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Study on Recycling of Effluence from
Sewage Plant

— focused on domestic and foreign cases -

Jung-eon Lee

Department of Construction and Enviromental Engineering

Gradate School of Industry

Cheju National University

Supervised by Porfessor Sung-kee Yang

ABSTRACT

Recycled water is the water that is used once or repeatedly regardless
the type of use and 'recycled water supply system’ is the system to
supply with recycled water. Most of sewage, of which the source 1is
recycled water, is almost constantly maintained and produced in spite of

drought, thus, it is a soured if it is appropriately treated. Although sewage

_iv_



1s recognized as a dirty and unclean subject, sewage of which 99% is
consisted of water may be treated to produce very clean water, thus it is
a good subject that may be utilized as an alternative water resource.

Current total sewage treatment capacity of the country is 6,460 million
cubic meters a year in 150 plants; 121 plants (app. 80%) execute recycling
of sewage and recycling performance is 150 million cubic meters a year
with merely 2.3% recycling ratio in treatment capacity.

In case of jeju island, there are three sewage plants with 450 million
cubic meters of capacity a year, however, recycling performance is zero at
the moment. Recycled water from effluent from sewage is rarely used as
drinking water or washing water and is mostly used as municipal water,
agricultural water, gardening of golf course, and industrial water. If
effluent from sewage plant is recycled in Jeju Island, quantity of ground
water pumped may be decreased and utilization of effluent as artificial
recharge water of ground water may elevate quantity of unused ground
water. Additional effect such as prevention of seawater penetration and
removal of potential drying up of ground water is also possible with
expected result of large elevation of social convenience and profit in Jeju

territory because effluent removes negative influence on marine ecosystem.
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Fig. 1. Classification of types of rapid filters
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Table 1. Rapid filter apparatus
SEDIEE ool 2
o] whot| o] 9} o] | of 2o o T o T 4 =3
R WY | B (/<)
D AA=A 2de Aea 25, 299 wa
AL 10mm RS FFo0 7 3}
ol FAH|@ HSARFAE TR Fal, A FAE
ImE ¥Fo= I
@ R dE5ATE 140]3t= gt
TEA T D AT RAz T 49, ¢2E BFew o
i, oAbFAlE 1.0~1.8mE EF o I
@ A= FEA 1~2mm BE, T5AF 140
g BT o 3}
@ o=xEW3l 10cmol grits A=z 3o}
D JEFFIES Re2 ® 2zxoldAE w7 oW
or }m meFe Tt deEoEF
a8l 2 60%elstE &
Q@ FEFAE FEALS 15~20mE EF
G-
S RN @ gEFAIOIES fFaA R Fade B
A Fade 279 olst2 et
@ cotEAbolESL meo] FEAFE 1408
2 2w g}
® StEFZAlolES}L w2 H oFo F= 60~
100cmn = 3kt

(1) 4 S 7le
A & (Activated Carbon)& thest 79 F7stdEs S22z A-A e
sto] nEAe 8o frIAdEEe] Aol FRSISHA ARSI At sk
2= ARt o ® FAARl A=t AeE A% 29 HFAY 3HoR
AAN Bt F2olst F3



A

=
=

A (Adsorbent)

3]#-2] (Batch), A9

q

0

A

Aol AbgE= &

(MEAGNEAT-4, 1999).

N

o|J
;&!
_EH

o|J

oz

A Abelell A

2k

7 &

2

olo

bl 7t

5]

Van der waals@ o] <&

#

_E,h

—_—

Aol Q1go] §43 Gujatol e

oz

"
25

oy
_X#I
folm

X

oy
o|J

o|J

ol

B
oy

w

0

EL

b 7 owkge wE nvbeld

A Apolel A BAYE

&

o vlekstoE aelshA gt

=

o
ﬁo

s 49 9

[©)

dl, °]

R
R

o #5w e

fé

o 25+
Teller (BET

L
fu

255 UERY

=2 4 (Adsorption Isotherm) o]z}

ol Ao

Freundlich, Langmuir Z1#]3 Brunauer, Emmet %

LI
s

J2] ol 4= Freundlich®} Langmuir

%

5
b

% 3

b

1ok, &
o] 2ol F& AREHETH(F, 1998).

o

o]

]

o A

o

T

Hlo

@O Freundlich

~5 ofn

) 9]
i

W

0

A

L EAA (2
A

iolm

1
Ho

O
ﬁo

T
=y

@)

4

K,n :

=
=

sy

Joll A x/m
o] AA9 71&71(1/n)=2 FE nFk

log I3 ZA
T AT

o e

o) o

e

72

S
=

_‘IO_



@ Langmuir &5 24

A71M, x : FHE §29 ¥

m : FEA (ZYRH 9
X0 F2A &9 A5 29 49 A%
C: 849 HF5=
ab @ AT
HE strAeE 9ot Zost @A FS Freundlich? A& T2 o] &3t

Atk A 98 W Ao wetd 1 F&sdgo] dan @A o

AZEY F2kel FE AL LAaES sk, 4 id Gde 9F, &

ol

o] gt '] 1Y, & digk §we faled, A9 3%
(Association), ¢]3}, = 27 HAAHAA A9 (Orientation) ol thst &j

o] ¥, A48 F79 /Aol EAE= A FFH did FzAAY, FFF

ol

BB FAAZ A TIo 4718 A ARHnE BYE
A5 e AstA Bek uteb BYSL AYAA} stel, BT AP S

- FYVE ALY 3718 FAANE IFIAL S w2 AAGD

Fig. 291 2o SABEANLLE 49 naALHoz A
FAAA ool sl HgEd galE vARel odN Laltsd f
% AAHl ok a1H, SAAAE FFo| el A Hojo} Fr} mEA Y

(

il
e HJ
oX,
(.
ool
L2
il
>
>,
ol
ol
rlr
o
o
e
[\]
B
R
i)
_l
=2,
iy
2
1;
rlr
F
O
1o
=)
0%
o
=
1o
ol
ol

_‘I‘I_



o).

3t
=

171 S

S

T7lE= A7
Fig. 3¢l Fo1x npel o] =e]-35}

o) 1-
15 -

1] 4]

9]

o &

RERE -

.{[:
olw Z]-3}shA ARGl = 12 AeF o

A 2]

fa s
- 1

gage

MIEECIE EEES

S

A

gt

A

=

317 Slskel $4, AA o

A

S
=

<+
il
O

<+
ol

Ok

f

rH

<N

<+
il
ok
i i
10D <N
)
70 H
el
i®r
10D
i
= X0
= o
) )
3 =
&I &r
o iior
o Ot
20 20
) )
= 3
=4 >4
<+
ol
ok

Fig. 2. Examples for diagram of advanced method of sewage treatment including

activated carbon adsorption facility

=

0l

<+
i
ok
i3]
Edll
<k
i
H o
K
L]
rk
i -
70 <
ot
KM
5 10D
)
& 70
i
il = | &
R0 SR
RD ox,w =D
0l olo
< <
al ol
Ok Ok

Fig. 3. Examples for diagram of physiochemical treatment facility with activated

carbon adsorption facility

_EH

n_AIO
B

dof st famEel 2A gkopop

=y
T

]

(e}

_EH

ds] el vk gl

i

3
=3

A=

9]

of &

700

ojn

)
=

£
N

A 22 2

298

at7] <]

=
=

F71esol A 4

_12_



a9

S

FoH(Z, 1998;

P2 79

gl

z

o 317} ofgAl ek vt

<
T

st

©

o, A <]

=

fsig

Fal AvpH o
A A
1A (Fixed Bed) T

=

=

°©

pH, &%, 281 o] AA WHalx FHAEY Agaso] A

A5 Z7)
7, 2003).

_EH

€}
el whet

d

A

o @

i3

=

o

G=AF (Fluidized Bed)

L
.

o5
W
Ho

)

T

&

3

o &

ol
)

R E

S

Loﬁ

o}
R

oF
9

==

D

bol Fargel whet

©

H Bol

=
=

gdee A¥ge 7HAA Ao, ae8a

stol QIae AEA} F7b

<]

7}
E

=

Aol whet A
o
=l

T =5 Ol Tl ok G ARdRy

°©

A ohw W7

L
R

L

s

A
gt A Ao HR7) H[Fol

]

z‘so}:

¥
NAE sl u]

Sol 14

e

oz

of AlAdu]e]

il

=]

F71 o
X

°

Zobr &

o

F71 o157 Zdel mige] mojm

o

ahl, abol whetel wa) A2

Ffeas JAHcRE A7

ofihz ol ol glAuk Mol 1 it
[e]

o]
=

3} of 77} FAl
54 dgHow

=

ol
Nlo

0

W
iy

3

9

717F Bop do @o] o] §H =

Ay
fin

W

qek

#Hoo, &

=

TH L FA 717

o
)

olm

_13_



)

ol

)

—~
fite)

it

4) +2ge] A7)

N

i}\]

3
B

@

A7
A

=

H

=

Q=
C
]

of we} 157 359

3, 1213l 57 15mg/ Lol 307 35% 9]

2] g ellA

%

)

=
T

3

2)-5}512)

h=
=

A A G 1 E (Grit) 7} A= o

R

& 7HA 9 8717F

°f

o
o

-
T
Tor

F

2576.80/%,

o)

A%

29l

N

A

st

°©

9 & 1mel] o

3
0~3.3 ¢/

[e]

A
F 0.07kg/ew ©]4o] =

0
N

_Z#O
|

zel

o

sl

S

v?q

[e)

SR LT
2

2

Gl

tel 4

S

3

4

)
pal

acs

=l 37 12m AEolch &

o

s Fofof
o A7 gk el 9

o

ar

bl o

Aol golt F= %Al whek Ags) W
)

10~50%9 &= 1L

.

9

&

=5

/\6] 1=

Fope @

K

BT
o
o}

ul

=
5

I3
pul

rth. ol

3l oF

2 A

1=23
H

_EH
o}

ofd RO AHelME HAag 270

_14_



&3}

(SS) 9] AAF Fx ei9Ate] =7 283 A

J

|, oA

LI

s

o] =& AR AA Y

E

(5) FAH
o

[e]

S5

aho] =

el
o} 2 27| wet AH L, o

U
nf
oF
-

Al

%

s

SERE

B o [e)
THE=

P s Al

2k A AT

ol
=]

ol

ojm

—
fite)

I

kL
o]
St
L

]

[e]
e
=

4=

Folv, <
A of

flof &

w =] 7}

ks
=

=

hud

9

o

]

foF

A5, AgE £ 5% ©
ol
=l

El

o

H

Fol

] A

171

9

bo 7w
o <l
sk 7

°

9

p=1

=
<)

=

=

7] 9

S

(mesh) 9] &AJelolA 827 13.7¢/m’
o]

pu
RN

MRS Fr1Hoz WA
A

12%30
48 *HES A

[e]

Azke] © Aojop

=

of el Fdel
=

o

tol <

FEe 8x12
)

171 %]

bel, 1o

S

9

°©

158 Bk Ful o Atk EAg AR Ao

o] FAZF 4.56mdl FF-ol= 107 20%
Aol eF A 2] ]

Hoz 943

2
Al
A

o
—_

ot

°
o

StEE AAA 11H

S

L

o

o %70] 7
_15_



R

e

=i
=

7173

ko] 7t
e
#7]

°©

b

of mAgEol

o] 507 100% Y
o VAR BF o)

1513
=

A Qojrt

7] #
71&0]

3

o)
=

[e]

T
o
s

A

o vgEe Esel

=

=

¢

A&
A

]

ko=
yi s

=
QI

2k

gl ofel <]

AFAZ] U AL f913)

S|
tel BOD

&
=]
=
=
ur
]

°©

o
A2

ko)
7

A el
akwl o]
ot

(e}

€]

]
]

e

=
[e)

Lt

(o)

£

2l

1 7]

el
7
e @

=

APl Freoh

dof HA]

pus

3t
=4
O

ek, whebd] FHE e @

=

¥

<
%

A

o

7]1&0]

A

L

fu

BRI

3
o

i

UA1717]

Eigsl

g, 2 elx FAiH

S

o

i

==
ol

3

=]

fLS

Ak
=

sl

tol g4 Aol o

o ¢

¥4
=

=

o
K

Br
ojy

_Z_I
folm

B
-
ofy
T
N
N

T

o

X

Yt i

1A

o

1o

9

HUFE 37140 ® FAAZIV] S

7(__‘

o
o

N
i

N
o

gl 2 A7

8) &

_EH

n_AIO
B

A A = A

%]-}\

_16_



)
pal

et

e

L
fu

Eis

EREEE

afj oF

3|

% F9d o}

afal,

5
o}
s

HA - AA

A3

t7 R ol Al A

Rl

7 AAEA

i

[
=4

=

=

&

A

d

=3
tol A4 57 25%
o] 5%l |

°©

H71

=

<)

b Aol B4R

ful

9

Q

(€]

I el
17 9%

9

= AAE o

A] A
R

of 2 EA
A

9 &

X on £ 2 No =TT
- zw 5 W o= o = N
W —~ . ™A o
ﬂ O o “ q ﬂ@l wAﬁ 1_ T
AT ~X W m g L.H ~ ,Dl - 0 N
i A A S
e o)
g ® = |BeRE w ok T Rw o=
i M EET T % FHew
blr % 5 |% oy T K 5w
= o o~ —_ "o o
o) v g | 5 P T T K
o & o oy ik =o MM ol
Clalry 2e ﬂ| Gl = o T ~ b
a e=! — wI - =
zgw D > % Mo g muw i M_ - wﬂ
0 3 S w4 W TE
% ﬂl 1% AT 1 ) 3 ne Oﬂ n)nAo m‘* \mﬁ
T 1 X 4 —
moE S A o - 1 ;O 2 %o
%ﬂ T < of { oy <2 o) O mo X K i
< ES =0 S
I SO O R g
iy o J | N '
BET OCE | |Gk, E2EEs O
%o — 3] ! ~ B N o
W = % B E|lT Mo oF R ol MT Q = 0% % My O Y
2 = Q8 o : X — oy .
E@ i Z=|® %MW ®s 0 mm Jo © on_ e Hﬂ
" © 2s|lwlrm ) o FOW o By
= o) &= rall o o £} re my 7 = N
7 sg| Pk T E LT L2 T g
! 0
W © 3= o ° 0 ~ N KO
Mno = . m m zy oo LMI No MH oo T — &L_ Mo %JM
T < L - B T
Wx_ (ER. < S oo MH w 0 . A T o o W
o nE N g A o * W i~ : &
~X O‘L Lolbv 1_._! ~X E+O # X . ~D| o
o o7 o F N Y T T o
WO 25 E O R E O
H &

_17_



W Ze (&4, 2001;

o
=]

= o

DEEE

3k

el €]

o
=

7HE E2 AR ol

2001).

™

2]
- 2499 &9

e
ﬁo
W

AR o]

=
=

ABER o]F

o]
=

o A=
S g

A

=273

14

g 2ES A3k NN 9

=}
21

_EH

N

s

)
e

0

Z]
&

A A

=
=

— mAdA} AA

— AxTA AA

3) = 2aod

&

(1) ®ejvhe] WA e

o
T

T
g

)

25

)

—~
fite)

)A
e
ojy

] A=+

S

1 A2 ¢k

of ]9

o}l
=3,

1e

o

=\

pol

S

B

M

e R L

2~ O
T

Lx 25T, 3

, %9 30kg/cr,

SRS

1998).

75%) = YERATH(E

T
Jo

i

235 o= veh

T
T

= 2=~ = O A~
9 Rl Fags,

w17

o)
o)

ol

ojp

)

=y

o)

J = AxAp

H7F%5 (m/m¥)
7

uho A2l oFel A} (kg/or)

i

J

o714,

AP:

_18_



Mookl Fuh 559 B9 ot Fig 49 o, Figse el

=] H
Hlelshn exel dEste AL % & ek of a-elA 71871 FaAgolt.
Fahse emel JFL Wyl uEel B4 25CAHY GO AU5HS B

sololte §EEH e FROIEELS AA] 8 tEAd #he ol &t
of 7kt A= A EEA, BE FRoE 243 A% 500001741 iAo
AA o] gHrt. oot $A o] A7)+ K 0.00170.02melth. o] Al
= Aom obe Hor A= dRbF o 17 10kg/cnigd E0|
oh. sholoj o] SgWolRE BEYE Q] VGAAYL 4 FRO=ZRE E
% AA Seol Stk Fig. 52 7kgell oA HeseFe] ngart =3 2eEHE

)

e BAR Qo o WAE LA (Cross) BE WAl il BEol ety
ghejo] Aot Wgol FAolt fFUFE T FEACE FelHrh B0l
el Aol vhel £37) e Agdel s 4B 4 vk eloinue v
ol AFE AL g, $uls RS Baeks BE 4R 3 AL

el ofal et dejojnons AEr= oMol E, Feotv| =, Ee
E¥E, ZyuldERgel= Fol ARgHET (S 1997 ks, 1998 °l%,



0.5}
A o4l
=
E
4r 0.3
ok
= /
Wk 0.2¢ 2 Sl
= 30C 0.031568 m*/m*
- & - kg/om®
0.1} i © 25T 0.02824
¢ 20C 0.02392
4 15T 0.02132
1 i i ]
0 5 10 15 20
. e & (kg/om?)

Fig. 4. Relationship of pressure and water flux on

ultrafiltration membrane
e e
® = = ne ®

- .0, ® = N - 0% e
ve .. ° ® P

° @ ° @ .. [ J

: = e [ &&=

4 e

Fig. 5. Examples for membrane separation by cross flow method

>
%
o
ui
o
ik
i
i
Su)
=
s
)
dlo
o)
=
(@)
=
mY
&
it
flo
D)
Jo
T
)
o
H
ol
B
r\j

_20_



e Y2 A9 BY & dF = A9 g0 =7 Hlsto] Hdyo| <ottt ojul AB
Apolol A HE AL wAlste] Fig. 69 19 AHm ®rh o ereatE Abwetole
o oske, o] AFRerel Ad Qe wFe 99 slek Fig 69 M9 go] o
o= §AFe] ik %% o] FHTh o AYS AAFEIL Atk RS olF
sto] gdeoA e FElste ol gakEoltt ARG skl #Add=
k2 2lo] AFEti(o], 1994; &, 1998; A, 2001)
I = ACRT
714, 1 A% (Pa)
AC 5% (mol/m’)
R 71AIM = 8.314(J/mol/K)
T @ A% (K)
I i
o g O HH& ot
A 4 @ A 4
A 4
yzg Hya yzg =R-BS
Fig. 6. Mechanism of reverse osmosis
(3) #olu nE59 32
Zoli o AAMeR THE R, S T IRE AN 0EFel shiz
ol Q= whgn, ghe vt AAue WEE wEe 2FA Berel vk



gol, =7+

R

R

o] Wt

A X
=

o

sith @elolagel F2 ALE

S

1717F &l

= 98 & AAA xo]

=
T

ul-
AHg- kA w3

=

tod H

9

Gl

3

o] Qo

LA

gl

Fet

s

)

)
@o

i
fite)

fol fde =

3]

- A

KN
=

1.573m9 Aol

107 20mm, Zol&=

Atk 8=

Ar
J)J

Nr

A
A

o =1

(e}
2 437 vl

o dAz<= =ddAE

=

o] Z7] W&

3Z
=

wol Abg-¥L
=

o

e

0
o

B Fig. 8ol vehd 21} gho] o wpAA| ), Auo]A,

Ay

Abelel E54 A7)

3o}

ojzlth. 279

-

L

s

=i

S

1]

9

19 FAE3 A

&

o] QRAAEo] A

=

o

=

_22_

el 4] frdso] AA 1 g



5 R3ANe B4 Ak webd, aulEHe] A St ofuxdergol

oW R dio] A7) wiEel] fERAME WA A dAE Baw

T3 FE Fig. 9914 & 5 Ql5%o] Wiz 9]&wol 0.1 ~1/m%
= gguiew Hof 3l T3A oAE st REel et vk o
2 FYd= 2E AAAE AREEHA ki AVIAA TR Hol 7] wEel g7

J E7F eqrdd At S3Ake] 953 Sl ¥
wE= A @ol vk @S fFawe] Au, Hup w2 t¥ow &4
o A s¥s B4 & F 3o HlFEo] An 50l dslete A

o oEAIA S A S

12
ofy
1o
o
rg
ko
rr

X XIEHICIE StXIXIEHOIEL] =rd
a0l 22
S0k
it -
i -
. B
>
) 3¢
——— )
v Sl
-
Of 1.5mm
re == = ] ar=aios
ssaon : ;
=3 2 §
ERCRIACA T A L gi
seperating plate

Fig. 7. Plate module

_28_



oR] or

_ F o o
T o
= BT oA
= & = WE T
o Ok o B uﬂ
i 8 T
ﬂ,_u Uk ar gy F o ﬂIT. o]
KT b N
9 ORI
k{ = B
5 . 4 L2 o
g m o W
g i oo A
= (&) AT BT_ oL
0 g a i =
W _Z*ﬁ ;0_ 3.L
<k =
RD = " . Aoy AR uf
< £ " k! 2 SRS
ur 2 s = i Yoo oy
9p! 3 oy o —
o0 lw T W oo R
r ) = = Ty
e an :.L ™ c__uT o
= s R
S o B H
/l.. - m.m ) W m
o S G
LS, w
A T
Mook g =
o} O
= ¥V o
AR v e
I G S ST
ar BT
CU 2y
- = M AR

_24_



AAe s 497t gk AgFozes gddgom Hess 497t Aa o de
A Fyegs Busks Zlo] BEolth RE Hld ol Fig. 11M% &

Ay e PER oy gty ddste] HEeth oE 59, AUl 50%5 35
ato] 11 FEFE Aol BT 25%F 3580l thAl Alabde] BIAIA T
A 85% 8 =E FFett(¥E, 1998; &, 1998; 715, 2003).

dXeldd  Sgs=x ZclA2E

10
©
%5
v
Ol
i
1

v
M
[
1

10
0
>
4.
4.

O
M
4>

A

all
[
1

O
i
1

v
4m
[
1>

Fig. 11. Examples of module arrangement

_25_



b=}

°©

=2

L
fu

spvl, 5]

S

171 el F]1 s ofof

9

Feh AE el #

S

(1) F4$1A

4)

4

w
)

—~
fite)

18 AaFdxel FHEH, #4914

A =

S

S

A

=
=

oA 3=

Zz

1o, el 4

hei

aAA 3§

=

=

a3

1998; MeAld g2, 1999; g4+, 2001).

=
=

)
M

)
_i_;

KH

—

A

]

ko>
g

7t

<
T

sfef wrrelobe] 47b

S

ANE el metA F£F g
Fq8 gzl 9

off M+t5=7}

fLN

d=7] |47 W

R

o]

=i
=

Qe

13+ HA 15

zol7] A= AEA

G327 A7 AY AFe 3t (dead

Al

=

al
A

=i
=~

sk
H

il

o2 74

o A 53 (baffle) &

o
_26_

ofo}
ol AA e

==
-

Zx

bk 2 GE R L

hei

floF @

o

=2
a=

= EHAAANEE 2

Q;(] o)

TC
of AAAE FolA 3

[e]

=
=1

=
L
A
o}



[©)

o

o)
pal

b}

o] m Ay
A A A F

5t
_|Qr

9

] ofok

AFPLEES F83
Hob & Age el el

o

A kel A

shof
A%

°

B

, 1998; ASAIA/NEAT, 1999).

12 WA
SAM AN W A 3
{8

A

o e

T

k)
il

(3) A2+4

Jolof

=
AN

o

o

1

JXIO

)

1999;

&= 4

<]

AT,

A

o

=

7~12

3
H

°
gl

st

7~10
watol 7

(AT, 1994; ©]5, 1994).

R dA4aFYdE] AHFFE lars 30007 ©]
Table 33 Zt}(A]

=

=

A9 o

2001).

¢+

T

R

22k A

GESEEE

A,

Table 3. Chloride injection rate

o

el

X

ojy

_27_



718}7] el A

Ay =

L

fu

A, HaF]7

=
=

o

5171

o

Aol 74 AR

L

s

]_

S

AAA2 607 80%H 9ol =2+

fu

T AT Ao

)
o
%o
ol
Hlo

=

i

AAE 25
bol i

°

L

R

ato] At 245

S

Z]—%

He R Al FuE A

2590710l
Bel Gartag ol

=]

B

shol 2574 Wzt

SR

S

Ah7trng &

L

A "ol A g 2oja gl

1= el

A —40 mm H20
=]

9

48 GaFUNE =
)
=
&

L

Q7)o A

A]

slo] FAWMHE (Control valve) & -5 o] #lx}= (Belljar) U]

EEAE

sol ]

S
S

&, 7] A

o

i

o

A2 ) 7}
IH9 Felge 700mmHgolA), o 7] o)A

)
=
=

st

o]

of uwhet 1l
tel 2a A A9

9

o]

UAEZ 1=

%

E

]

A F9F Ao

WEHoh

(Orifice) A7 = A== o] Q1 AE (Injector) &

o<
B
=

]

AR, AaFd7= HA
Fﬂ]

Z —90mmHg

ol
ok
=
=
o]
ol

79l gl uheb th=A % Table 4
93, 2 A9 AEFA WBEDRS F

GRS

wMuE x4

=

=

[e)

H

ks
5

(

o] Eo] QlAE ZEE 7|4

9l

AN, E old Al

o =
= &

A
H

Mo

W
A
i

o]J
He

Z2 ¥ th Table 414

_28_



e shARE Aol G4t FA Fon, A k= 540l St

UlA, TV 1 9 A5AEE agsto] REEA] oH] s BldE A%
A (AE 5o FE2HE AAY Fart dn dnjdes 1ddd dfole 1dE
AulZ o AAsta, 2o o] e Aol deel SA dudiaE gt A%
k(3 5, 1999)
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20.0 - 120
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100.0 - 600
200.0 - 1200
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Table 6. Strong points and weak points of recycling of effluent from sewage plant
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Table 10. Sewage Inflow in Wastewater Treatment Plants in Jeju

(Unit : m'/day)
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Table 12. Quality Comparison of Water Discharged from Water Disposal Plants in
Jeju and in the Main Land
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Fig. 16. Circulatory recycling method of reated sewage in Japan
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Fig. 17. Additional treatment method by the purpose of recycling
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ox WRHIL vt FETFES 1Y 32,000molal, FEe AL WA

BACRER deskel 1A Al el EREIC Al e sBAMME sd&
o] MER gl vheskert £3E A2 SAFEYE =
ot WEAks st Stk Al FEEAZE o] 2ol WS
WRE ofyel QlZel stAglo]l AAH= e AVIR ko] EXIIRET
A OEAel tiske] skeEA gl ERAEFREAY e s HlH ol
uet BgAE ZIE ol ghako] RO Wr e sk dRE wE
Froll FwstA w3l

tlo

Ao HE Aol AEH AEA]e] Mg T AHYTFE Ha 9l
o E2AAA lE B2, 223]9 (Road Heating) o W= g8 =
2EZNE £ AAG] e nFTEEFS EESI AT, ALER ofyEt
LR FHAE wg ol vlg wI wd AP gor Ha Q. a4
A T ot FIE o) g3 mE U s Ve olgh #2 FEs A

s =953 ek,

A BB 02 ek A g el = oA (A &
A Al ARR e gwetel 59 EFstel % F Lol P
Foha ok gaze] FYHE B mHAFA R 23 Yol 1 FrGS

] 72,960m'o| vt (i k—, 1993; st &g 3, 2001).
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2) w59 s5A 5 Aol

(1) w=¢] stAol 82 w4

ol oA skEA e Age AolgS FAHE B, &5 mapAdl
o]g W AMER F5d FHO AT EAAY W A& ZS @do] vk 194
T #wY Axgo] Agd o, EAskrEE sAA A AREEH o k=],
BAE FE A7EY ARAR AARY. HZ 5o A A
©, THETEY Aolgd FHEI Aol FAEHIL vk =M HEE Aol
S Ags XL 1926 ofg] FUFo] 99= Grand Canyon National Park®A], &
Auielx FAHE o5 Agsto] A4 FFAY AR, I A,
37 2 AREEAT. 19299 A xyole] Sle ERUAM= A A
g Aoyt Ao AegFE ARgsta vk 1912d MEZ A A
ol %= Golden Gate PaZ} oM<= vlAeld 5, o]Fo= Astx AgsE &
o] A8 R AREStrE 1932 39 Qe sk o] AAdu A 1985
W7k Agd steE AR ftok st AETE FHETE Aol & X
1942 Bethlehem Steel Company@®A] #WHWE=F HE|RoFA| o] G4 A H
FAHYTE TR AlFEEe], o] Fo= 100Mgal/del’de] 2aF A5 F48F
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= 1960del AE TZAsteE ==x, wd W BA ARES] AlASRl
1977dell= SRt AJE FE[ AW AolA 99} FAFSE Alo]go] Al&E ]
=i, o]3tel A8 Aol&E AAAEFE 200mile o]t & FEHA T, FE
ot wed, 49l Aeds W YA RE T slo] Aot A Aet
T BHaTEA dgAgsrt olgd 1962 AgxEYole]  Whitter
Narrows®A4 7|4 AL AgsE Atz Baske AR (Groundwater
recharge project)©] A2+ it}
5ol e Aela Aol g2 o
FEREE, GARAN9 22 Axst
o 9 AReA FfEERe|Ue 2 FEAGNME EFEE ARl ErE ofyet
THLAY WAE HHORE Ao
of WM AHelre AR F
2A ] Aol &whs E| oL
TEAL Aolg& At X

1999; &4 #e s, 2001).
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(2) 3t Aol&re o] & FH

st el Aol v Aol wet zolrk oy MR Eiskd A
o3k 2ol 67H4 WFE 28 & ATH(EPA, 1992).

@® &5 Alol&(Agriculture Reuse)

@ 4945 Alol$ (Industrial Reuse)

@ A3t T3 (Ground Water Recharge)

@ Yol Ajo] & (Recreation Reuse)

©® EA&4 Aol & (Municipal Reuse)
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A5 PR AAST BelmobA e WEAD ADLoNN Aolg o}
Qli=dl, A7k Aol g 1.7¢mel AL,
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(3) &= Aol Atel
O FH&F Aolg At
A vl @ Hate] sk gl Eiael it wjEAl e AdskE
AN Zo FelA AR Aol g f1d ARjFA 9 Ayt gks] o]
ofA AL . Ay Eyotgl o] Fo] HHF Ao AT AdAES &5
ol A sy feiM, 3t FrE T Aol wiErIE skl thA
7] faiA Aold B nEAYE HAASHL Utk v=e] oA FHETFE =
Sl

AEEE gt

SN

Table 14°A] Hi= npe} 7
FAL=] AL YL B Tr 9SS 9] AR, ©
12} A& Wzhelk = Scrubber® RUlR 2, 33 A &ALE ohA] 1xF Al H

2 9% §5% AAESHE Cascade Systemd Edlshel 29 Held Age

Table 14. Status of industrial water recycling (U.S.A.)

A& &= e Hl (%) AHE-F(m'/d)
BAdYH G5 3 17 3,790

T 8 5 3 17 3,790

Wz & 5 12 66 582,900

A LUolF AT Al 29 Gangi — Brothers QAlE AZETPo x7 4

g FHeNA MEHE 3712 Aol gt ALRE Helstel §5%S 569/
oA 21%m/AR AAAAT EAAAHNA $AY BRE RE ZASAER
stel ALE 1986429 10%elste AgAlyl: AEe Fostglen], A

AFEAFQl Unocal Corp.8] Wilmington &7&olA+ Steam Turbineg #7|%EH

rl

& wAstL, RO FAE Bt SAREHS 219m/dolAM 28m/d= 4
Zot.

T3 Californiacl M= shrAelrE 48,2 ol &sh= 457F B7] wEel
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1993d Chervon Corp.9] Richimond %2 HQo3t yzhg49 =
Az o] & AFor 2x AuFE HA, pHEA, A%, diAgste] &
sk A AES =5kl

Arizona®] AFEA o)X= PhoenixAl st elde] 23 Ag¢s Aol
Gold Lime Soda Ash Process, 83 4& A Palo Verde Nuclear Power
Plant®] W¥Ztr= ®Hg38ka Ut

3E g 2 2L AHAE AlglZAE= Stone & Webster Engineering
Corp.(SWEC)©] Canada®l A|AxZelA #lo 9 #HAAE AAEshe AES A
2|ste] 450E/4 9 Fibers 34 AFE3st1 91om™ Texes Ethylen Complexel

i 1135L/d9] &+t #+E AAREshs AARE AAE A

u2 FE7F 7] dite] $x5 A AFESE Land Treatment®] ©] &%

o

wo 5, KentuckyF Ruselliville®] Logan Aluminum Inc.o]lA+ 19924 16ha
| &&= Overland Flow—Wetland System& AX]&}o] o] ¥ olrjg} oAl

FA=e] A4AE vhds F= g ERE AT Q@A BY I,

2

2001)

@ FLE&F Aolg At
Florida & St. Petersburg® 7t 73982 1,400mm=zAX Hlw % FHF3
s 7HAaL e 6784 o 1/29 AUt AFEH lew I
TR 8 SRR HAAR o]& 7hedt ¥ 400mmel E¥s)
t}. 53] Florida®l A4 5747 Dam$ AAsAY 25 FH8H7] 93 AFA
A AR 7F o] Al 400mm] 757 it oA doly Mexicod] Gulf¥re®
=59, @A 30mme §vto] A2 FJEF= 1 itk wEbA] South Florida
= AAow At o= Fybe] gl AAolth o]y F Absteteld w4 g
EAEES A7HFOR 3 Florida afigtel]l Mz AAFAZE FAEAL
o|& Qlsto] FQ AAFA A= = FFdQ Astgel oigh sigio] wAyst
A BoEM kx| oM = A7 dHAs A HATE o2k uj A slell A
Florida®] St. PetersburgolA+= 1970d W] v|=olA 713 HFH Aol B3 A<l
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2001).
7} St. Petersburg®] Water Reuse Program
St. Petersburge 17 250,000 9] FloridaF=ollA Ul AAZ & TAIZA
1950~1970d TW7HA F53] 4Ae3lal, S T2 T 40 EA R

FES Wol RAW, o F T TN ghtE WA H9T oleld FWL e
=

=
St. Petersburg® A& 3o xFPaz o= Ao 9 x3te] Aol
viokE Zeate] Qlal, stz o g o] AL Aoly] ujie EFFS %
73 &

2 ol Asksae 2 94 2 Aol

d Futele= Sl FE Qe At dEsirt 543 Skl =l
olo] wz} St. PetersburgelA = MER FUAE 7Wdstr] S8 711 3]ALe}
AEeta, Ak Q4 79 FAZ FYste] Wellfields 7l#sla o 7)o 4
FE AAdE, BA B4 71d® Water Repumping Station@} 7 AF

olef A7 90cm, #o] 48kme| H oS A3ttt
1940\d % St. Petersburg® Hernando County®l] $ %3t Weeki —Wachee
SpringsE X% F WAl vp/ddE FAE FYEFAY el = el
ox oista o o]&sty] 9l Springse FAE

T-ufst Ael)slg =4 Springss St. PetersburgolA 97km (60mile) Eo]zl

Hl§7HA7F & A

1960dx  midtd HEA7F FHA Wellfield2 /g o224, St
Petersburgst Al 712 t& Countyel €#e u3 A2E &2fskA H3
t ol5 Al Countyel M= ZHAl EFwel 9713 =714 " ol 7¢
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ol Azte g&s A FAok St Petersburgs 1970dd] = F 7HA] &
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County®} olw] #A|7} orstd 7HsAdo] =obxl7] witell St. PetersburgAls
Weeki—Wachee?] 7§1S Aexgow 188 71 ¢lA HArh &= oS &

AL 4% SANFOR s LAY 4] SEAN e Fge] A
oledl, ol WAl FloridaTol o8l shrAe g Farel ot #4(E Wi
FA4E EFF 1wAY A7 A7) WEelglth. wtebd Tampa Bay

Areacll 9123 A FEFe 32 B dEEF AAE AT 1=A4YE
AAlsHA =t Floridads =48] o] IHE  AF&(Turf
Irrigation) 2= A& QA EIA 53] Aet97F HAZR = 21782t sA
g 2 =AE sidsty] fsk wlg dadola gigdt Algs FRsky
FRerz sttt &, shrAads 32 AgAAde] AR g
Aaty, GFEAS A AR 91, “Reclaimed Water” Pipe Network &
Secondary Line& 53] A4 T+ #dadoeld xde #gszE 144"
Aerg AolgetA oA EFTel et MES &olatA st Ads
HetA = e

3H %34 =2 A 2®= (Ground Water Recharge System)® HEFA|AH
oz AL =, ATl st .77 AYAAY wiE BE AFsY ol
oz A w, ANk o] Azt FOoE FFAIA ©Al Pumpingshis
Backup System& 753t Zolth ol& 70dd ol tiEst 7oA
St. Petersburg CitydlA = ¢35+ AHEFE ol&ste] =2 TA] e 3
455 FFste AFed ZAFste] 1977de] @& AFEkATh 1975 ~1987
W St. Petersburgs 47] steExalde g4 4w AAAAXE FYgow 3
Reclaimed Water Piping A4S $3] 1009 48 & FAFekdth. 19994 &
A St. PetersburgolAE= 76,000m'e] AABG7F ok 6,547 nAMA oY
T2 FaH A
}) Project Greenleaf(1966 ~ 1968)

St. PetersburgXlel X skeAgleE AM&s-E ol8E 4
ol mAE JEFe A A A, dEsE

G MA = A BN

_65_



GREE} B APl R A4E JFL vlNne Folth A,
=

S7F 700mg/L7A] o] 27 wiiZoel AT AR 5
Aot et A= QEEEE FE T4 Parameter® F
7bete] il FEF7F EEFE7F 600mg/LE 233 wl= o] Eo] YA
AARo R HPEA TS st ik o MM = Fw

A}

gg
0
X
12

Flo
do
N
o
ot
o
pl=s
o
it
o
i
>,
2
>,
rr
=
rO
X
12
1o
N
(g
flo
2
o
5
i
r o

ofo
r
)

@ dadeolds g Aol Abe

SeAE e dadeldgon Aolgss el e e B9t Un

|
e
[m
ox
iL
>
o
o
ke
N
L)
N
0
Ir
e}
i
=
o
x
fo
_{
&
i)
g
]
=
(o,
o
4

~ WER FA Sk Aol B4, W, 9 FAH] k. ikl
o] & bl a7k Qom kel w7k AlgelA HWelh Aow 1A
Fegol s7kel dlawold B4, Aol Bol @7 Ao el

Moz g e AL olRolAE dEAErE ARY £5

— Fagold AT gt Ag WAE

b AT} BhEE (drtE FAAZED)

do
S
v
2
o

o
ol
o
il
2
o
ol
=
g
v
fol
=
2
_O|L



ol 32k A A9 48 JhAete] dus ool SRR AYs F
T5 MM AEFE 445.4me] Eeol, 22.5kme] A& FFsta o]
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I HAE AT R FEEL AT IEAE A 3AF Ay ZEAA
A, Alumell o S3-31Ad, o3 9 A% For FAHNeH, A
18 %2 1,890m/Y ot}
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of AFIE #adeld E4E fal 7Hdstr A ol&ehs tEA <
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Zgol FAdATIEE we A Aol #d g ARt
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.

@ L5 Aol g Al

WAAF AFEANME B 75 sd5AsE AFEFE A5 o) 4%
AHEIZE Qe 1952WFE AA oF 671€93F 12,0008 ] Frlo] 3tA 22
YRTE A AA AR olgedth HAAAY] Fdd veksts vt

_67_
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o] AFA ] AFLFE AL 17dZEA o]
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o ATl Wol WAL w3 ¥ FRE, UEF, FUAFE ¥ 4% 8
s w99tk o Aot FHA e Al Fdol wekwy] Wl
oF 707029 §-Eo] FEH YO, litie] FI)E o] ¥ olgirt

W ol EuF 2AE AP FEAYANRES FPFA RO g3 Aol

AAFe] Hlgge BAow Fdo] FFHY

Adels Bt 113,6m/d9) S5Ae 5 FA4 S$FAes, A B 2 7
qgow AgsAtd, o Fe FA el AHgss AA B ASZ 7%
Agstenh. He ZzAst BHLHA AU AN F dE

oAFsl drAelt ALHT, BHAL FEE Smg/LE AAHG. TS
A shEA g ABgE] AA B =

o
wat7] fE FE FATHRoR AFHIL Jom T o] 2443 FHAIsH
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30mmzEA A A7t JFHe i Aot
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- 29 AFF: AYFE AT a5 AFote] dlAd ol g oR o] &

- Aty TR AYFE Astel JAFAA Ay BIFFE ol

o] AL Wiz Aojoly] wite] mR{Fe] T Yok AT FAd
& frastA AHgs7] flElA o dRE Adr Fol B HAFAA Abgde W
WS ol &sk3ith. @Al Orange CountyellAE ZFEetk oA =g £9449
50% o]& Astel F95+e] County Al §422 65%%E Aol FFAA

o AskrR Flshe Aol AFAECM Bl e Astsde Hud
o]g& & 3l AAol Urh. olek ZE AEE A CaliforniaF Aol

25001 TH7F e AlgG FUhekaL Sl FAlol e (@ e w i, 2001).
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dato]l FEldhz s whEo] e FAYS BASGT FHHE d5R
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ZAAAH A AlefA = 1962dFH Ak T AAT (Ground Water
Recharge System)& UlitRE=E At led, T2 it & ATE
ArEAE FAA Astel Filetal Stk AgAle 2ANAUAAE HESHE
San GabrielZ, Rio HondZe 27) &b o] A x=o] 9= 3719 Ag

2 3529 FRe Tl muel 45E £4 Ass S FFA

2 FYsa ek A% FYA FAHQ BAL HE Ae ArBudd A2
4 Az BEst AFA 10mg/Lolst HES A5 ArRe £91%

Los Angeles A] ¥ Californiass A9 Ao] & A~ F H5EI AL 3}
TE A At e Ao]lE AHPAIES AAste] ot ¢Fo s

T SEAl Aeletar A g el s ey shEgbadel ®
ol A&k WA AEeta vk =, FHd= zpol7h ARt s

4 dH FEFE ARt s FH5E skxlolgks Jidolth

Aol g A gAlAd (Water Reclamation Plant)< 843 8] F (Sewage
Treatment Plant) = €3] =, Aabs oY AHgrdo] gle Ao
wEolth Aolg Aer el 249 FEFE FEF st sheritds §
A FHskrel skrEA el FdHL o714 eush FElEe] vt WEE=
] Los Angeles AlolA= &A ¢k 10719 Aol € AHga|do] 7HEx 1 Qr}
Los AngelesAlel SlolA Hel42] §%8 AMEHIS Table 157 2t}

(charles%, 1989).
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Table 15. Examples of recycling of treated sewage in Los Angeles

o & & = AT o] &% % (Acre) °o]-& F(m'/s) & (%)
Ak T 2 - 1.20 66
= 64 3,900 0.25 14
A A E A 2 - 0.17 9
2+ T 200 0.16 9
AT 5 850 0.04 2
e A 74 4,950 1.82 100

#* 2}8 : Charles W. Carry et al ., Wat. Sci. Tech., vol. 21, 1989
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A& A 13%7F ot

@ FAETEAL AF Ael&
F=ol ool vl AR Aol g2 =71 Zlo] ofyal, S Ae] AbE el
et AdEo] gty oy 2,374A] 9] oA E A=shal
7h AE L] Aol &
Appleby—Frodingham A|A A& 2 18 AASHE dof &
L2 shlANE A=l o]l i d 19 & Sm=E HAaFh sud
=] HFE2 U] For FHdn st 3
o] &S 79%°ltt.  AncholmeZde] &2 AA FdFs wol dsts v+
K& 40~60mg/Lol AR, AxAdo] e ALHY st vl&o] &
8ley 1,200~1,500mg/L7} @t} &= Ashby Villed &2
o L7t AW FHAoRE PFH Stk o] B &FE A AA
A2E S BggRE AR QT
Aol Ay strA o Aol &
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7HA B A e Aol Qar, oleh TS gl 3lof
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EE 29 AREES oF 130 /soltt AR ST oAIRE, B sE A
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o) kAo Wk £429 Ao &

el gl B Avl fEE WrgToln A g5l /3014 A3
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NAdsks Wk AlEeA =l 284 Pretoria®l Daspoort stEA 273 €]
T, 4,500m/¥€ 2] Stander & AA ZHEE Th=31, 19709 S ZHE=R
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Table 16. Process selection for various utilization of water
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TYg

W 2l 785 oR AT} oHFEA e
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Aol 232 dska Sl
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ol B LA 1985ddE o1 130903z, 19 5,000%tm/d 9] &3]
g7 e Zloz AEHAARE I Mg "eluB e @] glE Rishon
Lezion A 9e] 9lo] 3oz ¢ R Ag o oz AFste] 23 F9
3, A71elA 5007 1,500m "ol AgeA FrE SgFEd Qre] AR
5 SR o] oy A E Sl AHEE AlFo® Al

Dan A9} 8t A TRAEE 2uA 2 Yipolxth Alwds A9 $i-=
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Aok (EA B T, 2001).
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Ab-¢-tlotebnlote] Riyadholl A= 71 shre] 22k AelaE o 398 ==
A2grE Adsks ri o 19,000m/99 & Aol§ AAd Ads A3
A Ale wol= Al 7kA a7 7F »el vk 11 AAs 2 &, ¥4E e
T 9 Ede &5 97 e RE x3ske A9 AN By & e
0, A g E4 10mg/Lo]st, o2y olel COD 0 mg/L, A&7} 0 mg/L, 5mg/L
ojst, Ae=4d 0.5mg/L °l&te g FA7A] Agfeliof gt} F WA= o] A
o] L F3] dHHUY] Wl A &S HuE oty = oAl WA
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AErE HACE T 2o Aolge] ol FiHaL glvk. WY e Aol g Al
2 Ed de7t Advh & A9 AHRA
AzolZ] witel Sk F2 23 ARMRL Jle ndste] A saE A
Eol Foto] f2 <712 ¢ RS AU Aee] AFzE HA
s STk AE] ZmAlse 5o 2 WAL A RS sk AelA,
d71E8A a3 o8& AgetA o BV £V ALstn dve d o=
T E g ol A FEel M= Ae] mEAAe A Ak thael
Hlgol sl Mzstd gt 200m/4e] A A FAES A8 g6 A
)= of 5ee(US, 19709 A7) 2, tdiEwe] 48} )45 xFe £4
Hi= 719 0.04"8] (US)/meolvt. & ZAES] EXdl= EFehA] obsrh = F
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