) Absorption rate
amount Absorption amount (kg.BOD) (kg.BOD/kg.MLVSS)

VAT

(kg.MLVSS)| 1 Aer. |2 Aer. |3 Aer.| Total |1 Aer. |2 Aer. |3 Aer.|Total

1 22439.6 |21634.0| 104.84 | 21.80 |21760.6| 0.9640 | 0.0047 | 0.0010 |0.9697

2 23547.3 |18676.4| 28.67 | 5.93 | 18711 | 0.7931 | 0.0012 | 0.0003 |0.7946

3 22685.7 |16503.2| 37.99 | 7.90 |16549.1| 0.7275| 0.0017 | 0.0003 |0.7295

4 20578.1 |28577.3| 11.88 | 2.97 |28592.2| 0.9662 | 0.0004 | 0.0001 |0.9667

5 43995.6 |47750.8| 24.56 | 4.91 |47780.3| 1.0853 | 0.0006 | 0.0001 |1.0860

6 36467.4 |42812.8| 13.99 | 2.66 |42829.4| 1.1741 | 0.0004 | 0.0000 |1.1745

7 37848.5 |39103.7| 25.11 | 5.20 |39134.0| 1.0332 | 0.0007 | 0.0001 |1.0340

8 20961.3 |28857.3| 22.69 | 4.71 |28884.7| 0.9631 | 0.0008 | 0.0002 |0.9641

9 26543.1 |24840.4| 11.67 | 10.88 |24863.0| 0.9359 | 0.0004 | 0.0004 |0.9367

10 20051.4 |12352.3| 5.57 1.19 112359.0| 0.6161 | 0.0003 | 0.0000 [0.6164
11 21740.3 |14090.3| 8.10 1.63 |14100.0| 0.6482 | 0.0004 | 0.0000 |0.6486
12 19897.4 |15192.5| 6.95 1.45 115200.9| 0.7636 | 0.0003 | 0.0001 |0.7640
Ave. 25891.0| 0.8893 | 0.0009 | 0.0002 |0.8904
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2. SS g
Table 90, Fig. 261 &0l 1Xt Mel==0 103mg/ £ 2 EIIZII=U S

E SS= HIIZIIEZ0AM 0.0305kg.SS/kg.MLVSS H<flz MXE=0l & =

11.3mg/ £ 2 &2 LFREAULCE.

X ZINEUME S&HSS 0.0249kg.SS/kg.MLVSSZ MMl S22l 81.6

0, 2x% ZIIZ0HM= 0.0039kg.SS/kg.MLVSSOt SHEUH SHE=2
7

A
12.79%01 ALCt.

JZ*-'
§
o

3xt =IJIZ0 M= 0.0017kg.SS/kg.MLVSSOt & S7%JF S EIULCH
SS9 =J| E&HE0l ¥2 N2 183 M2 ZHUAM 1.34kg.BOD/m . day
= Ad=cfXlel SS EXE0 &2t A 5,6,78 342
2.67kg.BOD/ M . day2l 1)
St ZH0ICtH.
HIIZI|IX0AM BOD M2lg2 =U2Lt SS MelE&2 89.03% & %A LiEt
StCE.

0.030

0.025 ¢

0.020 A

0.015 A

0.010 A

SS (Kg.SS/Kg.MLVSS)

0.005 A

0.000 T
1 aerator 2 aerator 3 aerator

Fig. 26. Absorption rate of SS.
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X
H=Jl2 720 Ot 2dsdXl Flocel ZEHE2 SS & SHEAE &

ZotHl HELh.

A

Table 90. Amount of SS absorption

Organism | Absorption amount(kg.SS) {ﬁg*gg?kg&hﬂ;gg%

amount
(kg.MLVSS)| 1 per. |2 Aer. 3 Aer. Total |1 Aer. |2 Aer.|3 Aer.| Total

HL

Jn

1 22439.6 | 189.95 |394.44| 171.27 | 755.66 | 0.0085 | 0.0176 | 0.0076 | 0.0377

2 23547.3 | 352.57 | 57.33 | 25.04 | 434.94 | 0.0150 | 0.0024 | 0.0011 | 0.0185

3 22685.7 | 169.93 | 50.93 | 21.90 | 242.76 | 0.0075 | 0.0022 | 0.0010 | 0.0107

4 20578.1 | 750.42 | 49.5 | 20.79 | 820.71 | 0.0254 | 0.0017 | 0.0007 | 0.0278

5 43995.6 | 995.91 | 179.28| 77.36 |1252.55| 0.0226 | 0.0041 | 0.0018 | 0.0285

6 36467.4 | 626.04 | 231.77| 101.23 | 959.04 | 0.0172 | 0.0063 | 0.0028 | 0.0263

7 37848.5 |1402.31| 111.41| 49.02 |1562.74| 0.0371 | 0.0029 | 0.0013 | 0.0413

8 29961.3 |1270.97| 85.70 | 38.62 |1395.29| 0.0424 | 0.0029 | 0.0013 | 0.0466

9 26543.1 | 896.63 | 40.02 | 17.88 | 954.53 | 0.0338 | 0.0015 | 0.0007 | 0.0360

10 20051.4 | 846.63 | 33.17 | 14.60 | 894.40 | 0.0422 | 0.0017 | 0.0007 | 0.0446

11 21740.3 | 504.91 | 28.81 | 12.50 | 546.22 | 0.0232 | 0.0013 | 0.0006 | 0.0251

12 19897.4 | 466.68 | 48.63 | 21.47 | 536.78 | 0.0235 | 0.0024 | 0.0011 | 0.0270

Ave. 0.0249 | 0.0039 | 0.0017 | 0.0305
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3. NH EH

Table 91, Fig. 27 It 20l & H=0 |R== N-HS Z=4 N-H2 11X
ot Raxel Al RS A ZHXe SASd N-H2 5.57mg/ £ 2 s&=2
&S0t EJIZIIX0 =0l & C.

SA2 AH=+& SA=2E NH s Eads20 3.608f =10 =
HZ ststEXeldt 20l OIFHAIX £0tA 30.4mg/ £ 2l D=2 S ot
O H=XMcl0l Fets = 2HZ BD & HMels=2 DXMAsEL 22
99.85%2 ZALEIRUCE.

X FIJIx20 S N-H2 99.99%JF MAZYLD 23X ZIIXZ0NM=
0.01% B2 01g HMHIF OIFHRTH

N-He| MHMSEE=2 0.0012kg.N-H/kg.MLVSS Ol & HI=+Xc2l SZ0NAM =
CH 0.0062kg.N-H/kg.MLVSS O M4=stE X cl0l 2o XIHZ ALt

N-Hel ReSIte 2d=dXl NEZW &AB5 Nollet OI=aiol 2st g

[wm]

=
= S0t2 ALRIF HE22 11X stetx el Al 28t MHIH 2 L06tHC0.

0.0030

0.0025 A

0.0020 A

0.0015 A

0.0010 A

N-H (Kg.N-H/Kg.MLVSS)

0.0005 A

0.0000 @
1 aerator 2 aerator 3 aerator

Fig. 27. Absorption rate of N-H.
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O0IA3E NMZESEOA N-He 2dzz2 SE)| MS22 FALSE0

22 oIk & HSa Mt Al BSIIGHH oStEDJ| MSQ! BarME Mek Al
ZAots S0l /JD N-HS BZMAS2 88.15% OICH.

Table 91. Amount of N-H absorption

Organism | Absorption amount(kg.N-H) (ﬁgéﬁiﬁ}égﬁM[$§§)

amount
(kg.MLVSS)| 1 Aer. |2 Aer. |3 Aer.|Total |1 Aer. |2 Aer.|3 Aer.| Total

VAT

1 22439.6 | 32.59 | 7.06 4.57 | 44.22| 0.0015 | 0.0003 | 0.0002 | 0.0020

2 23547.3 | 58.92 | 4.48 2.90 |66.30| 0.0025 | 0.0002 | 0.0001 | 0.0028

3 22685.7 | 135.85| 3.24 2.09 |141.18| 0.0060 | 0.0001 | 0.0001 | 0.0062

4 205781 124.44 | 3.07 1.88 [129.39| 0.0042 | 0.0001 | 0.0001 | 0.0044

5 43995.6 0.61 0.86 0.61 | 2.08 | 0.0000 | 0.0000 | 0.0000 | 0.0000

6 36467 .4 2.66 1.20 0.93 | 4.79 | 0.0001 | 0.0000 | 0.0000 | 0.0001

7 37848.5 5.94 4.01 1.63 | 11.58 | 0.0002 | 0.0001 | 0.0000 | 0.0003

8 29961.3 1.81 0.60 0.24 | 2.65 | 0.0000 | 0.0000 | 0.0000 | 0.0000

9 26543 .1 0.43 0.17 0.09 | 0.69 | 0.0000 | 0.0000 | 0.0000 | 0.0000

10 20051.4 0 0 0 0 ]0.0000 | 0.0000 | 0.0000 | 0.0000

11 21740.3 0.22 0 0.05 | 0.27 | 0.0000 | 0.0000 | 0.0000 | 0.0000

12 19897 .4 1.71 0.25 0.19 | 2.15 | 0.0000 | 0.0000 | 0.0000 | 0.0000

Ave. 0.0012 | 0.0000 | 0.0000 | 0.0012
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4. T-N =30
21X OISOl HESAN 0|ZE s T-NS SEX2l = 19.9m0/ 4
o =EI} G=h 0ls ONHIS 2EOZ MRSA
S22 47.77mg/ L BAE EIIGHM C/NHIE 342 =
Table 92, Fig. 281t &0 &HEJIIZIJIX & 3T MAS=HEH=2 0.0205
kg.T-N/kg.MLVSS OI04, 11Xt ZIJIZUAME MIUES=HS 0.0195kg.T-N/Kg,
MLVSSZ M A2l 95.13%)F S=EIUCH. 0.08~0.8kg.BOD/kg.MLVSS =24 0IAM H
A T-N 2 22 0.02~0.0601AUCH Y 2% ZIIZNME 3.41%0F, 3xt

A
S

ok
>

a

Tl =
JIZ0= 1.46%t SZEI/ULCEH. TN S&H=0| 93.38%=2 A TUE FRIIZE 2
O &2 A2 ot&EII0 =201 3t &=+ TN MA=0| Hotaoe =2+
ot 7,8,982 32t T-NS & &HItst S&0ILt.
0.030
0.025 A
0
2 0.020
-
=
2
> 0.015
=
)]
X
; 0.010 -
=
0.005 -
0.000 . —
1 aerator 2 aerator 3 aerator

Fig. 28. Absorption rate of T-N.
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T-NS Xclotdl &t

T-N HHEZ SIhAS BOD
XIIZI| K TN A

+200 w2

122 T-N

Table 92. Amount of T-N absorption

o . Absorption amount Absorption rate
= | Organism (kg.T-N) (kg.T-N/kg.MLVSS)
amount
5 |(ka.MLVSS)| 1 aer. |2 per. |3 Aer. | Total | 1Aer. |2 Aer. |3 Aer. | Total
1 22439.6 | 706.98 | 0.93 0.88 |708.79 | 0.0315| 0.0000 | 0.0000 | 0.0315
2 23547.3 | 649.18 | 3.30 2.90 |655.38|0.0276 | 0.0001 | 0.0001 | 0.0278
3 22685.7 | 270.84 | 2.33 2.05 |275.22|0.0119 | 0.0001 | 0.0001 | 0.0121
4 29578.1 | 612.02 | 1.78 1.58 |615.38 | 0.0207 | 0.0001 | 0.0000 | 0.0208
5 43995.6 | 844.00 | 4.18 3.68 |851.86|0.0192 | 0.0001 | 0.0001 | 0.0194
6 36467.4 | 829.57 | 7.73 6.79 | 844.09 | 0.0227 | 0.0002 | 0.0002 | 0.0231
7 37848.5 | 957.41 | 51.54 | 44.57 |1053.52| 0.0253 | 0.0014 | 0.0011 | 0.0278
8 29961.3 | 490.40 | 136.39 | 117.08 | 743.61 | 0.0164 | 0.0046 | 0.0004 | 0.0214
9 26543.1 | 524.95 | 21.63 | 18.64 | 565.22 | 0.0198 | 0.0008 | 0.0007 | 0.0213
10 20051.4 | 319.87 | 20.17 | 17.38 | 357.42 | 0.0160 | 0.0010 | 0.0008 | 0.0178
i 21740.3 | 236.37 | 2.94 2.50 |241.81|0.0109 | 0.0001 | 0.0001 | 0.0111
12 19897.4 | 249.51| 3.66 3.16 1 256.33 | 0.0125 | 0.0002 | 0.0002 | 0.0129
Ave. 0.0195 | 0.0007 | 0.0003 | 0.0205
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5. T-p &=%

Table 93, Fig. 299t 20| T-P= Siat= 2l Al 2.61 mg/ﬁi 2A5122

.12mg/ £ 2 PE D5t BOD:PE 100:0.512 XX SQI5tAUCH

=X M BHOA O =XOIMB0 Ot T-PO MY ERAS 0.0044
kg.T-P/Kg.MLVSSOIDY 1Rt ZJ|Z0ACl M S=2S 99.99%0IACH. HIAIE
T-PO| E=3t2 0.015~0.020 0| ACH.*

S T-Pol HREE 1X ZIIXR0AM MAS0 Tt 2,3% ZI1Z0 2l
T-PHIHS RIIMBSIE 26| 01018 £=0ICH. T-PS MAES =

Xl %S FIZIZHNAS BOD:P=100:0.74 0I5t

P ®MEtoten, T-P HRHHSS 98.94% OIQALH.

H

Table 93. Amount of T-P absorption

Absorption rate

Organism | Absorption amount (kg.T-P) (Kg. T-P/kg . MLVSS)
amount

(kg.MLVSS)| 1 Aer. |2 Aer. |3 Aer.|Total | 1 Aer. 2 Aer. |3 Aer.| Total
1 22439.6 | 133.80 | 0.62 0.31 |134.73| 0.0059 | 0.0000 | 0.0000 | 0.0059
2 23547.3 93.91 | 0.59 0.31 | 94.81 | 0.0040 | 0.0000 | 0.0000 | 0.0040
3 22685.7 63.21 | 0.10 0.19 | 635.0 | 0.0028 | 0.0000 | 0.0000 | 0.0028
4 29578 .1 106.36 | 0.29 0.15 |106.80| 0.0036 | 0.0000 | 0.0000 | 0.0036
5 43995.6 | 131.68 | 1.94 1.02 |134.64| 0.0031 | 0.0000 | 0.0000 | 0.0031
6 36467.4 | 134.95| 1.18 0.63 |136.76| 0.0038 | 0.0000 | 0.0000 | 0.0038
7 37848.5 | 181.19 | 1.40 0.72 |183.31|0.0048 | 0.0000 | 0.0000 | 0.0048
8 29961.3 | 169.31 | 1.05 0.55 |170.91| 0.0057 | 0.0000 | 0.0000 | 0.0057
9 26543 .1 103.18 | 0.91 0.48 |104.57|0.0039 | 0.0000 | 0.0000 | 0.0039
10 20051.4 | 88.96 | 0.36 0.19 | 89.51 | 0.0045 | 0.0000 | 0.0000 | 0.0045
i 21740.3 9.9 | 1.17 0.61 | 98.74 | 0.0045 | 0.0000 | 0.0000 | 0.0045
12 19897.4 | 110.08 | 0.58 0.30 |110.96| 0.0056 | 0.0000 | 0.0000 | 0.0056
Ave. 0.0044 | 0.0000 | 0.0000 | 0.0044

- 124 -



T-P (Kg.T-P/kg.MLVSS)

0.005

0.004

0.003

0.002

0.001

0.000

1 aerator

2 aerator

L J
3 aerator

Fig. 29. Absorption rate of T-P.

- 125 —




0l

= 36,37)

F

H

.I
XA HERH IOl A= =HHICI OO

X110

i0J

_.ﬂ

—_

=

0l
o0
X0

-~ o
Kl
Uil
X0
o

22 LI0F,

H& <l 0

0l

RF
or

D
180

ol
Ul

i0J
]
&M

ol
™
0l
oll

oI
Ulo

.

n0
I
0}
<

uA

-

nO

ofr

H0
Uk

101 22,

oiti=o0l 2

=
ol

I[N
RF

H CHOI

0l

| MAE=2 ZI1840 2

tCE.
9]

=
Z

L

o
=2

b

ol
KiJ

il
KM
o

i0J

00

oI
ulo

_

mi
X0
ol

fill

10

Ju
1)

o

ol
Kl
O
RF
or

0l

=
(]

R0

i0J

0

]
|l
00

il
)]

KD
Kr

S|

Z0A2

L

Al
X

H

Bl
110y
<J

P

ol
=l
O
s
ol

i0J

010

_.ﬂ

ior
Uil

20

M=

d8HE & H=+E XM2Io

A

OOl

Table 271 20l

I+

Ul
)
oll
0l
=

Hl

0

o

oll
ul

i
Ul
)

oll
il

TdEL

=

[EJF 157 .3ppb &

O
LIOHDE 128ppb, A Y@IUHAME ZZ2LI0H} 52pph 2

tid= OtMEZO

ax

H=+&

2|

=

o

Ll

Kl
]

KR
ol

0

[0S
Ju

lo

K0

J

)

R
il
O

20
ok

Y
Ok

JI1ZD1 =0

-

KO

0l
Rr
Ko
K

T

[N

ol
RO
[0

-

Al

0L
Rl
O

KR
ol

OIF0 XD RUACEH.

7S]

<N
ar

1

oHE 3MEONH EXED

K21 Ofl

Xel

Xl 8 E0l

— 126 —

H==xcel &0l A



aste = As E2 S0 =0

MEStH SHUYH2 ELFY0 2t ELEHEOIU d=dX22 =
gild=S 0180ot0 XMl += UL Bio-filterOl 2FHKMAHSO0l <=8 0Ol
H=S Yot 2 FE MHote &2-0l 0I=E L.

Fig.30t 20l &M= H=X0lA 157.3ppbE HB== OtNEZOGIEE 3t
StHXel = 015" AF HIANA 37.6pphE HASOCEMN STFH0 28
HMAHE0| 76.10%8 S & = UL

st SERHU st EXGUZ Z20I2L0I61E= 74.29%, iso 2
2= 100%2 EFHES 2/JA2H AEOIEEZ 60.23%7F EH T AUTH

AF Yds 23st SIIEYHEM S2LI0RE Eetea, NREZOGIE
b SJtotdd 012 st

= 2 SO @ XMotAH Sttt &3t
=4, NRPEL0olET SIoHACH, ZTZ20=2200lEet AROldE Za
ot= 2t SEEAL

A3 g39 Rl AF2 FAX 2 LU} &8 E=0t0 X0
AMNSECZ grEct=0l, XNE0l2 dASoiet EHE0 2 EFs0 2
of X0l MsEUA A= 220 2ol ZXZX E=C

SEXEXO ¢FH AFFs FIBIX0N REHE = MVSS skE=2

5025mg/ £ OI04, &H=EH0l 10444.9kg?! Ed=ciXl NMEN S50 NHis=
= 67.97%t KA UL

HNAHE NH=E MESAS ?let N 8322 0I20] S22ZM FJ|Xx2 &
2 SFgHl= BOD:N=100:2.42 HAUA H==Xc2lIot JtsotALH
NBAHACNA ZEE SHE2 SB20ta =HO skl =8 A0AM
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Table 94, Fig.

130,586 tonOICt.
AL Ol A

=ge ==H=

Ol 6~82 HOHOI 28t =KUY 0.77%2

=47

31 20l &

= SHH =

H= XM2SE0H =2

Table 94. Circulating water input and output

o 42l

P Sl 97.92%¢!
1,010 tonOICk.

Ot

=t
S

127,871

Classification

Input waste water

Classification

Output waste

(ton/year) water (ton/year)
Input waste water 127,871 Output waste water 111,055
Wastewater .
generation 1,705 Evaporation loss 18,466
Precipitation Moisture
input 1,010 rate of cake 1,065
Total 130,586

I waste water generation:97.92
[ precipitation supply: 0.7700
[ waste wate rproduction : 1.3100

Fig. 31.
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5
Fig. 322 20| H=X2ISE0 =& = = == H=tiE7488l= O
=2

=0l 85.04%2! 111,055 tonOl12, &EIIZI|XZ0M EZ0t It

U

Jlet =2, UII, Jlax2d SOl et ol 822 s2EHe &
14.14%21 18,466 tonOIALH. =HXAAUL=Z HIEEH= S=+=E2 0.82%2
1,065 ton2l ===XJt #E=CC

I waste water discharge:85.04
[0 sludge cake moisture content: 0.82
[ evaporation loss : 14.14

Fig. 32. Composition of out waster water.
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dEst Xl X2

N2

i

0

cC
I

RO
K+

0l
s

KU

=

=)
Table 952+ 2 0I 2008.6~12& NtAl 7IHE 2t

99.86%= JH&

o

[—

K

ol
0
o
=

o

<

Ki
Kl
RO

00

i0J
=)
&0

EN

(0]
[y

J|&e2 92.86,m°/min

A
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o
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AP O
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Table 95. Water loss due to evaporation
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Table 97. Treatment efficiency of air oxidation

N-H (mg/ £) T-N (mg/ £ ) T-P (mg/ £ )
[nput |Output Trera;tmeent [nput |Output Trera;tmeent [nput |Output Trera;tmeent
water | water . water | water 7 water | water 7
(%) (%) (%)
0.66 | 0.52 21.2 4.48 | 3.35 25.2 0.144 | 0.086 40.3
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an Femowal efficiency L 4o
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..l.:- (0]
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Fig. 33. Treatment rate of air oxidation.

o, B= Matxel'”

ZIZIIXZ0UAN D=2l = BIEZ=s R&+°2 BIOsZ= 4.5mg/ ¢,

[ g E

COD= 15.8mg/ £, SS= 11.3mg/ £, N-H= 0.66mg/ £, T-N= 4.48mg/ £, T-P
= 0.144mg/ £ 2 EZgts 2011 A2t SEIIY SHEIIe HMel&E0l
SetEottt

SIS &2l BOD2F COD, SS s&= WRAHQ g3l 2HQ 3ng/ L S
ZTitotd UM, T-N, T-P s&EE ot FH A0 Jl0ol= 2801282 F
Aol Sl 2QSHCH, 2007, 1~120HKl 2%t HM2l$2 350m° 229 s
OIMEEEL0 RLotH 2X M=HelE & = HelassS 4o}t
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Fig. 34%t 20l HBCX0le 2cIgatblEels Al EUHMEAZ Bh= i
Ol = 15cm 2HH2Z 8,900mE S&Iot] &S &[22 &b

5%01 Ball Diffuser 44002 & X 5tCH”.

Fig. 34. HBC Bio-ring.

Table 98, 99%t &0l HBCXS EZ+=22 22.9COIU2H, D0 sk=
4.6mg/ £ 0l ESHO| MLSS s&= 2245mg/ £ 2 222 2HE UL

EX= Hole 2o AE2 30mm0lH 2d=d Xl 0I8=0l =555 2L
82 zAZ 35m WA S422 AFEC. ZIIX0 BsH=E &A=
BHOl2 0l 2a& 2EH2 SJ|d20H 8L FII=201 Soh=H WP
tiAe gJld=20l 2o 2Xt 2ot OIF &L,

HBCZX= HHS SJ/d 20l 2AdHA CO2+ H0 AIIH R gJI
g HE0lA o= Xot 2HEE CHy, HS, NHiS2 HAE LEE2ZM
g1, 2| &3S0l 2 Jd=SHES SAN 4350 SAN ddEHE

d2E 0l=otl UL
Fig. 352 &0l HBCXZOIAM HMHE BOD sT=
1.7mg/ £ 2 KRN 45.2%2 MelES 2/ SS
Gt 9.9mg/ £ 2 SEE0UA 33.1%2 XM2lES 2L
BOD XMcl=0l dloh SS M2IE0l ¥=2 A2 Hi0l2 il AL UEHA
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Table 98. Contact oxidation treatment

ass. Mater | oo LSS BOD (mg/ 2 ) SS (mg/ £ )
mont tfﬂgﬁ' (mg/ £)|(mg/ 4 )| Input|Output Treatmgnt Input |Output Treatmsnt
water | water | rate(%) |water| water | rate(%)
1 15.8| 8.8 1990 | 1.0 | 0.8 4.6 | 11.1
2 | 18.0| 6.0 | 2667 | 1.9 | 0.5 12.0] 7.0
3 | 19.0] 2.4 | 2789 | 2.8 | 0.5 12.3] 19.0
4 1229 1.5 | 2866 | 3.3 | 0.8 21.3| 29.7
5 1258 0.9 | 2583 | 3.2 | 1.6 31.4] 6.2
6 | 28.8| 4.2 | 2369 | 3.5 | 1.5 15.4] 5.3
7 130.9| 5.2 1703 | 6.1 | 5.5 10.8] 11.4
8 |3.6| 3.7 | 2140 | 2.0 | 1.7 4.0 3.8
9 |27.3| 3.2 1950 | 0.9 ] 0.8 7.8 7.0
10 | 21.4| 4.7 1875 | 1.3 | 1.2 3.3 | 1.7
" | 17.1] 6.0 | 2070 | 7.7 | 3.8 34.0] 12.0
12 115.2] 7.0 1940 | 3.0 | 1.2 20.2| 4.8
Average| 22.9 | 4.6 | 2245 | 3.1 | 1.7 45.2 114.8| 9.9 33.1

Table 99. Contact oxidation treatment

N-H (mg/ £ ) T-N (mg/ £ ) T-P (mg/ £ )
Input | Output Tre?;Tgnt [nput | Output Tre?;Tgnt [nput | Output Trﬁi*ﬂfnt
water | water (%) water | water (%) water | water (%)

0.65 | 0.56 13.8 2.58 | 1.29 5.0 |0.208| 0.122 | 59.1
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Fig. 35. HBC Treatment rate.
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Table 100. Co—precipitation treatment concentration after adding

200 mg/ £ PAC

Class. Input water (mg/ £ ,COD) Output water (mg/ £ ,COD)
Days Aer;tor Aergtor Aergtor Average Aer;tor Aergtor Aergtor Average
4/21 88 68 46 67.3 30 30 11.3 23.8
4/28 27 18 16.7 | 20.6 16.7 12 12 13.6
5/2 45.3 22.7 16.7 | 28.2 | 31.3 14.7 12.7 19.6
5/13 10 8.7 8.0 5.9 5.3 5.3 4.7 5.1
5/15 32.0 8.8 6.4 15.7 18.4 6.8 5.6 10.3
5/20 15.2 10.0 8.4 11.2 12.0 8.0 6.8 8.9
5/22 29.3 8.0 8.0 15.1 16.8 6.4 3.2 8.8
5/24 33.3 14.4 12.4 | 20.0 19.6 13.2 11.2 14.7
5/27 16.7 10.8 9.2 12.2 9.6 7.6 6.4 7.9
5/30 24.0 12.0 10.4 | 15.5 15.2 8.8 8.0 10.7
6/4 8.8 8.4 6.4 7.9 4.0 4.0 4.0 4.0
6/6 10.8 9.6 6.8 9.1 6.9 4.6 4.0 5.2
6/7 8.3 7.4 7.1 7.6 5.4 5.1 4.6 5.0
6/10 11.0 8.0 7.5 8.8 5.8 4.8 4.8 5.1
6/12 11.8 7.3 6.8 8.6 8.8 6.8 5.3 7.0
6/13 12.8 6.8 6.0 8.5 6.0 4.3 3.8 4.7
6/16 10.0 8.5 6.3 8.3 6.0 4.0 3.5 4.5
6/20 18.5 9.8 7.5 11.9 11.0 5.3 4.0 6.8
6/24 11.0 8.8 7.0 8.9 4.8 4.5 4.3 4.5
6/26 14.3 9.0 6.3 9.9 8.5 4.3 3.8 5.5
average | 21.9 13.3 10.5 15.2 12.1 8.0 6.2 8.8
Treatnent 44.7 | 39.8 | 41.0 | 41.8
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Table 101. Co—precipitation treatment concentration after adding
200mg/ £ PAC

lass. Input water (mg/ £ ,SS) Output water (mg/ £ ,SS)
bays Aer;tor Aergtor Aergtor Average Aer;tor Aergtor Aergtor Average
4/21 22 3 3 9.3 16 0 0 5.3
4/28 13 9 6 9.3 7 3 1 3.7
5/2 27 6 1 11.3 10 0 0 3.3
5/13 4 3 3 3.3 2 1 0 1
5/15 24 9 4 12.3 10 2 1 4.3
5/20 6 1 0 2.3 0 0 0 0
5/22 13 5 0 6.0 3 0 0 1.0
5/24 18 2 2 7.3 0 0 0 0
5/27 7 2 0 3 0 0 0 0
5/30 12 8 3 7.7 4 4 2 3.3
6/4 6 3 3 4 0 0 0 0
6/6 5 5 4 4.7 1 0 0 0.3
6/7 5 4 4 4.3 0 0 0 0
6/10 11 8 7 8.7 2 2 1 1.7
6/12 7 5 5 5.7 4 4 2 3.3
6/13 13 5 4 7.3 2 1 0 1
6/16 17 14 10 13.7 6 3 2 3.7
6/20 33 29 17 26 7 4 2 4.3
6/24 6 6 5 5.7 2 0 0 0.7
6/26 6 5 3 4.7 1 1 0 0.7
average | 12.8 | 6.6 4.2 7.9 3.9 1.3 0.6 1.9
Treatnen! 69.5 | 80.3 | 85.7 | 75.9
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Table 102, 1032+ &0l 11% PAC 100mg/ £ ZIt Al EJIZJIX &AM COD
XMele2 35.6%010 ZJ|/X8 XMilEe 1A ZI|XIE 36.8%, 2k ZI[X0t
40.0%, 33X+ ZIIZIt 29.4% OIULH.

Table 102. Co—precipitation treatment concentration after adding

100mg/ £ PAC
lass. Input water (mg/ £ ,COD) Output water (mg/ £ ,COD)
Days | 2 3 laverage|,. ] 2 3 Average

Aerator |Aerator |Aerator Aerator |Aerator | Aerator
6/4 8.8 8.4 6.4 7.9 4.4 4.4 4.4 4.4
6/6 10.8 9.6 6.8 9.1 7.1 5.1 4.9 5.7
6/7 8.3 7.4 7.1 7.6 6.0 5.4 5.1 5.5
6/10 11.0 8.0 7.5 8.8 7.0 5.5 5.3 5.9
6/13 12.8 6.8 6.0 8.5 8.3 4.8 4.5 5.9
6/16 10.0 8.5 6.3 8.3 6.5 5.3 4.8 5.5
6/20 18.5 9.8 7.5 11.9 12.5 5.5 5.0 7.7
6/24 11.0 8.8 7.0 8.9 5.3 4.8 4.5 4.9
6/26 14.3 9.0 6.3 9.9 9.3 5.3 4.3 6.3
Average | 11.7 8.5 6.8 9.0 7.4 5.1 4.8 5.8

Treatnent 3.8 | 40.0 | 29.4 | 35.6

SSol MM XelEE 58.0%0104 1Xt ZIJ|ZJF 49.6%, 2XH ZI|XEIJF 61.4%, 3
X ZIJ1ZR0E 66.7% 2AM  PAC 200mg/ £ &It Al ECH M2l&801 EUALH

ol et & mH=2 SEXMelE M= 11% PAC 200mg/ £ 21 &It g8t0l
FRALCE.

fol
ol

o
TT
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Table 103. Co—precipitation treatment concentration after adding
100mg/ £ PAC

Class. Input water (mg/ £ ,SS) Output water (mg/ £ ,SS)
Days Aer;tor Aergtor Aergtor Average Aer;tor Aergtor Aergtor Average
6/4 6 3 3 4 1 1 1 1
6/6 5 5 4 4.7 2 1 1 1.7
6/7 5 4 4 4.3 3 2 1 2
6/10 11 8 7 8.7 6 5 3 4.7
6/13 13 5 4 7.3 6 4 2 4.0
6/16 17 14 10 14 9 7 4 6.7
6/20 33 29 17 26 17 5 4 8.7
6/24 6 6 5 5.7 2 2 2 2
6/26 6 5 3 4.7 5 4 1 3.3
Aver age 1.3 | 8.8 6.3 8.8 5.7 3.4 2.1 3.7
Treatnent 49.6 | 61.4 | 66.7 | 58.0

Table 104. Fig. 362t 20| 2X E@&EX S0 11% PACE B 249mg/ £
Sotet = sdl 84 JHHZBNE EH PAC It 72 = SVeE 91%0 A 85%
E ZAotIl AIEGHA L, SVIE 14801lA 1242 2 A0tJ1 Al &Gt L.

PAC It 15€= Sve
o =ikl &40l &
Ch. O 210 E&X of

=
SOl 2ol A HSHH 2= EIUCE.
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Table 104. SV Improvement after adding 249mg/ £ PAC

| ater | g [1operar | 28 208 G
M- | (ng/ ¢) volume tion amount SV30 SVI
Days (C) | oad (ma/ 2 ) (mg/day)
3/26 24 0.7 0.88 245 920 91 148
3/27 24 0.7 0.92 221 1020 90 146
3/28 24 0.5 1.13 208 1080 99 147
3/29 24 0.2 1.24 226 995 92 142
3/30 24 0.8 1.05 205 1100 89 141
3/31 24 0.5 1.36 247 910 90 138
4/1 23 0.6 296 760 90 135
4/2 23 1.0 259 870 85 124
4/3 23 1.0 227 990 87 122
4/4 23 0.9 2.77 248 910 79 118
4/5 23 0.9 2.17 245 920 80 119
4/6 23 0.9 298 855 82 118
a7 23 0.8 280 805 80 121
4/8 24 0.8 269 835 80 17
4/9 24 0.9 1.50 271 830 58 87
4/10 24 1.0 2.19 243 928 56 83
Average | 23.6 0.8 249 920
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Fig. 371 20| 2x @& X S0 11% PAC 360mg/ £ £ &HItst =2 =
EHHBUE 28 PAC EIt bAIZE = HHEXS &s==It &XMotAl HEHHA
Il ANAHHRCH C0D s== 31.1%, SS sk= 79,4% &=
. 10AIE 2= =& C0D2 62.2%, =& SS2f 88.2%Jt HAE UM, 20Al
== =Y (002t SSo ZAE0l H3totAl REUCH. 25412 == | C0D
66.7%, = SS2 94.1%Jt MAEE St LBt el HEs dF:+2
| =AIE ACH
Fig. 381t &0l 11% PACE 180mg/ £ &It AlOl= &It 5AI2t =0 COD
16.7%, SS 15.8%JF HEZA2DH 10AI2H === COD 26.7%, SS 28,9%, 20Al2t
=& (0D 33.3%, SS 39.5%t MIHEALULE PAC 200mg/ £ &It Al 2C+ 1/2
B2 S HEEIUCH.

Jar-TestAl COD 44.7%, SS 75.9%= X HotI| <loi 11% PAC 200mg/ £ E &
tet 20 22X 8L |UR0 PACE 1.881 XHNE FHOotst 2< C00 HIAH

oo

10

o

S 66.7%, SS KIS0l 94.1%2 LIEH 2022 = [} Jar-Test 3t2CH &N
HE Y2, FZAHW 2As AB0| S WO BEED P HAHR

of £EWMES st H2UBHOR ZEH0 RSES Old & £ AT,
2xt FHEX =LS0 360mg/ £ 2 11% PACE &Hotg &S pH Mot gt
= ot=

0.3~0.5 20l OXIE22 484X D429
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Fig. 40. Floc before co-precipitation.

Fig. 41. Floc after co-precipitation.
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Fig. 42. Sinking tank before co—precipitation.

Fig. 43. Sinking tank after co—precipitation.
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Fig. 45. Olivine filtering media.

Fig. 46. Olivine filter.
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Table 106, Fig. 471t 20| ZEAHLII0 28t 152
asoteEll 012 ZEA
OICt. CODE 12.9%, SS= 16.

| ACEH.

pHIt 0.20

20| A4

(I

5%,

NS

“d=2Z2¢Q M0 S8 E=0i

5.4%, T-P= 7.6% 2

Table 106. Filtering efficiency of olivine

>—

i
10
0 H

MZEH Xl

| A

2
»oorir

fol

lass.

Days

Input water (mg/ £ )

Output

water (mg/ £ )

Time

pH

COD | SS | T-N

T-P

pH

CoD

SS

TN

T-P

15
min.

5/14

7.75

24.5120.4120.43

0.07

7.79

22.4

18.4

20.34

0.05

7.54

27.9140.0(22.76

0.05

7.80

25.6

34.0

22.35

0.04

1
5/15
5/17

7.70

24.2120.8(16.83

0.02

7.81

19.7

15.3

16.65

0.02

5/18

7.55

17.512.414.85

0.1

7.75

16.2

1.1

7.92

0.02

5/21

7.49

2.5 5.6 | 3.20

0.01

7.53

12.1

5.0

2.75

0.01

5/22

7.39

9.5]3.2]1.13

0.07

7.46

2.9

0.98

0.06

5/23

7.55

14.9] 4.0 | 1.01

0.15

7.62

3.8

0.98

0.08

5/25

7.00

2.9 5.2 |117.75

16.81

7.18

4.7

17.21

14.99

5/26

6.98

5.1 3.7 | 8.59

17.46

7.12

3.1

7.39

16.55

5/28

7.39

15.60

7.50

3.2

7.72

14.02

5/29

7.39

3.4| 3.4 19.72

6.63

7.46

2.7

18.74

6.07

5/30

7.31

1
1
13.7] 3.9 | 11.32
1
1

4.2 5.1125.39

3.12

7.41

4.2

25.73

2.86

5/31

6.91

11.5] 4.8 |32.16

16.64

6.89

4.1

31.37

15.38

6/1

7.04

8.4 | 3.9 |24.41

18.80

6.96

3.0

23.96

17.2

6/4

6.85

6.7 | 4.2 118.63

16.46

6.95

3.4

18.52

15.59

6/5

6.71

7.3 | 3.2 (21.79

17.24

6.71

2.6

21.47

16.34

6/7

7.43

7.2 | 3.4 123.32

4.71

7.47

2.8

23.21

4.42

6/8

7.40

19.28

12.61

7.29

18.96

11.44

6/11

7.51

8.1] 5.6 [16.01

4.26

7.36

3.4

14.48

3.90

6/12

7.39

28.01

4.94

7.28

27.36

4.91

Average

7.31

13.9| 8.5 | 17.33

7.79

7.51

16.10

7.20

15
min.

Treatment
rate (%)

2.7

5.4

7.6
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Table 107. Filtering efficiency of olivine

lass.

Days

Input water (mg/ 4 )

Output water (mg/ £ )

Time

pH

CoD

SS

pH | COD

SS

TN

T-P

30
min.

6/20

7.57

7.6

7.581 9.1

0.4

5.27

5.03

6/21

7.51

11.6

7.59110.2

4.2

4.45

9.36

6/22

7.41

7.9

6.96

7.45] 8.0

4.78

9.23

6/25

7.69

8.4

7.39

7721 8.9

6.74

9.36

6/26

7.43

7.1

6.96

7.47| 8.1

6.63

8.34

6/27

7.38

5.9

6.30

7.421 9.4

5.87

8.25

6/28

7.45

7.4

6.96

9.82

7.48| 9.7

6.08

8.45

6/29

7.37

9.78

7.45| 8.9

2.4

8.02

6/30

7.41

9.4

9.84

7.48| 8.6

2.2

6.02

8.27

average

7.47

8.4

7.521 9.0

2.0

5.77

8.26

30
min.

Treatment
rate (%)

0.7 114.3

76.2
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Table 108. Filtering efficiency of olivine

lass. Input water (mg/ 2 ) Output water (mg/ £ ) Time
Days™. PH | COD | SS | T-N | T-P | pH |coD | Ss | T-N | T-P OO
7/11 |7.61/ 7.8 |6.0/0.91]0.07|7.71| 5.0 | 1.0 | 0.45| 0
7/12 |7.78] 8.0 | 6.0 7.8114.0] 0

7/13 |7.50| 9.0 | 7.0 7.56| 5.5| 0

7/14 |7.45/ 8.4 | 8.0/5.69/0.08/7.47/ 5.0 0 |5.12] 0
7/15 |7.58| 8.8 | 6.0 7.60| 6.8 0

7/18 17.49/10.2| 6.0 | 4.24 | 0.20 |7.56| 8.6 | 0 | 3.70|0.11
7/19 17.52/10.2 11.0 7.53| 8.8 2.0

7/22 17.57]10.0 2.0 7.69/7.6| 0

7/23 17.52]10.2] 9.0 7.611 9.4/ 1.0

7/24 17.54/10.0] 9.0 7.74) 8.6 | 5.0

7/25 |7.54 14.5/15.0(24.75/ 0.11 | 7.71] 12.8] 1.0 122.82/0.06
8/5 |7.78|14.0]14.0 34.12/ 0.14 |8.21| 11.6| 5.0 |25.85| 0
8/6 |7.74|12.8/11.0/22.25 0.07 |7.95| 9.2 | 5.0 |21.71| 0
8/7 |7.72]13.2]12.0/22.97 0.05 |8.09] 8.0 | 6.0 |21.51| 0
8/8 |7.68|13.2] 5.0 22.20 0.12|7.94| 8.8 | 1.0 |15.78] 0
8/13 |7.6310.4| 8.0 |35.11/0.07 |7.90| 9.2 | 3.0 |31.15/0.01
8/14 |7.41/ 8.0 | 4.0/3.60/0.09/7.73/ 6.0 0 |2.81| 0
8/15 |7.46/ 6.0 | 7.0 0.920.067.74| 4.8 0 |0.79| 0
8/16 |7.42/ 7.6 3.0 1.07]0.05/7.69/ 4.0 0 |0.62| 0
8/18 |7.59| 7.1 8.0 8.58|0.087.81| 5.4 | 2.0 5.70|0.04
8/19 |7.60| 9.4 | 7.0 [19.39/ 0.16 | 7.65| 8.3 | 2.0 |18.12]0.10
8/21 |7.53 8.9 8.0 1.87/0.08/7.72| 6.6 | 1.0 | 1.60 0.03
8/22 |7.45 8.0 | 7.0|0.590.08|7.54| 5.7 | 0 | 0.530.06
8/26 |7.62 11.7| 7.0 |26.44] 0.09 |7.80| 10.3| 1.0 123.01/0.06
8/27 |7.67/10.6| 7.0 |27.41/0.08|7.69]10.3| 0 24.830.05
8/28 |7.64 15.4| 6.0 |32.20/ 0.08 |7.66| 12.6| 0 30.37/0.05
9/1 |7.63|21.7] 4.0 |23.64/ 0.08 |8.07 | 19.1| 0 |20.97)0.06
Average| 7.58 | 10.6 | 7.5 |11.78] 0.07 | 7.75| 8.2 | 1.3 |10.28/0.02 0
N eatnent 2.222.6/82.7|12.7 |71.4
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Table 109. Sludge Bulking control

Water Polymer added Sludge

Days temperature| SV30 SVI concentration | floating layer
() (mg/ £ ) (cm)
2006/5/25 29 98 132 150
5/30 31 99 129 140
6/1 30 99 133 230
6/2 30 99 141 117 180
6/3 30 100 141 40 150
6/4 30 100 121 99 170
6/6 31 100 128 150
6/7 31 100 134 160
6/10 31 100 127 98 180
6/11 31 100 133 45 170
6/12 31 100 140 43 150
6/13 32 100 133 48 150
6/14 32 100 133 93 160
6/15 32 100 132 170
6/16 32 100 140 40 150
6/17 32 100 143 150
6/18 32 100 133 170
6/19 32 100 134 180
6/20 32 100 133 40 170
6/21 32 100 140 150
6/23 32 100 136 150
6/24 32 100 139 40 190
6/25 32 100 132 99 170
6/26 32 100 135 44 160
6/27 32 100 135 190
6/28 32 100 145 132 220
6/29 33 100 152 125 210
6/30 33 100 143 157 230
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ﬁl A
)

Water Sludge
Days tempeorature SV30 SV Eg;ggﬁ{rg?ﬁjgg floating layer

te) (mo/ 1) (en)

7/1 33 100 145 98 210

7/2 33 100 146 36 180

7/3 33 100 145 140 200

7/4 33 100 146 195 240

7/5 34 100 143 144 220

7/6 34 100 149 122 210

7/7 34 100 144 63 180

7/8 34 100 148 102 190

7/9 34 100 141 124 200

7/10 34 100 149 37 150

7/11 34 99 155 140

7/15 34 99 135 120

26 days

Average 33.4 99.8 139 supp |l ement 175
SHED| MALSOHYl 2l & H= ZM0| =HUes A=H0AM HaexHel s
AX= S0tsot2z = EHI12F ol Hiasxdel dA4sIF 280l ek Table

1092t 20| 68 19Xz =2 X2 E4=0]D
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Fig. 49. Bulking improvement.

Fig. 500t 20l =X SE M EOt0l 28k Svet Svigt2 BatEl Xl #UA2
Lt REENAC Skl 4SS &It 263 XN2RH AFEUCH. DEXN S
M Bt 232 =2H FHXO =Xl L2 HE0l AL HE S
JI2H0l 382t ARE ez ftEseE ZIIXZ 015 Al ot&EJ] 00 =
== Fgt SIISIHE Uret R SdEALD 34To Eotes A2 &3
OIA Eotet D=2 SEHM 172 SEE0l SAZX 22 2040I0

sgset sk D=2l SEME SIIX0 A8 &It oft”d= M Sv, SvI,
HEXo BHY S0l 8dd HHEX &ZUACH
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Improvement of sludge sedimentation.
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Fig. 50.

of O o K < o ~ < (7/Bw) uonenuaduod

A0 a0 0l Loy <k .
ook et Moo L = 8§ &8 8 93
J — o) R0 X0 ou o o N N N Y
S R R . = o) : e e b
o3 ok S _ A|o ol o =
peEw ™ =T UWR,
ToE D M W o 3
5 nm W™y
2 i o — X Jjo .mo
T = c R
ST 2 283550 3
= KA = m S A g
O
o W d T om=am

00 1

3 5 ™© = o D@ NN «
DRgeo2 °© _ -3 -
B o o ==l 3 Z
~ RO M Y 3 = ~£ o 2
= ol U @ o) ) o3 ar .M m\,n\ I m
o= = o VE A D E 53 =
R O 3 R W < RO - g2 o
W Dm 5w st
R D J 2y 4 s 2.
=} K0 _H.AI o_:._ X m = mv qu Q... o

_ = = | © K T S H -
gy o ® 5 R = we “.

XS x 2R 40 .H.
<+ KT RO z0 .= ok : o]
o oo . =W
m__bﬂ&maﬂ&m@

IS 30

S oo gy 33 MU0 gy g v — _
G-I O = s s 2 s @
By oo AN RR T § & & @
0 ﬁu o g @_ Moo = 5 - Aey Bur Bpn

m oS A ! ol = 00 O (wo) safe| Buneoy)y abpn|s
=] < & o Rl &3 W o3 of




|§DH/\J §§25,49,50)

9]

J

o)

I
)
or
Rl
<+
i0J
ol

<+
=

-

00
U

B

Jl0ll= ==X ot

(HO

JIo ES01 T XIgt

ulo

}

110

-

M==20ILt 1

0l
0Kl
20

0l 4

PN

(I
0
]

St Ot

=1

H

[

=

1O 29|

}

N, PR=,

oI
IS
jild
1]

Ok
Ju

2
[=]

=
A

o=
oS=EzS

AH

Sy PNESSS!

=N
=

ZItotA L

At
S

= =0I 30% Ol

o0

0l
70
00
=
=
X0

Hel=0l SoIxUL

o

S

PN
[y

H

|22 =& =312 Jls2 SAl0

g = ®
I

o
=

gl
H

o

Al

,

¢}

teb PH X

10y

g

20

ol

KA
Hr
JJ
T
i)

ok

ol
or

i
1

=
1o

J

un

o
KF
ol

g

D

KU
<+
I

-

10

ol
lo-
ol

o0
xr
JIId

m
K
0l
<0
Bl
)
of
R
<k
i0J
o1

Rr

|2

=
0Kl
Z0

H

=d X2

X0
o

X

b

Ct.

i0J

0]

PN

ol
KK

00

1)
Ll

<

JhsotLt

3l =0|

XJle

Al

K]
olJ

ol
o

0l
<0
Bl
&M

INDS IS

[ = Ol

o)

ot

(N

otEJ|l MES2E2MN tol2: as Al

o
ju—

2
(=]

3

A

[EAR=PN

OOl

F= H=Xc2lH

0l

9]

_

Al

0l
]
o}
KU
<+

i0J
a1

X

S
oJ
of
=
O

20

— 165 —



| O

o2

=

0%
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£ o= 236t A= HII0 SeedingZ=XIE 0l aH O
Fig. 522 20l & H=Xcl Al HSE2 Ms=2XLA

A 11X ZIJI=0M EXSok 1.35kg.BOD/m .dayOl) F/MHI 0.21kg.BOD/

mMLSS & FR 18222 otEH X2IE0 FAHALUL 192 XH0l= BOD =

=38 67.0mg/ L 22 ASEAD, 20 X=

N =}
= -
IES ZUB RELS AST HALER 3= @ 4
2

@ o

Ck.

St Boskto 4.20=2
185mg/ £ Ol SEGtH HHEAEIIES =Wt ZIALCH. 212 XH= BOD = =0t
= 0l =%0l 2Ast=0A BIESEI1E=2 120mg/ £ S 3.56H

J

Table 110. Water quality deterioration in low temperatures

Class.|  yater Aerator BOD (mg/ £ )

e o (0) | VoL e ario| et | ot [ Trestney
1/5 16 1.36 0.24 3078 18.6 99.40
1/9 16 1.44 0.24 2068 8.0 99.61
1/15 16 1.34 0.19 2282 20.0 99.12
1/18 16 1.57 0.21 2068 18.2 99.12
1/23 17 1.6 | 0.15 2082 13.5 99.41
1/24 17 1.24 | 0.20 2410 67.0 97.22
1/25 17 1.74 | 0.23 2461 185.0 92.48
1/26 17 1.79 0.23 2472 419.0 83.05
1/27 17 1.45 0.18 1800 399.0 77.83
1/28 17 0.53 0.06 1212 331.0 72.69
1/29 17 1.35 0.17 1621 300.0 81.49
1/30 17 2.05 0.26 2864 175.0 93.89
1/31 17 1.27 0.10 2835 131.0 95.38
2/1 17 2.42 0.28 4074 148.0 96.37
2/3 17 0.35 0.04 1782 39.0 97 .81
2/4 17 0.85 0.12 2036 38.0 98.13
2/5 17 1.34 0.18 2673 36.0 98.65
2/8 17 1.27 0.20 2470 12.0 99.51
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Fig. 51. Concentration of water quality deterioration.

Relative removal rate (%)
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40 -

20 4

0

1/5 1/9 1/151/181/231/241/251/26 1/27 1/281/291/301/31 2/1 2/3 2/4 2/5 2/8

Time (day)

Fig. 52. Decomposition rate changes.

- 167 —




2321t RYFo2A M0l 2o = B0D s=JF 331mg/ £ 2 24
otA2Lt HHESIEI|I=E2 2.801 =8t 4E01E2 25X XIIJF QoA

Olcist &EHOI &l 8IS0l MAEX §EoH HII2H BHEJAEIIES =
o HSE=0 getHo SEXMelU S22 S0l 2loiMd=s =ZIid0l
Stsot22 2F gd=dXe 2285280 zHde Mz =L

REdEdA e SSASYAONUL &, HFYAHOIHL 2HASH
sds=dAXe BHE=sdAE AE Fots Y0l JtE *R=0t0
sdAAAE BIoE FR0es 208 HAdS S=20 E=01 Soist = FIt
otO{0F StCh

F=ZIdE P&

ot ZXIZ2 =Zs 50 2AF =HAE TSI AIZG
AUSM, Table 111, Fig. 53, 54% &0 == =243 = MSSHE2

1g.
£ S5YXH0l 128kg, G XHOI 1191kg, 72 X0 509kg, 8L XI0 1116kg S

2944kgll 2|8 SEHANE EQoded, s st 22HERot=
1.30kg,B0D/ m .day, F/MHl= 0.15kg,B0OD/m" ,MLSSZ 2 | UL,
Table 111. Active sludge seeding

Class. Days| 4031 1725 1/26| 1/28 | 1/29 | 1/30 | 1/31] 2/1 | 2/5| total

MLSS amount
(kg)

—_

3928 13527 | 13633 | 14303 | 13799 | 14116 | 14562 | 15432 | 13129 56,780

Seeding

sludge - - - 128 | 1191 ] 509 | 1116 - - 12,944
amount (kg)

Seeding _ _ _ _ _
ratio (%) 0.89 18.63| 3.61 |7.66 5.18

F/IMHl Za= 2% =X EItol 218t MLSS =& ZJtoll 28t X010 <
SEX HIIZS HIPDIZHE HIIZIX B SN2 5.18% 0IACH ™
R =N FE SZ 24Al12t 2=+ BODE= 39.0mg/ £ 2 HHEEUR2H

9BAIZt == 12mg/ L 2 ROLHAM =23t 01 Ha+=ES 2FotRUALH

\O
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Fig. 53. Concentration changes of MLSS.
15000
4 +000 *W\
i1zZ000 4
—— M LEES amounl
10000 H coiZee. ZpEdIng Sludpge
o amaounlikg)
“
E 2000 4+
=
a000 +
+«000 4
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] | | g o . .
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Time (day)
Fig. 54. Total MLSS amount and seeding living thing amount.
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E=HA &It 1€X=E B =5IF 300mg/ £ 2 2AGH/LD, 22Xt
175mg/ £ 2 Mol HEEUSH, 3L X= 13Img/ £ 2 ZAGHALH 48
XSOt 2.42% SOtet 2 =2 BOD =<Jt 148.0mg/ £ 2 ZItotA 2Lt BOD
Melge 72.69% OlA 96.37% 2 Mol HedE= ZUE 2
IEs=dA BI 8 BAIZE =2 BOD MAHE2 99.51%2 &= AEHOl

Yot Seeding JI2F Set A=l eE2 HACH

=
4
0 32
a

Fig. 55, 561t 20 MU=2ot0l 2t dSULZ2FH Al ZIx0= TUE2d R
BHAHZ 0 GHAE ZAo SHXILXIL 22E 020 HEO0l LG =
JIx Moz FROIULH. LFX0 RUM L= 29 BEE H30l &

MO EH R=+2 BD s== 100 mg/ £ € =itot= &EHDOF ST

Fig. 55. Bubble of living thing fatigue.
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Fig. 56. Deterioration of released water quality.

Fig. 57. Final sinking tank.
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H13E %E Holsg2h28%?
Table 112%2t 20| 3HAHS ZI|IXS 1X SIIZUHA | BOD2 99.71%It

FoHE D UM, 2X, 3% FI)|lE= JEREELZ BISGH280l &0 UL,
Table 1131t 201 & Hi=+=Xcl Al & SE0IA BODE 99.90%, COD= 99.55%,
SS= 99.27%, N-H= 98.95%, T-N2 93.04%, T-P= 98.72%Jt Xl = AULCt.
Table 53,55~592t 20| HIIZJIZE0 28 M=HA2 H==X SE=2
BODJ 99.84%, COD= 99.32%, SS= 89.03%,21 N-HZ 88.15%, T-N=2 93.38%,
T-P= 98.94%2 Xcles Z2RLCH.

Table 112. Post-treatment efficiency

ltems rocess Input water 1 Aerator 2 Aerator 3 Aerator
BOD(mg/ £ ) 2773 8.0 5.1 4.5
COD(mg/ £ ) 2315 28.2 17.9 15.8
S S(mg/ £) 103 27.0 16.0 11.3
-H(mg/ £ ) 5.57 1.66 1.05 0.66
-N(mg/ £ ) 67.67 6.85 4.97 4.48
T-P(mg/ £ ) 13.54 0.290 0.195 0.144

Table 113. Treatment rate of the whole process in extended aeration

toms e | wastowater | flotation tak| aorator | | rate (%
BOD(mg/ £ ) 4712 2773 4.5 99.90
COD(mg/ £ ) 3479 2315 15.8 99.55
S S(mg/ £) 1554 103 11.3 99.27
N-H(mg/ £ ) 6280 5.57 0.66 98.95
T-N(mg/ £ ) 64.37 19.9 4.48 93.04
T-P(mg/ £) 11.27 2.61 0.144 98.72
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ZJI2E MSS s&= 11X =IJIXZIJt 7,690mg/ £ 0I0H, 2X =J|lEx&

7,611mg/ £ 0112, 3X ZI|Xx= 7,551mg/ L 2 2dAolse S & ZJ|X9 M
S0 s82 A £==010. 3¢ EIJIX MHME JIsc)l st
Roots-Blower 27| &I MUCOSHN 2,98Kw/ L2 SHEH0| SIEC=2

MW H==Xc2lHE 45200 &0 UCH
JIES HIIZJIXNe ==

Fig. 58, 59% &0 1Ak ZJ|X9 RE=+

Otxel, SI1¢tetdel S 3t

2 TAIGIALE.

Table 114. Treatment rate of each tank in extended aeration

. Organic B .
rocess | Source |0issolved| aciq Co= Iolivine A-'r_ Treatme
waste flo?;{ion fermen= Aer;tor ?Eg(t::g filteri O?:Sﬁ rgie
| tems water tank t?;rllﬁn no |9 tank] oo (%)

BOD(mg/ £ )| 4712 | 3168 2773 8.0 | 2.66 | 2.06 | 1.42 | 99.97

COD(mg/ £ )| 3479 | 2640 2315 | 28.2 | 9.39 | 7.27 | 5.0 | 99.86

S(mg/ £ )| 1554 124 103 2r.0 | 1.59 | 0.28 | 0.17 | 99.99

-H(mg/ £)| 62.80 | 15.59 | 5.57 | 1.66 | 0.95 | 0.69 | 0.54 | 99.14

-N(mg/ £)| 64.37 | 28.55 | 19.9 | 6.85 | 1.65 | 1.44 | 1.08 | 98.32

-P(mg/ £) 11.27 | 3.3 2.61 1 0.290 | 0.02 | 0.006 | 0.004 | 99.96

- 174 -




=
S

8%
19)

il

2=

M2l = BEER

2

=R

olg

2t

HAZ 4.8Al

1.3~6.6mg/ £

[
E

ol
O
Io

2

=
il
00

KU
<+

%
<

=

11
Ll

)
)

SS removal rate(%)
H removal rate(%

T-P removal rate(%)

COD removal rate(%)

N
T-N removal rate(%

——@—— BOD removal rate(%)

——————
i A— o
__.._

_._D_._

L sjuey uonepixo lie

L sjue) Bulisy|lf 8UIAIO

L uoneydpsid-o0o

L ioueee |

L sjue) uonelUBWIS) pIoE OlUBBIO

L sjue) uol B1O|f JIB PBAJOSSIP

100

T T T
o o o
[ee] © <

(9%) @1B4 |EAOWBI BAIIE|SY

20

Fig. 58. Treatment rate by process.

- 175 —



35 40
I Influent
30 [ Effluent L 35
—&— Removal efficiency
~ 25 - 30 S
2 5
= 20- L 25 &
o QO
= 4=
S 5
€ 154 20 &
(0] >
: :
o
S 10 - 15 &
5 - - 10
0' -|,_| 5
BOD COoD SS N-H T-N T-P
Fig. 59. Post-treatment efficiency.
2 SEE R FE+E Mol cEE=E Helg=s22S 4HEH,
1. BOD X2l
BOD MclZW 11Xt ZJ|X K=

s&= 8.0mg/ L 0IA=0 B Xl =
2.66 mg/ L 2, ZEA WXl = 2.06mg/ £, SII&tstH el == 1.42mg/ 4
Z 2200 S+ =% bl 82.25%JF Mel&f2, & M2l 99.90%0l
M 99.97 %2 SHAERULCE.

2. COD XMcl=

COD XMclZ2W R sT= 28.2mg/ L OIUE=MU SE Xl == 9.39mg/ £,
24 tdel = 7.27mg/ £, BI148 el = 5.0mg/ £ 2 2ZACHRULCH.
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ol
=

ST HHl 82.27%JF Mel=HAD & MelsS2 99.55%0 A 99.86% =

A
UL,

0

oo
07

cC
I

3. 8§ MelE
SS M2 R sE= 27.0mg/ £ OIA=0 SEHMel == 1.59mg/ £,
24 Htdel == 0.28mg/ £, SJ14tstXel = 0.17mg/ £ 2 2400 =

2= =5 OHHl 99.37%JF HMel&¥LD, & MelE2 99.27% OlA 99.9% =2
A

4. NH XMclE

N-H XelZ2l 228+ s5= 1.66 mg/ £ OIU=0 SE X2l === 0.95mg/
£, 284 6del == 0.69mg/ £, SII&stMel = 0.54mg/ £ 2 2 A0t
o R+ =T UHl 64.47%0F Mel=”RL, & X2lE2 98.95%01 A 99.14%
£ At UCH
5. T-N XMcl&E

T-N MelZ2l S+ sE= 6.85mg/ £ OIA =0 SE XMl == 1.65mg/ £,

Z2EA Htdel = 1.44mg/ £, SI14stMel == 1.08mg/ £ 2 2400 =
2= s OHHl 84.23%0F MelDALD, S XMelE&=2 93.04% OlA 98.32%= &
S EATH
6. T-P XclE

T-P MelZ2 we+ sE= 0.29mg/ L 0I”A=0 & ™Mel == 0.02mg/

£, 24 6del = 0.006mg/ £, SII4tst™el = 0.004mg/ £ 2 2 Aot
o =8+ =T Uibl 98.62%Jt Mel=ALD, & XM2IE2 98.99% 0l Al 99.96%
2

SHAFE| AL

3HAHS =Xl 2UE BY 2 &= Z T-N MAES2 98.326= H LIE
U JIEF &=2 99.14~09.99%2 =2 XMoleE82 2dT= 4t UE
SCh 222 38 FIISJIx 2440 et sd8Ee 2240 2
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N5 &EZ2E

—

g H= ™MelAlg2telo xHst2 LESEO &2 MZ6H| <ol & O

4o H2BIES “I9 18 =Xl - BEME - ZA oM - 2D
MStEE” o BHOE MBS0l Y HAKEl HES JIEEM MAIS 2D

1. AHDIE22 MAIE EIIFIISES EHNE g¢s M X2l & H=
Of Mol 20 22 HE MAIF22ZM, 2219 & H= HaHMelAEE &
=] g ==Jt ULk,

AIIZINx9 HMelEBHES 1/32 =400, &H EH=256He! 0.4kg.BOD/
m . day=2Ct 4.1~7.7(ZH12.6)HHS] D23 = ~3.06( = CH5.04) kg.
BOD/m' .day2l NEZJ|IXZE MEotH S=Hl= @ 2+ 10,5608 &0 22 &I
FINZIIx2 & H=+ MelsE2 028 1UE XMal&2 90.00%E =2
99.71%0F X222 & MelE2 99.97%0 0l2=

g H==Xcl Al =232 =Xl g2 2ol F=Jel0l H= N.Pp It
st= 100:2.42:0.512 28 & 2 =

F2 TN s&= 1.0mg/ £, T-P s&

A
= {

. de22 AF H=Xe2l Al NP HAE f8 D=Xel sF32 =g
(@)

r&"

Ct
SZQ0lCt.

Bdscikl 332 28 XHQ 00 s&E= 1~3mg/ £ ROt MAIED U2
L, & H=Xcl Al 24A12F g% F)|l2 8o JFH? SIIg2 166.8
m . Air/ kg.BOD Ol&0l) SHEDJIO 100m .Air/min2l &JI8t0l =X M=
Folt= E28 S WE0l OIFHXIMNH, skl gEE 1.5~2.5% HF
N.PHI 2= Al E4sHXX2 00 s&= 0.1mg/ £, BtE=HXS D0 s&E=
0.02mg/ £ Ot RXIECH, Olefst 2HEH0] =HEH ZMEOIH =& H
clSE0| &N & H=X2l SH0AM 2detls 20U AR UL

5 £S5 28 =0l 020XE MHGHH SHE
D0 =% 9 0.1ng/ LS, S2H L L RIS HXSH 2 A 2
58 o M40 SIIHH2 Al BH 00 ST A2 HMA & 2= UC
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