fol

N
58 +29 H8Y

—

H +UHANE T ABIIY A

r

Development of material and construction method of

water treatment for agricultural channel



il P R Fo
T B ® N ¥ W N nor M o B
i3 FTET e T A LW kb 2w
- oW F oo o W o X R N "
ol o O . . ..
) SR PR BoOX
f L o R A= W o TTode N H o AF
~ = ~ N N ]Lﬂ.,lﬂ.ﬂﬁ — N~ W _
Ao PTorr R PEE L RNy gy ®
c3 P BB G I % 5 o BB e
i W ok do o do o
gl oM T B G o o
2 2
=
mh " S
]vmo
o~
i -
"
_— T
B3 o
)
o
i
T A
G o
= T
o b T
M n.mﬂ
mﬁ L
i TR
g R
< gl w
¢+ T
n = A
Ho o

=
]

o]

a2 A






A

9_}:

#7375 4348 2 NI/ AL

2

98 =9

A&

I

AFALY B4 2 WaKy

II.

]

e
)
Jo

oo

N

&+

s

AE AR Aot AEERE

Aol A uf

2~ m
= X

il

=
=

]
S

1A

A7) Ao

&+
B

EEA

7}.

yul

22 o] ol

#

A g

ox

o
_ZE



)

A= ZAYE

=
=

32%

Svko] of ] $mw

ok
=

o]

7
Rd

she.

°©

By oEe

Fell A w3l @<

H o] ‘98 kol 282EF/HA 20 R =381 E/IE H5

=1
BN

%
St

Z}A] &} AL

il

=

=

=
K3

b
|

1 A7 A
[)

AR 7F 11.4%

o FA#} B

=1
BN

L

R

B

S

b
1A (7] 27 7

31, o7 o)%
AN @

A
I A7AE Je 2 89

1.

Y
il
7K

A

o %

]

Sule] 4

]

!
™
T

O 243}t A=l

A 5 Z A

xr
il

puzel

;ﬁ
)

rvge]

X

=

o
™

E)
0

X
!
e

%

o
o
oo

‘_.#mwo
al]

PO,—P

il

A A -2

A A
= =

344
AP E ol TR

g

Z =

A+

EE R

=

A A
=

g3k

)

E

O~
& %

=
L

ZAb

st s 7N

]

o

<0
U
A

Tod

el

=K

T
R

=13
=



=13
=

g3t E 7N

el

o 7%

A2 AF

%

i

K

A=) g

3T
™

AJAS

=i
=

3
=4

el
B

o
]vmo
o

&+

Z}
2}

=2 A

AL

i

[N~

N
7K
e
Al
>

AA A

ol

mwo

w

sl

K

oh

%84

7}

3

i

o EE N

%

el

aw.mo

%.L
o)
B

o
]vmo
o

&+

AshAl F3), e, ajde 2 FAHA E(FLOW-3DEA S ©]&)

- %3

o

K

No

X
o

i+
o
o
oy

Inx

R

0
M
2
_



O Ak st

<, pH, DO, EC, SS, BOD, COD, T-N, NHs-N, NO3-N, NO.-N, T-P, PO4,-P &

N
!

A+
A=

o
Ny
ok
X
T
0
!
A
oo

Ho
|

R

L2~ 0012~ 1 ©
TEA T 3

2l

A A2H

Ho

0
I

oW

b A R AT B

3
“

7ol €]

3

Ry

O

Mo

o

Ho

HH AA|

Sol Argish 2

A

=]
\=5)

A ge] A

N

—

.XD

~ A A

V. a7A4% 25 2 &8 g 29

!

ofp

R ET

83171

S5 Al

)

R

G+

B

4
w
ofp

oo

olm

ofp

w

S

it

7

S}
=

=
=

43 o)

A 2l

%)



7N

sk AlF

[}

3}

A gol wet A

ot

el

i

o]

2=
a2

A

g

=k

ki3

-
o

B ool ZAE ARGl 7}

aas dEHEAe VIR EEA

Agoll w3t A5~}

1
H

91 W

=

5

°©

7 7hEs of of

ERIEE R

S

)

kel
=

393t

=

=

A

A
71=Eel

Ao F7183

el

A

PN
e

’

al

951\

= 0.14%

e

;oU

).

oA e #7=
LERR 7]

—_
file)

2

s

F71ell 21 %

Is)

2

[€)

of FaAANEEA o

A=
fLE

[e)

0.20%=A4 EF 2 ks

[e)
p

:F_

T2

gl

A7

=
=

A7 3
& 2,592~13,248 m'/d,

103],

&

2007 7€5EH 11€ Afo]d

& AR

od

3

E{

F-ol A A A9

3|

==
T,

Nlo

8,064 m'/de] ]

ofp

=
%.L

o
it
ofp
®r

)

E

A~
T

=

=
-

gl

}

9
yal

[€)

o]Q_

=
=

of =73kl

=
RN

=

ol

Aot AR
A&

=

=

BRE

=

I

o o

[<]

& A%

=]
=

e,

H A1 7H

3]

2§, WFRgoRn F

e



)
Hlo
N

sholeh

o

1oH

B

AEA =Y
E]

4ol

o o}}\].;\
Szs} oaiA)
YA Gl
T2

A}
-2}

o

o
el

‘o/]/\
T2 olEt

ul 37 =
E,J/} 7H:rLﬂ 01‘1—"
’

o ek

3

G

st

—~
;OL

oy

=
&+
¢+

Ho

b

0
L

il

;oﬁ
—~
o

K

pl

—_
uw,_
T
i

el

o

3 . .
. )
5 B D
.
)
3.
N l ;(7 7 2 ;0 A| 7 Eq q 7:] |5
.
)
]
AR

wjr

Ho

1
w

wﬁ

e
7
&
w

el
o



SUMMARY

I . Subject

Development of material and construction method of water treatment for agricultural

channel

II. Objectives and Significance of the Study

Purpose of this research is developing channel product that offer water quality
improvement to rural area, ecological refuge to Agricultural channel and treatment
of agricultural nonpoint source pollution. And develop material to improve efficiency
of constructed wetland that have the flow type system using space effectively.

The objectives of this research can be divided into three parts : technical
aspects, economic aspects, and social and cultural aspects. Each of them is as

follows.

1. Technical aspects

o It is efficient that develop and introduces a water improvement technology that
utilize actively agriculture irrigation and drainage channel for water quality in
rural area.

o Need water improvement technical development that consider rainfall impact for
water pollution prevention by nonpoint pollution source of rural basin of
attraction.

o constructed wetland that maintenance is a simple water improvement technology
is positive . However, need a lot of site spaces and high maintenance of plant
harvesting. So, need new constructed wetland system that space utilization and

efficiency are high.

2. Economic aspects
o Nonpoint pollution source discharge are pressing development and diffusion of
suitable low cost water improvement method of construction in rural area including a

lot of farm land by enforcement of TMDL system.

o Need technical development to manage to satisfy that agricultural water does water

criteria because quality of agricultural water is connected directly with farm village



income to GAP introduction.

3. Social and cultural aspects

o Need security of quantity for environment—friendly space furtherance and amenity
elevation, quality of water purge of farm village, and need union of quality of water
specie method of construction in environment friendly construction.

o Agricultural concrete channel that dominate about 32% of overflow total length is
insufficient quality of water specie function, and transfer and evacuation of fishes are
difficult. Therefore, need environment—{friendly construction technical development and
diffusion.

o Agriculture irrigation requirement of our country is judged that pollution loading by
farm land inflow and outward flow increases because dominate 51% of whole water
resoruces.

Also, because is expected that is increased rapidly to 381ton/day scale to 2020 years
in 282ton/day that weight that nonpoint pollution source occupies under water

pollution department gouges 1998 years administration for water improvement urgent

o When pollutant accumulated on ground surface of city, road, farm land etc. the
pollutant that is flowed in rivers run—off occupies about 22 ~ 37% of whole
pollutional load. Therefore specially, necessity about water improvement of initial rain
1s enlarged.

o Among the nonpoint pollution source subordinate amount, a sheep exhausted in farm
land dominates 11.4%.

Therefore, pollutant government official come forward in succession in farm land for

quality of water elevation is very important.

II. Contents and Scopes of the Study

The objectives of this research are to improve a water quality using the
development technology and improving function of water quality in the
irrigation—drainage system. The detailed contents and scopes of the research are as

follows.

1. Investigation of domestic and outside the country data connected with quality of
water specie materials.

o This research irradiates and chooses quality of water specie materials that suitability

_10_



is high to remove pollutant for agricultural chanel and constructed wetland.

2. Assessment of Pollutant removal rate using the scale model test
o This research uses scale model test of sound and analyze pollutant removal efficiency
of selected various materials and optimize.

o Hydraulics stability assessment of developed materials.

3. Site suitability research of a developed technology and product

o Site application study of agricultural chanel product that is quality of water specie
function and ecological function.

o Developed constructed wetland system application and research of pilot scale for

water quality improvement in rural area.

4. Long—term spot monitoring and research for quality improvement

o This research is developed product and to do monitoring and improve product and a
technology whether a technology is no problem in spot application done thing.

o Whether developed product is helping to living things of Amphibia, fishes, reptile etc.
does monitoring.

o Evaluate whether is removing pollutant exhausted in farm land harmoniously.

IV. Results and Recommendations

The research compared and analyzed water depth and the distribution of the velocity
of moving fluid through the numerical interpretation based on the changes in the
arrangement of a water purification system. And then, it examined the characteristics of
three—dimensional flow of a waterway. Through the test of an irrigation model, it
installed a water purification system on a waterway in question and researched the
irrigation stability of the waterway. It used FLOW—3D, a 3D flood control model, and
constructed a minute lattice to examine the local flow in the waterway. It measured the
velocity of moving fluid and the water level for FLOW—3D, irrigation model test, and
monitoring of the waterway respectively, and analyzed the flow characteristics based on
various conditions. It is judged that the research results will become basic data for
preparing a standardized analysis system that judges the stability of streams and
waterways to which a natural stream construction method is applied. And further, they
will have important meanings in formulating the standards and the application of natural

stream maintenance and waterways.

_11_



A mixed media was developed with absorption test to develop high efficient contact
media that can be applied to the natural purification facilities, and the mixed contact
media has shown high absorption to NH4+ and PO43—, which was able to use for water
purification media of natural purification facilities like constructed wetlands system.
Model test of mixed contact media on water purification ability has shown that 71.8% of
BOD, 47.9% of TSS, 41.1% of TN and 73.1% of TP were removed showing high
removing efficiency of BOD and TP, but low on TSS and TN. This result was simply
from test of water quality change at not moving condition, which the purification effect
did not work fully and when polluted water flows through media like in constructed
wetland system, the removing efficiency of TSS and TN can be increased.

Water quality purification materials were made by using contact media and pH, EC,
CEC, organic matter content, available phosphorus, TN and TP of mixed contact media
were 7.6, 0.26 dS/m, 20.05 meq/100g, 0.14%, 13.65 mg/kg, 338.28, mg/kg and 599.88
mg/kg; the water quality purification materials have 1.2, 2.06 dS/m, 37.65 meq/100g,
0.20%, 0.50mg/kg, 155.23mg/kg and 342.41 mg/kg, which shows that it can be used as
water purification material.

A stair—type up and down flow constructed wetland system was introduced as a
water quality purification system for agricultural water and non—point pollution source in
farming regions efficiently and added mixed contact media here and analyzed the
purification efficiency rate, it has shown that 83.2% of SS, 81.7% of BOD, 43.6% of
COD, 62.1% of TN and 21.1% of TP were removed. As the stair—type up and down
flow constructed wetland system has features of secured aerobic condition and anaerobic
condition, and has long contact flow distance with media, it can be expected to have
great effect as being used as a purification facility. For constructed wetland systems, it
can be constructed with cast—in—site concrete, but it would be better to develop a
package type to increase the efficiency of construction.

40.3% of SS, 0.7% of COD, 8.9% of TN and 11.6% of TP were removed at the
water quality purification material installed drainage canal. Even though the removal
ratio was low, but this was because of installation of water quality purification material
at only partial places, thus, if it was to be installed at entire drainage canal, it would
have high efficiency. The BOD did not get lowered, but this was because the influent
was very low concentration of 3.1 mg/L and also, the effluent were all below 3.2 mg/L,
which is greatly lower than the 8.0 mg/L of water quality standard for agricultural
water, there should be no problem of reusing it as agricultural water. If the water
quality purification materials are installed separately, it might be washed out during the

rain, thus, if they are installed in net bags like installed in this study, it can increase

_12_



the stability. Therefore, it doesn't necessarily be fixed with concrete structures, but to
install with net bags, it can increase the efficiency of construction.

A water purifying drainage flume with the structure of able to install water quality
purification materials on the bottom of it to have water purifying functions was
developed. Although, 39.6% of SS, 10.4% of COD and 13.0% of TP were removed at
water purifying drainage flume, BOD and TN were not removed. For BOD, when the
water was not purified, it all satisfied the water quality standards for agricultural water.
As water purifying drainage flume was built with assembling method, it can increase
the construction efficiency than the cast—in—site concrete.

For water quality purification material or water purifying drainage flume installed in
drainage canals, nitrification is established because the water body is aerobic condition,
but the TN removal ratio was low because there are no spaces for denitrification. If a
portion of drainage canal are dredged deeply to adjust the anaerobic condition, it would
denitrify. Also, these deep areas can be used as the resting areas and shelters for
aquatic creatures, which would be helpful for ecosystem preservation. Also, the water
quality purification materials can simply be installed with nylon net bags to between
drainage canals and can remove easily, it has very high construction efficiency, which
has very high application of being used as a water quality improving method using

water quality purification material and water purifying drainage flume.
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A2 4dsddss A J18E desA aHe A%

AAGFA = AAd2GA 2AE] AEso]l AAstal s AgAES skt ute, <

FEAE olnl AE8 A 5o Fel Baol o YRAAAG 35S FES A9
Mo 2HF T2 FA et 2ee] Bof AFHAE AANA HeALH 5

—
[-‘0
o
i)y
N
2
lo

& A 7lse] Al A

AFFA 0 o3 atrA 7] &L 19564 %Y Max Plank 917°4:9] Seidelo] A& 23

HE HBEtHor dristal AFEAE FEMAA o] &stHA AR E A TH(Seidel,
1955; Kickuth, 1977). 1960dthol= m= NASAOA F-H2]E * 2] A 2% (Floating plant
treatment system)¥ EGATAE AHRAHIA2ES A8 T (Wolverton, McDonald,
1975) (Reddy, DeBusk, 1987). 1970 th s} 1980 th S A=A ah4=2) 2] wat of]e} vhakat
Lok FAMNAE Sl AA HL3olA W2 dAFtet A AL AldE] AAHAL, F
A A 29 T R ug A JAFFAE ol&ste edds Agsty] fF Hxe

<

ATEL o}y

<E 221> FA R oA AFHAES o] §F Az ATE

year Research field & Events Researcher
1956 |elivestock wastewaters — E Seidel

1975 |epetroleum refinery wastewaters — O Litchfield
1978 |etextile mill wastewaters — O Kickuth
1978 |eacid mine drainage — E Huntsman
1979 |efish rearing pond discharge — O Hammer & Rogers
1982 |eacid mine drainage — O Pesavento
1982 |ereduction of lake eutrophication — E Reddy

1982 |eurban stormwater runoff — O Silverman
1983 |epulp/ paper mill wastewaters — E Wolverton
1985 |eseafood processing wastewaters — E Guida & Kugelman
1988 |ecompost leachate — O Pauly

1989 |esugar beet processing plant wastewaters Anderson
1989 |ereduction of lake eutrophication — O Szilagyi

%= © E-Experimental, O-Operational, (Moshiri, G. A., 1993)
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oM dA A78S BlEske] 1,000 7049 EFA7F FFHAL A2 (Reed et
al., 1995), o5 FA HelHHlol~ ARE ol&dte] FA9 SdEd Aztsy 18 AT
Az Ed ek A7y AaE 9iri(Kadlee & Knight, 1996; Knight et al., 1993).

oy} ZE AFHFA ATY LA AEHHO R o]FojXa o, iR FTAYE
A ekA| ggobe Har,

_]
=<
282 AASAY g Asse AHEEe] 271FA HEE WE g A, B kAol

shpE wnt oyl A3 A5Fke] VA E 7HE g o] AARI g Kol Sl A H
A& wta 9lth(Kadlee & Knight, 1996; Mitsch & Gosselink, 2000). 28] An|F oz =
2= AHPgAzgolmg A4 Ao] o] 7heeta, W HlEy A {FAAYRE SF7A
27t 7hs3t7] wimoll MR TA A Ee] AU R o]FoX 7] & AL A EE
Yetel 2o g e AFE 1 utH(Kadlee, 1995; Ayaz & Akea, 2001).
2. AFHFA ] Fe) L A8 A Eo] #g A

T HAE <Y 2.2.1>3 o] AFFHUIEFH(FWS)SF A2 (SSF = 83 &

Atk AFFUEEY ATHAL WT 5 HulolA] ol o g, AFBEY AFEAL

oA Zo] o]&3al i (Reed et al, 1995).

AFrHEEd Jd3sAE AAdFAY M 7k dEEA, dFEe AR A
B 7 F71¢ & Alololl dAdE AEuo|A dojdtr) HujoA & F AFTHEE
23 FgHA e FHAd AAFZES BOD5 74%, SS 70%, T—N 53%, T—P 57% A Eo|t}t
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CONTRUCTED

WETLAND
|
Free water surface Subsurface Flow
(FWS) (SSF) e
treatment wetland treatment wetland
FWS wetland with }
> ] ) Horizontal-flow systems <
emergent macrophytes ’
FWS wetland with .
—» i Vertical -flow systems
free floating macrophytes ertical -Low systems <+

FWS wetland with
—p floating-leaved,
bottom-root macrophytes

FWS wetland with
floating mats

FWS wetland with
—» submersed macrophytes

<y 221> JAFEFA BF 2 T+

<29 2.2.1>, <I¥ 2.2.2>°] AT vpep Lol AN ES oMol AEEA wt
=l

it

a2 A4 = (rooted aquatic plant) 2} §-4 A2 & (free floating aquatic plant)

il

4 9, R FAAES TA 44 B(floating leaved plant), A EE F54

(emergent plant), <=2} & (submerged plant) ® A &%t}

_53_



Inlet pipe

COutlet weir/pipe

'.I A '.I s
'\.--.--L--\.-'\.--'r;{g.

Low-permeability soil
{a) FWS wetland with emergent macrophytes

Inlet pipe Outlet weir/pipe

.......

o o]

RrieE

it

LAttty

e
BT

Lined basin
(b) FWS wetland with floating plants
Inlet pipe Outlet weir/pipe

Lined bazin

() FWS wetland with rooted, floating leaf plants

Inlet pipe

YE
LA
AL
i
RS
T

e g Ty T

Lol eiebehet
N .'- N M PRSI .'-'l’.'-'.l'}?.'-l’.'-'.l'}'-'.'- ".'-'.l'

&
R, L L B B R B B S, R B -\.--\.-1.--\.--\.-1.--\.--\.-1.. n
ATV ER DA O D D TR Db DA s A 1

BT

I
e

Low-permeability soil
(d) FWS wetland with floating emergent macrophyte mats

Inlet pipe Outlet weir/pipe

—5-

Low-permeability soil
(e). FWS wetland with submerged macroplytes

<9 2.2.2> AFFHIEEY AeFA shrEA A 2E
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Plants Water level maintained

Big stones
Big stones

Inlet flow

Outlet flow

Impermeable liner
Qutlet collector

Medium (gravel, sand, crushed stones)

(a) Longitudinal section of a constructed wetland with horizontal SSF (Vymazal, 1997, modified)

Solid pipe  Feed dosed mtermittently over whole surface

Perforated pipe
(~110 mm o.d.)

25cm %
~8em "sharp" sand
6 mm-washed
~15cem % pea-gravel
10 o 7 12 mm-round
cm A S washed-eravel
- R D e, LR 5 R G 30-60 mm-round
~15cm AR A k! o o _dﬁ“g% = -'"'l"'-'f//_-//" washed-gravel

1% slope

) Free-draining outlet
Large stones =

Network of agricultural dramage pipes

LDPE liner

(b) Typical arrangement of a vertical reed bed system (Cooper, 1996, modified)

<Id 2.2.3> A5 FY JeFAe TEEA 0 wE A8y

TR o o= ARG AEel o A FrEivds A=A T
A omell A e Tl xd B & He Sl B n el o el A-g

o] Fastth WA AFFANA HE APHN LABA F

=d AAES ST AARA o 7hA] delA ofF Tadt 9

o -

7 = th(Reed et al., 1995; Kadlec & Knight, 1996; Mitsch & Gosselink, 2000).

(e]

AFHANAE P2 ZF4ES Bol olgdy Y, 1Y Bol AgE: A5HERR

R

= Zd(reed, Phragmites communis), §5 (cattails, Typha sp.), == (rushes, Juncus sp.)
w2} 7] (bulrush, Scirpus sp.), A}%(Sedge, Carex sp.) "|Y2](Oenanthe javanica), =
(Zinzania latifolia) 5©°] o o529 AEH AATHo] 3 oz dHA 9l

(QF&7, 1993; Reed et al, 1995; H+5, 2003).
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=
Gz E sAlo dovl= S wEo] BE F99 Ed A= AaAAE S8k A
o w2 4#A JH(Brix & Schierup, 1990; Kadlec & Knight, 1996; Mitsch & Gosselink,
20005 USEPA, 1999). A =2 TfFo mex ed&d A=A 27t Sl
Gersberg 5(1986)2] d-tofl s, aole} A7t 7| H-5 Hus QA EH AASTY
o] =t} Bachand®} Horne(1999)2 o755, 3o, F+ A= EF2AFA| A it
‘44 A (nitrate, NO3—N) AALA S s+ 23, ZdAAFAANA 7 2 AAZR7E S
of 24d3tE faiMe TFABEFAIE Fstdal 5

Fraser 5(2004)2] G-l = A A5 34 22 o
FaL AAAF 7ol whel N3 pe] AAGH e 2ol 7t e EFAYEFAY AAEHAT) =
ot SAIRE, HRT7E Fw3 oA s FAAE S/ wE AAads & Ao] gle
Aow ®Hig v 9lth(Sumrall et al., 1994).

AFFA e e A7 kel Aol ofF HHHoJoF AES F3 AAhdER 57
TAgstel] gaAolgt= a7t AU sHARE, AAE Aol DHPH FA=
g stel e 7)zte] A d & dnk A ECl dY] T

-

=
g Ba Austs $Ye FUPAR + dbd, dARE 42

oo o
N
ox L
o=

Loz 2
~
i
2
N

ft

o Bx
flo
L

Fol B3 I AGHY] wiEe] $£59 Aadds Bz E 2
Ju]&eF(USEPA, 1999).
FARA(2001)E st ol AFA oA APe Ao} o758 AT sho] wjdA] 2
et o7 REY FARZEE callus(FE22)E FA o] A .

Fo
off
Lo,
2
o
o
b
H-u l‘ol‘
o
-\
o

A

el o Al EdWo] fol fAANY AR Fste] el AAd e 2

A FrFdol B MAY WdAdel A AAAE A5 A da-se] oFofAa 3l
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25 o] g3 FAgd #3 A 19809 U AlFEeH, F
2 g Y4re] 2 ¥ =22 (Eichhornia crassipes)o] &% o] ¢t} Ry 272 o] &3 &
A AT AFe9], §718, d4AF, T55 AA Sl A AF(HFY 5, 1985; ©
o 5, 1985; o]F4], 1986; FARAFAE, 1993; 4] &, 1988; AER 5, 1991, 5
A2l AFH(FET T, 1996), TEHel s A L AAEE JFEHAS T, 1994), F
2o AR AAATFY T, 1995), FAtHFA A 5, 1992; o3| 1993), Fu5
Z AYFM 274 JFIHE T, 1992), wHEuel AFeEA g (HEREY, 1994)

ol

S5 ole]e] A& gt AT AY HAAAFo = Aol (Salvinia natans)ol]
g3k 3k W A&, o AAREETFE, FES, 1995), vt 93 JGAdF AAGAL T
Ab, 19935 FFS-, 1994)9) 7t=F I wel AAlMA 5, 1995), JAFFAAA 7 H-&,

233, vy g stFAH(FET S5, 1996)7F ¥ vF o dAl Adiel o
ool AgsteAgCddetal, 1997)7F A Ea oy gt FFo] Hrhe 28

A4A G el A7k vk o,
g o8 AR euFAY AsHE ALend D ATE &4
(1996), H&ZF(1997), BE%¥(1999) ol s FAHQeH m&EAsA 9 QA FHA
gatol apeA el 32k Aol B8R ATAATHAGH, 2009).

o1yt ol AAYSA ] HREES Folv] 9T Fd ATt AAHT Yot ¢

Nu:E

il
iy

A3l FEHAGE @ et
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AN FESel U1 GRAL AR fstel FAR A& vpoleBEo] B AT
Agsor], AR AF-ANE A A4L AR gou BRI B ok W
o=

kel HEHAG g AT ARI HHH QA Rk

4) &

FEE= 12 AE(primary clay)$l kaolin®¢] o] Abg}, Z 3 5o dAAH Ao TA 4
3t (Fex03) 8 %0l BWol && AS 9, 49Ae} 8UAZE 1112 ¥ 25 7%5 ol&
o FE 5EAS Ydsd, v <3F 3.1.1>3% Zon, 3FEo s
2o

<¥ 3.1.1> g E4

. 13 AE 9%} HE
an ° (primary clay, Kaolin) (secondary clay,Clay)
Kaolin Hwangto Clay
4 < dA el F3t dA e F3t UM FHE] HA
FAHA 2k Kaolin®] %3 (%) sk (|
T X 1:1 % 2Z7%) | 111 &% QZF4+%) 1:2 % (35+%)
Si02 40~50 % 35~45 % 60~70 %
T Al:O3 30~40 % 25~35 % 10~20 %
Fes03 3 % ols} 5~10 % 3 % o|st
HAF=7] g2 e "9
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ﬂo

i

i

& Aok

7+EA €

1,000C o] Aol A

=
=

fo] AL o

3

o we=s

1|

o

A (pH 5.6)0]8F Bl EZE uj

1oH

olm

_EH

W

ge
Ny

B
<

11 ecm X =9] 90 cm (2 8.5 L)

D olad AQe A%

7h) mHTA
) o AFA

}

0] 80 cm7kAl oA F31

© CAFel(Max. 10 mD) AFHZ=E &5 ( 6 ml/min)

2 21 O @)k
o H [}
.

)

°F 11.1 AJ3F

N

2h) A FA]

D AIEE 100411

© NH,", NO3~, PO 247} 50 mg/l. =52 A%
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<2% 3.1.2> $2A3} A5 2 FHAY

2) 3 A=

7b) &% 1 ( CHA : Al &&o]E : HWA = 10 : 20 : 70 )
) &3 2 ( CHA @ Al&Ho]E : HWA = 25 : 25 : 50 )
t}) HWA : 374 2~3 mm

2 AlgZolE : A7 2~3 mm

vl) HDB : A7 2~3 mm

v}) NOGS : 27 2~3 mm

A NOGM : #74 3~7 mm

°}) HUG : 274 7~15 mm

<¥# 3.1.3> AEAEE XRFo 93 3stxA FA

3

SiOz A1203 Fezo3 Ca0 MgO Kzo Nazo TiOz MnO PzOs Ig.loss

e

HWA(%) 64.68(15.43] 4.92 | 4.46 | 2.40 | 1.83 | 4.09 ] 0.59 | 0.11 | 0.19 | 1.08

Al&efolE 161.76(11.14] 6.73 | 2.62 { 0.93 | 0.84 | 0.53 | 0.67 | 0.07 | 0.44 | 14.05
NOGS, NOGM |53.14|26.61| 3.16 | 3.10 | 0.38 | 0.93 | 1.75| 0.34 | 0.09 | 0.11 | 10.53

3.1.2>¢ 2& AR NHy" Fol &7 NO; ¢ PO, &0l &



Ag 747t 50 mg/lLe] TEE Axd F AgFze ARk 2 e A A
=

TG 5 AFHIZE o] &3t sHolA FHE APEANS FHdto] o MG A|ZH
Az Y F ok A2 DionexAte] DX—100 o] > A 2vtE1gu] 2 221319 on A A% 9l
AHAANE <F 3.1.4>°] JERRATH

F&oll ek o] % wE A= Langmuir isotherm, BET isotherm, Freundlich

isotherm, LRC equation, Ideal solution theory % <& 7IX|7F Qloiu} dukygo=

7h) A zbell whE o AE NH, %ol &zae Ax
EAAY myAA o] zbzte] o= FZ3 T NH," %¥o]2S 50 mg/LE A %3t A
FHIZ 6 ml/mine Fo= FFstal Z+zte] A& At A ¢ AE FAst <1

d 3.1.3>°l yEhliAn

NS

60.0
—~— i
50.0 GEDOOOO O O O O o o o o o |t 2aas
o P 7< —o— HWA
B 40.0 \//\\/ —— x| gato| E
i //(/ e ° ||>—HDB
b ——
Hj) 30.0 NOGS
4 M /// —— NOGM
b L ||7HuG

ok 20.0 %/ / O Hslz
10.0 ﬁ
50 60 70 80

0.0
0

10 20 30 40 90 100

Al= 2 F AlZE (h)

<I¥ 3.1.3> Albe] wh oA NH,® F25= ¥s)
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<HF 3.1.4> A gte]l w2 oA NH,", NOs;~, PO," 0|29 EHE54 2z
(9] : mg/lL. ND: E7%)
o] A F =1 %2 HWA AgdolE |, o .
AR [ ][ L e sl e < oo | e
ol NH,"|NO;3~ [PO,°NH,"|NOs~ |[POs° [NH, " [NO3~ |PO.” [NH, " |NO; ™ |PO | %%
AFAIZF A3 3| 1.1 |16.4| 6.5 | 0.7 |14.5| 6.4 | 5.2 [32.2|15.3| ND |13.8| 1.0 | 50.0
1 AN ZF A3 % | 1.2 18789 | ND |16.1| 7.2 | 8.3 |34.1|19.4| 0.1 |14.0| 1.0 | 50.0
2 AIZF A3 % | 1.1 [19.9] 9.6 | ND [21.3] 9.7 | 14.237.3|26.8| 0.5 |14.6| 1.0 | 50.0
3 AZF A3 % |09 (216109 1.3 [26.9]13.1[18.4(39.9|35.0| 1.3 |15.4] 0.9 | 50.0
5 AlZF A3 % | 05 (23.1(12.1| 0.7 [29.7]15.2[21.4(39.9|35.9| 0.7 |18.4| 1.1 | 50.0
7 AZF A3 F | 2.0 [23.7]|12.8| 0.7 |34.6]21.4(27.7|42.7|47.2| 2.3 |27.5] 1.2 | 50.0
9 A7r A3} 5 | 2.2 |245[13.4( 0.3 |36.7]26.0[31.1[46.2|48.2| 1.3 [32.3| 1.2 | 50.0
11 AIZF 73 3| 1.7 [23.4(13.0| ND [40.2[37.9(33.0(47.848.4| 0.4 |42.4| 4.0 | 50.0
14 AIZF 73} 3| 1.0 [25.3|14.4| ND |42.1[39.9(35.8(47.0[49.2| 0.7 |45.5| 7.8 | 50.0
20 AlZF A3 3| 2.0 [26.2(15.3| ND |42.9|40.1 |39.8|46.0(49.3| 0.8 |45.7| 8.8 | 50.0
28 AZF A3 3] 1.5 [29.2(28.6| 0.6 |43.3|40.7|42.9|46.2|49.5| 0.5 |44.7| 9.1 | 50.0
36 AZF A3 3| 1.1 [36.0(39.7| ND |44.6|41.7|44.0|46.6|50.2| 0.4 |44.8|11.0| 50.0
48 AZF A3} 3| 1.3 (38.0|41.6| 0.8 [44.2|42.3[44.2|46.7|50.5| 0.5 |45.2[11.2| 50.0
60 AZF AI 3| 2.7 140.9|45.3| ND |44.9|42.4 |44.5|47.2|50.5| ND |45.7|12.1| 50.0
72 AZ¢ A3 3| 4.0 [42.3(47.7| 2.6 |44.9|44.8 |44.5|47.6|50.5| 0.4 |46.0|13.3| 50.0
84 A|ZF A3} 3| 4.2 [43.2(49.5| 0.1 |44.6|48.4|44.0|47.9|50.7| 0.2 |46.1|14.0| 50.0
96 A|ZF A3} 5| 8.3 [43.0|49.6| 3.3 |46.0|50.3|43.2|48.1|51.2| ND [47.8|14.2| 50.0
o] A F HDB NOGS NOGM HUG o o1
AR [T L Tl e o ] e
o e NH,"|NO;~ [PO,°NH,"|NOs~ |[POs° NH, " [NO3 ™ |PO.” [NH, " |NO; ™ |PO| %%
AFA|ZF 743 3| ND |25.8| ND | ND [16.6| ND | 5.6 [19.0 | ND | 4.0 [22.3| ND | 50.0
1 A7F 3 % | ND |27.2| ND | 0.1 [22.6| ND | 5.2 |21.6| ND | 6.4 [22.1| ND | 50.0
2 A7y A3 5 | 2.0 [33.6] ND | 0.7 |23.4| ND [12.6[16.4| ND |11.0[22.0| ND | 50.0
3 AZr A3 % | 0.2 (367 ND | 1.1 |24.1| ND [13.5[23.4| ND |14.3[23.1| ND | 50.0
5 AlZF A3 % | ND |38.9| ND | 0.8 [25.3| ND |14.9|23.4| ND |16.7|23.8| ND | 50.0
7 At 743 ¥ | ND |41.6| ND | 2.4 [26.1| ND |16.9|24.2| ND |21.5|24.0| ND | 50.0
9 AlZF A3 % | ND |42.4| ND | 1.4 [26.1| ND [24.0|24.4| ND |24.2|24.5| ND | 50.0
11 A7+ 73} 3| ND |43.3| ND | 4.5 |26.8| ND |26.3]25.0| ND |25.6|33.4| ND | 50.0
14 AJZ¥ 73} 3| ND [45.6| 4.3 |10.4[28.1| ND |34.2|26.1| ND |27.9|34.5| ND | 50.0
20 AlZF A3 3| ND [46.6| 5.9 |15.1(29.1| ND |32.5|27.8| ND |31.0[35.5| ND | 50.0
28 AlZF A3} 3| 0.8 [47.4| 6.8 |20.5(39.6| ND |39.9|36.4| ND |33.4[41.6| ND | 50.0
36 AlZF A3 3| 1.7 [47.0| 8.2 |27.0(39.3| ND |37.0|39.0| ND |34.2(40.3| ND | 50.0
48 AZF A3} B | 3.6 (47.1] 9.8 |29.9[41.8| ND |41.3|39.8| ND |34.4|42.4| ND | 50.0
60 A7+ 73} 3| 8.6 [46.6|10.0|34.6|43.4| ND |38.6(43.3| ND |34.6|43.5| ND | 50.0
72 AZ¢ A3 3| 57 |47.4(10.1|35.8|43.9| ND |40.9|43.7| ND |34.6|43.8| ND | 50.0
84 AZF A3 3-120.3]46.6|10.5|36.5|45.1| ND |43.7|44.6| ND |34.2|44.8| ND | 50.0
96 AlZF A3} 3 21.6[47.4[11.0|37.1|44.9| ND |46.4|44.8| ND |33.6|45.0/ ND | 50.0
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NOGS®] 79 9]=o] Ao e FAAALS Holx Aoz A 9a B
Hol &= STHEUTE. FF Breakthrough curveZ}A 8] EEAFHS Fato] 45 Adst
TAEe] F7 APE dte] FHH A¥sE Foto] A& AARIAE =2
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BODS| 4% <19 3.1.15>7 o] Aol AFRel Weha A&Hew BOD

R

d Foll=

o, 2

T
A

28.0~32.5 mg/L

2 9 Fre

AAH
| #HA2%0] 15.6~18.8 mg/L= Yolxit). 3Y o] ¢dll&= Ht 17.2

o
IT

S
=]

]

o2 e

A

o 17.1

o] glol

Fo= thA] IA olx] 8.0~8.8 me/L,

=
.

mg/L = A

o 8.5 mg/L=E

E

Dy

Q]
=

[ R= = S =2 R

mg/L&

£yt

< 71.8%

s}

)
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el

CODcre] A%+ <19 3.1.16>37 o] 1, 2, 3, 43]

106.3

Eix

3

3

o=

Folli= 29 Aok Zpel 7k gle]

<
T

Eﬂ, 201

T
A

T 116.5~132.7 mg/L

E
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5 I

T 106.3

E

Dy

Q)
=
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TSS9 A9+ <a93.1.17>3}F o] Ajte] Aol mef X &H oz Frr) golX = 4
BYth 949 FEE 26.5~37.3 mg/L, F 33.6 mg/LYE, 29 Fol= H 26.9
mg/LEA 19.9% AE7t AAHQJT. 7 Fox A&H o7 volx] 39 Fo= 359%, 49
S 42.6%7F AAHULL, 59 FoE 47.9%7F AAH] HE 175 mg/LE olsith,
TSSe] -9 543ke] AAEC] 50% olet= WA Uets=d], o= JAFEFA HFoAA 9 7}t
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o7} gle AoE YElWT 1, 234 Fd4 Fx5 i 12.80 mg/L¥ =4, 3¢ ¥ 10.40
mg/LE WolAal 11 o] Fo= & Wyl gllth 2, 33 A9 A= Ht 20.12 mg/Le

57k 3 F 10,99 mgL® FE3) Wobrl o] Fo 2 Wbt fiieh Wb 59 7o
SEE AT 97 mgle e 41.1%%e] A=Y AT olsh o] A4
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TP <2¥3.1.19>3 o] TN A5-¢ mz/iA = 37 = F43] 527t sl
aL, Z1oo]foll= 7o) W v e == 0.47~0.81 mg/L, H 0.70 mg/LA
=), 29 o= 38 A4S AQstars 0.31~0.66 mg/LZ ol 39 Fol& g% yolA
0.14~0.38 mg/L, H+ 0.26 mg/LZ Yo} 62.3%7F AAE A}, 1 Foll= W37} 9% ¢
Rof A Tt gaEe] 59 Fol= HF 73.1%7F AAE 0.18 mg/LE Yol
ol¢} o] TP HlwA AAZE] Eokedl, ol FAAFAA A3 npo} o] E3}o]
Aol PO FH AR =7] wliEolth meld E A olgd EgtiAgE $-elvel w9
ST gFEs AR A Fgddst Algk Al Qo] AAC &Rt S AL

2 FaE

25
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1o 4=
Z [
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0
25 2 3 42 52
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<1¥3.1.18> EPAHNA TNEE ¥}
1.2
1.0
2 0.8 — 12l
g —m— 23|
H 0.4 3
Ho 4=
o 0.2
0.0
A% 29 3¢ 49 54
Zdapel
<71¥3.1.19> BgAH A TPsx W3}t

ftfo
rlo

oy o] B &3t A= BODO TPAAEES =2 Wb TSSe TN AAR
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<¥ 3.1.5> 2Ly AHES Eg A5 (KS L 5210)
3 = 5 15
vl Zw A zhz} 26000] A+ 26000°] %4+
S (ar/e) | A% 2 173 173
ki 2800°] 4 28000] %4
3d 13004 100°] 4
%7 = (Kef/ar) 74 200017 160017
28 2500] 2500]7%
} 7Y 700]3 700]5
5314 (Cal/g) N _ ]
28¢ 800] 8} 800] 8}
n2et2e] F718F3(%) 120] 3} -
<¥ 3.1.6> 12L&y AHMES FeAE(KS L 5210)
shehgd s 1+
T2 S03) % 3.00]3}k 4.50]8}
A Ra o do 3.00] 3} 3.00] 3}
FE(S)% 2.00]3} -
1}) 1 2<# 1(Blast Furnace Slag)
oA Algd n2EYas S5 AY92A SAbA AiEE nzEa uEgs
ARESRTE <3 3.1.7>° 1 =E8ted E S YESIT
<¥ 3.1.7> &Y = 3453 AA
584 44 shshx g4
A azd7t
5 Hl A s | AL
H]%C— ] 21_*1 MgO SO& (¢} 4= O{,‘i}%o]% 057]1]:— %_\?_
(em/g) | (%) (%) (%)
AAA | 2.91 4481 4.73 0.08 0.02 0.002 1.83 5
) &4 2E(Loess Clay)
FEE TaoA AakE e 245k A3 A7 FE uEE(1000Co1 ) S AFE 3§
Som, <x 3.1.8>° 1 sty AAS e
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w}) 42231 (Unhydrated Gypsum)
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Ab) &3 A (admixture)
E3A= U F olitAA AAlA AAE = B 1.20, pH 8.759] YZ e A 1A T
ArAE ARSI

of) {2

2 odATelA ARgE dAREe FERy fFeAFoR FRSeHA AREHA gl
Soda—Lime A9¢ #Hfe2A ZZA 2719 5mme Z7]E Roll-mill& o]-&alo] a}5
Halgdon e s Axts <¥ 3.1.12>9 2o Si0y7F 71+1(%) 02 /b Ba o1 tl
O & Na,0(13.10%)9} Ca0(8.91%) o] ®ol g8 oz et

rr

T

<3} 3.1.12> #H2 &2 = 3t 44

/Kc‘] T"i‘ SIOJ Alng F6203 Ca0 MgO 503 NaZO KzO
GRS
(%) 71x1 1.47 0.07 8.91 4.04 0.24 13.10 0.83
0

3) viskn] s oAl A 2
ek Zh Al Hrbel whE Mo wigE =Ee] fd amEda AWE, FE,
g AL e, 243, e S dAl Bkely vl sEo] wids =

=3l th 1T AFAl(FEIA)E 1%9 oz n4sa A3, F5445, dETHE
Gl

S MR Aot AR yhgAdo] oA 9] HAUAS W HH
B7] 9fste] wighe =ESEIvh o7)A 9] Atel] wel wEFSRS] aatet AMEler 1R
EH L AHE Afo]o] whgAdo] 1 ol whekA] ofHA ¥hES A BEE F 9lS B0
ok =g A= AAINE oA keSS Abgetlon A FFEC stEo] vy e
Fs £EstaL 3~56mme| A AVIE ARESIAH. TSES 20~25%% AASA MEES
zdalon, <3 3.1.13>°] FAAstA wFxE e

FAAA Aol o AnNHE st wiR WY wATle] FAE Wi B ARES
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A 279 A71FA8(20C) S AT <9 3.1.20>2 A SHA AlA

53 A

<¥ 3.1.13> F2AsA wWFE
12 A=
T I S I R s A I T
(45-50%) (30%) (1%) kg 22 | o (hed| sda
1 144.9 | 101 | 87.6 | 3.4 | 1534 | 425 | 135 | 0 0 77.5
2 1449 | 101 | 87.6 | 3.4 | 1534 | 42.5 0 0 91 0
3 144.9 | 101 | 87.6 | 3.4 | 1534 | 42,5 0 | 182 | 72.8 0
4 1449 | 101 | 87.6 | 3.4 | 1534 | 42,5 0 |27.3] 637 0
5 1449 | 101 | 87.6 | 3.4 | 1534 | 425 | 135 | 0 | 77.5 0
6 1449 | 101 | 87.6 | 3.4 | 1534 | 42,5 | 135 | 155 | 62 0
7 144.9 | 101 | 87.6 | 3.4 | 1534 | 425 | 13.5 |23.25|54.25 | 0
8 1449 | 101 | 87.6 | 3.4 | 1534 | 42,5 0 |[135] 0 77.5
9 1449 | 101 | 87.6 | 3.4 | 1534 | 425 | 6.75 | 6.75 | 0 77.5
10 | 104.6 | 101 | 87.6 | 3.4 | 1534 | 42,5 | 135 |39.08| 0 77.5
11 95.8 101 | 87.6 | 3.4 | 1534 | 42,5 | 13.5 [58.62| 0 77.5
12 | 104.6 | 101 | 87.6 | 3.4 | 1534 | 42.5 | 13.5 |39.08| 77.5 0
13 95.8 101 | 87.6 | 3.4 | 1534 | 42,5 | 13.5 |58.62| 77.5 0
14 | 104.6 | 101 | 87.6 | 3.4 | 1534 | 42,5 0 | 135 |39.08| 77.5
15 95.8 101 | 87.6 | 3.4 | 1534 | 425 0 | 1385|5862 775
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<¥ 3.1.14> 23 A7

EE Bl g :

uga e FE 2 | g of 2 || -2 iﬁ | WE | 22 %L%%H‘;;

(4o~45%)(35%) (1%) ARE 2| 3] | Aa | 7R | S| kef/em
1 144.9 | 116 |87.6| 3.4 |1534|425|77.5|/135] 0 0 12.8
2 144.9 | 116 |87.6| 3.4 |1534|425| 0 0 0 91 24.5
3 144.9 | 116 |87.6| 3.4 |1534|425| 0 0 | 18.2 | 72.8 | 20.3
4 144.9 | 116 |87.6| 3.4 |1534|425| 0 0 | 27.3 | 63.7 | 224
5 1449 | 116 |87.6| 3.4 |1534|425| 0 |135] 0 775 | 154
6 144.9 | 116 |87.6| 3.4 |1534|425| 0 |[13.5| 155 | 62 14.7
7 144.9 | 116 |87.6| 3.4 |1534|425| 0 |13.5]23.25|54.25| 16.5
8 144.9 | 116 |87.6| 3.4 |1534|425|775| 0 | 135 0 15.8
9 144.9 | 116 |87.6| 3.4 |1534|42.5|77.5(6.75| 6.75 0 10.5
10 104.6 | 116 |87.6| 3.4 |1534|42.5 |77.5[13.5(39.08| 0 16.4
11 95.8 | 116 |87.6| 3.4 |1534|42.5|77.5|/13.5[58.62| 0 15.9
12 104.6 | 116 |87.6| 3.4 |1534|425| 0 |13.5]39.08| 77.5 | 12.6
13 95.8 | 116 |87.6| 3.4 |1534[42.5| 0 |13.5|58.62| 77.5 | 13.2
14 104.6 | 116 |87.6| 3.4 |1534|42.5|77.5| 0 | 13.5 |39.08| 9.7
15 95.8 | 116 |87.6| 3.4 |1534|42.5|775 0 | 135 | 5862 | 7.5

A A% 248k PR WFEA G 0T 2347 HE Be AFPEE
B, UelA W ES 20kefom? Mo R FARSARA Hode] RS &
=

o whEbA 2.3.4015HS bR o R WETLE
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<i¥ 3.1.15> FAMNIY dFH=

n2EY

VA=
) e el A | o e (=4 pH
&) Al o E o =R PN |4 H e
MR ARLE ol E T wgs g a E e a) ketfem? | 244121
(45%) (1%)

A—-1 144.9 116 |87.6| 3.4 1534 91 0 0 22.4 9~9.5
A-2 144.9 116 |87.6] 3.4 1534 0 91 0 14.4 8.59~9
A=3 144.9 116 |87.6| 3.4 1534 0 0 91 25.6 | 11~12
A—4 144.9 116 |87.6] 3.4 1534 | 45.5 | 45.5 0 15.7 9~9.5
A-=5
A-6
A=7

144.9 116 |87.6| 3.4 1534 0 45.5 | 45.5 20.9 | 11~12
144.9 116 |87.6] 3.4 1534 | 45.5 0 45.5 22.6 | 11~12
144.9 116 |87.6] 3.4 1534 | 30.3 | 30.3 | 30.3 15.9 [10.5~11
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FES ofd MFoE 4PN A% 35%° FEFo] PHEE 9~0.50]5H2 Woj mylo
o, Hage] nsda ANES s FEEALT A4 £ AU FHIE 20~
25kglfem’ AE7t FAARAZA Agettn Bersi FAA FH

ek,

o sageA e Belsed 5

o,

oo &3S pH(1:5), HAZ|AZE(EC 1:5), Uo]&X88&3(CEC), =24

(Kjeldahl ¥), Z&<1(HCIOs ®3¥), F& A4 skF(Bray NO.1H), #71% $=F(Walkley &

<aEE HFAA> <A
3.1

1.21> oA 8l =g 54

pHE <3 3.1.17>3} Zo] 115 S

i)

FolA7t 7.6224 FA4E YER vk A A SA
11224 g7t de vetillth ol FAASAE tes AAA AAlE 1] Ajts
98] ARgg vigltiol]l pH7F & AIWME A& Fo] Eolgl7] wiolth.

A7IHAEE (EO)v 54 AE 9 nAES o83 Ay Z2A22 9% 2579 As
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orel A otk oA ECE 0.26 dS/molx, 2AA3A 9] ECE 2.06 dS/m&EA 4 dS/mB.th
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<¥ 3.1.17> oA 2@ F=AAsA ] FehE A=A

A7 Fol= o] o % oA}
71 & a
i ol == ) Awed TE )E TE&L; (T/N )
% k
(dS/m) |(meq/100g) 7 bpm merss
HEo A 7.6 0.26 20.05 0.14 13.65 338.28
A A 31A) 11.2 2.06 37.65 0.20 0.50 155.23
e TP AR AL Ca*” Mg ™" K* Na®
(ppm) (%) (meq/100g)|(meq/100g)|(meq/100g)|(meqg/100g)
HEAA 599.88 3.3 12.4 1.9 1.6 0.6
FAARIA | 342.41 8.8 57.3 1.8 11.4 4.6
BEEFE AATE 3.3% A =d FERASA = 8.8%% SUHE AT AEAHe] FUtE A

A& WEE HellA CatTel F7HEAY] wiiteln Catte UvteEld el A
BAEe B8] el AdAARRE 7dHE = A

718} Ca**, Mg™", K', Na' & o417} 272 12.4 meq/100g, 1.9 meq/100g, 1.6

i

meq/100g, 0.6 meq/100go] 1, FAAIFA= 22 57.3 meq/100g, 1.8 meq/100g, 11.4
meq/100g, 4.6 meq/100gS YEFATE
olige] 3shd A4S E9 nas AEFAA 2 FAAIAV A EAZA ol &

7hesk Ao ® gk
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23 (Model) o] &k 2AA 2 A4S o] A3l (Idealization), B+ 7l 3} (Conceptualization) Al

)

<+

Eigl

(1)

;Oﬁ

&m
O
]

ox

A+

o

)

&

2] =& (Physical Model) ¥} A A 35L& o]

o] Aot F

L=
o

] X238 (Numerical Model)

A o] AR, o} A 7HA] &

2] Wstol] sy

—_—
o

1(Finite Element

. o

A ZFE2] (Difference Equation) &

g3

e 9] el

KR
o

gAE o]

KeN
=]

Fdsfor &

Equation) ¥} & o] Ak3}2] (Discretized Equation) &2 THA|

Yo A= W

= X

olu

<ol

bl ] 7]

3]

dol® 59 (Coding)

oy
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T AT.(A7]4, 1995).
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(7}) 3k A}EH (Finite Difference Method, FDM)

Taylor =5 9
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file)
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X

2 %W (Finite Element Method, FEM)

Zr 2 (weighted residual method) ™ W& (variational method)
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A A ¥ (Finite Volume Method, FVM)
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1o 71 %S TRt E8 4 Alare] 7]
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oy
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91+ FAVOR(Fractional Area/Volume Obstacle Representation Method)

b 3 e
FAAH(FVM)S AbEstal vk =3 AE, vjik T3 22 5343 Afxd &5 f4s
213k VOF (Volume of Fluid) 7] (Hirt and Nichols, 1981)< o]-&3ttl, At el a2 A
2 fMF99E 4L AR Ure Ao® AFete] ZF Al fis] Foixl 7o) mE
5 gE S xE AAbeA ") E e SOR(Successive Over Relaxation) HH o]

1} SADI(Special Alternating Direction line Implicit) =& A}-&3}lo] AAksit), A4S
e A(2)~(4)E AHEste] 53 4=ES ok, AraE E5% 45o= VOFET4 S

Abgete] Al e RIS AtsHAl d

@ FAVOR "3
FAVOR(Fractional Area Volume/Obstacle Representation Method) 9 MW=+ t}
=

& <9 3.1.22>¢F o o] WHE ASHA QAUoA ¥t PAE V|EstE AL

A, AsEAl 840 7 AL BH 449 FYol AA Tx Yot BAE 5+ dvkn 39
s Aol 0|24 st AEWA ekl FEEAC AAF 3 L ol WA Eta)
= oaEe 4T £ gon, o ax U BRAR B Y, oUA L LEBF e

(Flux) A& F3AA H&sle AT F65 7€ 4 v}t BFC(Boundary Fitted
Coordinate) A WS 1A %= FDM AHE Al 7 & A9 gyl Add Axt=2 2
g Ayt Agw Asts AT = vk she] A A 84 FLOW-3Dol WA= o
+ Messing Toolel ¢Jste] A Ao Hold = glom, Zpzke] Axzpel] 23F HojA =
FEEA A ol F3AA HEZ FAVOREFE v (5)3 o] Ao}

l‘>

x0

0 C 0o C 0o C 0 C
it T Yax T e, TV,
1 0 C 0o C 0 C 0 C
ﬁV[ at+uAXaX+VAXay+WAX782 (5)
N:tﬂﬂ
AF
left AF
w: _
,r'; Heat Ti nght
J |
,/ A'Fhuitun
| Yoo Obstacle

<71¥ 3.1.22> FAVOR ®He] Mdx

Shifel A @t Al e nATHA(AF : Area fractions at cell faces)¥} zF Aol wj
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2AA (VF : Volume fraction for each cell), 281 Holu} #A, &7] So] o|%d <
9= g9l (Heat Transfer Area)® o]z}
openvolume
£ volum ofcell (6)
AF = open area (7)

celledge area

o714, VFE shtel A wael va FFe] X s WAL oJusu, AFE x, v, 2
W Z17ke] A ARt FFo] AX el WAL ofvl g,

@ FVM(Finite Volume Method) in FLOW—-3D
ASAZ dojd WAAS AFHE fMstr] Halide olitksirt Hast o)itkstet= v
21& A7 FEM# FDMe 2 s 4 glon, FEMWA A 7t5 45 12 sd 19y

7Z+o] FVMHHAlo] ®H 1t} FLOW-3DE FAVORE L3 FV < FHsta ok ddkd

Staggered FRnite-Difference Grid Control Yolume=Mesh Cell

Primsany Yaiable Z‘ W Tangenial Skesses
- Back /
A Ccu'mmiuns/ Homal Skess
P.T.F. Y Convecive Fux
Q= @
AR Vs g
¥ v Body Forces

<71¥ 3.1.23> FVMY /9%

@ VOF(volume of Fluid) W4

AR s 2o BEE AREE £50 /&S Aot A8E AgHE a3
Pt 09w 94% AL§SH: VOF $8S o g3l n 1haE olFo A & gtk
FLOW—3Dell AH&-¥31 Q& VOF ®Wye o 85 x ot VOF Wyds 2 43
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ofth. 714 A eld A (Liquid) v &7
Hs on)et, g7l= 3 FrAll MW (normal force or pressure)€] ¢
oju} gt o mwl gty g fA|oke] AAWE FIY olF &£t vl wE A9l
= a7ld % fFAe] HAdE(sheer forces)o]l 2H&3 & Q17| wlZol HE Ao AHg-ALe]
Fo2 gafof g}l thg <9 3.1.24>% AFFAY AFHEWe] obd we] I¥S Hlw

l J Pressure N N
\

[y

(a) Free Surface (a) Not a Free Surface

<1%¥ 3.1.24> Free Surface and Not a Free Surface

AntAow fFAok F7|e] WRE HustlE w °F 1000:19] H]E&E 7FA™, FLOW-3D
e F719 A (viscosity) ol & (pressure), vF2H (Frictional forces) 52 Aol H]
of FAIE Jrg Avt ghar 7pgsith ohs A (8) AR A E A A &
ARG A AAES Yefdo]Fe dubdl VOFgsE Yehdglen, <19 3.1.25>+%

0 F 0 0 J _
I +{ 5y (Fu)+ ay(Fv)wL—aZ(FW)} FDIF + FSOR (8)

o] 714, FDIF : Diffusion of Fluid Fraction
FSOR : Fluid Source/Sink

- [e]==Re]P S|
=HMae o
~———F=0(Void Cell)

0<F<1(Surface Cell)

F=1(Fluid Cell)

<19 3.1.25> VOF9 M x=

£
=
Hu
:oé
>
b
ot
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Navier—Stokes WA4 & £7] flalAs 14 1849 BAA, 447, F744 2L o
AN e 2AS Golok W 53, UFAEFS nels] AAAE EA dFAA
Y% Aeste] WAAZAS M8 Folof @tk FLOW-3DA Mgt BhE=Q

FERPFowE  Prandtl®]  E3AE  EP®(Mixing—length  Model), 1-4A424 =9

oy

(Open—equation Model), k—3E 9, RNG(Renomalized Group Theory)® =, LES(Large

Eddy Simulation)®®& &3t om, 7 ey mgge] Aupdgdy L 53 2

@ k- BUEW

32k HIkEAd FA

Lo

d 54 A5l thdk Reynolds A4S Reynolds&3 py 'yl
gt AS FaEjoknt SE 7 ¢ vk olgd SEATAE A st i A
& el (turbulent eddy viscosity modeD ol A= ARG} FASHA G AT o, &
A3t= A2 BoussinesqZ} AT o]o] th3te] Prandtle 1920dthol] 7] A A2

£9] mean free path®}®] frFolA dFe] 5444l jo gk £31AE o] (mixing length

i

o

H
o

rlr

theory)S AAIEIE o, d79o &5l A] (turbulent kinematic energy) 4gZHE WHFH
BAT (n)= Hed 2ol Aol d9lem, o= Prandtl-Kolmogoroffe] w3142 o]}
Eig=y

w,=pC uﬁ] (9)

k=39 2&2 Prandtle] 3 Aojol 7]2& FaL 9lor,

— 0
_puiujzuz‘ 6)

A

S} #ol Reynoldse#3 i 2ZeEgxe] dAE 7MY ERe F489A4

2/3k6 = HoR Aldn. S0l j& dEsodA e 24tE(dissipation rate) e

(11)
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pC k- (12)

bR ARHoR 4ok 5% FEYHHORNY FW JHORVY WRe mdo] ¢

A=) o]t f—sE DL Launder and Spalding(1972,1974)0] &8l AHA3] Eo %o

o

W A A e Bt 2

V-(puk— Pur[ Vk)=6—p9 (13)
k
V'(puk— e Vk) = cﬂi(;—pc;zik (14)
Pr, k k

olwf, FRAAT y = 2 (A2)e FoAA don FFINAS

P, = —t (15)

2 FAh felA ¢, .. C., % Pr,t BF AAHA Afem, G HFE

iAol AHER thest o] AojHr)

au,.+ 0 u;\ d u; (16)

0 x; 0 X ; 0 X ;

C :T:-[ {-:Ll[
=8, 49dr= €,=0.09, C,;=1.44,C,,=1.92, Pr,= 1.39 @& A3

@ RNG j—>E2

=

RNG(Renomalized Group Theory) g—sdFEEL
8kl Yakhot 5(1992)°] /IE3k Bgew SR VWM& =dstd 2 BldsE

soe madsel Wsd e AsE Helt Ao® Ued Urk EE AFHA 4

SRR Hs B4 BF G5 A4S AFeA FAT 5+ gov], 53 we dol
5250 ndY 580 meld AFe Aoz ded U
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@ LES =4
LES(Large Eddy Simulation)®] AJu-AH21-& Navier—Stokes WA 2o &7FHA el o=
AAjste] A8 4= Q). AIZE Hto] obd F3tol thek ofdo]r] wjito] WEEHEol A7k

=
3 MBS FA)E 1, Navier—Stokes WAA o2 HE t}&3} 78 LESY X rjbAgAlel &

Sy $EF PN 98 & Aok
J U
L =0 (17)
0 X;
8u/ 0 1 6’; azul
+ U, = — +
0t Jd x; v, p po Xx; V&’X 0 X (18)

L

A7IAM, vE 29 AT, pv B9 WUk, pr 3 9¥E £4 4EE, v o
&= (filtered velocity), 28] Ux ¢1t&Zolt)h 2 (18)Y = F WA 4L o3 &%
il

9} ZroJ L= (residual velocity)® 9o FEA| 8}

ui
oo
1>
-
©
i
i
£

UU,= u;u,+ uu,+ uu;+ uu, (19)

Rolgba o] s A(18) HZ9

0 0 0 - R
aXI(U,-U/)— a)(/(111.11/.)4r aX/(T,, ) (20)
A (2009 Fo] $HPFE AT Tl S9F 1, = &S] @S wE 2
=3
ro— R 2
Ty = Ty _?ku’sm‘ (21)

A7 g & o] EeluAl, s = Kronecker delta®lt}. & (18)e] 21(20)3 21(21)
o

<= skl Aelebd va3 22 LESO 8% AN S
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2
£
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AN, TS o &

So) RAAATE s A8 ERAE R3S AssY OF PASE Bed ¢

714, = Smagorinsky 5440l 5= (275,5,) & ddd 54 WIE, At

17

g z7], a8z C . Smoagorinsky Aot}

33k FARGS AL wEA A W FREBE] Y 3RA0E P stolop k.
O ML EAS V1R ol 339 AT Bl £ (Solid)AYE shelof Bk

Selt A TS o b Aol ohlm A4 Y4} o] BE AANAY #

(x, v, D% 298 AAES FAske Aotk 3344 A=E dolwel net 4 Aol A

ot

9 FHAEES wE o gFRon e JFe F

A A, 18T et e FEES e REEshA Fdt

B A= o] A4S 9 LEM=(AutoCAD) S AH&38HITE Solidst zHe A7
WG V2R o|Fofth Ay A E s AFeletH ol e} 2k

O AAEH B4

@ 42 @l Poly—Line3} 2

® 3 B 924 4 HAA 2y 24
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Al s EIWSEE EFOR so] £ANNS AAsYon, guFE )
7= (EHEE, 2000)S MR O.®2 F 9.5m, 72 vFYE 1.5m, 71€7] 1/1000, AFHEAF 1:12=2
Ao 2EAGE A EZERAA 2ol 0.035% AHESch A9l 2.0m,

F5A FH2HS adste] HUGEHS 16.5m3/s2 3QE <1 3.1.26>(F) = AE T2

FLOW-3Do A= st1ZFAE A dsto] <9 3.1.26(5)>9F o] AFdARE 7438
o},

i

="
COETR e o
Y

<9 3.1.26> £z 29y 3 FLOW-3D A A&

FRAMA S Fote] meld 7Ry
H(a), T (b)) o2 YA HoF452 106.7cm/s= B
150cm/s olstell st Hr&e] FEAHL IS VT2 Fro 7hed Fiol
Al e H SRS Vo R SRR WEHEATS YEUA 28 & Ak

oleldh Az Frel 71g7] Wi s S o
x5 vehfo] FxsAe A7 glvta s

ay
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FEASA Fapdste] wE HE
7h) =443 A & we Aol7t 50emel -5
TSNS Tt BojE f&Exe Ay <9 3.1.29>9F Pl
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y velocity contours
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(vh) =24 skA g e o)zl 70emsl 45

FAAstAe 9 MES fste] & W dolE 70emE WA SRS F8ko]
Bojgl FEEALe] Avs <ad 3.1.31>¥ v A Ju(a), TEUb) o= e
ATE A2 129.0cm/s2 Folso] A &4 150cm/s olstel st &

B el 50emsl A-wu HdifrEol SUkehs AR At UEkR
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(th) 2" A & ®el Zeol7} 100cm?] 745

FAQGsA o] Fu WelE flete] ¢ W ZolE 100cm=z WA FTE FA A S Foh]
Bojy fERE Ay <19 3.1.33>7 Prh Ay Id(a), THE(b)SE YER
Ak HAFES 130.4em/sE RO o] HE &FE527120 150cm/s ©]atel T g

WAol7k 50cm, 70emgl AF-HT HdlFEo] Sk Ao Aaprh YRt

3 WMo Zol7l 100emsl A%+ v AR Ry Frbd mE grAe] it &
Ao, oo W Hulf&e T Uebsitha s

B
J]-)

y velocity contours

cm (22| =0])

450,
4
100.0 + + + + + + + + + + 1
50. 480. 910. i 1340. 1770. 2200.
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<I¥ 3.1.33> FEEE(FAEA, A5uA], g Mol 100cm)
FAHAE Fate] Rojd A B Ade <a¥ 3.1.34>¢ 2k Ade ¢ W do
50cm, 70cme} o] FHEHOZ YEATE H 542 350.87cm=E R ¥ o] Hulealxd
%1 400cm ofstell aiB =™ & W o] 50cm, 70cms} vl W F7hE = Ao UERETh
FARSAE AAE AR 4m AHAA Falol Hihw yewton ol FHAstA
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cm fluid surface height contours
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il |
0.  1400.  2800. 4200  5600.  7000.
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<9 3.1.34> FARTE(FA &N, d5AA, sk ¥do] 100cm)

o4} gol FAARA FIWsel e ANE §453 FAlol tste] AYsAY. <x
3.1.18>3} gol £AARA Rt FAG wet w5 F
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2m 1.2
nz=0.035
<19 3.1.65> AlgdF= A
<% 3.1.24> ANBF=E ALY
i W H] 3L
71&71(D) 1/1000 7% o7 FAF f5HEs wAs] 9%
Z%= A% (n) 0.035 ol FR e Aukzk(0.025 ~ 0.040)
=9](h) 2.0m AVHAA 1:2 o] mE =o]
o] f-32(h') 0.5m
T2 vteE(b) 1.5m
G A (A) 11m2
. Chow(1959)¢] A 9 AlgAjsol w&
X 58 0 A
| o 3] &< (V) 1.5m/s 588 2A T
Hd+2(Q) 16.5m3/s oA Sy

Y 22 dx AAHE EF9 fERE 1yste] AdeRe 418 183ty s=1:1.0
o7 3t}

T EIANE S FREE FEE AFx, a7z, 32 9 2HER!, Channel Y552
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ep & @ 1m X 0.15m X 0.28m (H)
@ 4ol : Tm

@ A4 B9 Acryl# 10mm

@ Channel AR =%

@ A Az Pipe (40 < 40 X 2t)
@ & Angle (50 X 50 X 4t)
® tilting 7]% : 0~3cm (Max)

(\}) A<= (Sump Tank)

@ AZ : PVCH 10mm, 15mm

@ =271 : 2m(L) X 1m(W) X 0.8m(H)
® Fx AAY =

@b A Angle 60 < 60 X 5t

@ 40 X 40 X 3t
@ Drain Valve : 25A Ball Valve

(th) a7t %

O Fx

(a) A& : PVC 10mm

(b) 7] : 150L X 50W x 50H (cm)

@ AAY =

(a) # Angle 40 X 40 < 3t

(b) & A}Z} Pipe 40 X 40 X 2t

@ wsto] =4 ¢ 4ea

@ Weir : Rectangular Weir

® Hook Gauge (360mm) % AX]dj

® ¥ Screen : 3ea

@ Drain (Ball Valve) : lea

(2}) Pump, Motor Line

@ Type : #5& 4% Pump

@ 8 FFF : 60L/sec 18m/min X 2 SET
@ Pump 73 @ 2SET (1.8m/m X 2 = 3.6m/min)
@ AY L =7 220/380V,3. 7KW X 2=7.4KW(10HP)
® A2 Hose : 800 flexible

® FHx4 Valve : 3" Gate Valve 2ea

(@ Hose 92 Jointer : 800 & Hose Joint
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Hose Hanger 7+ F2&
(v}) Channel Y45

@ Y v2F A ZA2 (Acryl =5 PVC 10mm)

@ Drain (Ball Valve) lea
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2D ek 1/1000
=A% (n) e 0.024
4 (h) m 0.2
o] -f-aL(h") m 0.05
3H7-2(b) m 0.15
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<% 3.1.70> 7} 79 u}

i

T EGAAGA AN A 9] s}

} Al ZF 4t (mg/L)
B
(hour) Case 1 Case 2 Case 3 average

0 10.3 11.0 10.8 10.7
1 10.8 11.2 11.0 11.0
2 10.1 10.7 10.3 10.4

DO
3 10.3 10.4 10.2 10.3
4 10.1 10.1 10.2 10.1
5 10.3 10.4 10.4 10.4
0 8.1 8.0 8.0 8.0
1 8.0 8.6 8.3 8.3
2 7.9 8.5 8.2 8.2

BOD
3 7.9 8.3 8.1 8.1
4 8.1 8.4 8.2 8.2
5 8.1 8.1 8.4 8.2
0 13.0 8.0 11.0 10.7
1 8.5 8.0 8.5 8.3
2 9.5 7.0 8.0 8.2

TSS
3 10.0 5.5 9.0 8.2
4 9.0 6.5 9.5 8.3
5 7.5 4.5 6.5 6.2
0 0.162 0.162 0.162 0.162
1 0.162 0.163 0.162 0.162

TP 2 0.162 0.161 0.162 0.162
3 0.163 0.162 0.162 0.162
4 0.163 0.161 0.161 0.162
5 0.163 0.162 0.162 0.162
0 0.043 0.034 0.041 0.039
1 0.037 0.035 0.035 0.036
2 0.043 0.032 0.040 0.038

TN—-220nm
3 0.047 0.034 0.047 0.043
4 0.043 0.037 0.041 0.040
5 0.033 0.030 0.029 0.031
0 0.068 0.068 0.068 0.068
1 0.067 0.066 0.067 0.067
2 0.065 0.069 0.065 0.066
TN—-274nm

3 0.069 0.069 0.070 0.069
4 0.069 0.067 0.070 0.069
5 0.068 0.067 0.068 0.068
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HEJTt <& 3.1.74>

<¥ 3.1.74> 2AARSA Ao w2 2 v

O A~
o) o] FAASA DAY ZEAS T
. 0.040 0.66 0.66
0.045 0.59 0.59
S 94y
- 0.040 0.76 0.76
T4 AsHA 0.045 0.68 0.68
AR T2 - 0.040 0.86 0.86
oot 0.045 0.41 0.52
-1 H O
- 0.040 0.46 0.58
0.045 0.41 0.52
.04 . 1.02
WA A AR fe 0.040 090 0
0.045 0.68 0.68
W) FEAAsA o] A kg sl A
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<¥ 3.1.75> F&f& VF
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T2 3}A
v ,°§} ] 0.045 0.045 0.040 0.040 0.035 0.035
AR
ot §-oF = -2t = -2t
= 1-1 13.02 12.99 13.09 13.05 13.14 13.10
d43 1-2 0.67 0.67 0.75 0.75 0.86 0.85
o 2—1 10.65 10.66 10.72 10.73 10.78 10.79
533
2— 0.62 0.62 0.7 0.7 0.79 0.79

FTAASA AAF R SFAA A o7 ojgo] BASA & 4F, M.Escarameia

(1988)7F A AIGH F& 7]l tiste] 389 ol dom A= F&el o3 gajo 3l
of ¢rdstut, A Aol Ao w e Fike] AlFel o HAS e slo] &
a8t &0 dFE Wol e Fio deidE FAASA FR 8] A eS Al
o] o]Fo] AHof & o F ek},

TR WA Agu I g FHEASAC AA"H oA BAFES <k
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t}.

<3} 3.1.76> 3 &F% 7]+ vl gk

A 283 B4 (m/s)
(Section No.) ot -0t
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9 dddg 1-2 1.77 1.17
0.035 Haa 1-1 1.31 1.24
B3y 1-2 2.00 1.62

Chowell &&f AAlE “F=29] 3§75 715" 1.23~1.54 m/s ¥ ol Qo Fu 94
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<# 3.1.78> =EASA 4 w29 4=, pH, EC, DO

Siges A3 Bt A4 Hd XTEHA

P & 20.1 12.4 29.3 5.5
(C) R T 20.2 12.1 29.7 5.6
LIRS 20.5 12.9 30.4 5.6

& 7.6 7.3 8.4 0.3

pH 2 F5F 7.6 7.4 8.4 0.3
v =2 &5 7.8 7.4 8.4 0.3

& 486.9 347.0 613.0 100.3
EC R T 486.5 345.0 613.0 100.8
(sfem) v =2 Skt 491.2 337.0 613.0 101.5
Do & 6.7 3.4 12.3 2.6
(mg/L) R T 7.3 4.7 12.3 2.5
v =2 &5 7.9 5.1 12.3 2.2

<39 3.1.78> FAASA FA wFRe] Fo W

FHET oA pHE FAHS= T8 olfv HANAH] &5 HESIE Folth
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oA EC <3 3.1.79> ¥ <19 3.1.80>9F o] A7) 347.0~613.0 ps/cm, 3
7 486.9 ps/cm, =F7F 345.0~613.0 pus/cm, HF 486.5 us/cm, dFF7F 337.0~613.0 us/cm,
Wit 491.2 us/emEA A3 Fholl Aol 7k Atk Hgk B 2w el Hdd 7]+ 700.0
us/cm °olstE Wkl o] FHETFE ARRstetl EAle fle Aow BAY Ed £
AspA7E B2l ECOl A= G2 719 gl Aew Btk

HAE&FolA DO el BODY CODETH vg A5 @714 uE Zdste] 2= A
o] & ofgFE 7Y 5 Abae ErEer BAIZE Zed e 4 9 A5
=4 (Soffer and Burger, 1988)9]7] W&o 5H&F FAV|Fo2M 2.0 mg/LE A A S

Il ZA17 o DOE <¥ 3.1.79>3 o]l 89Ut 3.4~12.3 mg/L, B 6.7

\

o

] &&

mg/LA=Y, =7+ 4.7~12.3 mg/L, v 7.3 mg/lL, 37+ 5.1~12.3 mg/L, Hd 7.9
mg/LE YR <29 3.1.81>3 o] shFE o] &3t tha wolAlE A S HIT o
= WFEEE FotstHA o] o FE O AF7|7F o]FolA|7] wjiolnt. 1y 95%
NFFFo A B B8 A7 p=0.585124 A A 7+ Fo] A2l 2o]E Ho|XE ekl
AN FHES FA7F 2.0 mg/L o|AS wHEE I QA7) wiEdl Rl 5
2 Ao EHAY HEF LY AFAR FIHAE FA= §le 3ol DO %+

Fel 2.6 Hl8) S B e+ 2.5, 2284 sk 7bEA AH = PSS Bel

fl

l

r?
oo [
BN

)
Wi
Ay
s
o,

£
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<19 3.1.80> FAASA HA w42 EC W3}
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<% 3.1.81> FAAIA B4 w22 DO W3}
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1

AAQ A% dwel s WAH= HE, B, Agulsrt 598l E9EW
FrAe Asfiste] b Fsgo]l ERFSHA Ha o] wds Asjste] AEAS 9
F& mAA "k =3 FAY FHEAE] HEFAE BTN AY F7Eke ALd T
g Adsta vAE AdS A (S, 2008)%tt)
ZAPZIZE ES SSE <E 3.1.79>¢F Zo] AF7F 1.2~20.8 mg/L, B 13.6 mg/LY
=, FFo14E 0.8~15.2 mg/L, Bt 8.5 mg/LE Yot 37.4%7F AAHAG. &FFA
Hol A= 2.8~15.6 mg/L, B 8.1 mg/LZ S/l H|8] thh Yolx ZAF-Thol A
40.3%7F AAEJ. A7 S AR OlA A" SSES 14,169.6~72,422.4
g-SS/day, ¥t 44,083.2 g-SS/dayQth. <1¥ 3.1.82>4% & F U= upep o]l f
Pl AFA A Hls kR R FHRAFS SSTF giRE WA= AL & F vt o]&
FAARSA ] o3 HEHAY JFFS we Aow wEH HIFRE FalstdA A H
ZE Ax shube] Yol TS AR A SSe xFEdA7E 5.801A=d T/ O Sk
FollAE ZH2E 4.0, 4.8% drold <bgE AFgFS Rl 95% AFFEolA #AF w4 %
A3 p=0.04962.2A AFet T B 3 Abeldl FoAQ Ael7t e AS & F AN
o} webA] e Rel] FAASAE FAgT o] Zlel SSARel HE HHEH FHEASE
IE 7S F s AowE AdHn
<¥ 3.1.79> $Z2A3A A wj=29] SS, COD, BOD
= =) A w57 2 e P A A&
(%)
& 13.6 1.2 20.8 5.8 -
(mSgS/L) v SRR S 8.5 0.8 15.2 4.0 37.4
v = s 8.1 2.8 15.6 4.8 40.3
& 5.4 3.8 8.8 1.5 -
cop W2 T 5 5.4 3.8 1.2 2.1 —-0.2
(mg/L)
v == 3 5.3 3.8 9.4 1.7 0.7
& 1.3 0.7 3.1 0.8 -
Bob vl SRR S 1.3 0.6 3.2 0.9 —-1.4
(mg/L)
w2 S 1.6 1.1 3.4 0.8 —-22.1
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FA42| SS (mg/L)

<19 3.1.82> FAASA HA w42 SS W3}

COD+= <3 3.1.79>¢ #Zo] F9+<l 477t 3.8~8.8 mg/L, H+ 5.4 mg/L=0l, vl
SR FHAME 3.8~11.2 mg/L, HBif 5.4 mg/LE2A A7 ¥]5d e Jepid. b4
2 3FFolAE 3.8~9.4 mg/L, H 5.3 mg/LE YERY AF 2 F/H v ke yE
Witk ZAFEZR A AlAE CODYS 103.7~529.9 g-COD/day, 4 322.6 g-COD/day
oltt. <2¥ 3.1.83>M %= & Feb ol el ws) T/ B skRolA COD
TEF FolA V| i, WolA 7k st A HFE HolA| ekgkth 95% AlE|
Ao BAREAM A E p=0.9978 A Fo A<l zolE HolA Furt. o= FHAIA ] F

dwiAe] §A @i, wk dAstar dvp HA ol v Aol Fwd| F-AAYESHA I

50
o
jur

oz AztEd, meps wjge] JEFe mAA @ oA HFAWAS wA dvd
237 e Ao AlRHY
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<714 3.1.83> FHAASA Fd vig=e COD W}

e

s, T, Aold midel #r7lES e Agstert wfdEH BODZE St

wow F7lEo M= HAoNA FFo AxE LHlEte] V1Y FEHE
o7)w BaHAel A Fe™, Mn™, SO, 7 ¢ & BEF U] AEEE] AAhE Aw|ste] A
el we B st Add et volA Al dn. webA Fe, Mn, &3te 5ol A4 Y
712k @A FEEFaE wallstal AWtiALE Asliste] A B e

I T
FHY 4B A 5 Jomz fawe ¥ §71% AE BODE Hud Fasd

]

™

BOD¢ 4%+ <& 3.1.79>¢} #Zo] F94+7F 0.7~3.1 mg/L, B+ 1.3 mg/Lolil, T/
7} 0.6~3.2 mg/L, ¥t 1.3 mg/L, 377F 1.1~3.4 mg/L, B+ 1.6 mg/LZA A 7t

Z 2ol 7F Atk <29 3.1.84>0 A} o] AR vld FF H shFolA FXRTF FolA]
= A7) Bgko} o= #94¢ Ao BODFE7F 2 mg/L olst= - wr] wjio)t}
95% A FFFEA A o] BARM AT p=0.775124 A A 7+ G2 2olE Holx ek,

FHAE FH, T, sHR7F 44 0.8, 0.9, 0.92A4 Akel7k gl A& el BOD <&

Lo zpo]7} glal, % 4.0 mg/L olgtEA shde sH9&F TV 8.0 mg/LET A

A S R wg5EA BAE itk
o3} o] §71% A®el BOD, COD7L M= 45, 27, s Atolel ol7h glo.
2 $AARAES PP AR SRS FEAEAS WElw, w3 v gEol
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Hf <=2 2| BOD (mg/L)

O | | | |
0 1 2 3 4 5
F=2l BOD (mg/L)

OHFE EF o2 3R

<714 3.1.84> FHASA Fd v =< BOD W}

Azt AR Aneddl o8 Qo YA WAEBY] o8 gad F A

2 F3(2008, sEHITY)HEE FHuTe TN#HE = sd&59e F3ddstd o =
z384 Aol A T23k o)),

TNE <F 3.1.80>3 #o] AIAF 7+ A7F7F 0.58~3.72 mg/L, B 2.52 mg/Lel+=
g, 7% 0.57~3.74 mg/LEZA A7 vlcd S Uebdllt w52 shFdAs 0.56~

3.04 mg/L, Hit 2.29 mg/LEA 8.9% AL YolxE= Ao 2HT. AT A A A
TNY2 579.1~2,959.6 g-TN/day, B¢ 1,801.5 g-TN/dayelltt. <1 3.1.85>°]A
Bz el o] AR vE] TR/ % aRolA sX7F WolAle ASUF vha e AIdS
Btk 22y 95% Al ol e E4htAl A3 p=0.85748A4 A rol Feo]H <l A
ol7F fllal, TFAAE A, TR, 7 22 1.07, 1.08, 0.922A4 aFF7F tha b4
He S Blou 2 Aol ATk o9k o]l TN Ash&o] v A2 w9
o] ¥4 25 cmE Yol ¥7] FOoRRE AFT|Ho] FolR §EAALTE wiHA FFgFS
& FAVE B S0l 7] wiitel AAbshe o] Fojxlon o] o]Fo] A 1)
7] WEolt}. o]l ZF A H el NHy-No] 0.17 mg/L, NOs-No| 0.06 mg/L& “ar, TNoj|A
248 M 3.0% =R WS vbdE NO3-N2 Hit 3.02 mg/LZ TN SollA x| s}

+
>
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tlo
ol
rr

= H]E0] 84.0~85.0%% 7FE T H&S AA ANM = Foldt 5 9r} =

<19l 3.1.85~88>cll A ¢} Zo] A, FiF, dHFolA NHi-N, NOo-N, NO3-N¢| 5%=7}F 2}

o7k §li= AL Hof =9 A galo] wob FATE 274 dEel7] wiiel] tiR-Ee]
7174 A2a7F NHi-Nez #efjslar, dakstrh debs] s o] #efe NHi-No] NO:-N —
NO;-No &z "o, vjss de Hel= A7 271dE /A v, 9714

ol EAEEA @oF NOs=N — NO:-N — Not, H.02 @33ts]%] xab7] wfiorh. uf

g Ao AAREE =7l feM e FR T3 FhE WA =48] 9018 =4

o

o]
il
2
o
N
o,
-z
Mo
o
N

R R

<3 3.1.80> FAAA FA w29 TN, NHs—N, NO,—N, NO;—N

7 [e)
33 A4 R | Ax | Am | meay| 8
(%)
TN e 2.52 0.58 3.72 1.07 -
(me/L) H4E =5 2.51 0.57 3.74 1.08 0.1
me 2 & 2.29 0.56 3.04 0.92 8.9
A5F 0.08 0.01 0.39 0.12 -
NH;—N Ll
(ma/L) W2 F5F 0.08 0.00 0.44 0.14 -
ma 2 8 0.08 0.00 0.38 0.12 -
A5 0.08 0.00 0.66 0.20 -
NO;—N —
4R =5 0.07 0.00 0.62 0.19 -
(mg/L) N —
vl =2 85 0.06 0.00 0.45 0.14 -
AF 2.14 0.05 3.18 1.04 -
NO;—N 7
(me/L) W4z 25 2.12 0.05 3.20 1.04 -
ma 2 & 1.95 0.03 2.74 0.93 -
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=22 TN (mg/L)

Hi =2 2| NHs—N (mg/L)

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

0.0 05 1.0 bS5 20 25 3.0 35 4.0

1
T2 TN (mg/L)

oi+2 57 OtlFE 57

<1% 3.1.85> FAAIA B vz TN W3}

0.0 0.1 2 0.3 0.4 0.5
242 NH,~N (mg/L)

o2 ZF Ol+E 57

<9 3.1.86> FAAIA HA w529 NH,~N #Hs}t
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jus)
bt

i =22| NO2-N (mg/L)

Bl 22| NOs—N (mg/L)

0.7

0.5 |

0.3 r

0.1

0.0
0.0 0.1 0. 0.3 0.4 0.5 0.6

2
T2 42| NO,—N (mg/L)

Oti+2 EF Ouj52 otF |

<7 3.1.87> FAASA F4 wlpze] NO,-N Wi

0.7

4.0

20 r ©

1.0 ¢

0.0 O
0.0 1.0 2.0 50

F 242 NOg—N (mg/L)

@i +2 5F Oul5 = 317 |

<71¥ 3.1.88> AASA FA vl NO3—N Wi}

4.0

s o] Hme] A5 Fo| shfolrk. Qe fEel wol
o AU FPAA EFE F4T A8 A} @ S Ak AL



TPE <& 3.1.81>3 Zo] &

FHE 0.04~0.17 mg/L, H1 0.09 mg/LEA AF¢ 2Feol7t fidch w2 sk A=
0.04~0.14 mg/L, ¥+ 0.08 mg/LEA el Hla] stield 11.6%7F 7= Ak A
TR AAE TPYS 25.9~132.5 g-TP/day, Hi 80.6 g-TP/day°ldt}t. <1¥
3.1.89>01 4 Hi= upe} Fo] Ahtel HlaE] FRoAE TPERE7t YolAle A5-7F Hov &
FoMs TPEsE7t WolA s 497 B2 AAE gled o Qr} o|g o] TPEE7}
ol 21 SSAEH ol sEtd A FEo] FAAs A o HE HAFHAY A A
QA7 wEoltt. wekA AR AE AT ASAFORE o] &o] Fted Aow et
drt. ovk i AAGZES Fol7] AsiMe A sHAY A WAS §A & Hevt
ATt o)} Fo] el HlE] shrellA TPeR=7F wolx]7|= shgloy, 95% A=+

AR EA% 23 p=0.7921=4 AF Froll Fo2Q ZolE HolA= F¢hal, FFAAE

0.04~0.032.% Aol z}o]7} gloitt.

¥l 47 0.05~0.18 mg/L, ¥t 0.09 mg/Lel =],

S

<i 3.1.81> F#AstA 74 w429 TP, PO,—P

Al AS
g3 F 2% | Az | A9 | mzax| F
(%)
e 0.09 0.05 0.18 0.04 -
TP
H4E =5 0.09 0.04 0.17 0.04 -0.1
(mg/L)
2 & 0.08 0.04 0.14 0.03 11.6
e 0.07 0.02 0.13 0.03 -
PO,-P -
H4E =5 0.07 0.02 0.13 0.03 -
(mg/L)
2 & 0.07 0.02 0.10 0.03 -
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<719 3.1.89> FAASA KA w42 TP W3}

o 0.07

+ 0.07 mg/L=EA

T AAgTh <2¥ 3.1.90>1 4 %=

3

i

sH7F B 0.02~0.13 mg/L,

3.1.81>3} 7o) HlG= AH}

<GE

-
R

PO4-P
mg/L2A 2 S Hith

3

i
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B ==22| PO4—P (mg/L)

0.20

015

0.10 O

0.05

0.00
0.00 0.05 0.10 0.15

F2] PO,~P (mg/L)
@HlF2 BF o5 otF |

<% 3.1.90> FHAHsA A w=29] PO,—P W3
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2) W A=
B oApelA A WEARe nesda AUE, nesda, 24%E, 243 24

Ao, E3bA Fol Zhzhe] AR =4S <E 3.1.5>~<EE 3.1.11>9] YER npe} o

3) wig 24

e FE Fe 20%~30%3te] HIH O] & Fe] HlEol s3] =g 4yt ol
Ea

2Eda AHME FS 2-HSIH AME Fo] v gl st5o] nmEHa AHMES} 1=
o ol A

Mool zdstgon n2de AWMES) n2Ee o] EF v g el geAs Ay
2 1Y) 9j8ke] zt Wil 2 24e ik mEd gy 99 Z3YE uge

¥3%3le] = 13 Case 9 vWlgS &30

<# 3.2.1> &Y FAYHEES wjdx

I A~ 1 /\ tﬂl
wesg| s g | S0 Shs | g | gz |2
uj| &t A3 | E W
ANHE (%) (%) (%) ArA | ZA(kg)| (kg) | (%)
(%) | (%)
SC-1 45 25 20 10 | 43.1 | 2.84 961 793 -
SC-2 45 25 20 - 431 | 2.84 961 793 10
SC-3 55 15 20 10 | 43.1 | 2.84 961 793 -
SC—4 55 15 20 - 431 | 2.84 961 793 10
SC-5 40 25 25 10 | 43.1 | 2.84 961 793 —
SC-6 40 25 25 - 431 | 2.84 961 793 10
SC—-7 50 15 25 10 | 43.1 | 2.84 961 793 -
SC-8 50 15 25 - 431 | 2.84 961 793 10
SC-9 40 20 30 10 | 43.1 | 2.84 961 793 —
SC-10 40 20 30 - 431 | 2.84 961 793 10
SC—-11 50 10 30 10 | 43.1 | 2.84 961 793 —
SC—-12 50 10 30 - 431 | 2.84 961 793 10
ol - A=A
FEUCAHE . . -
2oqe WA 100% 431 | 2.84 061 793
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o FAA A 9 =AY

1) FAA A=

NG FAAE TG AR o] wAT] EAE Y1 £ ASES OE
gojA uk2 vl sioinh 1oty B, 2SR Ae 9 2~3%3 vjle Al
ol BHL Fo]AES ZES S 150+10mm7t HA AR o zF wjghe] Casent
o B 23 a7t Atk BlW ¥ 010X 20cme] YHFA A BE=S ALgEle] ulol
HeolH = dAAZF vAFAon vhrel= Ak 2ol HHEE AIFE FAAE A
2k ek. A8 FAIA 7 Casentth 1270 AG3AIE £3hHe] AlHE A& skl 24
HFHFA@28T)S AAeta 717t AlgS sty [A7A 24 FEFAR0T)S HAs
Atk O <O¥ 321> AFAEAAY FAFHAIES] BE5S BT glon, <Y

3.2.2> F4&7 pHEA AWE welFT Yo},

<9 3.2.2> F583 pHEA AH
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3) F5& A¥
NEE TAAS 2447 2ol A
T
A7]elA, A= A= E
4) pH 574 A9
pH 542 5x5x5cme] FHAIHAS
b g 5ol glojA el pHE AT
of M| L4

oo HaLE $lete]

sl <28 3.2.4>9 pHEF =4 A|H,
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<719 3.2.4> pH Al¥, SA3AH =H7)

5) sAgE A3 AE
ASTM C 666-92 (Standard Test Method for Resistance of Concrete to Rapid
Freezing and Thawing) ¥ KS F 2456-93 (F%%5Z2 g8l U3k Z2agE A3 A|gdHr

el =3ke] -17.8TColA 4.4TCe 2=HAAA FAA] TAFNATHS S} 52
S 0, 30, 60, 90%0|F F7|EME KS F 2405 ZIAFE] =745 A dubHo] o) o

EAEE SATT <9 3.255% EE AFEH ade|th
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3.2.2>9]

ofel <3

1
R

A9 A

At A

g

om sEegel

%1\

7 20~30kgf/cm® 9] #&= zolE B

3

pAR =

=

o)
H

] e A

A% Aol7h FEAAA JERGA @kt 1 olfrt e w

ol =
H T

)

3} g ARe

A

/\]ﬁ

oy

R,

].

i)

o

i
H

NO

T

7+ 280~300kgf/cm?

E

FEREE %

7]

=

At ET SC-1~49
SC-5~89] 7kl AA o7t yA| &

al

g]

atARE SC-9~12

sHTh

A}

HEH SEZH 30%0| 4 ZFE7}

)

B

o
—

B

A4 o =

cach

il B aLaf of

of tjn3
t}. SC
4

51
K
s

I E Hj

g]

30%o) =

=
=

30, 60, 90 #}o]

ki3

o

1~49]
I+ 290~305kgf/cm®e] 7

z:;l_

A 3

SEATE
om SC-5~8¢] ujgre

H

7

Hj
280~300kgf/cm?e] ZEZS i

SC-1~12

sl

B2
o
o

i
M
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8

2

Al e

)

<3 3.2.2> ZI|AE(0 Ao)F) AdF5HE 54 49
oF&7 & (kgf/cm?)
A 27AReYd A%F 59 £F I
AlE 1 AlH 2 Al 3 A
SC-1 282.5 279.7 280.5 280.9
SC—2 285.6 263.7 294.5 281.3
SC-3 296.8 287.6 295.5 293.3
SC—4 305.7 298.6 310.9 305.1
SC-5 294.7 280.7 297.2 290
SC—6 287.6 270.8 300.3 286.2
SC—7 288.1 308.9 296.7 297.9
SC-8 298.8 306.6 311.2 305.5
SC-9 272.6 230.6 240.4 247.8
SC-10 272.5 263.7 253.1 263.1
SC-11 64.9 269.8 270.1 268.3
SC—12 273.7 262.4 250.4 262.2
drEZ I E 318.8 28.8 325.7 324.4
2) =& A 2%
F5 &L 5xX5X5em Ao R AxFAY EIFAE FHEAT. ofe) <E 3.2.3>2 F
T& 54 2IAE BAFA vk FolA HZo] Uit AWIE FHo|2ES] FFEE 4205
e wige) AlET d@A8 WA Fge] SAEJSH, GEF Hlgdte] F5Eo] =
Wk SC 1~49] A HE Hat 5~6%9 F5&S Bom, SC 5~89 A HS H+
6.6~6.8%° F&S Hola 3
ol 0, 24, 48, 72717}, 5Y, 6Y
of 2t

3) PH =4 A8 A3}

5xX5x5cm AlHS F3AIT 5
3.2.4>
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<} 3.2.3> F5& 54 2%
Ho|=E
A AZFA(g) E3H7A(g) +5E€ (D)
SC—-1 225 238 5.7
SC—2 236 248 5.3
SC-3 241 252 4.6
SC—4 244 260 6.5
SC-5 242 258 6.6
SC—-6 235 250 6.3
SC-7 233 246 5.7
SC-8 230 246 6.8
SC-9 196 214 9.1
SC—-10 207 226 9.3
SC—-11 214 234 9.4
SC—12 225 247 9.5
gy ZIFE 253 264 4.2
<3} 3.2.4> pHzk =4 23}
Al ZE
E: 0 24(18.5°) | 48(18.2°)|72(18.5°) |54 (18.5°)| 64(19°)
ARE R E 7.8 7.8 7.8 7.8 7.8 7.6
SC—-1 7.8 9.2 9.2 9.3 9.2 9.0
SC—2 7.8 9.3 9.5 9.6 9.4 9.2
SC-3 7.8 9.3 9.3 9.4 9.5 8.9
SC—4 7.8 9.4 9.4 9.6 9.3 8.9
SC-5 7.8 9.3 9.4 9.6 9.2 8.6
SC—6 7.8 9.3 9.5 9.7 9.4 8.5
SC—7 7.8 9.2 9.4 9.5 9.2 8.2
SC—-8 7.8 9.2 9.5 9.6 9.2 8.0
SC—9 7.8 9.0 9.2 9.4 9.0 7.9
SC—-10 7.8 9.3 9.5 9.7 9.6 8.3
SC—11 7.8 9.4 9.3 8.9 8.9 8.0
SC—12 7.8 9.5 9.3 9.1 8.5 8.1
dnk LAY E 7.8 9.8 10.2 11.4 11.3 11.0
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Aol Aol dnk AHME FHo]2E Higs 7]Eo® Aduigy} pHE HaelS o

SC-1~4% pHgkol At 9.0914 8.8744 "olAw A = AejS FA8QaL, SC-5~82

sov] AWE wol~E pH 119] gol ulsh @A rhEd @ & Ak o] gEe A
Q1 557k ohjeh FejHel Z1Fe SlshA vhebd Axte]s] @] AME ol ~E w
oo Eke W pH ghol 2.0014 Aol WSS & F k. o/lAAE & & o]
FEape] Atolo] wel pHgtel WG o R et B & 5 ek obd) <1 3
pHEkSl WaHE ez welFa gk,

X

ol

12

—— SC-1
—-SC-2
——SC-3
—>SC—4
—e—SC-5
——SC6
—— SC-7
——SC-8
——SC-9
——SC-10
—o— SC-11
——SC-12
—>— UHtE I B E

OAIZE  24A1ZF  48AIZE T72A|2h 5 6
AlZt

<719 3.2.6> pHZFY Al7te] w& W3}

Ags Al 30l ZelA ] 5= Hrh A Ade <3iE 3.2.5>0] e QT 30
Zo| Ao dEAE HrME SC-1~129 Wy duizZIagE wjgoz e A|Ho T
22 =45 Fol UEh gl%o] SC—-1~89] Hu ¢EHEE 275~293kgf/cm”
o8 %7] %o thHls|A 95%0) el tEA LS R wIk dukE g E ujge]
T+ AEE 324kgf/em’® Z7) o] HEte] Aol He] ol Holx gt} el
SC—9~1274A 9] kFAE Aol A 2775 v&| i FEE 2o Do A zF u

A FE] Aol F3lo] thehbA gsteh.
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C/J
M
O‘I
Vv
wW
(e)
%
o,
it

o
ol
Hy
o
=
|\
ol
i
A=)

U=7 = (kgf/em”)
gt 0ol S T =
AlE 1 AlH 2 Al 3 A
SC—1 275.3 280.5 269.8 275.2
SC—2 280.4 270.7 284.5 278.5
SC—-3 290.1 282.4 291.7 288.0
SC—4 296.7 297.2 287.9 293.9
SC—5 296.5 282.0 291.2 289.9
SC—6 303.2 280.5 282.9 288.8
SC—=7 293.3 290.5 286.7 290.2
SC-8 292.3 310.2 298.6 300.4
SC—9 261.5 240.0 220.9 240.8
SC-10 267.0 245.2 233.3 248.5
SC—11 234.2 252.1 264.6 250.3
SC—12 253.5 248.0 251.9 251.1
durE I E 324.7 318.8 328.8 324.1

315kgf/cm*Z 2717 % tiu]a)A] 95%0] 9] =R EE FHETh A% SC-9~129]
W3S =77t 220kef/cm?7A] Wol o BE 9] oFo] 25%9F 30%7} ls v =}

=
o] MTHE A% ¥ & Ak mebd 60Mel 2 NS BAEH AN Y T
o SC-1~12 W@e] ¢5ZE Hu Ao} 194 W HSS B & ATk
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<E 3.2.7> 90 Ro|F F IdEHUE A Ay
o} 7} = (kgf/cm?)
ul g oMol = F A=
Al 1 Al 2 Al 3 Ht 7=
SC—-1 250.3 241.5 238.8 243.5
SC—-2 240.6 264.1 248.9 251.2
SC-3 259.7 266.0 262.8 262.8
SC—4 269.4 276.1 265.3 270.3
SC—5 258.0 267.6 249.5 258.4
SC—6 263.7 271.5 259.2 264.8
SC—7 262.6 267.0 271.5 267.0
SC—8 280.5 272.2 271.9 274.9
SC—9 212.4 223.3 218.7 218.2
SC—-10 205.5 208.8 225.3 213.2
SC—-11 224.9 230.3 229.8 228.3
SC—12 230.7 225.8 231.1 229.2
AdurE I E 297.1 278.3 268.8 281.4
350 ——5SC-1
—|-SC-2
—A— SC-3
—%—SC-4
E e,oo1 —%—SC-5
8 —e— SC-6
D ——SC-7
\u? —-3C-8
%0 250 TS
——SC-10
—a— SC-11
—a—SC-12
200 —>— etz I E
0 30 60 90
Cycle

- 188 -




Al

- o
T

=<

7}

q

L4

b

7H7E AE A

(¢}

=
=

om FEeF

PR

o

7 20~30kgf/cm® ¢ 7% 2ol =

o

x|

Ry

B B o ok WoE A R Ro
B o) T 1 du w R S - o
T = N 5 ol W BB ooy B
B g <5 T o R L ! .
xX ! mﬂ A5 W 3 - i c3 I N N
oW ot ﬂ_m o ) T T o o T R E ﬂ
| = ) < B T = o olo oo .
MM 3 W T g T T S m = dﬂ ¥ M |
= © e K o= L NR . O
= Lo cFEL O PEETEcx ’
© OMﬁ W B D &= = mo o E Z
ap O X9 S %% o MW T Wy E ™
% [\ owa or ©Q = RO ;&u E _ EE 5
oo < Ao o L N TN o T
1.|L = o \ZTI ﬂnlm ﬂO 1 I~ o
U o kT T T - 5 M muL mﬂ =
Mﬂ HLE OE B oy M ﬁu — ,UJA \WM mmﬂ AE 1:1_ fig oy Z._o
o o o s X Z o E oo oop W o
S LG ur«ﬂe_% ﬂwﬂﬂ%ﬁ i
— = 9 -
L T O L S )
- wee 2 T X 5 ® S om T 3 s
T E T W s, ®2 g s oS s
=) ﬂov =y ﬂo . o © E_ iny ‘ N 0 )
= 7o hz . & LT E o NG 3
o o W <+ = < T o =
: 5 o o & = = ® ooy 7 )
AR~ I T BT OB o P i
T oo N m om A 2T L EesowmodR g
ool o R KR ?ow L Hﬁ N onoT o L W}
) ) [ laaxe]
T T = o T oo A B E o od o Fog o
o & 1 o : T ®© 0 g I S
T ¥ 8 R e T [ = NG z )
Bl P ik ®Be oy o4 B Awmm
< o SR T my U R i Q oOm o= o o
! < 8 N N . 2 N = Mb o N COa e
‘_uurL % e OE = o ‘X . W_-n_ 1)_A| ovu o W‘I_.ﬂ mua % ﬂo T
! N 0 = 0
~ o = N S wom 29 A )
—~ W & ol oy = 3R R o Mo 10 o ol o s )
oy o B T I o ¥ H W @ °
Joome T N X B S X ° B S 38T EFE T 5

=~

Hj e SC—5~89] Hjdto =
Al

- 189 -

Fadh. el gEdfe] 259U &

°©

=
=

T

u
R

H7E 71l



Hol A SC-5~89] Hig &Y FAYE

iua

o = QAA 208 QAR )
£ A 2aYE BE QA o 8~10%4% F5sHA Ak

d 4
SHle] ARl vlad A7) wiiel 71 AlEd AFolrh uhA dethal aAekE

S A4 veld e FEFo| 25%, FAL AYIAE Agsn 1

=R
=
2&Y e 2L AME P 2N 3 E E3Fste] A4 AY ZAYE FEI 55
Ea

2
o o
oy
_OL
38
o
=
-
N
X
o
i
2
ol
it
N
re
o
=
X
o
m
2
o
i)
X
rlr
2
riet
o
X
o,

- 190 -



FERE IR

ofp

=y

S

Rl ddel 7b
20 SWSRAS, §5EE, WSRE

RO A A

g]

JJo

Aatg ovd

A

=]
o

ox 4

23

e

) ¥z A8

AP Eo] webA

==
.

e}

)

A

- 191 -



2) 8T=28

FEHOE AA HAow,

d 3.210> &5 =28

<I1l

3) WjrEE

Ar
o)

0

—_
o

Nr

Heko 2 A )

—

el

A
oV
o

O
oy

e

- 192 -
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AMERT 2 =2 TR AE
o HE = H JQCHH HE
EZ2T 0= 0440 /s
4.4 1= 1 4 200 n=  00%
1.8 | 0.8 [ 18 h= 100 m |B-= 08 m
M S = ] A= 2000 |m
Mo o+ fool~ 1.20 |10 P= 3%4 m | R= 08 |m
MO, 4 + D V= 0408 m/s
L= 200 15 11 N2 1.0 1:1.2 a= 086 | > 0,440 s
Ok
E4Z 0= 0140 m/s
15 1= 1]/ 4m n=  00%
03 ] 0.8 [ 04 h= 030 m |B-= 08 |m
AHIS W2 b= 030w
MO, 4+ Too -~ [ a3/ e F= 1648 'm |FR=| 018 |m
MO, B + a0 V= 0480 m/s
L=150 0.4 11 N8 0.3 1: 1.0 0= 014 | 0,140 /s
Ok
E2T 0= 0480 m/s
3.2 1= 1]/ am n=  00F%
11| 1.0 [ 1 h= 080 m |B-= 1.0 m
TIMZE i 52 b= 1EH  |w
Noy 0+ "o~ [ oas /T T~ P= 342 m R= 046 m
MO, B | + 26 V= 087 m/s
L= 326 1.2 1: N8 03 1:09 o= 1419 | > 0,480 s
Ok
EFT 0= 0200 m/s
3.1 1= 1] / B0 n=  00%
1.0 | 1.0 [t h= 07 m |B-= 1.0 m
TMzE 2 A= 1166w
MO, B+ 2B~ 0,63 o e P= 2%0 m A= 039 m
MO B8 + a0 V= 0624 m/s
L=104 1.1 1 N8 07 1: 1.0 0= 0% | > 0,200 /s
Ok

<% 3.2.15> AdFre BHAE

oA dAAFER] SHEE oAl AWATA o] wjeAd 129] sl A
AEEZ 100mE FAASEz AdPho R o] AR, TR AL 2007
39 ngR-et V) 2E @
sael AR A2 kmsoc). @

#j=e 100mel 1#4 ZF 5
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<% 3.2.23> FAHAEFZH] AFHF

BB REE ] SAZNA B3} AT o] FL FHZ FAsh wpebgele] g
ol Atk T HW, Fzol AN AUz FHZ PRe 2AYER vl
e g W ATt BARE Bete] @Eehivl 5¥7b Algre] masiglch AT

YA 2 on GEel AFHAA P o Ad A 2ol UHsHA k. 17
A SRR v £33 £ el AW A wad A SAZE Bl £ Mg
= gEsginh,

o 2006W 71E EAF A wFebA, ¥ol, FAbel 3%o] wAHOw, 20074 AT
F 20089 39 WA BAYUREIFEH ARE FRAA 3F BEI Agsm Qi
2o} AFE AEAL ALE YA BES 93 FLF 4T = Ao

Jat

fe
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7] SAAHMFES AFFolM e ofF A qE>

<EF7]
<1¥ 3.2.25> 37X

w ATE S R FEASeERS S oA AWATA sHER-e wieE 100

m PRl AAetal FAAYSaES AT 2ARE 2007HE @711 5~8€ Alole]

]_

FAPIZE S S <E 3.2.8>% Zeo] Y5l AFAHe] 8.8~31.4 T, 4t 24.0
TR, M2 F7FE 5.9~29.0 C, H 23.3 C, 8HF& 7.5~29.0 C, H¢ 23.3 CEA 4
Foll vlsl 7/ 2 oA Wolx= AFS o 95% 21kl A p=0.97592 4 #|
A 7o frelF el ztolE ¢t <1¥ 3.2.26>004 B uie} o] Aol vl FRH 2
%2

ol M EolAVIE s, el % sl AT FFL welAE gk

pHE <3 3.2.8>3 o] §d2 F7FA 8] 6.9~7.6, B 7.2, T77F 7.0~7.6, Ht
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3, SH7F 6.9~7.9, 3t TARA A A g+ Aot §ISlaL, B A8 mvIEe] 6.0~
8.55 W3t 95% AlEFEolA A AT A¥ p=0.620224 AH F o] ARl A
2.

o2 Holx &¢ki, AL 0.2~0.30.2ZA] A 2ol7F 9hgh <™ 3.

NJ
ﬂ
A4
©
M
m

o] el wsl T7 B skl

:L
:
B
rr
o)
ot
tlo
T
2
s

Sig 2 A H = = o EFAx
o i 24.0 8.8 31.4 6.7
(TDC: Wre Z8 93.3 5.9 29.0 73
2 & 23.3 7.5 29.0 6.6
T4 7.2 6.9 7.6 0.3
pH W2 S5 7.3 7.0 7.6 0.2
=2 S 7.4 6.9 7.9 0.3
e 4 218.2 156.0 286.0 38.9
(1S em) Wz S5 226.4 156.0 290.0 41.2
wo/cm
e = 226.2 157.0 290.0 39.6
Do T4 5.7 3.6 7.8 1.9
(me/L) 4R =5 5.0 2.8 7.4 1.7
mg
2 & 5.5 4.0 7.4 1.7
35
30 r C’
© 25 -
04l N
¢ 20
ol n
Eﬁ_ 15
= 10 r
5 [
0
0 5 10 15 20 25 30 35
ol =2 ()
OHFE EF OH$E otF |
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T
Q5
ol
W4 -
-
NI
2,
1,
0
0 1 2 3 5 6 7 8

o
i
Hu
of

=)
O
N
HU
—Ol
=i

<9 3.2.27> FAASSFZI FA a|429] pH W3}

ECE <X 3.2.8>¢} #o] AF7F 156.0~286.0 us/cm, B 218.2 ps/cm, 577} 156.0~
290.0 us/cm, H 226.4 us/cm, 3+77F 157.0~290.0 ps/cm, B 226.2 us/cmzA A4 1+
zko] 7 ATt 95% Al gol A o] Fahi Al AR A% p=0.620224 A F fo] A<l
Zpol 7k AT <™ 3.2.28>¢}F o] FFA Hls FH R sFFolA ECTF v Eol

AL A% Bgor BE AGAA AFo] Avkee] AAF 1FQ 700.0 us/em °]5HE

<¥ 3.2.8>9} o] AFE 3.6~7.8 mg/L, B 5.7 mg/Lol=H, TFHIT 2.8~7
mg/L, H+ 5.0 mg/L, 3}5F7}F 4.0~7.4 mg/L, H+ 5.5 mg/LE YAk PolXe= AFS B
th 28y 95% A FHEFNA p=0.794124 A FH IF 222l 2o]S HolA| T} <L
3.2.29>3 o] A H3 FR{ B sl DOEE7F HolAlE A9 wokou R

SHET FE71FQ 2.0 mg/l olds wSsta JlornE TR Aol& ok A=
2

o 32 e
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300

250 r

200 r

150 -

100 -

Hi==22| EC (us/cm)

50 -

0 50 100 150 200 250 300
T2l EC (us/cm)

OHi+E £5 Ot5E 57

<% 3.2.28> FAAIFFEH B w529 EC W3}

i =22| DO (mg/L)

<% 3.2.29> FAAISFEH B w2 DO W3

SS+ <3t 3.2.9>3 Zo] FYdFd AF7F 5.6~57.6 mg/L, W+t 26.3 mg/LY=Hl, TF
ol A= 4.4~22.0 mg/L, H+ 13.3 mg/LE SolA 49.6%7F AAEATE stRAAE 4.0~
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27.6 mg/L, H+ 15.9 mg/LE YER FH/Hel v&] tha FolbA 7= st o frilarel

3l 39.6%7F AAFAT. SSO] XFAAE FAFTE 17.6010 00 T/ B SRl e 44

6.7, 7.62.2 Ytolx] fgel vl tAE AgE Btk o= FAASTE R v x4

o FAAIA o FHEH] FF AAFHJAY] wiwelrh. 18 95% A 5Fol

b EAeE A p=0.0868%A4 AR IF Fo ARl Ato]E HolX|= skl <19 3.2.30>%

2ol fdrel Hlsl T/ 9 aFRelA FEF FolAV|E shar, Sl E she] A A
m

g/L oldellM= 5 S/t shrollA oA

32

ki

R A4 3t Hx Eahal FFH 3} Ane
(%)

¥ 26.3 5.6 57.6 17.6
(mS;L) 2 S5 13.3 4.4 22.0 6.7 49.6
w2 S 15.9 4.0 27.6 7.6 39.6

Rt 19.2 4.8 49.0 14.9
(iz/li) 2 S5 17.1 6.4 36.0 10.7 11.0
w2 S 17.2 6.0 36.0 10.8 10.4

Rt 2.4 0.6 4.9 1.5
(EZE) 2 S5 2.6 1.0 5.4 1.7 —-9.6
w2 S 3.2 1.2 7.6 2.4 —-37.2

CODE <3 3.2.9>7 o] §94E 4.8~49.0 mg/L, B 19.2 mg/LY =, =FAA=
6.4~36.0 mg/L, F 17.1 mg/LE Solx 11.0%7} AAHYL. stFNAE 6.0~36.0
mg/L, Hi 17.2 mg/LE YE) F

=
= T
10.4%7F GobAth, o= FARRGFZH vl AN FAASA] PRAATE 1)
FAA7H

e
o oal f7lmel FaHgly] W o WA EH EFAAL FUSE 14990
b FRe e 7~10.8%4 Aol vla tha HRE 4TS worh AvERE <
d 3.231>% 2ol F5ek TH L s Abelo] & Aol7k Ak 95% A1 Tikel A 9]
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B4 A3 p=0.671224 A 1 F159 ol molAE 2k,

8
O

7,
-
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O
= o
ol O
a4
ol
w3 T ®
%29

1 F

0

0 1 2 3 4 5 6 7 8

TNS <3 3.2.10>9 o] 5947 0.59~1.77 mg/L, B3t 1.16 mg/LY=tl, w52
FRHANAE 0.55~1.88 mg/L, H 1.22 mg/L, a4 0.51~1.83 mg/L, B 1.22 mg/L
2A Fdred vE FReF sl thAh FbEe AdS Btk <19 3.2.33> A%
Fdel v FHe aRelA TNE %7 FolAe A9 wokeh v FA4HEA A
95% A1F|FFEA A p=0.97032. 24 A Fe]l o] A<l 2polE Ho|X|= Fdrh. o] ¢} o]

TNo] wopx|#] @& AL w27t g4le] stop A7 2714 s fAshd |74
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o] EAEHA] ot gl o] Fo| XA E3t7]

mjFo 2 JAoEth TNo| Wolxx] &+
2914 NH,—N, NO:—N, NO3—N¥} 7o Ao g BAS Edto] 2y H a 3o},

< 3.2.10> FAAZ}FE2H FA w429 TN, NH;—N, NO;—N, NO3;—N

Al A8
33 A4 wi | Ax | Am | mean| ¢
(%)
™ ¢ 1.16 0.59 1.77 0.45
W2 S5 1.22 0.55 1.88 0.48 —4.7
(mg/L) Sg—
2 SHF 1.22 0.51 1.83 0.47 —4.4
T 0.16 0.05 0.36 0.12
NH,—N —
(me/L) 4R =5 0.14 0.05 0.32 0.09
mg,
2 & 0.13 0.03 0.28 0.08
T 0.00 0.00 0.02 0.01
NO,—N Sp—
R F5F 0.00 0.00 0.01 0.01
(mg/L) S—
=2 85 0.00 0.00 0.02 0.01
9] 0.04 0.01 0.17 0.05
NOs—N A
2 F5F 0.18 0.04 0.32 0.12
(mg/L) Jap—
2 & 0.24 0.07 0.41 0.15
2.0
g15 -
2 ®
£
=
1.0 r
ol o O
MH
<+
T 05
0.0
0.0 0.5 1.0 1.5 2.0

T2 TN (mg/L)

OijF2 EF OtlF2 57

<39 3.2.33> FAAAFRN 4 wFre] TN W



NH,—N¢| 2§ <3¥ 3.2.10>9F o] §97} 0.05~0.36 mg/L, B+ 0.16 mg/LIE, F
Fol & 0.05~0.32 mg/L, B 0.14 mg/L2 Yol a1, aFFol & 0.03~0.28 mg/L, it
0.13 mg/LE T YrobAth <1y 3.2.34> A% Fd<el vls) TF9F ahFolA NHi—N
FE7F Solxl A9 B2 AS & Ak olgk Zo] NHi—N Fk=7h wopxl A2 w42

of Aol o} FAZE 2V FHE FASY] witel ZAEE o] Fol4 NHy—No

NO;—N — NOz—No.& W9y oz fadrt NH,~N s%9 RFax% f57t
0.12 oy w2 T/ 2 StF+ 0.09 2 0.08% thah M d A4S B, a8y B4

B4 A3} 95% A#FEeNA p=0.765224 A4 ol 15l Aol ggich.

0.4

(@]
w
T

o =2 2| NHs—N (mg/L)
(@] (@)
- ()

O

0.0

0.0 0.1 0.2 0.3 0.4
T2 NH-N (mg/L)

o+ 7 Ol F= 5% |

<I¥ 3.2.34> FHAS}FRY P wiFRe] NH,-N W3}

NO,—N¢| Z$& <¥& 3.2.10> 9 <I¥ 3.2.35>9 Zo] A #AIgle] 5 0.02
mg/Lolal, HEHA & 4= Bt 2astagel A NHi—Nol NO.—Ne=z W=
B8k NO,—Nol S7bs A @ A NH,—No] NO,—N& |5 HErt NO,—Noj
NO;—NoZ Wy 27 war] ujFolr)

NO;—N9| A9 <3 3.2.10>¢} 7ol F947F 0.01~0.17 mg/L, H* 0.04 mg/LY LY,
FRIAE 0.04~0.32 mg/l, Bt 0.18 mg/LE ol 1, d-7AA%E 0.07~0.41 mg/L, B
7 0.24 mg/LE B ol th Te <1y 3.2.36>7 o] tiFE A= A9 0 me/L
o 7MAglod fFdel HslA T/ 9 sHRelA NOs-NE=rt S7HH s 43S 23ith

95% A F| oA FAF EA4% Ao A p=0.00572A A 3ol FoAQl AolE HY
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AEE SRR 7FAA NOs—N¥=7F Fobxl AS & F Atk o= flolA 7l&=g viet
o) wjEe] Falo] vtol FA7F S48 AE7E fAEe] Astrb & o] Fo)x NH,-N
°] NO;—N& 713 NO3—No =2 W3gts]o] stia 7FHA NO3—N& =7 o 1 lo|t}. vk
2ol 714 FiEe] §lo] T7FE NOs—No] NO,—N& AH Aiart~=2 di7] $o2 )
E5 v @880 o]FoiA ¢k RS & F Utk A HAHoE TNEE7F bholX

=
A e dde] HJY. TN Agta s =ol7] Al A7 Fiol EAstes 3

0.025
0.020
0.015 C

0.010 ®

Hi =2 2| NO2-N (mg/L)

0.005

0.000
0.000 0.005 0.010 0.015 0.020 0.025 0.030

Fel 42 NO,~N (mg/L)

euj+2 I OHFE 5t7

<19 3.2.35> FAASF2Y B4 w4229 NO,—N #H3}
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a @)
ERAe)
E
Z 03 8.
S
=
% 0.2 ¢
= O
= 0.1

0.0

0.0 0.1 0.2 0.3 0.4 0.5

T2 NO3;—N (mg/L)

OUi+E EF o5 57

<% 3.2.36> FAAFEY B4 wlF29 NO;—N W3}

TPE <3 3.2.11>¢} #Zo] F¢4%47F 0.07~0.21 mg/L, B3t 0.13 mg/LY =, wF=
ZHolAME 0.06~0.17 mg/L, B¢ 0.11 mg/LE T o}z 14.3%7F A A AT} a7l A
= 0.06~0.16 mg/L, B+ 0.11 mg/LEZA S/ Ble s deblla, ARl vsiA=
13.0%7F AAHAG, AZER Ard <oy 3.2.37>9 o] Fd5el w8 mi4= TR/
o} oA FErb GolAE A97F okt ¥y 95% A FFelAe AR Ax
p=0.7269=A A b fFo Al AolS HelA= Gttt & FAASTRE AT

100 m HE=ZA F3ke] 7] ditol Fsfage] ¢ AR fuxu, o] Ji F-1tof A
A

R <IH 3.2.38>9F o] Fdpel vls) v T % ahol

2
A EsE7F mokAE AFe B LEv 95% AF A p=0.18398A A7t ¢

—
—
4

2
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< 3.2.11> FAAZFEA B4 w429 TP, PO,—P

VAR
33 A4 Wi | Ax | oAm | wwax | ¢
(%)
P Siad] 0.13 0.07 0.21 0.05
HE 57 0.11 0.06 0.17 0.05 14.3
(mg/L) P—
W2 3 0.11 0.06 0.16 0.04 13.0
¢ 0.04 0.02 0.07 0.02
PO,—P Pp—
(me/L) W2 =57 0.05 0.03 0.09 0.02
mg
W42 35 0.05 0.03 0.08 0.02
0.30
0.25 r
J
S 0.20 |
o
=015 F
o
ru+ v o)
G- 010
= ®
0.05 ¢ ® O

0.00

0.00 0.05 010 0.15 0.20 0.25 0.30
T2 TP (mg/L)

oHl+2 7 Ouj 52 51F

<719 3.2.37> SAQSFRY B4 wjSze) TP Wal
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Hl=22| POs—P (mg/L)

0.08 - 8
O
0.06 -
-
04
0.0 o
0.02 -
0.00
0.00 0.02 0.04 0.06 0.08

FUE2| PO,~P (mg/L)

@HF=2 EF o5 ot |

<9 3.2.38> FAAISFZI FA w422 PO,—P W3}
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sA el A JATFAE L] Hte] T 2RAR sAuMTY FASAS A
<3 3.3.1>. A= 20059 69FE 109704 9] w70l AAle =, 2AH7)1E

F 2 14.1~32.0 C, "4t 25.3 CE Yetilth pHE 6.9~8.622A4 - &

A7111 6.0~8.59] Wl 7] wZel FAMTE Ao]&sAY AFAd FPEHAR

oft

M
5
IR

ECE 245.0~971.0 ps/cmE UWERITH ECO A9+ ¥9&5 F27Fde iAW
o gz yol tigal tie] FH(UCCES)e] 7/MEHst w485 FE7ISA-AE 700
ps/cm olstoll A= EA7F gl Aoz, 700~3,000 us/cmollAE 2999, 3,000 us/cm
ool M= H=AFol & FFS A= AR FFsta vk weEbd giRE 7
olsto]7] wol Z A= fl& AoRE ATE, 700 ps/cm ©] 3l BFkE Jdonw F

MBS S stel s 700 ps/em olstE Aste] AFAA FAAANE Aol F

>

<¥ 3.3.1> A5 FAEA

64 6 74 74 8 84 | 10¢ ]| . . -
T T 174 25%?:_‘ 2;3 17%‘:_‘ 133‘?:_‘ 17%:_‘ 75 i i

= (C) | 272 | 277 | 24.7 | 32.0 | 27.1 | 24.5 | 14.1 | 14.1 | 32.0 | 25.3

pH 8.5 8.6 7.6 8.2 7.6 7.6 6.9 6.9 8.6 7.9
EC (uS/cm) | 971.0 | 774.0 | 551.0 | 281.0 | 331.0 | 421.0 | 245.0 | 245.0 | 971.0 | 510.6
DO (mg/L) | 8.5 5.8 3.1 5.6 6.0 4.3 9.8 3.1 9.8 6.2
BOD (mg/L) 3.7 1.5 5.2 1.6 2.4 4.2 1.5 5.2 3.1
COD (mg/L)| 14.8 | 14.8 | 11.6 | 6.6 6.8 7.8 3.4 34 | 148 | 9.4
SS (mg/L) | 9.6 3.6 | 2006 9.6 | 224|104 | 24 24 1256 | 11.9

TN (mg/L) | 6.18 | 2.83 | 1.42 | 1.03 | 1.09 | 1.08 | 3.95 | 1.03 | 6.18 | 2.51

NH;~N 3.77 | 0.04 | 0.05 | 0.10 | 0.26 | 0.17 | 0.05 | 0.04 | 3.77 | 0.63
(mg/L)
NO; =N 1.53 | 2.02 | 0.57 | 0.76 0.61 | 3.28 | 0.57 | 3.28 | 1.46
(mg/L)
NO,—
0.36 | 0.21 | 0.08 | 0.02 | 0.04 | 0.01 | 0.00 | 0.00 | 0.36 | 0.10
(mg/L)
TP (mg/L)| 0.12 | 0.10 | 0.12 | 0.12 | 0.18 | 0.09 | 0.11 | 0.09 | 0.18 | 0.12
PO, ~P 0.01 0.07 | 0.16 | 0.09 | 0.02 | 0.01 | 0.16 | 0.07
(mg/L)
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913, BOD

Z =)
B
= ©

E(_]:

3.1~9.8 mg/LEA &5 27+ 2.0 mg/L oS

(e}
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D
=

3

2l 8.0 mg/L ©]

==
il

1.5~5.2 mg/L=ZA]

a3y COD

A
—_

S

E

8.0 mg/L ©|3l=

2l

N

<

3.4~14.8 mg/LEA &

-
R

A71#20 1.0 mg/L

A7l EdET

=y
R

Ql TNe 749 1.03~6.18 mg/L=A] X

=
T

ol
=

%

%

I

W57 A3

=

Y

[¢]
[e]

} 5}

3

A e] F-q
o] 7% NH,;—No| 25.1%¢2]

Foick. wep A4

3|

g3

=
=

ATE Fal N

T 0.63 mg/Lo|E & E

3

3

NO3;—N9]

e

Z}A]

=
=

o} T3k oF 58.2%

e

7

Ho

A A = 7

= 5

b Aol o8

AT

Aol HES

Ea
=]

ofp

TPe %% 0.09~0.18 mg/LEZA dFiE 485 T271+d 0.1 mg/LE

il

ol7] wgol e AAE =

o

ATk Suer 457 o

PO,—P7} 58.3%%1 0.07 mg/Ld], &

=
3

tok. TN

i)

W

(Sherwood C. Reed, et al., 1995)
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[ QA, ]03 o)

B ol R

i

BE 04T AAGY FANALDL o]
A4 WA AgEh thgel A (2-6) s A4W BrTulel AU AAAL HEE
2 A AN wef AZA Tl AFA Alke] gom Hap ] o) 2HE s
b 4 (2-6)9 me ol Fsd FF 5~20% AEelth mo] 100%Y wel A

Bl S4de] 00] Hof FA9 FAA
F7b el ms GAs AA} obch F39Ae J}
o

_]
=<
WeE & A 2 AAASE

QL
e
=
o
o
o

Reynolds 5=7F 10 1| wkel A Lo gt & (2-7)3 o] Ho|lxR2FfE G5, 379 A
7, el AAAFS Frolth UREe A N 1 mueli o] weh FR7E Hol
Darcyel WHo] Aol hselth. wob Wiehd fEFFASE Darcyel PH o3 o

Z8 2 wr Ads sl

Nyp=vD/t (2-7)

v 1 Darcy%%= [m/s]
D oA F=¢] A, ofAle] Atol=et FAg Aow it} [m]
T = AAAS [m/s]
2 (2-5)9 (2-6)oA FFAF k= =9 WA ®stel A AHow Wt

= X~
=
of HYE oo g4k Ak

k T U«go
T - iy (2-8)
ksZO (Ve

ANNA, k0 BE T % 20CAM R
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SR ALH SFSHA| 7He Al AR AN Fosith & W & 5T
FFATE 20CAAM e F5AF] 66%7F Ak o] AdE ol FHE HHAS (A
k7 ASE Fa&T k.0 1/3 olshell= e =] 3l

2 (2-5) 2 4 (2-6)9 BFAF k= SFSHEA o]&EE oA T ok A
71o) uwhel WElETh <3 3.3.2>2 SFSHA AHgdE & e AAEAY FAHAE YE
War Ak

A

a7 T FFAS
oA 271 s
Do (mm) n (%) k, (m°/m*d)
el 2 28~32 100~1,000
R Az 8 30~35 500~5,000
V=R 16 35~38 1,000~10,000
A 32 36~40 10,000~50,000
F=enl Y 128 38~45 50,000~250,000

A+E @ Natural systems for waste management and treatment

(Sherwood C. Reed, et al., 1995)

i
of\
il
)
2l
=
et
N
i

= ARAANA oAl FEAFE 54T Bat Yok FEAS

n=(V,/V)*x100 (2-9)
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(2—-11)

ek FAE fetete B0 dY 2EWEE AMEta A Aee 2 (2-11)94
AJtE Aol tisietd €t
g;=c,6(A /) yn (2—-12)
A71A, g, BolA 88 & e 1989 YA [J/Cd]
£+ Al2="le] HRT [d]
SESHA dA A 9] &4 4 (2-13)22 3t}
q,=(T,—T,,)UcA t (2—-13)

AZIAM, q, W71 2e] ddGel g oA EA []]

T, i w4 fU5e Fe [T

—

\

C IS Hd ) [C]

U gAERe A9 dddAS [W/m-C]

Q
>

|ZFA S A4, 86,400 s/d

Wb 99 AEAn LRE AN de 49E 4 (2-13) e gel Hik,
q,=(Ty=T,,) Us(AJO)(1d) (2-14)
A714, g, 199 iR &4 [1/d]

Ty @ HEEATE Fdel = [C]

A (2-13) B @2-14)M T, 82 2 AFe] 737 Ho2 iy T S 8 A] <A
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=
P dEE dle AlY dor AR of dAXNS fsiM e FAWe AAle e Al

J
.

AJZHHRT) 22 71308 724 o8k Zo] uhgha st whef Algde] g7

GAYAS TE 4 (2-13)9) U SATEAY ddggFelt. 1 e A

U= (1 (2-15)

oA7IM, U : dd2As [W/m-C]

Viiom - 15H 0T FA [m]

Ak ddEEe WEhaL vk 5419 litter

<3 3.3.3>2 SFSHAY A=
T ALdS FALs Ao ddGEe on GEA gom, g

FHaEd o] gtk
SFSEA1 9 litterg o] S 22 3o] =, &4s] A A @oernz nyg 9
S| A 7N 7R = Folsl A ALg-sloF gk
<¥ 3.3.3> SFSHA TALR9 dd9H
A = k[W/m-C]

7] (7 81 +) 0.024

G I ) 0.08

= (712 0.23

4=(07T) 2.21

= (07) 0.58

F A litter3 0.05

AZ(FE 25%)4H4 1.5

T A 2.0

AZE 0.8

A+E @ Natural systems for waste management and treatment

(Sherwood C. Reed, et al., 1995)
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2 (2-11) 2 (2-12)9] YERH o] &4 F4of 9
2709 Ae g IS = ATk
(T,— T, )UcA.t

TC:L: air (2-16)
a: c,0A,yn

oA7IM, T, FAe 2=WE [T]

r.=7,-T, (2—-17)
Tr=
_ _ _ Uot _
r.,=7T,—(Ty=T,,) T (2—18)
A9z Axtd Agole Ty WwWEsAY Fdee 7.2 §4 aETY T2

olEl= JguUAE A (2-13)07 AAE £ Q. AAS Uzre
10CY Aolt}, tid FaolA Bgo=
e 4 . o] wf 2] (2-20)2 HYo2ZHH FYLESFAst= A & ST

AR

qsg/ar: ®Ast5 (2_20)

AN, Gy - HNFFALZFE Q] oA FH=F [T]
O - dX o "FLAE [J/m'd]

A, A9 T [

t: %529 HRT [d]
s 1 SFSEAUe] ol sk efeliAlelUX]e] HIE, BF 0.05 o}

4 (2-20)9] A3} o] §F Wl Folsok ek WAk WA A} litterFol o
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o] Zoll= 0|24 Rt} o] wjie] 2] (
o5 HlFdoRRE HX o FdstE 4L FAlske o] Frh Wk olE AfYS At
of LAZHWA o5 4 (2-11), (2-12) L A28 Yo 2xwzts 243517 3 4
(2—16)°l TafjFofoF gttt

SFS T FWSHEA S 2=RdoA 1T mrte] o] x&d Aoz oidss 41
= AAY s AFAIHHRT) O 2 ARl A FA5 ALEetdd 7Hsshe 3]
EgFow Bred 497 guh AAAAE o9 e koM A dojubA Pt
mp kA 2 wkek ALo] FWSHA S AR ¢ 759 o474 A& AOE diEE=
B Asol FAE AT F e THeA2 itk ook 22 A fol® 3T wRkeA] A

2AAE AT AnolEsE Wallshks duT ot AAAsAE 2Adsted s
B

—_

ey

7] wEo] vree v wa YAt F7] 25 mme AES E3He
wmalo] T Ao fale] Hol® 146 me THAL zHA =

©15~50 mw Ame] BUA we] 2X Rah SFSGA Bde v Aow UEd & 9

i)
e
rlo
Hu
N
o,
oo
=
w

[
R
9
>

C; =exp (—K,;t) (2-21)
K,=K,,x1.0677% (2—22)
K,,=1.1044d7" (2—23)

iy

AWAL 4 (2-20F oA @ & Ak

4 = Q(InCy—InC,) (92— 24)
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K, 25 [d7]

t AFAZHHRT) [d]

Q @ Az=Hle] HtfF [m/d]
Ay SFSEA1e] W4 [m']
oo Alz=wle] AASA]D [m]

n wAe FFE

THE e <iE 3.3.2>3 o] Azwle] o] &HE oAl FAbe] wet th27] Wi
HE A AHESE ol Aol wiste] FA s of s

w49 BODAAEL Al=ddd Fdste F7lE5stet #A7E dv 7] A <ad
100 kg/ha-do] F71E538te] o]27] 74 f7|&H3te] ket

=
F43 AAHoR SRS AL Ak ofF ARE vFHelA AR LAY

A
o
S

uf

Hrh. o] 2ye dAEee A=E] AAS Hrksked o] &8 oy, Ao AlaES
AAsHE delle AFEE = gioh dlAel o] 8H W FAE v 71 sy AFAIE
(HRT)S zta glew, 43 H5WHF BODAFERMO] §luh. tii-ie] BODA|ALE HlaH
e Aol dojyrn=® HITWFRT s o277 d = HMHRTE 8= 3 &7] u
ol o] A8E o] gdtd B3] Fe K, Wl 48 4 flth BODZF 9 HA Foll A
FEel dabd &al litter3ol ol

<1¥ 3.3.1>°lA v frIERE 9 e £, 0] HE IFo HF5H I AdAsE
5 % AAAZF 9 BODEolL f9%F wi dz2S gst FAE o AAE
F37F s A7) wiEolh wsroly o yebdlA o] AFAtdleA] Aury FWS 4
SFSHA E5F Al & AAI7F 100 kghad7bAe Fr7lefatet 4 (2-22)3%

(2—-23)0 2 YehllE K,,9 ol diste] 7hsalth. <2 3.3.1>8 7|EA 2He] Hld

e

7]

AR

Qs
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ST S oglon), BEa® AER B £,@ 2E ARe 54F A7)
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AF5 : Natural systems for waste management and treatment

(Sherwood C. Reed, et al., 1995)

<7 3.3.2>3 SFSHEAEA tixARl Al=gle] Holg S vlugk Aot F41E of
95% AAENM #Hdo] Hrh SFSEAE AAD wel= A& £ Adwrles a8 st
o] A8 f&4 BODE 5 mg/L o]tz AASA eFofof it

SFSHEA oA oA F2] zlol= 0.6 m BE7F ®BEolth, 1 Ao FF 76~150 mm F
Ao AAZLZE AART o] ™ARFTLE AFo] 7)o HeE Wyl fg 7]wke] Hu,

Tde 0 mm ©]3F Lo HluwA 2 wazz
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<19 3.3.2> SFSHAIAM Ao d5Ae 45X

AF5 : Natural systems for waste management and treatment

(Sherwood C. Reed, et al., 1995)

zio] 0.6 mo] FA M= vg7bA] Berh & JPT 5 A=
ol 2 fith 54 SollA ey AsHE e APl It 7=

FollA & o Sl mkel o] BOD B fhEUopd H Ao AP Hele] ezl

tfu
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E
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N
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s
AN
=5
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i
N

N
i)
o

AAez AAZE J. 7157 1d Wl 238 Santeeol A A5G AdE Vx= 2}
Qe <3 3.3.4>0)|4 328 2B Hlzlol: ALA HXES et ojHe A=
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<3 3.3.4> ZhZ]| ol Santee®] AA|T-of FAAT AAAGA o] Ae]ds Bl

4 ) 710 TET &% [mg/L]

[cm] BOD SS NH;

Scirpus (& 76 5.3 3.7 1.5
Phragmites (Zt)) >60 22.3 7.9 5.4
Typha (&) 30 20.4 5.5 17.7
-2 2 0 36.4 5.6 22.1

®=3.04 m/d ; HRT = 6d ; A&7 L=185m, W=35m, y=0.76 m ;
<9 12 AHgl4 BOD=118 mg/L, SS= 57 mg/L, NH; = 25mg/L
A2 @ Natural systems for waste management and treatment

(Sherwood C. Reed, et al., 1995)

4) SSAAE 91 AA

FWSHEA % SFSEAelA SSo AlA= =84 2ol o3 slor F79 HAdaztd
oJgf o]FojAER o FIFS wev 2y R WA Bl gov FA4
o] AFAIE w5 A7) witel o] FAde szt FAIE 4 k. SSA|AE BOD, HAA|
A Soll va] oeks wEr] wEd X9 2715 AAse AAATAAE HA e

A, EAESG, o8] F Aol SRl gl iR AFES FUIEA
AL 2] el Alzbe] Aaghel wheba ZaHo] Hage] Fe]ERE @tk BODOA]
o] 1xHele} wpAsEA R ol & wiE AAEE HA

‘(I')F ]
2]
AstAld = ok FAd ARE AP e ASelA BalEHo] HAghe] X

i

oft
o
N
MN
X
Y

B9 gEE
FAANG F oyl gtk F9AY, FRA AFE FFY P dgE swo)
Fe APHES A AR FANAE 1AL} BaskA FeA mer} GA9] )

A
H

%9 3.3.3>5 EAMFANE FWS 2 SFS%A el SSAA 59w saalote] v
£ gehla Qnh adeld AAe SFSEACA b FEE fAE ANl AAe
FWS&A 9l Abdloleh, ol 27 7oA e] Wgae e g,
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A& @ Natural systems for waste management and treatment

(Sherwood C. Reed, et al., 1995)

SFS%HA C,= C,[0.1058+0.0011( HRL) ] (2—-25)

FWS%# C,=C,[0.1139+0.00213( HRL) ] (2—26)
o7IM, C, : 7= SS¥&= [mg/L]
C : 7Y+ SSEE [mg/L]

HRL @ %53t [em/d] = (Q/A,)*<100

A~Z TRl Al A (2-25)9F (2-26)2 SFSHAY FWSEAlol #AIgle] &9
SSE #AtheE RS BHojFal vk divkstd 7 7FA FE B SSAIATE dide] mabA o]
w 2o SSAIAE Alz=gle] AAleA AFAAE HA] k7] wioltt,
olW mulo]7l A& wjell= B 7FA] Alofo] vk WA mE

FEESE = 0.4~75 cm/d)E 2AEE FETEE faskA dths Flelth dvd] &
Ad w2 st E bE das 2deA "o gS5o] o5 FA A SSAA A
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Al vk ey A2l £y ols: Santeeol X S GEUoMAIA < 3.3.4>°] 3}
T

e Rl AAEE fAe] fd dad el S

CEEE

wrek, el ZLjokE Santeeo]  SHE GFEUHAAL ARH Axtstel @ olet @
B 1 go) rUclE BAEATIY] elNE 5 g0l A4t Bad Ao HEw oF 9
d ol b5 Aow WEEE e ANY S olvh 1 AAIE <E 33559 2
.

J=ol uhebd] Mo Aol thes] wiEe] HENAY 5ol o §b5T A
AFS 21~57 gndZ AR 4 Aolzk ek olelAe] Bae s)Ee] FRA
MA(G~45 giDANAE g Fe FEelth a2 4Ee AAle] Bpie] AA

. TH7be b
[g/m'-d] [g/m-d]
Scirpus (F% 0.76 7.5 5.7
Phragmites (Zt)) 0.60 8.0 4.8
Typha (%) 0.30 7.0 2.1
At 7.5

w« BEjapdol ) AA e zlo]i= 0.76 m

e ST W) REo BAAAY ol gob T an
wxx 0.76 m Zo]o] HX oA ©eTH AT o] &rl5d Ak

AF5 : Natural systems for waste management and treatment

(Sherwood C. Reed, et al., 1995)

Kyy=0.01854+0.3922(rz) > (2-27)

AN, Ky 0 20CelM e AAspE A4 [d]

}= s
=

rz @ BElRgo] AHehs SFEAe] Zlo] HlE(0~12 Yehl= HE)
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Kz Feiadol b weEo] & wel= 0.4107, A=o] A3 §l= B9w
0.018547} €t} o] A& U.S. EPAdA JF& 713k SFSEA A #=% ki A X
=2 Bavor 59 AAEHANA FlF}. o] mdle 2 (2-28)3

=
2 Gl SEAFE A= Bt §4 2ol 50~60%S AAsta = AHd R

ZNz27F Hv AT Ky,S A7k 4 (2-28), (2-29)S o] &34 SFSHAC Q)

ojA Aikstel] o GRUoRAAE A 4

ge =exp(— K1) (2—-28)
Aszw (2-29)
T

o714, A SFSHA WA [m]
C, & 4EYols: [mg/L]
Co + Y dEYols®= [mg/L]

K, exd gEss $u45 [d7)

t @ AFAIZHHRT) [d]
v 1549 4 [m]
Q: #AE 32& F% [m/d] = Q=(Q,+Q,,)/2
45 Ko SR EAS 5 2o
0ColA : Ky=0d " (2—30)
1CoA + K,=K,,(1.15)710q"! (2—31)
1C o) AollA © K,=K,,(1.048)7720q" (2—-32)
==ol BAglol 41 4 (3-27)& AlRtste] K, AAsoF gtk 0CHE 1T A}

ofol M= I ow Rt

20 mm o]dte] b= RS o] &7 A &2 (0.3 m Buh ¢g) AAES A9
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W) &4

2 (2-27)~(2-32)= FEUoI=RH At oo Wity g ste] o] skl 3
Fad dAS dS5sty] 93 Aolvh. Age] daxzol AaAlARl g 2 dad
212 AeiA FsAEAS FElof o dRbH o w SFSEAA Aakd diyEe] A4
e 2AstE AR ArolA dades FrhekA ¥ 2l AAEY. SFSEA7E A=
A RkeS dod gl WA HAT gaol8rbsAe] 2ES AlgEy] itel SFSE
A9k FWSHEA9] o382 Hl=3 Aoz AZdn. ddd o3 A AAE 4587 9

ge =exp(— K ;1) (2-33)
A= —er}(( C;/HCJ (2-34)
T

o714, A, SFSEAE WA [m]

n:%Ae BEE

t+ AFAZHHRT) [d]

Q: #AE 52 §% (w/d] = Q=(Q_.+Q,,)/2

21 (2-33), (2=34)°l o] &¥ L A= FALNAETE=(Co)= A (2-28)9 T3 F

inss

B frE dRYol TR Aelth 2 (2-28)& SFSHEAAA Haksl Fof ZF by o}

off
H

S A 4 glerma 1 Aol (C,—- C)7F AAdoezA og 7Med Aoz 714
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ol

b 5 9lth 0TS 1CAele] Ga% s mibgoR 38 4 gtk AAlE o5 FeolA
=

Aol Aol dojuhx] =t A (2-33), (2-34)= F5Ad A= dAkdo s A
_1_:[:_‘

rr

=
ax
ofo
o,
N
N
olr
P‘L
v
rir
PO
o
2

iiu}
i)
o
Fo
-
i
rir
o
o
rir
=

R AART-NA H@ w57]Fe] 9 F9olth SFSH
Aol A o) T-N& (2-28)3 (2-33)014 T ge) Fol Bk, ofd AHH WFHF T-N55
g wEa Bad WAL A4 (2-20), (2-33)& ol &3] WA Asald 7T 4 3

D ARIRULEE(C,)E Hgeta, Aatste] Bad WAL 4 (2-20)% ek 1
@ C,-C,8 4 (2-20)0.2%8 T3 ARGl AR, o] G 4 (3-33)9

@ BF T-NFEE A (2-28)3 (2-33)04 FAA C gkl FAClth wek o] ghol
AT T-NBES BEal ot 4% oA Ae wEsof g,

o AxAAE FelRuwe BN ARE gl AHUY] W AgH o)
= Foslof @tk olF mule SFSEAMI FWSHAMY i@ Aevee F4%
9 Aoz pudth dA4F Aas1Fol AgHE RFEALS ALY el UANF

o Aty A8 Aw AR AT AL AP

It

6) qlel AAE A% 2A
FWS5A 9k SFSEA B 1e] AlACd thaird= 2thA] 7o 5= sk 24704 %=
7= Aol FHold AAA adE dEhl= A97F Bk 53] FWSHEA M= /o] &

A vhete] mRiA mWe] FHHo] e wAE wATh el Bvigkel 27 9o AA
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Aol ¢l AAZIF-9] thF-Eol7] wWizol AAES FAUHHR Fdg T < =9
F7F frh B AgAEe] o] HAS @Asty] ekl A &Sk 12 REA e o
W] tiste] ol mEHa dv ey o] Bl LAl A7|= obA et
o] Fo] XA eFgkt). o] mHle] Y]xste] ER2E|tF Evergladesel #sdhs L4=ENH <l
S AAE] 938kl 16,000 haol FWS &5A 7} #lekE A}

North American Data Base9] &4 7] %384 Kadleci= 1&5A Al2=®lolA <19 A
AE AF387] 9158t 10 m/yearS £EAS2 Aokstar 9t} 10 m/years= 2] (2—35)9]
AbEehE A W 95 R 2.74 cm/dok 2

@

|

e _ _KP —
c = eXP e (2-35)

oA7IM, C, % ¢ &% [mg/L]
Co Y 9 5% [mg/L]

K, 2.74 cm/d

HLR : dAF+ $ZFF3} [cm/d]
_ bQIn(C,/C,) 3
S_T (2 36)
AZIA, A, FAWH [m']
b 100 cm/ A4
Q: FAE Z2% FA % [m/d] = (Q,+@,,)/
rae A FWSHA dHolHZRH ZAAEHJAAT, SFSHA 2 FWSHX Q] AFHA <l
AAGS oSt o] &8 4 Q). ikt o] BEle HFAxHe] WA oEs= A
ojnf, of Ao 559 A& littero] A dojrt Hk-S-o] o}y 7] uwjit-o|th
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o tigtul tje] P (UCCES)e] /et 5s4&5 F2a7IFAH = 700 ps/cm ©] 3ol A
o2 700~3,000 us/cmol A= 29997, 3,000 us/cm o] A= FEAY

Foll & dFE vAE ow ERHL vk ARV T ECE <iE 3.3.7> H <1¥
110.0~285.0 us/cm, 3+t 200.6 us/cmZA] ZARA] 7)ol A glo]

700 us/cm °latE YEFHTE AT EA] AEaE AFEA1 A4 7F 131.0~328.0 ps/cm, 3
T+ 237.1 uS/ecmel 1, QlF5A2 A8 47F 130.0~347.0 us/cm, H+ 238.0 us/cm= LERY
Frdarel HE v FolA = AEFE HYlouy BF AE 9SS vA= 7]ES] 700.0 w
s/em ©]3tE YERIAL flomg Q1FHA A7t $9E AFAR FYH sHE&TFE
A Aol gEo e FAE e AR YEETE JAEEA1 B 2 Mgl tiste] 95% 1=
P A BARAE A3 p=0.957524 M2 ol Fo <l 2ol E HolA = Furh
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iy
2L

J2]9=¢] ECE F=0] 10 C wwkel A= Ht 267.5 us/cm, 10~20
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T A EA EAT A3 p=0.9076 284 Fo ARl xtolE HolA &Fdtt.

o] e A5 DO sEv= <k 3.3.7>9 #o] o] 10 T mykl AS- o=
7 10.5 mg/L, 10~20 ColA+= 8.0 mg/L, 20 CHT & ALddE 5.9 mg/LE Ve 4
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SSE <% 3.3.8>9F #o] AFEA FUF7F 0.8~317.0 mg/L, FF 43.0 mg/LEA] -
T 349 18T 27159 15 mg/LEY =kt o QAFEA1 AHEgE 0.0~2.8
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ZAPIZE Sk AlAE SSY2 AFHFA 1A 0.0~114,566.4 g—SS/day, B 35,791.6
g—SS/daye] a1, 1-&5FA291 4 0.0~114,015.6 g—SS/day, H+ 35,625.5 g—SS/day .= A 27
Aol AEFANA F 71,417.0 g—SS/daye] AAHAG. o= APE st #HFS s
Al MSHAIZIHA =83 Aatolw | FHof A A 114,566.4 g—SS/day <] e F=F

_?__
1.6 mg/L olstzA EF Fd&F FEVIE olstE wAstaL ormm L AlHdA

-
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ofj

228,582 g—SS/day7}A] A A7} 7hsd Aow dekE T
GolalHe] A SSEEE 46.3 me/Lolal, AFAE HF 14.5 mg/LEA Q352 2

FRY %7 e AeEA ATt fAHAE spHoly AgAe FES oFEirlTA

F2o wE Ayl SSE o] 10T wwkel 7kl E 1.2 mg/L, 10~20 C -3k
AE 0.8 mg/L, 20 CRU} =2 F7 A= 1.7 mg/L2A $£o] Zolhd ulel 749
A SS7F EolX| 7= slal WolX 7| sho] YA HFTFES HolA= FoUrh Unky oz

SSAAE =8l Al Azgoel7] witel F23s Aol wom, olfd =l Al o}
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282 BOD, A&AAC vl s w=r] wiol] F49 A7lE 244 u SS= Al
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=
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-

EEER

<3 3.3.8> QlE¥sA U B =9 SS, BOD, COD

TETE FskE 3
g A% Ad | Ax | Ao ;;“; A&
= < 10T [10~20C|20~30°C
SR 43.0 | 0.8 |317.0| 64.4 5.4 42.9 61.8
AFFA1 AE5 | 1.0 0.0 2.8 0.8 1.1 0.7 1.2
AFFA2 AES5 | 1.5 0.0 | 11.2 | 2.4 1.2 0.9 2.2
55 sk 46.3 | 8.4 |185.0] 51.7 - - -
(mg/L)
A=A 145 | 6.8 | 29.6 | 6.9 - - -
AAg | FAL | 82.2 |=200.0/100.0| 59.2 | 30.3 97.2 93.1
(%) 222 | 84.2 |—100.0/100.0| 39.9 471 97.2 89.8
ST 6.5 2.3 | 12.2 | 3.0 7.8 6.8 5.9
o1F&HEA1 AYSF | 1.2 | 0.2 | 9.6 | 2.1 5.2 0.9 0.5
AFFA2 AES4 | 1.2 0.1 9.8 2.2 5.3 0.8 0.5
BOD sk 4.3 0.7 8.5 3.3 — - -
(mg/L)
A=A 55 | 48 | 6.7 | 0.9 - - -
A A5 %A1 | 80.9 |—41.9] 97.9 | 31.3 24.3 85.5 90.4
(%) %292 | 82.6 |—44.0] 99.0 | 32.2 | 23.1 87.6 92.5
T 9.9 | 3.6 | 208 | 4.8 6.5 12.4 9.0
AdFH5A1 AYSF | 4.8 2.4 7.0 1.2 4.1 4.8 5.1
AFFA2 AES5 | 4.9 3.0 7.6 1.5 4.1 5.0 5.2
cob sk 7.8 4.0 | 13.2 | 2.7 — - -
(mg/L)
A A 88 | 56 | 11.6 | 1.9 - - -
A A 5 %A1 | 43.6 |=50.0] 72.9 | 26.6 19.9 56.6 42.6
(%) %2 | 43.6 |—-22.2] 70.0 | 23.8 | 21.3 56.4 42.0
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2| SS (mg/L)

OolZ3&x Mald 1 0dZ&xl Half2

<% 3.3.14> AFHA Y5 9 =59 SS

BODE= <# 3.3.8>¢} o] dF54 F9F9 4% 2.3~12.2 mg/L, B+ 6.5 mg/LE Y
Btk W Q1 ES Al APSE 0.2~9.6 me/l, B 1.2 mg/LE WobA L, Q1E@HA2 A
1.2 mg/LE el 5ol vla) Hele] FEsh sl

& werh <IY 3315>0A%E & = Qe wsh ol A9 YRR A F9)

p=8.402E—09%A4 <=9} A
BOD7} & A A= Q=

ZAPZIZE EQF AAE BODYS dEFA 1A —4.6~15,188.3 g—BOD/day, 4t
4,144.4 g—BOD/dayoliL, <¢lgHA20A —4.8~15,711.6 g—BOD/day, it 4,127.5
g—BOD/day .24 ¥ A|Ao| A H) 30,899.9 g—BOD/day7FA] A A7} 71538k o

o WE BODAAES Auny F=20] 10 T} v FIhollA FH#2] BOD
A AL Ht 23.7%0]3L, 10~20 T Apold A= 86.5%, 20 TR} & Skl A= 91.5%
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A feo] woldo] wkA BOD AAEo] EolAt AFS WAtk wehq BOD AAE

o AN AL F2 5~1049 @7 F=
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A 8FshA AkA @ - (COD)
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FA13 2 AP Abolol= 95% A FFEolA p=0.7583024 124l Afo]E HolA| &
Atk FAFet AFEA Age] BEAaE 27 4.8, 1.2~1.52A4 F4el vls) A5
31 =

Hol QIEFHAE CODE HgH oz AANF=

ZAL7I1ZE SOt AAD CODYS Qlg5A 104 0.0~19,278.0 g—COD/day, B 5,949.8
g—COD/day®] at, 1¥F A 2014 0.0~19,278.0 g—COD/day, H+F 5,576.8 g—COD/day 2. & A
2 Aol A H) 38,556.0 g—COD/day7HA AIA7F b3kl eh,

25

20

15

X 2l$2] COD (mg/L)

0 5 10 15 20 25
T2 COD (mg/L)

OelZB&x Mal+ 1 0dZ&xl Hal$2

—

<7138 3.3.16> 92&x 894 & 8=20] COD

T2 WE CODAAEL 0] 10 CRY W& FdA = Ht 20.6%°]3L, 10~20
C Atolell A= 56.5%, 20 CHUF & FRblA = 42.3% %A F0] 10 CeollA= w5 v
2 AAEES B, 10 CRY =2 Fd A= A FS Holx it #s7]d =

F2o] 10 C By 7] fiel JdesAs sl Fsrjdz = 5 gl

o dHH49 CODFEEE ZHzE Ho 8.8, 7.8 mg/LE JEW o), ¥

T 0
A2t A 7.6 mg/l olstel7] W] AFEA Al A5 L sl FA A
8

ol
rlr
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o
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)
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v
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FAL(TN) <3 3.3.9>3% o] A&FA K447k 0.73~3.73 mg/L, B 2.00 mg/L=
M zae w985 771 1.0 mg/LE 38k A9rh wokth W QlesAl A

5]
.03~2.83 mg/L, M1 0.78 mg/LE 2FolA 62.0%2 AAES BT AF5X2 A

= 0.0
4= 0.06~2.84 mg/L, B 0.80 mg/LE Wolx 62.1%° AAES Horh =3 <18
3.3.17>¢} o]l B ZAMAZIO el vlE fFETY s W2 AEgS HYJo A

o

ol FHA oA AAa7 A AAEE Aow et TN A% 95% Al FFolA

o
Hl& AFEA AElre FEUAE e 0.6124 AG5rt odd FEFS B

AFHFAL H 2 A2l Abololli= 95% A= FFolA p=0.9286 224 A= 7ho] 2% <l
zfol & Kol gkttt

ZAZ1ZE o AAY TNYE AFHA 104 0.0~3,165.7 g—TN/day, H 877.4
g—TN/dayel i, ¢l&5A2014 0.0~3,120.3 g—TN/day, B 794.8 g—TN/day S 24 & A
Ao A 6,286.0 g—TN/day7HA A A7} 7Fs38kA T

Fo] mE TNAAELS £20] 10 CHRu W - itell A= Ht 42.0%°]3L, 10~20 C
Abolol &= 68.4%, 20 CHU & FIh A= 65.7%24 4] 10 CHY & A&
- e AAEES BAA, 10 CHRY %S FAes 8 4dFS HolA] Zut) o=
Arbs—aA3s) 248l 93t AAME AA=E 259 FI&FS W=t (Herskowitz, J., et al.,
1987 ; Watson, J. T., 1987), B% 10 T o3& 7]20o] oW A AFaZ L] golxm, 12 C
ol Aol = AA FeFS v XA &E=TH(Knight, R. L., et al., 1986)3L 7]<&3la Qe A3}
22 Aoty mEkA Fo] 10 T oS frAsts Wi7ld AFFAE s4MTE A

S5b7] 918 AME EYRTE FAs 454 D SAe FAL AN 5E % 5 9

J

id

TNS B9E A3HA FE257 454 2
7 AFA W sEse] egdel B4 g3 odle SN FHHA dFE MAE 2

o2 uER
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<X 3.3.9> AFFA YT 2 599 TN, NH4—N, NO2;—N, NO;—N

TETHE Hdws U
Y5 ok B As | AT allaks
= < 10C [10~20C|20~30T
T4 2.00 | 0.73 |1 3.73 | 0.71 2.30 1.92 1.93
ol F5A1 AH&4| 0.78 | 0.03 | 2.83 | 0.62 1.40 0.64 0.60
o1F&A2 A2l4| 0.80 | 0.06 | 2.84 | 0.60 | 1.36 0.74 0.57
N a8k 2.14 ] 1.27 | 3.23 | 0.83 - - —
(mg/L)
A=A 1.26 | 0.54 | 2.18 | 0.46 - - -
A A& SA1 | 62.0| 1.7 | 97.2]25.6 | 40.8 70.9 63.8
(%) 2292 1621 1.4 |94.1]226]| 432 66.0 67.7
T 0.54 1 0.00 | 1.65|0.51 | 0.18 0.79 0.47
ol F5A1 A4 | 0.04 | 0.00 | 0.34 | 0.07 0.07 0.03 0.04
NH,—N o)L 5 2=
N F5A2 AEl5 ] 0.04 | 0.00 | 0.35]0.07 | 0.07 0.03 0.03
(mg/L)
43k 0.19 | 0.03 | 0.48 | 0.16 - - -
A A 0.24 | 0.06 | 0.49 | 0.13 - - —
T4 0.09 | 0.00 | 0.44 | 0.13 0.01 0.05 0.18
ol F5 A1 A& 4| 0.00 | 0.00 | 0.03 | 0.01 0.00 0.01 0.00
NO2=N ol 2= > 2=
N F5A2 AE4 ] 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00
(mg/L)
sk 0.06 | 0.01 | 0.14 | 0.05 - - —
A=A 0.02 | 0.00 | 0.07 | 0.02 - — —
T4 1.10 ] 0.31 | 3.10 | 0.71 1.85 0.75 1.07
Q1F&5A1 A4 0.52 | 0.00 | 2.48 | 0.57 | 1.20 0.37 0.33
NOs N 202 3+ | 055 | 0.01 | 2.50 | 0.56 | 1.14
) B4 1 0. . ) . . 0.47 0.33
(mg/L)
a8k 1.46 | 0.81 | 2.50 | 0.69 - - —
A=A 0.631]0.12 | 1.58 | 0.46 - - —

R Lol A A (NH,—N)E <¥ 3.3.9>3 o] QdFHA <)
0.54 mg/Lolt] ¥halo] ¢la%5x1 Ag+E 0.00~0.34 mg/L, 3
4 0.00~0.35 mg/L, H¥ 0.04 mg/LEZA F45ll Hla] Hzgl42 FE7} volx= 7
s Bk olw JAFFAL B QT HFA 200 A ¢ NH—N #Ha&S 242 4t 76.5, 79.2%
ojty. <19 3.3.18>¢} o] F 253 T 13E AQstale EF FAel vl A2

=3
NH:-N %7k shobd s 4% moith =3 #9059 E2AAE 051900 waje] AT

N
d
O

.00~1.65 mg/L, ¥+t

S
o

04 mg/L, 1&FA2 A
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2.0

—_
o
T

M2l4=2| NHs—N (mg/L)
o —_—
o o

0.0
0.0 0.5 1.0 1.5 2.0

=2 NH,~N (mg/L)

OoIZ&xl M2l5 1 0ABER Hels 2 |

<I¥ 3.3.18> A¥HFA U # 7= NHi—N

oA A A (NO:-N) 9| A9+ <3 3.3.9> ¥ <
7} 0.00~0.44 mg/L, B3 0.09 mg/LA o, AFHA 1, 2 A5 A9 & NO,—NoJ

Z3A olst2 YElgth m3 f95e] mEHEAE 01390 Rbeke] Q1 HA A7 4]
EFHAE 0.00~0.012A4 AFHFA A ehg Aoz Axkstel Gzlo] o] oA = A&
o QIth NO;—Neo] A9 A&HA &2 3 NHy—NelA NO,—N=Z Atshy = &Lt
NO;—No] NO;—NOo = Absls] &= <
ol A 2dxo] AAarbser 8 Wty g 5 2 AN H &3 AetEEd <
THEAE Bol FAY EHRTS 3F o vt FFEHY 2714 AEE Jehdr] o
ol Asl7) o] FojA wE £EZ NO;—No] NO;—NoZ W, vz vgiis
55 dol= Zol7t 1m A% H7] witol] A4t FHEA Zol F7ANHE FH 5 3
o] NO,—No| &dxgo] Arrtxsl 2 WdtEo] =59 NO,—No| #Agr},

Feo] WE NO;—N ZHAES $20] 10 CHT} G Fo s it —150%= 23]
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2

HAEFA A p=0.00822A] FYF9 QFEHA & =
=79 FE7F dolA= Aoz YErHTh o]¢} o] QFHFA A Qlo] AAHE FH

];d—

&

o

AEEAe] B g3y AFolAe FREAY AR wEd T ofd I

rlo

N

o7 EFHE Aoz Amdd. AFHA1L L 2 AG AloldE 95% A FHFFEA
p=0.3628 24 T3 Z}o]7} gl Ao R e

ZANE S AAR TPYS AFHFA1AA 0.0~152.8 g—TP/day, HiF 47.8
g—TP/dayo] L, Q1&5A1201A4 0.0~155.6 g—TP/day, B3 40.1 g—TP/day o2 A] ¥ A] A
A At 308.4 g-TP/day7tA] AIA7} 7V 8t

Feo WE TP AAEE 80] 10 CHU} @ F7lo A= FHi —63.1%°])3+=d], 10
~20 C Atelol M= 53.5%= Eolxlar, 20 TR £ T3l = 31.0%% Hebit) o9

ol o] 10 C ol TP AAEIIL 9l 238 TP7F T7hE s A 1Y
o, ol F2o] W2 A7IQ AEHo e AEel FHdHel] wimel Aeol o F
97 Eehm, E wAE AEAC Haol s Agiel A4EH] WE) Ao w
.

PO4s—P& <3 3.3.10>% #Zo] AFHFA f+957F 0.00~0.14 mg/L, H+ 0.04 mg/Lol3d
=, dFHFA1 A= 0.00~0.14 mg/L, B 0.04 mg/LE, ATHFA2 A+ 0.00~
0.18 mg/L, B3 0.05 mg/LE Yebd FAF FE5 Atolol 2 el7h gle o e
ot <1®l 3.3.22>¢ A 8 o] Frel vl FEFY sE7F =2 AeE Jal %S A

= o] dAT 4TS HolA &gk

[e]
5
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<# 3.3.10> AFHFA FY4F 2 F=59 TP, POs—P
_ FeTHE Hitss 4
Rt 2 A A | A2 | Ao ;; A A&
= < 10C [10~20C|20~30T
T 0.10 | 0.02 | 0.25 | 0.06 0.03 0.09 0.14
olFHA1 A& | 0.05 | 0.01 | 0.16 | 0.04 0.04 0.03 0.07
AFLHA2 AFS | 0.06 | 0.02 | 0.23 | 0.06 0.05 0.04 0.09
TP
sk 0.12 | 0.04 | 0.21 | 0.06 - - —
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