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ABSTRACT

A Study on Swine Wastewater Treatment

by Electron Oxidation Process

Hyun Jung Kim
Advisor : Prof. Seong Key Lee, Ph.D.
Department of Environmental Engineering,

Graduate School of Chosun University

The test of the single cathode discharge structure or high-voltage
pulse corona electron generating device as batch-type one, the test
combining the electron generating device with the electromagnetic
wave generating device, the continuous test of pilot plant operation

obtained the following results.

1. Batch-type single cathode discharge structure electron generating
device test

1) As for disintegration of phenol depending on the number of single
cathode discharge structure electron generating devices, the more
devices, the higher removal efficiency.

Major mechanisms of the disintegration included oxidation caused by
ozones and OH radicals generated by high-voltage discharge in the

atmosphere and reduction decomposition of hydrated electrons.

- xi -



2. Batch—type high-voltage pulse corona electron generating device test

1) Distilled water and the aqueous solution of phenol decreased in pH
from 8.46 to 6.40 and from 7.97 to 3.90, respectively. The decrease of pH
in distilled water resulted from generation of hydrogen peroxide; it is
assumed that the remarkable decrease of pH in the aqueous solution of
phenol was influenced by organic acids as oxidation by-products of
phenol, including muconic acids and o-benzoquinone.

2) By-products of the aqueous solution of phenol contained 29.24min
O-Benzoquinone and 63.44min muconic acids.

Since these are identical to oxidation intermediates of phenol, which
were generated during the advanced oxidation process based on
ultrasonic waves, it was predicted that main oxidizing agents leading
disintegration of phenol through the discharge of high-voltage pulse
corona were OH radicals.

3) The disintegration test in the aqueous solution of phenol
demonstrated that removal efficiency was 3 times higher with both air
and excitation electrons injected than with only air injected.

This is because bppm ozones, 28,883,400ion hydrated electrons, and
OH radicals generated from the electron generating device using the
discharge of high-voltage pulse corona are involved in phenol removal.
4) As for the removal rate by initial concentration of the aqueous
solution of phenol, the higher initial concentration, the higher reaction
efficiency, probably because a great amount of excitation (hydrated)

electrons, ozones, and OH radicals generated from the electron

- xii -



generating device more frequently get contact with  the
high-concentration aqueous solution of phenol.

5) Of 77% removal efficiency, OH radicals (40%) made the greatest
contribution to the removal rate, followed by oxidation power caused
by ozones (20%) and hydrated electrons (12%). The remaining 5
percent might be explained by the effects of thermal energy resulting
from reactions among radicals (H -, O -, HOs, O2 - ) generated during

the discharge of high-voltage corona.

3. Batch-type electron generating device and electromagnetic wave

device combination test

1) Both synthetic and swine samples showed a gently rising curve
for the wvalue of conductivity because ionic compounds are created
during the process of generating various ionic matters through the
discharge of  high-voltage pulse corona and decomposing
high-concentration organic matters.

2) It took one or two days to decompose synthetic wastewater
composed of COD 60ppm; the removal rate for 604, 8 ¢, and 100/
swine samples was 72.8 percent, 48.8 percent, and 44.6 percent,
respectively.

3) The T-N removal rate for synthetic wastewater was 24.7 percent
while the removal rate for 604 to 100¢ swine samples all was 10 to
12 percent. This 1s because ammonia nitrogen was directly stripped

due to air supplied in 35L/min and to the wastewater temperature of

- xiii -



28C to 30C and because ammonia was changed into N through
reaction with OH radicals and stripped into the atmosphere.

4) The T-P removal rate for synthetic wastewater was 3.3 percent
while the removal rate for 604 to 100#¢ swine samples all was 2.5 to
2.9 precent. The removal rate of a little phosphorus from a swine
sample can be explained by generation of insoluble deposits through
reaction between phosphorus and calcium as solid matter depending on

swine alkalinity.

4. Continuous pilot plant test

The average concentration of swine wastewater used to operate pilot
plant was 10,971ppm for TBOD, 4,486ppm for CODwmn, 7,540ppm for SS,
2,432ppm for T-N, and 242ppm for T-P; on these conditions, it was
operated through the electron oxidation process, consequently obtaining
the following results.

The removal efficiency for BOD, COD, SS, T-N, and T-P all was
over 95 percent; the average removal rate for BOD (82.1%) was
highest, followed by COD (44.3%), T-N (37.3%), and T-P (30.1%),
with SS increased by 4.8 percent as compared with raw water
concentration.

The removal rate for T-N was 599 percent in the primary
sediment, 68.3 percent in an activation tank, and 84.35 percent in the

secondary sediment.
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Photo. 1. The photograph of corona discharge in water.
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Fig. 2-4. Electron avalanche and streamer growth.
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PPCP(Pulsed-corona-induced plasma chemical process),

SPCP(Surface-discharge induced plasma chemical process),

DBD(Dielectric  barrier discharge), FPBR(Ferroelectric pellet bed
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oy F=vh. Kirmer(1963)= d4#ivt&o] B v 22 A 7HA &
AZ FAEdtta H ok}

1. 7§ A (Initiation) @ =kt Zo] A == &7

- ¢+ HO—H- + -O0OH
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2. A3k (Propagation) : 7WAI A A AAHdE o227y =2 2oz
o] A= A

HO» + H- — - OH + H20

-OH + Ho — H- + Hx0

H:-+ HxO; — -OH + Hx0

H:-+ HO — H: + - OH

H- + O — HO:-

H» + -OH — H- + HxO

HO;+ + H:0, — -OH + H:0 + O

Fol AdE gz w A 53 ¥h3-ske] HO, 2ol
WEE AR HYES 3
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flo

e &

oLl
oX,
rot
i
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3. 4 (Termination) : 2}t Zo] AEE= WA
- OH + Phenol — Product
-OH + H- — H0
H- + H- — H
H- + HO::- — Hx0:
H-+- + Phenol — Product
HO:+ + HO:+ — HxO2 + O

AR 22 10° secolo] ¥Hgo] Foldy gz AdWE

+

g AFgel A FAWGe] A Fasth sy f71%0] §g 4
S, Sz grigel wgstd thA HO0Z HEoAY, gHze %

= Tl H0.2 AAsHARN F71=0] s W= F71=3 vs

ko] fr7les A7l vEgol o] @AM dojuyr] wE ot
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Table 2-1. Hydroxyl radicals reaction with various organic compounds.

) ) Rate constant
Hydroxyl radicals reaction 4 1
(M “sec )
Phenol + -+ OH — hydroquinone  ( ko)
ki'= koo + kot + Koo
Phenol + - OH — catechol ( kar) 10
=1.85 x 10
Phenol + -+ OH — resorcinol ( Kka2)
hydroquinone + + OH— pyrogallol ( koz)
. . ko'= kog + kau + ko5
hydroquinone + -+ OH— 1,2,4-benzenetriol( k4) 1
=1.20 x 10
hydroquinone + + OH— 1,4-benzoquinone( kos)
catechol + - OH — pyrogallol ( kog)
. k3'= kos + ko7 + ks
catechol + -+ OH — 1,2 4-benzenetriol ( ko7) 1
=1.0 x 10
catechol + - OH — 1,4-benzoquinone ( kos)
resorcinol + -+ OH — pyrogallol ( koo)
i _ kia'= koo + ks + ks
resorcinol + + OH — 1,24-benzenetriol ( ksy) 0
=1.0 x 10
resorcinol + + OH — 14-benzoquinone ( ks;)
1,4-benzoquinone+ + OH— hydrobenzoquinone ks = 1.0 x 10"
pyrogallol + -+ OH — products ks = 1.0 x 10"
1,2,4-benzenetriol + - OH — products ks = 1.0 x 10"
hydrobenzoquinone + -+ OH — products kis = 1.0 x 10"
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. 67 +

aq

-OH — OH

e+ H-+ HO — OH + H:

aq

e, T H0:— OH + -OH

sz WA A

o~ =
T 5

Table 2-29} 2o},

e Fikdate] &SR Keag—+

Table 2-2. The formation rate of hydrated electron.

Average power 4
T+ |Average voltage(KV) ) Rate constant(Ms )
input (watt)
25 75 29 x 107
Keaq- 30 110 5.0 x 10
35 1575 135 x 10°

omH ole Feol el AL Aeolth oRFo] f7] SHo A
gotm Ude WS dosI 0PBA BAS DT FgAel A

H0+ A4 —

(26)eaq + (0.6)H- + (27)0H-+ (0.45)H; + (0.70H.02 + (2.7)H;0"
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23599 A= G-value A EZo] 100eVe YA E F539 S
ANEAY FallE e 92 B 229 A4S v g},

19951 Joshi 52 “Fgol Fo] mRURAL £ - OHS} H.0.9
Aol A3 AF” oA - OH 3 Ho0.2] Ao #AoJdts F3AA=
ol o} e W3S AAH FA ol2vta Ao,

HO — HQO+ + - g;q
- ¢+ -0H — OH
2 + H:-+ HO — OH + H-
e + H-O» — OH + - OH

e + H.O — H-+ OH

2-0H — H0,
2HO, - — Hs0: + O
H- + HO:+ — H:0s
OH - — Mo

H02‘+ OH—>HQO + 02
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Table 2-3. The comparison with ozone and oxygen in character.
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Table 2-4. Half-life of ozone in air and water at different temperatures.

Half-life

30 min
20 min
15 min
12 min
8 min

Temp.(C)

15
20

25
30
35

Item

Dissolved
In water

(pH 7)

Half-life

3 months
18 days
8 days
3 days

1.5 days
1.5 seconds

Temp.(TC)

-50
-35

-25
20

120
250

Item

Air

3} 7]

Al A&
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A =
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e
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7} Superoxide radical (O; - )& A o5 thA] e ER- A} Wt
sFo] Ozonide radical (O3 - ) T 4=Z25 AA OH #dyZS A A #
. &Y OH-9 =7|%kg  (Initiation reaction)®] ZA¥}= 239
Superoxide radical (O -)°o] =™ o5& 2&H} 1:1 = vH[=E W&
slo] ztzh 1849 OH @dzg A eA a™™.

wEtA] AA getfE A 359 9FEo] ®eH o] 259 OH Zuz
=

429 ALV AAEE HoF I

l"_8{_|4

303 + H:O — 2-OH + 40:

2. Ozone/hydrogen peroxide (Peroxone AOP)

]
rir

Hart 5& 343529 #9719 HO, 7t &&& 288 5 9

203 + HxO2 — 2 - OH + 302
3. Photolysis of Ozone (Ozone/UV AOP)

4 0o FEI wAYEFL Taube?t Payton, Glaze 5ol 2]3d}o]
AT AU g2 oFo] A9M A gdte] F HIHHE %

7IHks-o] Ayt sttt TREdE A ET

O3 + ho + H) O — Hx02 + Oo
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4. Photolysis of Hydrogen peroxide (Peroxide/UV AOP)
AOPZ H0: /UV W2 OH #uYZ A4 WAl 7H4 ks whyol

gha & 4 Ut} o] e A SFAE BRG] OH gyzde AA
st W oz }ArE 449 Photono] & O E= wrSdlo] 289 OH
gozts A4S Quantum yield (OH #t]zh)= 20] ),

H>Os + ho — 2 - OH
242 AFAEY &

Q&Y HAFAY AE&Eoke AT g, 122 sFE AEA
s}, COD, BOD #4 CN ¥ #lE9 AA, mAE $AHIAZA 1LEHE
4

£ 5o gtk oFe AxANE wEen AYNANL FAT & 3
= ATE AT 4% 9t glon grRe A Asge ane

HEL QFo Y3 nud 3kds FaEo] dde=e 72Rdr|2
Hi HFAHORZ Oxilic acidz2 4FstE ), sl 1g Atshol] 2.04g9] Q&0
A 95 F o] wel 2 ~ 20g9 9 Fo] AmErP’

Hxe] Abeatgol= FIFEZA 24 Catechol, Quinone, Muconic acid,

A= w27 2ppmY W L= Sppm, HFAIZE 520l A 95%2] A
ALEL 71 71 9o

of hate] & 25ppm A L7 Dasth, wak H = Ast= pH 9U
pH 380} 1.88) A% ug 2w wzo
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Table 2-5. Result of ozone oxidation in the field by a batch reactor™”,

Item raw 15min 30min 45min 80min | remark
water
pH 6.1 7.6 8.2 8.0 8.1
Phenol 11.2 - - 0.13 0
CODwn 46 - - 36 38
Color 410 - - 25 5
O3 dose
(mg/min/ ¢ ) 3.5 3.5 3.5 3.5 3.5
AAREA Aol A A7 AAE = FAGAA F712 AdEH= L&

(5ppm) 2| = A Al #olF wbg2 vhE 2o

C6H5OH + 403 + HZO - 2CH300H + 2C02

eEe WA WaA A} LRI BFE RSnst @

ol

gk @2 dgtel ofsty o] pH 1elA 7H A7) S=7F w

e E L PR

oo

0EL H71BT WA oERA A
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2.5 A A A3} (Electronic oxidation process) &7
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AAgAL] HS AR x£A0lA OH ehelzhe S e ad
b OUD)sh FEute wrgow cs wARt 5= gue 0(D)E t

Production of energetic electrons

by corona discharge

}

Dissociation of background

molecules by direct electron impact

e
Ns, O;, HHO __, N, O, O('D), H

}

Excitation transfer
reactions of O(’D)

0z, H:0
o'p) ., O0-,H-,-OH, - HO:

Fig. 2-5. A process of radicals formation.

Oo('D) + H:O — -OH + - OH
O(,D) + HzO — 0O+ HzO
O('D) + Oz — O3
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Table 2-6 o= Z+% AbskA e Astge] nuws yehhgle @

Table 2-6. The oxidation potentials of common oxidants.

Species Oxidation potential(volt)
Fluorine(F) 3.03
Hydroxyl Radical( -+ OH) 2.80
Atomic Oxygen(O ) 2.42
Ozone(O3) 2.07
Hydrogen Peroxide(H-0») 1.77
Perhydroxyl Radical(HO> - ) 1.70
Permanganate(KMnQOy) 1.68
Chlorine dioxide(ClO2) 1.57
Hypochlorous acid(HCI1O) 1.49
Chlorine(Cl) 1.36

oleglgt girjz B a1 YA e 3k (Hydrated electron)® 34 4

o2 w7k 2ol FUH 77 dFe=s tw wAYUSA o8 Abst

A WA, @Oz R o Fe) s} wgoloh
~ @y el s AR Asigel 4% OH #uzg
EF® H-, 0, -HO, Oy - FHle v o) 23 10KV o] 4]

W odEd Bl A

i
oy

DA RAHeR AAHE 2FEe] F7)
FEsto] BAAR] HAHWA AF wgo] A}
e+ M — M
-OH + -M — CO2 + H2O
O- + M — CO2 + H20
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O3 +- M — CO; + H2O
05‘4"1\/{ — CO2 + H20
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flo
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251 AATRHA

2511 25 AR TAFA

tdd &= @AM (Single cathode discharge structure electron

generating device : SCDS egd)> S =7 Fx9o HAAEAYAA 2 A

HHE Batol BEA T Aotk o Wy
o ngelAw gAe BYAAS WAL & dvks FHol Uk WA T

ndet HxazmEy AR A (high-voltage  pulse  corona  electron
generating device : HPC egd)= LA US A=ol Ho] Fo=24 72 A=
Atolel B2 Y e MAE FEste Fxolth AATAFARE FHH
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Fig. 2-7. The density of electron SCDS and HPC electron generating

device.
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Photo. 4. The photograph of SCDS electron generating device

according to each number.

_40_



a3

AR a2 Jer=x

~loll ERU S

=1
=

Zau AARALA AR

3H A
= =

L ek

Photo. 5 ° A Photo. 63} Fig. 3

220
B\ -

Ao
o]

B
</
=0

)

—_
o

A

~,
HO

]
—_

Photo. 5

Hl =
T

A4 E

o
T

Photo. 6

A A 71 Fig. 3-1

AR

5 3o

A}
2l

kel
T

o

2] B R ERA

2 A

kel
T

=l

A}

10KV 7+A] A

7] Coll

AA =

% Rcs

A

Photo. 5. The photograph of high-voltage pulse corona electron generating

device.

- 41 -



Photo. 6. The photograph of ground electrode in high-voltage pulse

corona electron generating device.
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Fig. 3-1. The schematic of high-voltage pulse corona electron

generating device.
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Photo. 10. The photograph of oxidation tank in pilot plant.
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Table 3-1. The characteristics of sample wastewater.

Item Synthetic wastewater | Swine Wastewater
Temperature(C) 16.4 15.2
pH 7.33 8.10
Conductivity (us/cm) 369 10,920
ORP(mv) -76 -85
BOD(mg/L) 150 6,040
COD(mg/L) 60 4,100
SS(mg/L) 14 4,840
T-N(mg/L) 30 2,367
NH;-N(mg/L) 19.8 2,012
NO2-N(mg/L) 0.05 2.19
NO3;-N(mg/L) 0.07 3.22
T-P(mg/L) 10 119
A4 4Pe AAA AW DT HEALFY FWAF ARE ARE
st o A2 Table 3-20] YERY 9]

Table 3-2. Characteristics of swine wastewater in pilot plant.

Influent concentration
Item — - Average
Minimum Maximum
Temperature C) 6.2 24.8 16.8
pH 7.66 8.63 8.12
DO (mg/L) 0.31 0.91 0.66
TBOD  (mg/L) 6,356 20,975 10,971
CODwmn (mg/L) 2,400 8,100 4,486
TSS  (mg/L) 5,000 16,000 7,540
T-N  (mg/L) 1,185 4,908 2,432
T-P  (mg/L) 112 676 242
NH;-N(mg/L) 349 3,642 1,778
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Fig. 3-2. Schematic diagrams of electron oxidation process

in pilot plant.
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Pilot Plant&7de] Fax2Ql Astze 44

3-3 2 Table 3-40] JERHT. 2Hax o] =

ZF 1) A} oF 2

o=

Table

WEe] nAGREaZY A g AABPFAE AQFAo B
sz v ARt $dd SFAAE VAN AW vdLT

L

© % oojHlelyE o] &ete] I

A7) % WAFA 2E7E 50en 7 o] A

Table 3-3. The equipment of oxidation tank in pilot plant.

Item Pilot plant(2m'/¥)
HRT 120hr
Volume 10.36m’
Size 2,400 x 2,400(1,800)
Number 1set
o Electromagnetic wave device 4 sets
o High-voltage pulse corona electron generating
) device lset
Equipment .
° Ozone generating apparatus 1 set
o Inner cycle pump 1 set
o Water aerator 1 set
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Table 3-4. The equipment of activation tank in pilot plant.

Item Pilot plant(2m'/¥)
HRT 48hr
Volume 5.18m'
Size 1,800 x 1,800(Eff 1,600)
Number 1 set

o Electromagnetic wave device 2 sets
o Single cathode discharge structure
) electron generating device 1 set
Equipment .
o Ozone generating apparatus 1 set

o Inner cycle pump 1 set

o Water aerator 1 set

AR S TS o] &9 & Pilot Plante e AFANYE FELEAS

Table 3-50] A#ste] et ALt Abstx A FA L Lab scale 239

o A HRT 244 3Qel: AES Azo] 4oL Hu) /]9 27
= AagA gov Ay w3 AFWA wEHa B 5UE 47
of RFAL Wr] xe ARE MAGUA QFF 271E FAd Y

AE Aot dad FAAFE 9% AFRAE Bz w3
A
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Table 3-5. Operational condition of pilot plant.

Item HRT(hr) |Volume(m') Etc.
Flow 2m'/d Operating time : 6hr/d
Oxidation tank 120 10.36
Primary reactor 40min 0.32%2EA
Primary sediment 2.5 1.25
Activation tank 48 5.18
Second reactor 40min | 0.19%2EA
Second sediment 2.5 0.73
Filtration tank 4hr 1.13m'
Sand,
A/C Filter

_55_




TARTALE FAHAFAHATH 2 Standard Methodsoll =3Fo] 2 A] 8}
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—

= Alg35t o ZE e Lunabu C18(2) Size250x4.6mm, Detector= UV
Detector(wavelength @ 220nm)& AF8-3FA T nddH 2~ I=21 dAEA
A= 372 Ao pH, ORP, Conductivity: AlE A3 FA]o =43}
Rom HAstFiFEs TiSO4E ol &ate AP (a4 405nm) o=

=319tk Wz WSRAE BEAMe GC/MS Finnigan'" PolarisQ&

3524 Lab scale 48 F A Fxrzmay AALAAASG A7)
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Jf
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Table 3-6. The operational condition of GC/M Analysis for Phenol.

GC Model

Finnigan' ™ PolarisQ GC/MS

GC/MS Column

DB-Wax(60m x 0.25mm) I.D.,
0.25 um film thickness, ( J&W)

Carrier gas

Helium (1.0 ml/min)

Temp. program

40°C (3min)-2C/min-100C (5min)
-4C/min-150C -2 C/min-200(5min)

Injector

250C

Ton source and
interface temperature

230C

Tonization electron impact ionization(EI)
Tonization voltage 70ev

Mass range 40 ~ 350

Injection volume 1l

Table 3-7. Analytical item and methods for experiment.

Item Analytical method
Flow Monoflex pump
Temp. YSI Environemtal monitoring system 610-DM
pH meter(YSI Environmental monitoring system
pH 610-DM)
Conductivity Conductivity meter(ORION-115)
ORP ORP meter(TOA, RM-12P)
Color Colorimeter
Turbidity Turbidity meter
BOD Winkler method azide modification
CODwn KMnO4 method(acid condition)
TSS Gravimetric method
T-N UV-Vis spectrophotometric method
T-P UV-Vis spectrophotometric method
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Fig. 4-1. The area of phenol in HPLC according to numbers.

1.0
o
(]
- 09 F
(]
>
c
& 0.8
L y
@
T Air : 10L/min, Phenol: 10ppm, Volume : 2L
S 0.7
g —@— Single cathode discharge structure eleletron generating device 1
o —O— Single cathode discharge structure electron generating device 5
S —w— Single cathode discharge structure electron generating device 10
0.6
&
=
o
05 1 1 1 1 1
0 30 60 90 120 150 180

Discharge Time(min)
Fig. 4-2. The removal rate of phenol according to single cathode

discharge structure electron generating device number.
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Fig. 4-9. GC chromatogram for phenol solution in 3hr.

Table 4-1. The substance GC chromatogram for phenol solution in 3hr.

NO RT (min) Substance Area Conc.(mg/L)
1 28.25 LS
2 29.24 O-Benzoquinone 233,726.9 1.041
4 63.44 Muconic acid 12,954,380 8.688
5 66.33 Phenol 13,560,146 90.271
G 26,748,252.9 100
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Fig. 4-12. The area of phenol in high-voltage pulse corona
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Fig. 4-13. The removal rate of phenol in high-voltage pulse corona

electron generating device and air.
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Fig. 4-14. Phenol removal rate of synthetic wastewater according to

initial concentration.
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Fig. 4-15. The removal efficiency of the OH radicals scavenger

according to discharge time.

Table 4-2. Hydroxyl radicals reaction with various Scavenger73.

Hydroxyl radicals reaction

Rate constant

(M 'sec™)
- OH+ Phenol 66 x 10°
- OH+ tert-Butanol 66 x 10°
- OH+ Methanol 1.0 x 10
- OH+ Ethanol 2.0 x 10°
e aq7 + Phenol 2.0 x 107
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Fig. 4-23. T-N Removal efficiency according to discharge time.
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Fig. 4-24. The transition of the residual concentration of T-N, NHs-N,
NO2:-N and NOs-N according to discharge time.
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Fig. 4-25. T-P Removal efficiency according to discharge time.
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Fig. 4-26. The transition of the residual concentration of T-P and

PO4—P according to discharge time.
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Fig. 4-28. Variations of T-N and T-P concentration in influent.

- (39 -



o)
B

Gl
z_.#

ca

{12.7] $leto] =2 A(YSI

} 3

Ho

bol Wl 2. 1410

]

&

A

O exw3)

<R2 oo e

Environemtal monitoring system 610-DM)

Fig. 4-29¢°]

=
=

o}

=K

N
=y
%)

—_

zn
e

)
—_
o
.Ho
!

oy
N

=
)

=]
s

T

2 AAAEEEA P

14.84C= ¥

14.89C %

)

ﬁo

B

=K

3}
=

o= Ez

i 2TC-3C =4 yewoh

3

i

A ¥ o] 34 4] 4wt

=
e

l
=

Agh Bz Ay

B!

=

524 impact’}

Mo

_90_



Fig.

35

Temperature (°C)

—&— Raw water
—O— Oxidation tank
—w— Primary sedimentation
—— Activation tank

—#— Second sedimentation
—O— SAND,A/C
—&— Air temperature

2002. 08/0308/14 08/2108/24 08/2709/02 09/11 10/22 10/26 10/30 11/051/20 11/23 11/29 12/16 12/21 12/27 12/28 12/2003.01/18/18 01/25

Operating(day)
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Table 4-3. Variations of T-N concentration in each reactor
according to operating time.

Removal
Item Influent(ppm) .
efficiency (%)
Influent 2,432
Oxidation tank 1,524 37.3
Primary sediment 974 59.9
Activation tank 769 68.3
Second sediment 368 34.8
Sand, A/C Filter 246 89.8
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Fig. 4-40. T-P Removal efficiency according to operating time.
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Appendix 1. Influent flow and effluent flow of according to

operating time

day

Influent flow

(m'/d)

Effluent flow
(m'/d)

Operating
time(hr/d)

2002.

3

2

6

08. 14

2

08. 21

2

08. 24

[\l
1

08. 27

09. 02

09. 11

09. 16

09. 23

10. 15

10. 22

10. 26

10. 30

11. 05

11. 20

11. 23

11. 29

12. 16

12. 21

12. 27

12. 28

12. 29

2003.

01. 16

01. 18

01. 25

DO DD DO [DO [ DD DO [D D [DO[DD DD (D[N (W N[N [W|w|w

DO DO | DO |DD DO [D[DD (DO [D DD (DD [D | DD [DO D[ [DO || [DD |

DD [ OH |
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Appendix 2. Variations of temperature in each reactor according to

operating time (Unit : C )

rocess Oxidation |Primary|Activation |Second|Sand| Air
Influent
Day tank sed. tank sed. | A/C| temp.
2002.08. 03 28 25 24 23 22 23 28
08. 14 26 23 21.2 23.5 217 | 21.3 25
08. 21| 24.2 22.4 19.1 21.7 194 | 19.8 27
08. 24| 247 22 19 21.7 19.7 | 20.1 26
08. 27| 23.8 20.4 18 21.7 19.7 | 20.7 24
09. 02| 248 194 175 185 179 | 176 23
09. 11| 220 19.2 18.8 18.4 17.1 | 183 21
09. 16| 23.2 214 19.8 20.1 18.6 | 184 22
09 23] 21.0 19.6 17.3 18.9 174 | 18.0 19
10. 15| 227 20.1 18.6 19.2 17.8 | 18.3 17
10. 22| 18.6 16.8 16.2 18.8 147 | 17.6 17
10. 26| 204 20.2 184 23.5 19.4 | 20.7 18
10. 30| 128 10.7 8.6 9.5 8.8 7.8 13
11. 05| 18.1 16.5 124 17.1 13.4 | 23.6 16
11. 20| 10.8 8.8 4.4 9.8 7.6 6.7 9
11. 23| 144 10.2 8.3 12.6 8.8 7.6 15
11. 29| 10.1 8.7 7.2 9.1 7.6 8.4 11
12. 16 9.2 7.1 5.3 7.8 4.4 6.4 7
12. 21 7.2 6 2 10 2 8 5
12. 27| 115 9.9 7.7 9.5 5.3 6.8 12
12. 28 7.2 5.7 4.2 5.1 4.8 3.9 5
12. 29| 10.8 9.4 7.7 3.9 7.9 6.9 9
2003.01. 16 6.2 5.7 4.8 5.1 4.8 3.4 4
01. 18 9.8 3.2 6.9 7.8 7.0 6.2 3
01. 25| 127 10.8 8.9 9.8 9.1 7.6 11
Average 16.8 14.69 12.65 14.84 |12.68|13.4| 15.68
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Appendix 3. Variations of TBOD concentration in each reactor

according to operating time

rocess Oxidation |[Primary|Activation|Second| Sand
Influent

Day tank sed. tank sed. | A/C
2002. 08. 03| 7,854 841 155 42 30 14.3
08. 14 | 7,880 785 140 40.5 28 12

08. 21 | 6,856 685 293 30 18 14

08. 24 | 14,195 957 402 45 20 10

08. 27 | 10,578 912 398 36 14 9

09. 02 | 10,124 896 412 51 25 12

09. 11 | 7,766 1,280 207 37 12 6

09. 16 | 8,666 1,262 267 41 14 8

09. 23| 11,274 2,340 624 55 22 6.1

10. 15 | 20,975 7,895 1,042 567 46 38

10. 22 | 8,244 1,041 198 44 28 13

10. 26 | 9,521 998 221 52 34 22

10. 30 | 7,988 876 189 68 36 16

11. 05 | 10,560 2,100 384 100 40 15

11. 20 | 9,000 1,500 586 62 14 8

11. 23 | 12,541 1,278 526 60 14 5.3

11. 29 | 12,154 1,458 526 78 14 5.1

12. 16 | 19,932 2,274 634 194 20 14

12. 21 | 8,628 3,020 670 250 24 18

12, 27 | 13,892 3,429 850 205 25 20

12. 28 | 9,984 2,189 784 255 28 20

12. 29 | 12,756 5,080 869 241 26 18
2003. 01. 16| 16,742 5,341 967 331 32 22
01. 18 | 20,613 7,363 1,278 684 56 42

01. 25 | 19,875 7,743 1,085 512 51 46
Average | 10,971 1,959 548 116 24.18 | 13.81

- 122 -




Appendix 4. Variations of CODwmn concentration in each reactor

according to operating time

rocess Oxidation |Primary | Activation | Second | Sand
Influent
Day tank sed. tank sed. | A/C
2002. 08. 03| 4,052 1,760 210 188 82 18
08. 14| 3,350 3,470 242 149 32 17
08. 21| 3874 3,900 295 124 45 19
08. 24| 3,500 3,300 190 118 38 10.2
08. 27| 2,700 2,860 380 116 45 15
09. 02| 4,350 1,140 250 107 24 9
09. 11| 4,360 4,487 228 102 32 14
09. 16| 4,425 1,423 265 118 48 16
09. 23| 3,897 986 167 108 23 8.9
10. 15| 4,300 1,187 267 117 36 13
10. 22| 4,500 1,520 244 128 40 12.6
10. 26| 2,400 2,580 262 116 38 8.8
10. 30| 3,550 1,600 412 316 260 56
11. 05| 5,500 1,100 648 394 82 38
11. 20| 4,400 4,000 980 376 168 24.8
11. 23| 8,100 3,640 600 488 224 53
11. 29| 8,100 3,200 650 520 280 59
12. 16| 4,400 4,600 1,000 640 310 46
12. 21| 5,200 1,600 1,120 780 340 54.4
12. 27| 5,000 5,500 1,120 900 260 52
12. 28| 4,600 1,800 1,080 820 296 60.8
12. 29| 4,130 1,100 740 512 118 19.6
2003.01. 16| 6,418 1,142 1,104 884 392 68
01. 18| 7,200 2,546 1,456 748 306 74.6
01. 25| 6,845 1,488 998 662 212 40.2
Average | 4,486 2,497 596 381 149 | 32.32
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Appendix 5. Variations of TSS concentration in each reactor

according to operating time

rocess Oxidation |Primary | Activation| Second | Sand
Influent
Day tank sed. tank sed. | A/C
2002.08. 03 | 5,840 6,322 1,028 948 122 20
08. 14| 6,200 7,480 998 886 108 24
08. 21| 6,560 6,882 748 742 112 28
08. 24| 5,640 6,400 756 624 118 22
08. 27| 6,678 7,240 986 842 210 36
09. 02| 7,450 8,042 1,120 1,142 124 28
09. 11| 6,276 7,448 886 912 186 34
09. 16 | 6,123 6,986 1,434 1,687 156 31
09. 23| 5,897 6,540 987 1,025 147 26
10. 15| 7,056 7,849 687 785 125 32
10. 22| 5,890 6,460 658 744 164 30
10. 26 | 7,046 7,386 712 826 154 28
10. 30| 7,638 8,056 876 862 148 20
11. 05| 8,616 8,458 822 788 178 32
11. 20| 5,800 6,600 1,100 930 112 25
11. 23| 6,000 6,310 450 600 90 18
11. 29| 16,000 12,360 685 538 215 50
12. 16| 10,316 9,886 886 942 188 24
12. 21| 7,143 5,610 760 680 128 22
12. 27| 5,000 5,520 760 700 130 28
12. 28| 8,120 7,040 842 500 108 14
12. 29| 8,430 10,080 520 612 112 18
2003.01. 16 | 9,456 11,224 628 568 122 20
01. 18| 7,000 7,200 588 610 136 22
01. 251 12,324 13,664 948 988 188 30
Average | 7,539 7,901 835 819 143 | 26.48
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Appendix 6. Variations of T-N concentration in each reactor

according to operating time

Process Oxidation |Primary |Activation|Second| Sand
Influent

Day tank sed. tank sed. | A/C
2002. 08. 03| 1,185 818 245 98.6 45 32.6
08. 14 | 1,275 889 189 112 83.2 63

08. 21 | 1,288 725 119 188 110 94

08. 24 | 1,967 1,090 300 154 98 81

08. 27 | 1,800 1,579 459 253 102 95

09. 02 | 1,874 1,330 158 228 124 107

09. 11 | 1,613 1,472 253 190 94 50

09. 16 | 1,876 1,348 302 101 73 53

09. 23| 1,234 1,087 469 164 103 77

10. 15| 1,468 1167 513 126 91 66

10. 22 | 1,945 1,080 884 750 311 119

10. 26 | 1,364 933 668 471 198 115

10. 30 | 1,845 1,214 897 558 257 222

11. 05 | 2,230 614 1,353 885 269 248

11. 20 | 2,626 1,514 1,018 815 584 341

11. 23 | 3,352 1,625 1,042 932 652 463

11. 29 | 4,040 2,063 2,219 1,535 998 572

12. 16 | 4,908 2,136 1,444 1,475 887 421

12. 21 | 3,197 2,484 1,346 1,405 778 519

12. 27 | 3,040 2,334 2,020 1,920 528 344

12, 28 | 2,946 2,098 1,816 1,694 516 458

12. 29 | 2,241 1,428 1,065 998 345 256
2003. 01. 16| 3,458 1,897 1,560 1,174 696 466
01. 18 | 4,036 3,147 2,031 1,845 584 440

01. 25| 3,984 2,045 1,986 1,142 678 464

Average | 2,432 1,524 974 769 368.17 | 246.66

- 125 -




Appendix 7. Variations of T-P concentration in each reactor

according to operating time

Process Oxidation |Primary|Activation|Second| Sand
Influent

Day tank sed. tank sed. | A/C
2002. 08. 03 121 92.3 1.8 0.95 0.11 2.25
08. 14 103 68 2.8 1.9 0.12 0.3

08. 21 135 97 2.7 1.66 0.16 | 0.14

08. 24 112 66 2.34 1.42 0.14 | 0.11

08. 27 | 184 104 3.2 0.9 0.16 | 0.15

09. 02| 161 112 1.9 1.2 0.31 0.21

09. 11 142 98 1.9 14 0.43 0.2

09. 16 | 168 92 1.8 1.3 0.13 | 0.32

09. 23| 158 116 1.2 0.8 0.1 0.21

10. 15| 267 157 2.3 1.25 0.36 | 0.48

10. 22 | 180 118 4.1 4.2 15 0.61

10. 26 | 106 133 3.0 1.0 0.24 0.1

10. 30 | 221 178 1.8 0.8 042 | 0.12

11. 05 | 245 160 7 4.7 094 | 0.17

11. 20 | 130 94 19.1 4.7 1.2 0.19

11. 23 | 284 128 10.3 2.6 1.8 0.48

11. 29 | 358 288 12.4 5.7 2.1 1.1

12. 16 | 334 202 15 13 1.9 0.88

12. 21 188 154 19.1 214 2.5 0.96

12. 27 | 211 183 17.9 28.7 4.1 2.1

12. 28 | 176 147 13.8 279 3 0.47

12. 29 | 224 130 7.65 14.1 5.2 1.2
2003. 01. 16| 574 398 24.5 21.9 6.1 1.6
01. 18 | 676 440 27.6 28.3 5.9 1.1

01. 25| 602 487 20.4 14.7 4.4 2.0
Average 242 169 9.02 8.26 1.73 | 0.70
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