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A Study on the Water Quality Improvement for the

Development of Saemangeum Area

by Ra, Yun-Man
Department of Maritime Police Science
The Graduate School of Korea Maritime University

Busan, Republic of Korea

Abstract

It is very important to quantitatively assess the movement of sea water
before or after constructing sea dike. The assessment is possible through
the use of simulation models designed to predict water movement in a

certain area.

In this study, the numerical computations were carried out to predict the
sea water movement and quality around Seamangeum developing area. The
computational models adopting ADI Method(Altering Direction Implicit

Method) that was already verified from the previous studies, was used here.
In Seamangeum developing area, the major water masses are offshore
water, Keum River diluted water, Mankyung River Diluted water and Gomso

bay diluted water. The diluted waters are characterized by lower salinity in
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all seasons, and higher temperature from the end of Feb. to summer and

lower temperature in November.

Tidal water movements various. Slack waters occur at high and low tides,
and maximum current speeds at 2-3 hrs after high and low tides. And the
seasonal variations of water quality are more dominant than spatial
variations, while the salinity inside of the Dike is usually lower than the

outside salinity.

To test the model performance of simulating the pollutant transport, the
field data of the other research was used in comparing the result of
modelling computation. The model results showed a relatively good

agreement with observations.
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Fol t=71(34€.9

171 9%

)

yoll Wz 7B++7F GAP1 No25, GAP2 No90 =

2]
=

)t Ax7]1(44,10

R

GAP No70 37} A&l A 30

GAP1,

-
L

43 W xA GAP3A A 6ol =uo]7t Sk so] 2a AL

GAP2#] 3 ol A

bl ek,

]

]

2 A

4]

A th.(Owen and Thorn, 1978). &
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7.2mg/L2 S5¥iA

HEW g z27]
11.0mg/LE 20039 ZA#rt vt =

o] FEE 1XAZAMA] 27.6mg/L, 22k

ZAFA] 18.1mg/LZ Y EFY 0w 20023 ZAFA 1}

-
L

N Z7] 404mg/L, AZ7]

sl

-
b3

jruse]

1

<KW

ZFel & B Ytk 20029
Aol F%7F 52.8mg/L, A~Z7]

j
_

-
L

12z AFA] 18.6mg/L,

1
R

’

ebg

b

)

L ER LT
123 2AA A7 232 A AT R o 34

22} ZALAl 46.4mg/LE 22 Z AL A T 7F 28 ol = A

2003 Z=AA 7}
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I 9d o] dz7]

e
ol

o

N
T

Nd

)

7} 155~97.8mg/L, 7.6~149.6mg/L= UFEFWE O™

SH
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Nd
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Cile

99 248mg/L= UEOH 3
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)

ettt 499 1099 A2x%7] 2=AZ23= 272 6.0~17.6mg/L, 3.
~89mg/L=E YEl o™, Hi ZFEF2 10€ 1.19mg/L, 4€99 =+
AnE AR HASEA Xsddt. FREd ¥
717y AZ7IRYg 82 A vEr o
40.6mg/L, ~Z71ol= 76mg/LAEZ o
| YEFSTH 2524 GAP2A H ] FHE2 =
Jol z+z} 25.9~63.9/L, 11.2~120.4mg/L= el om 3
4o 390 233", 8¥ol 3.07% = YERTH 4
= 247 57~126mg/L, 1.9~4.2mg/L= L ERE
£ 10 1.19%=2 JErSTH 499 2R&EAEE

obA] Xt 7Y B FH=FE T 36.5m

re kN
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w o,
e,
A —\:‘—1' o oL
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g o oo 1 ale o off rff

&40y
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= 98mg/LAEE HE7|7F 2%7HY 3ujolA A4 yE
Woh 45 EA wg/L3A MY FH=d FEv 39 tix7]d 308~
1029mg/L, 49 AZx7]o] 79~1556mg/L2 eyt dx7] A+ 27/
2o 390 1.16M, A2F7] 0.94m%E ZFAPE AT 7] D A%7]9
Bz FE A7 Bl AW =29 ¥5+ dx7]7F 35.3mg/L,
%=

717F 15.1mg/LE 28jo] A o] S B &
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A (mg/L)
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I
j‘:_l,
o

o] g wWo] Wol R{E&EA wrrl A e A
HisEs 722mg/LEZ A oW, HAag2> 79 15.7mg/L,
8.5mg/L=2 ZAFA] 7] o 2 5= HIE B
A7 AT 43w A GAP3A E Y 3 s el

(2B 1x
o &
=
flo
3
e
-3
}_A

B2 - =)
Ac)
ok Ho

rr

24 mg/L3#A1 % 9] 2 s
144mg/L2 ZAEJ oM, FH=4d Hde=rt A2 A2 457
Adz mg/L3A S &3 slefrsel f1olxl7] W ek 20039
Zell 45 z2A ARl A e @ AT
= 333mg/LE 9 HiEiu EA dEt
T 1AL B34 st Ast= el ¢RIk glow,
T g/Li 2002 9] 3 75 = 37.8mg/Let A 0}71]
L& 20024 3.2~ 141.8mg/LE.t}
AR ZA1AH I 2524 MY+ GAPL
32.8

=
Ho
o
=
X2
(o
a
< b
N 'l]I‘
Ho
i
X,
o
&Y
off
o N KT o
Y

N,
of
=
Lo
o
Ho
i
Y,
o,
o,
4
off

Sne/L, 9 FERILE

A1 Abolo] AW HAHEd HETrEs T
43~553mg/L=2 YESTEH 3R "2 28 2AGAPIAH o 93] Y
of 9, €W FE = 29.7meg/LE YEFGTE GAPIA Aol A 3 =

AF715e B HELY Fdves 245mg/LE 437 FE% FAbs

Al W EFEE
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T 1 W2 w73 %1 X2 T3
14 494 64.65 47.38 72.53 45.74 43.94
24 72.33 31.74 21.40 57.05 40.80 40.50
34 65.97 28.24 13.94 27.94 31.20 44.15
49 45.00 34.90 25.00 17.30 55.30 32.50
54 158.50 24.70 13.90 56.90 27.30 39.60
64 28.40 18.60 22.90 12.40 4.30 2.40
74 15.70 20.80 3.40 8.50 7.00 12.10
34 121.80 15.70 4.70 85.00 12.80 12.50
94 85.90 21.60 2.20 22.60 26.60 44.40
10¥ 33.90 45.20 3.60 27.40 22.00 11.60
114 115.10 8.90 5.20 50.80 19.70 9.20
124 86.8 50.5 9.6 38.2 101.3 62.9
it 72.2 30.5 14.4 39.7 32.8 29.7
# of 158.50 64.65 47.38 85.00 55.30 44.40
A 15.70 8.90 2.20 8.50 4.30 2.40
UIEEEEN
948 BYA5HS s Gz B5hd 542 ey
ERBREE AAAEY F3 A4 2 PEol BHT BAZ wol

DA AEAE 92 2 HAE {3 (Sediment type)
h s

= Udden-Wenworth®] mm% ¢ ¢} Krumbeind & @9 =&
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AFEEE, @ = -logo [ AFS] A mmlelth EAE A7 wE YA
e <E 2-2003 o] HY1~-40(2~0.062mm), 2 E 4~8D(0.062~
0.004mm), ¥ E 8Po]3}F(0.004mn ©]sh) = A o] ¥}

<E 2-20> HAHAHE YA EF, Udden-Wentworth

g 2 2 F g & = 7] 1} 4 (mesh) 3} o] (P)
< 2+ 2 (boulder) 256mn -5
2} 4 (cobble) 64mn -4
2} Z(pebble) Amn 5 -2
g =2 g 2mn 10 -1
x g Ak 1mm 18 0
=3 z g Al 0.5mm 35 1
(Sand) = 9 A} 0.25mm 60 2
A H A 0.125mm 120 3
o] Al 7 A} 0.0625mm 230 4
A E 0.0625mm 4
A E
(silt) 0.0039mm 8
B E
Zs| A=, 0.0039mm 8
(Clay)

AAEA G A4, g0 L HALEN G570 BAL 2t
A AAAAY H45E AL & 5 gon, JE HABe P45
Wome R HERTD o B duAst d8sy FagidAd fA=
A5/ AR FEol %o AuA BHol FAHolF Bk Yt
10mel FAZe AANA F&o] 2] GT w o]Fo] NFHM Y=
7 lmel EPAE FEol 05%Y W o] zlow ey

AR YRS HANA FEAY HE YAER LW
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HHE2 U (bed load)e] FEH=Z F2A} % F(saltation)sto] -+

&l =1}
Hi, FE HAHEL =H(suspended load)d FE| = FFatohz A7
S

a9 HAE 3 (Sediment type)=

HE o] &35kt 487 HAE Alm
%8 (Triangular diagram)el ZFAsta, HAHHFHS
1072 &3kt

_39_



200349 13} 200349 23

SR R ] PR I N I e R P ET R
AR e o w|1-40/4-80| <80 | B | = |9 =|1-40/4~80| <8D | =

@ | @ | © | @) | @) |53 ] @ | @ | © | ©) | ©) |53
ID-1| 16 | 54 | 130 | 735 | 135 ] sz | 06 | 29 | 920 | 68 | 12 | S
D2 | 06 | 30 | 90| 90 | 10 | S | 08 | 32 | 865 | 105 ]| 30 | 25
D3| 05| 36 | 780|208 | 12| 25 | 05 | 31 | 90| 40 | 1.0 | S
oD-1 | 16 | 39 | 540 | 395 | 65 | z5 | 14 | 40 | 575 | 365 | 60 | 25
oD-2 | 13 | 33 | 750 | 228 | 22 | 25 | 12 | 34 | 785 | 180 | 35 | 25
oD-3 | 15 | 38 | 635 | 315 | 50 | z5 | 15 | 33 | 640 | 325 | 35 | 25
oD-4 | 21 | 50 | 275 | 605 | 120 | sZ | 08 | 34 | 815 | 155 | 30 | 25
3D-1| 14 | 43 | 420 | 515 | 65 | sZ | 13 | 41 | 560 | 375 | 65 | 25
3D-2 | 16 | 50 | 230 | 665 | 105 | sZ | 16 | 49 | 260 | 645 | 95 | sZ
3D-3 | 16 | 45 | 465 | 470 | 65 | sz | 12 | 31 | 780 | 197 | 23 | 28
AD-1| 10 | 36 | 760 | 200 | 40 | 25 | 17 | 46 | 450 | 485 | 65 | sZ
AD-2 | 1.7 | 48 | 330 | 580 | 90 | sz | 17 | 52 | 280 | 610 | 110 | sz
AD-3 | 07 | 32 | 875|105 | 20 | 25 | 06 | 32 | 890 | 100 | 1.0 | 25
AD-4 | 05 | 40 | 5703855 | 75| 25 05| 31 | 920 | 60 | 20 | S
AD-5 | 16 | 47 | 385]535 | 80 | sZ | 09 | 38 | 620 | 338 | 32 | 25
AD-6 | 11 | 41 | 475|483 | 42 | sz | 15 | 47 | 295 | 635 | 70 | sZ
AD-7 | 06 | 34 | 870 | 110 | 20 | 25 | 08 | 20 | 935 | 65 | 00 | S
DJ-1 | 1.2 | 23 | 885 | 93 | 22 | 25 | 09 | 22 | 920 | 50 | 20 | s
DJ-2 | 06 | 32 | 905 ] 75 ] 20 | S| 06| 33 | 890|100 1.0 | 25
DJ-3 | 06 | 30 | 920 | 70 | 1.0 | S | 09 | 41 | 480 | 470 | 50 | sZ
DJ-4 | 12 | 43 | 400 | 548 | 52 | sz | 08 | 41 | 455 | 505 | 40 | sZ
MK-1| 07 | 32 | 815 | 165 | 20 | 28 | 10 | 41 | 470 | 485 | 45 | sZ
MK-2| 06 | 35 | 830|150 | 20 | 25 | 07 | 34 | 825 | 174 | 01 | 25
MK-3| 05 | 37 | 765 | 234 | 01 | zS | 07 | 40 | 535 | 633 | 32 | 25
% & | 12 | 39 | 621 | 330 | 49 10 | 36 | 672|290 | 38
A 2| 05 | 08 | 247 | 213 | 44 04 | 08 | 230 205 | 28
A o | 21 | 54 | 920 | 735 | 135 17 | 52 | 950 | 645 | 11.0
A 2| 05| 23 [130] 70 | 04 05 | 20 | 260 40 | 00
F) HHEF3 S - sand, 2zS - silty sand, sZ - sandy silt
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ol

A8 HAEZAE(n=48)dp Wit Y=eFFS HuEw =#o
ol 90% o]&¢l Sand+ X“] HAE=5 17%, 2adZFo]l 50~90% ml
kel Silty Sand+ 50%, 2} & o] 10~50% °]stel Sandy Silt&= 33%
Z AA e Aoz FAF AT

web A AeEA e HAE F3¥2 AwAd o R Silty Sand$ sandy
Silt= 45 o vk 20029 EHA = #3 wluetd Sand® ¥ el
AAH o2 Fo]EIL Sandy Silte] F3o] oyt

AFHos HAe 3o ZXIHE Ay 1a9xA o A4t
AEA e Raghge] We Sand, Silty Sand7b $-A13ke] 2002 ZAHA
ok frAFsAl WERSE 4iﬁ&5xﬂ AT zEe]l Ewlolzl ghmye] uhel

(o)

o WE3} 15 EA
AsA e T dEA AN E w4F A% Frzye
AdEe aFwol SAHA ey

Mg T Bz dE, 95 @ G55 QAR F o 2AE
HAE 2447 <FE2-21>% Zo] AdEYdEr 3.80(0.072mm)=  VFEFRE
g 9T 2 64.7%, HE31.0%, AE 43%= A=, 20024
HAE zAATe aE W Leld e 83% e, UATFE 84%
Ztele] Autdew A% AdsHz Ao,

<E 221> AAHEAE A=A 23 (n=48)

T = 3 2 o gk H gk Ho8 | 52584
B Y =(D) 3.8 5.4 2.0 3.4 0.8
(%) 64.7 95.0 13.0 82.0 23.8
HE(%) 31.0 73.5 4.0 69.5 20.8
HE(%) 4.3 13.5 0.0 135 3.3
AMubs WzA FAF 2ol f WAl oM HA=Y A=A W



312 Ay e 7] Yalo] 1992dFE 20033 7MA] 37 G R ALo A, Y
AW HAE Q- FAANEE <F 2-22>o Ygudr. A 11973 %=
AR e vy 64.7~919%, HE 37~31.0%, HAE 25~

AL
221%% YEtgom, Axd YJrxAs vlustd 2ol Yo §hEkol
aA Watsts Ao o, 53] 200180 F mejeFe FAasta U
Aol AdA o R Frtste S Holal v
<E 2-22> WEA Y dxRE HAE dr AW
A E = 2 (%) A E(%) A E(%)
1992 78.6 14.2 7.2
1993 75.3 16.4 8.3
1994 82.7 13.7 3.6
1995 X 20.4 4.1
1996 81.8 15.0 3.2
1997 91.9 37 4.4
1998 87.3 10.1 2.6
1999 89.1 8.4 25
2000 81.8 13.8 4.4
2001 80.6 4.4 15.0
2002 73.0 22.6 4.4
2003 64.7 31.0 4.3
WA S W yEe et AAEAE dEa8d 2y &
A7 oma FH 3dz Wstr & A9 HAE dEAS vuy
oejx 2003 6¥€ 43 xA Evre] x| o9 g dofst At
Nergso A5G A5d) FE2d 928 MK-1, MK-3X4& &
o]l o]F AE TFo]20~30% AE FUhetA W R EHE Aashe
AoZ et 45 HxA WSAFMUD-6)> HES HES Fako]
AR1A o2 Frletal Refe fHAste AS Holal Qv 2003 EH A
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9o Yrewstrt 2001 ~2002d ot 2A vEbG RS 45 B2A] =]
gno wE fFfeuste BT Hde] S AR AN, AL
Moz EHHE onxAdWss #RT A F ol

3ewrxAl 9SFED-2)ARE ofnE, AAE, 3T xA Fo%o
7o freo] ZdetA Xoto] SJairt fr&o] A om g A
olth. HAR{FH L HAEF o] GOAOIMQE Sandy Siltell 3 g =
HHE22 d2dos ddddHE Bl B3 2001dut dE

s
ol 6Mi A= F7ksksl o, *ﬂaﬁrﬂ e Aow AgdAr. 3%
o 01~'02v SoF = o] 80%o]A -AlsA
A5 By ko] 30% A= & WIE B 4%
a2¥ 7 GAPSX] How Eﬂro}rﬂ wo of !
5

of

(E o o PN ot M
P> B T o o U2

= o 3D*3?] ZS =N

1:_‘
800/0]4 x}x]o} A E Feko] o =
A% = ID-1AF L A7 Yd=x4 Warh 24 vdehda o

7] =
P L= ] —1-
= el A B Fol FHE SAE doT7lE @ AA 7%



AnEAd A8 §12 9@ 224 BAADES AHRY, 4712
02~26%, d¥F15(AD) 0.3~1.7%, W3+ (Mn) 88.7~386.3mg/kg, T+
2] (Cu) 1.4~19.7mg/kg, 7F=+(Cd) 05~4.3mg/kg, ZF(Cr) 58~33.4mg/ke
W (Pb) 155~61.7mg/kg= FAFE Sl

<E 2-23> AHA= F7le R TS dF (n=48)
T 3 2o # Ha % W9 EEHa
Fd= (D) 3.8 54 2.0 3.4 0.8
7= (%) 0.62 2.60 0.16 2.44 0.5
Al (%) 0.85 1.67 0.26 1.41 0.37
Mn (mg/kg) 202.131 386.286 38.663 297.623 61.544
Zn (mg/kg) 31.291 62.661 12.397 50.264 11.763
Cu (mg/kg) 6.551 19.696 1.402 18.294 4.630
Cd (mg/kg) 2.033 4.255 0.543 3.712 0.920
Cr (mg/ke) 17.092 33.410 5.819 27.591 6.804
(mg/kg) 33.719 61.686 15.469 46.217 10.630

ot
o
fn

HHE W f71& ?1% 2 02~ 26/&4&1 B 0.6%°] A

- mEE lO
g HU _EL
i Ol-ﬂ l_‘
20 @1’
o
o

<)

T R
32
o
fu -
40
rl
>,
>

FreidAs 47 03%, 04%= $+& BEXE . i
45~109% (" &, 2003), 4.6~10.9% (M vtaALY 37 ka5 A
2000)= Wl =7 BaEglon, o= ZAMAA L] Aol
oz Fol

w12

dFHFADS HAEFTY A5 % HdFE A ELL
2 Wo] o]8HE HEAHYLT FAAI AL 03~1.7%(H T 0.8%)
2 ouEson, 345 xA A g 09~1.0%% =i, FAFA F



FRAY] Hit 05%= A vEwt. A=W Al b8 T35
ABAFE 075~0992 w)& Fa kA ey

T2 (Cw)= 14~19.7 mg/kg(H 65mg/ke) 0.2 ZA]—QM__II] 2, 35424
ol Aol 76~94 mg/kege ¥ Oﬂ oarE By =2 modo Kim(2001)
o] AlgtToA FAS A5E BW 125~318 mg/kg(H T 76.2 mg/kg) L
2 AvtaA g w 108 oA =4 HuEgon ole AlFE 9o F
o] gFow ddHET

o} (Zn)> 124~62.7 mg/keg(Ht 31.3mg/kg) o2 ZALE o, wWzA|
A=A AL 287~39.2 mg/ke o & 200239 55~759 mg/kgt AL Al
3 BEE Btk Kim(2001)9 AlgtE ZAME A= 37.9~199 me/ke(H 3t
84.7 mg/kg) o2 ARFF A ARG 2v] o] ko, WA F(19979)

o QA ZAAIE 165-862 ne/kgo ® AR ATH Az e
WA A2A o)A 354~409 ne/keS R WA Egow, BAFY F
FRAGNAE 252 ng/he SR e FLE BT X 2AARE 4F

T 5(2003)9] A WFFA G FARAE 14.3~62.9 mg/kg(H T 261 mg/ke),
A 5(19979) ] Alste Z=ARA I 429 mg/kg ot A AFSHAl YERSETH

AE(Cr)& 5.8~334 mg/kg)Hat 17.0 mg/kg) o2 FALEow, 2
2 wxA A 2 AFS FEEA 92 151~21.3 mg/kglZ A
BEXIE BoH, #3059 2492 119 mg/keo = 7M1 22 &3
5 Hd 2 ZAMARE ARG §(2003)9 ARtEAY ARA I 1L
2~86.6 mg/kg(H T 472 mg/kg) B AFF F(1998W)e] AlstE AN
103 mg/kgoll wla zbz} 2uf B 6uf o] =2 FEE K

FI=E(CA)L 05~4.2 mg/kg(B+ 2.0 mg/keg) o2 YERT A gdz 2
3, 45 zA A 2 AFE FTFEZA AL 20mg/ke, 1o FxA 2
TXTY FFEAYLE 15~18 mg/kgl 2 YEFG T Kims(2001)8] Al
Z2A A3 0.09~1.4 mg/kg(H it 042 mg/kg) o2 B ZA AW 5
T A dEtd o) ol EAWHAAY Aol wWiow ATE T

_,d
o m&

ot
folr 14

LU
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<HE 2-24> 2ARA A S A E A S

#7189 FEE FFAR)

ZAHA | 718 | Al Mn Zn Cu Cd Cr Pb
& (%) (%) | (mg/ke) | (mg/kg) | (mg/kg) | (mg/ke) | (mg/ke) | (mg/ke)
1D-1 2.60 1.61 |302.891 | 62.661 | 19.696 | 4.171 | 33.410 | 61.686
1D-2 0.28 0.49 | 203.850 | 20.394 | 1.683 1.958 | 10.620 | 24.436
1D-3 0.21 0.60 | 201.001 | 25.099 | 2.322 1.959 | 12.938 | 26.002
2D-1 0.89 0.94 | 195576 | 30.288 | 5.134 2.218 | 14.541 | 31.367
2D-2 0.61 0.65 | 187.183| 30.288 | 5.134 2.218 | 14.541 | 31.367
2D-3 0.67 0.93 | 219.425| 35930 | 6.343 2734 | 19.653 | 37.370
2D-4 0.94 1.54 | 386.286 | 48.437 | 14.700 | 3.653 | 28.168 | 51.022
3D-1 1.02 1.28 | 235984 | 46.336 | 7.833 3450 | 26.322 | 48.351
3D-2 2.17 1.67 | 264.990 | 58415 | 12.106 | 4.255 | 31.977 | 59.334
3D-3 0.82 1.36 | 258.850 | 47.714 | 8.805 3471 | 26480 | 48.641
4D-1 0.67 0.66 | 137.137 | 25.694 | 4.390 1.959 | 14.214 | 30.712
4D-2 0.79 1.50 | 295.210 | 44.375 | 9.985 3.731 | 26.806 | 46.982
4D-3 0.26 051 | 149.006 | 21.649 | 1.949 1.68 10.303 | 30.498
4D-4 0.97 1.41 198.204 | 44.265 | 8.579 3.375 | 25534 | 46.204
4D-5 0.93 1.08 | 223.100 | 39.929 | 10.855 | 2.937 | 21.745 | 39.271
4D-6 0.73 1.02 1205.090 | 33.971 | 5.125 2753 | 20.170 | 35.295
4D-7 0.25 0.54 88.663 | 21.375 | 1.478 1.762 | 12.035 | 24.194
DJ-1 0.23 0.40 | 223.161 | 18259 | 1.912 1.591 8.141 | 20.408
DJ-2 0.32 0.41 118.327 | 18799 | 1.267 1.683 9562 | 22.780
DJ-3 0.27 0.52 | 197562 | 22919 | 2.305 1.859 | 11.711 | 25.867
DJ-4 1.22 1.07 |186.264 | 37.751 | 8571 2756 | 20.829 | 37.668
MK-1 0.19 0.86 | 184.064 | 26.742 | 3.610 2.393 | 15548 | 31.336
MK-2 0.17 0.68 | 147.560 | 29.461 3.444 2,127 | 14.781 | 29.005
MK-3 0.17 0.62 | 118452 | 25.029 | 2.992 2.118 | 13.075 | 25.790
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<HE 2-25> ZAAAE SAHAEY fUE 2 Fa5&5 T @23
ZAA | 1S | Al Mn Zn Cu Cd Cr Pb

e (%) (%) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
1D-1 0.39 0.46 1249.605| 19.857 | 1.732 | 0.846 | 10.286 | 25.237
1D-2 0.47 0.64 [132.283| 24.163 | 7.075 | 1.189 | 13.243 | 27.864
1D-3 0.49 0.46 [188.423| 19.930 | 1.860 | 0.933 | 10.250 | 41.250
2D-1 0.64 1.03 |211.181] 40.173 | 16.154 | 1.741 | 20.550 | 51.250
2D-2 0.50 0.75 [151.099| 28.232 | 7.895 | 1.441 | 15.45 | 30.110
2D-3 0.50 0.67 1314.915| 29.059 | 8777 | 1.132 | 14.510 | 30.631
2D-4 0.34 0.61 |142.992| 24.120 | 6.34 1.084 | 13.449 | 25.412
3D-1 0.77 0.97 1193.732| 37.370 | 8232 | 1.595 | 19.641 | 36.931
3D-2 0.36 0.56 [165.768| 22.270 | 4501 | 1.011 | 11.876 | 26.427
3D-3 0.42 0.55 [182.753| 22.902 | 4.298 | 0.948 | 11.610 | 25.871
4D-1 0.94 1.24 1221.160| 45.366 | 10.177 | 2.225 | 24.494 | 45.743
4D-2 1.14 1.58 |350.000| 53.519 | 13.807 | 2.707 | 28.260 | 54.187
4D-3 0.44 0.76 261.715| 23.086 | 2.674 | 1516 | 14.152 | 30.051
4D-4 0.36 0.70 1204.631| 20.423 | 2.24 1.427 | 12.272 | 29.694
4D-5 0.44 1.08 |183.766| 33.232 | 5.153 | 1.881 | 20.844 | 36.513
4D-6 0.81 1.33 |242.184| 43.878 | 9507 | 2.358 | 25.431 | 45.792
4D-7 0.16 0.38 1200.649| 12.397 | 1.540 | 0.652 | 5.819 | 18.681
DJ-1 0.24 0.26 1143.214| 12814 | 1.626 | 0543 | 6.113 | 15.489
DJ-2 0.32 0.39 [115.090| 18.322 | 1.402 | 1.010 | 9.417 | 21.818
DJ-3 0.36 0.67 |24.360 | 29980 | 6.626 | 1.375 | 15.145 | 30.111
DJ-4 0.54 0.64 [143.990| 27527 | 17.249 | 1.365 | 14.645 | 27.443
MK-1| 0.73 0.83 [228.679| 35.020 | 9.543 | 1.705 | 18.363 | 32.002
MK-2| 0.29 0.74 1140.616| 23.470 | 2485 | 1.579 | 15.496 | 31.748
MK-3 | 0.76 1.14 |165.628| 33.101 | 7.441 | 2.129 | 21.057 | 37.057
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A FF Ao B AERAE 2 4Tz o
o] gfom <H 226> % H MUFAFAAN FAHE EHAHAE

ZAA G | FFAE(D) | F7] = (%) |Mn(meg/ke) | Zn(mg/kg) | Culmg/ke) | Cd(mg/ke) | Cr(mg/ke) | Pb(mg/kg)

A EFE(1)| 23~54 | 02~26 | 88~386 [124~62.7| 1.4~19.7 |0.54~4.26| 5.8~33.4 |155~61.7

A EEE(2)] 1.0~57 | 02~1.9 | 34~451 | 55~759 | 0.2~13.0 |0.23~2.74| 2.8~36.4 | 55~59.9

A REE(3)] 22~69 | 0.1~2.0 | 105~361 {14.6~70.1| 1.3~14.8 [0.48~2.62| 7.6~38.1 |19.3~75.2

37.9~199.
AR (4)] 4.6~10.9 | 05~58 |240~1870 " (o1 =g 11013 - 11.2~86.6|14.3~62.9

AR (5)| 28~6.7 |0.04~0.95|308~1155|21.0~71.0| 4.0~24.0 - 25.0~77.0|16.0~53.0

AHAMO)| 32~73 | 02~52 [191~1755(165~86.2| 1.8~19.9 [0.07~0.65| 4.1~42.9 |10.7~54.3

Al 3 5.(6) - - 476~998 243 113 - 103 42.9
A ehE(8) 46~109 | 05~58 |180~2140|37.9~199 | 8.9~75.3 - 11.2~86.6|14.3~62.9
F (1) MR T 2Z Yz A 20034 2) MetEXx| 7 gZdEx=AL 20024

() MEtax| 7 ddez A 20014 (4) MEtaAtY Edde S5 ZALEH2000H)

(6) =gz S(20014) 6) 1Hd S(19974)

7) A F&E S(19984) @) #&+ S(20034d), M S(2003)
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FYE R FAEd APNE HueEE AR, 1A=
T-N 0.054 mg/L, PO4s— 0.004 mg/L, SiO2-Si 0.016mg/L, SS 27.595 mg
/Lol™, 222 A4 3+ T-N 0.156 mg/L, POs~P 0.017 mg/L, SiO:-Si
0.533 mg/L, SS 18.019mg/L= “EFY:

ATl 7ol dFdw Hde=s T-N 0145 mg/L POs+-P
0.012 mg/L, Si0»-Si 0296 mg/L o™, Ax7]ol= T-N 0.046 mg/L
PO4~P 0.006 mg/L, SiO»-Si 0.148 mg/L= YEbR T ¥4 o2 o x7]7}

AZ7IEY 4 2ALE B FEE HYL

fl

ATl Fzsh GzA GFge el Al gtk ¥
B4 vxv Uz A 47.714mg/L, G xA] 32,946 mg/L=E X

Fol o e FEREE Btk A% FxAdE FE 7.244 ng
L, GEAGE TI53m/LE M4 FEREE BT ded i
e it Yzrlh am/B dNeg Aom, 32 % Gxel w
2 FEE 2 %t A0R uthgrh @ 2AFES AYTAL 5T
2R xr)el B2l 43129 m/sec HERT. AMTRHE F
W WEEAFe o -k BE Fx7h HxEG Aow, gxA 32
o WEFzNFES LEABG 2ol 2 RO vehigr)

AR HEA AT B ZANTAEG B GolFFe Hun
W, QA (PO,P), FEEFINALMT-N), FAH(SI0S), FHEd

.

(SS) o] QoA F4E dAFHor FUHL Uo. HE7]
o] Hitolg @S T-N 7.235 ton/hr, POs~P 0.045 ton/hr, SiO»-Si 11.084
ton/hr, SS 4,822 ton/hr= YET. A2%7]o] HitolFHS T-N 0473
ton/hr, PO4~P 0.180 ton/hr, SiO2-Si 5.293 ton/hr SS 66 ton/hr &2 U}
Ebykth. & 719 T-N, SiO2-Si, SS9 Fols @ axr|Ht 747k 15
o 2u) 730 g = 2 A o2 YElgTh PO-PO folF e 2x7]7 o
Z718 1t 4 AT A JErwth 13 2A2 ST dHEz719 0 Si0-Sie
0.08 ton/hr, 2%712] PO4~P-2 0.01 ton/hr, SS& 104 ton/hr7} 5
AFde A Qajdom FEEeE o= UeYY. adk: ZAMEARE
20029 = 2Fz o} Wl ushH Z7] T-N, SiO»-Si SS9 FU#HFS F7t
skl o POs-PY #Fd =S FAAasAT. 538 SS9 4%, 2002

=
=
o
o
R



Z7]o 3,076 ton/hrA %7

]_
ton/hrd B7F BFagsd o f98E Ao ey
3 <

AnF el FFAF FARNEAE AWFAIIFTER
APEH(FA A T, 20000) s SR vk Pov AN ArE
WzA 95 Hel A WEA WEoR fUNm, AL YA S
A gEA 950 §EHE Aow RuH

<E 2-20> WERA AT FFG K- FAD
ZAFA 7] T s P-N PO4-P S510-51 5SS
13 oh = 6.369 0.252 -0.079 1,557
A = 0.134 -0.01 0.187 -104
o3} oh = 8.102 -0.162 23.084 8,087
4 = 0.601 0.369 10.399 237
b oy = 7.235 0.045 11.084 4,822
(2003) A = 0.473 0.180 5.293 66
o3t o & 1.950 0.350 9.100 -3,076
(2002) o &= 2.400 0.150 15.500 64
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FHlE AF " A8, dA FAEE e 1dd I &4

Heol F7hg Fold A

(2) eAFE S
2 on o o eV 2002\ 7+A | 2003'd A 3

1 WxA

owrz A 7ol
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e X Rt kn 27.9 19.32 1.95
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R km 21.4 21.40 -
2. W3 S AL
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