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ABSTRACT

A Study on the QUALKO and QUALZE Water Quality Modeling
of Nakdong River Downstream

for the Total Water Pollution Load Management

Written by No, Dae-Young

Advised by professor Shin, Dae-Yewn
professor Shin, Dong-Suk

Department of Environmental Bioengineering

Graduate school Chosun University

The water quality prediction model raises the efficiency of the water quality
management with control of be pollutant load and it is a method which is
useful is used in water quality prediction of currently and future.

It used the QUALKO and the QUALZE model from this research and Nak
dong River Downstream water quality modeling it led and result the QUALKO
and QUALZ2E two model for comparative analysis.

In this research, objective segment’s from the Samrangjin to the Weolchon,
and the length is 26km, basin area is 505.7km’.

It divided the basin with 5 reach and 26 element it composed the model and
the calculation element is total 22 things.

It calculates a basin be pollutant analysis and a production pollutant loading,
effluent pollutant loading, runoff pollutant loading. Pollution sources are
Populations, Livestocks, Industries, Nurserys, Landfills, Land Uses.

The estimation results, the basin show BOD production pollutant loading

_V_



64,783.2kg/day, T-N production pollutant loading 16,246.47 kg/day, T-P
production pollutant loading 3,755.81 kg/day and BOD effluent pollutant loading
8,751.83 kg/day, T-N effluent pollutant loading 4,354.59 kg/day, T-P effluent
pollutant loading 491.36 kg/day and BOD Runoff pollutant loading 894.60 kg/day,
T-N Runoff pollutant loading 1,088.35 kg/day, T-P Runoff pollutant loading
26.25 kg/day.

The calibration and verification of the model executed the DO, BOD, T-N,
T-P, Chl-a and Comparative analysis it did the application result of the
QUALKO and the QUALZ2E model with measurement price.

The DO, T-N, T-P and Chl-a simulation consistency of the water quality
modeling result basin the price whose two models are similar came out. But the
simulation consistency of the BOD the result of the QUALKO model to be
nearer the QUALZE model than reappearance characteristic was good in
measurement price.

This result shows the fact the QUALKO model which complements the

QUALZ2E model could well be applied in Nakdong River Downstream.
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Table 1. Comparison on the characteristics of Water Quality Model
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Fig. 4. Drainage basins in the Nakdong River.

Table 3. The area and number of element basin in study basin

4 9 #F 9 9 WA (k) E = e
G Ko 253.5 26
g2 LAY 249.4 13

A 502.9 39
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Table 4] tj477ke] @47y wd 9 W

Table 4. Division of basin (¥ K+ %)

Rk g HA (k) HAAFE(%)

R 3.5551 1.4025

. o el 0.0063 0.0025

= A= 0.0007 0.0003

T8 0.0051 0.0020

AFots AFots 0.0589 0.0232
PR 15.5320 6.1275

o2 4.7974 1.8926

AL 1 vj 2] 12.9165 5.0957
e B 9.6412 3.8035
s oA 2t 17.2502 6.8053
-7 8.9172 35179

g 0.2048 0.0808

T9d 6.1195 2.4142

vALE] 2.9470 1.1626

% =Rl BH 0.3780 0.1491
ApE 0.1313 0.0518

A 2 6.9095 2.7259

ekt 5.1205 2.0201

AAdE ikl =3 0.0482 0.0190
Hal Al ZA 94.5393 37.2966
e 0.1284 0.0507

oA B 0.0130 0.0051

He 0.0565 0.0223

A ] 4.8838 1.9267

e 5.2079 2.0546

e 2.0904 0.8247

A g 5.2955 2.0891

= %1g 0.0457 0.0180

e e EEH ] 5.5852 2.2034
&4 € 0.1631 0.0643

|7 7.5316 29713

= 8.2710 3.2630

59 5.4687 2.1574

R 0.1102 0.0435

s =g 10.7719 4.2496

Ak 24k 0.0905 0.0357
UG ZA 55.7133 21.9793
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<A &>

A= Al SHE g HA (ki) HAHATE(%)

ks ks 0.0136 0.0054
7hEE] 3.3428 1.3188
ETS T 0.0027 0.0011
Holg 0.0120 0.0047
Y g 20.1262 7.9400
AR FAA o 2] 0.0510 0.0201
ks 8.2365 3.2494
AsHA e 21.1574 8.3468
|3 15.1433 5.9741
4 11.6947 4.6137
3hA 2 23.4472 9.2501

FAEAl F A 103.2274 40.7241

73S FA 253.4800 100.0000

Division of basin (9% L+9)
A= Al SHE g HA (ki) HAHAGTE(%)

o 72 0.0014 0.0006
1% = G4t 0.0156 0.0063
A R PEX 3.2504 1.3034
=7 0.0020 0.0008
Hal Al FA 3.2694 1.3110

ks ks 29.4646 11.8151
7HkE] 7.7680 3.1149
=4 6.7443 2.7044
il B 7.4708 2.9957
AbEE 5.9019 2.3666
R A Ak 4.6245 1.8544
7hEE] 0.0098 0.0039

Ol — 5 6.3460 2.5447

At e EEE 45811 1.8370

Ak 5.3259 2.1356

N5 N5 16.1733 6.4854
YAl 11.6563 46741

oA 2 9.9438 3.9874

AEH kg 2.5059 1.0048

217 ] 8.6975 3.4877

24 g 7.8504 3.1480
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- g A (k) AAHRE(%)
2EY 6.8217 2.7355
A1 E 2.9212 1.1714
94 g 10.0307 4.0223
zate 8.0362 3.2225
22 0.1857 0.0745

o 0.3422 0.1372

e 0.0927 0.0372
A 0.0328 0.0131
3}A 2 0.3851 0.1544
R 13.3695 5.3611
=g 2.5548 1.0245
) =2 8.3636 3.3538
gl 1.2863 0.5158

g A 4.7327 1.8978
A 3.2546 1.3051
£ 25.5275 10.2364
A5k 19.3448 7.7571
Z4ke 3.7646 1.5096

246.1106 98.6890
249.3800 100.0000
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Kfrao 7ef@d2 FgdAsdea] J2& NFdo=z 55 = 0556CMS,
T A Aty AN R FFEE 7.646CMS, mE] FH 5 EFFH 5N A
Hato g 747k FFEE 8788CMS 9 5.003CMSE el ste] 75.040CMSE 4 4319
Lol 71Ef%e #99) 5% ol G2 Kide) A5AFGNA T74
0556CMS7} 8715 AL mEake] 76.728CMSS A gakglch”

Table 50 H&74d TFdAGAFIE =%, 742 # dFFsFs Helido

4

Table 5. Standard flow, water quality and allocation load of basin

o9 7] %= 1t ¥ (m3/s) T2 (mg/ 2) g7 FBOD, kg/Y)
926G 59.008 2.9 14,797
9 H 70.121 2.7 16,371
SR 87.589 2.8 21,207
] 90.056 2.9 22,583
92K 75.040 3.0 19,466
9L 76.728 3.1 20,567
9 &M 72.368 2.5 15,644
92N 6.716 4.3 2,497
3 A 3.244 1.5 421
SAA 1.933 1.5 251
7B 5.658 1.1 533
HAA 4.527 1.5 587
= 4B 7.877 1.6 1,090
F4C 10.719 1.7 1,576
24D 15.824 24 3,284
9HE 18.569 2.5 4,014
D FA 3.634 1.4 440
2 B 5.815 2.0 1,006
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Table 6. Pollutant mass unit of population
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Table 7. Flow unit of livestock (Unit:m’/% - Q)

i 2

rot

+ s HA | F - AE 7H =

G 0.0456 | 0.0146 | 0.0097 | 0.0086 0.0007 0.0011 | 0.00008

A A= | 0.0259 | 0.0065 | 0.0043 | 0.0074 0.0005 0.0008 0

1P =LA T 0.0197 | 0.0081 | 0.0054 | 0.0012 0.0002 0.0003 | 0.00008

Table 8. Pollutant mass unit of livestock (Unit:g/% - ¥4)

PR B 2 A Bias ot A | F A A =
A 556 528 259 109 10 18 5.2

BOD ¥ 4 117 67 30 32 3 4 0
1y E 439 461 229 77 7 14 5.2

A 161.8 116.8 77.6 27.7 58 8.4 1.1

T-N ) 4= 63.5 40.0 26.7 14.9 4.2 5.4 0
1y E 98.3 76.8 50.9 12.8 1.6 3.0 1.1

A 56.7 36.1 24.0 12.2 0.9 1.6 0.4

T-P w4 10.7 3.5 2.3 3.3 0.2 0.3 0
1y E 46.0 32.6 21.7 89 0.7 1.3 0.4

otk A A

FAA WARSFE Y FolsE AR Fhe/D)ol BARIHUE F 5ol



AR Ao, AARFoFo] Yle Arole AlAH A AlEdHAY|E BT

StAGHE Wkl AT

FA1 A WA BB = M%@ﬁ%ﬁg%%

FAA FAFSE = AAEAH x BAAA TG

Table 9. Pollutant mass ratio of nursery feed

BOD T-N T-P
0.25 0.05 0.013
Table 10. Pollutant mass unit of nursery (Unit:g/5 - 4)
4 e (o] 2t ) o)) | e A (W e A]) | A (Fo]) fr2 (i sh)
BOD |T-N| T-P |BOD|T-N| T-P |BOD|T-N|T-P/BOD|T-N|T-P

1€ ] 235 046 013 | 0.00 [ 0.00 | 0.00 [15.31]2.99|0.83|3.18 | 0.62|0.17
249 193 [038] 0.10 | 0.00 | 0.00 | 0.00 |15.31]2.99 |0.83|3.18|0.62 |0.17
39| 243 (047 0.13 | 050|010 | 0.03 |15.31]2.99 [0.83]|3.18 |0.62|0.17
4912416 471 | 131 |249 | 048 | 0.13 |15.31]2.99 [0.83]|3.18 | 0.62 | 0.17
59 |37.08 [7.23| 2.01 | 363|070 | 0.19 |15.31|2.99 [0.83]3.18 |0.62 | 0.17
649 109.04(21.27| 5.90 [10.68| 2.07 | 0.56 |15.31|2.99 [0.83]3.18 | 0.62 | 0.17
79 |146.67(2861| 7.93 |14.36| 278 | 0.76 |15.31|2.99 [0.83]3.18 | 0.62 | 0.17
84 |155.67(30.36| 8.42 [15.24| 295 | 0.81 |15.31]2.99 [0.83]|3.18 |0.62|0.17
94 169.22(33.00| 9.15 [16.57| 321 | 0.88 |15.31]2.99 [0.83|3.18 | 0.62 | 0.17
104 149.39|29.14| 8.08 |14.63| 2.83 | 0.77 |15.31{2.99 |0.83|3.18 | 0.62 | 0.17
11¢102.20/19.93] 553 [10.01| 1.94 | 053 |15.31{2.99 |0.83|3.18 | 0.62 | 0.17
12 20.06 | 391 | 1.08 | 0.00 | 0.00 | 0.00 |15.31{2.99 |0.83|3.18 | 0.62 | 0.17
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Table 15. The ratio of livestock waste water treatment and farmland outflow
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Table 17. Direct transfer object coefficient of Life areal exhaust unit
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GEZGAe FAwel fAse] Aol FsA FEHE eud 7] Fol
=

S ol ol SFTFAh 69N 9UAA 470Y Fkel Az

z

e A WE 1Y ARE o8-8, Table 19¢] 19984 H

2002 7k#] 5 zbe] Wt s el 20029 W 71&& 133Cola 9

Hat7) ol G 1&g FAGY 20029 FFFHFS 1,534m = A 5+ H 3t
o

Aelel 2471 119%E 28744 ol o,

Table 19. Average monthly rainfall in the basin (Unit:mm)

19 (29 (3¢ | 4¥ |54 |69 | 79 |89 | 9¢ |10¥|11€ 129 | T

20021 48 | 6 | 91 | 102 |108| 66 | 234 |695| 94 | 52 | 11 | 27 | 1,534

2001 37 | 64 | 8 | 39 | 46 | 400 | 232 | 82 | 81 88 | 14 | 37 | 1,128

20006 12 | O | 36 | 50 | 48 | 103 | 248 | 229 | 182 |325| 43 | 1 985

1999 | 21 | 19 | 104 | 67 |151| 176 | 377 | 407 | 416 | 124 | 20 | O | 1,882

1998\ | 34 | 40 | 54 | 141 | 136|269 | 120 | 430 | 247 | 65 | 19 | 1 | 1,556

Wt | 30 | 26 | 59 | 80 | 98 | 203 | 242 | 368 | 204 | 72 | 21 | 13 | 1,416
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Fig. 5. Average monthly rainfall in the basin.
Table 20. Weather investigation chart of Miryang
b
} 3 ot CE iy Hi |ol&H G =
= 5 2 oy %719
d g7 =& FE | 2= 7] Sk Al ZE
T (0.1mm) =gk (0.1hpa)
o (C) (0.1m/s) (0.19%)[(0.17C) (0.1hpa) | (0.1hr)
[e]
1] 23| 475 146 1677 | 577 | -58.8 | 44.9 |10,195.1| 100.6
2| 34 60 12.1 |154| 511 | -67.7 | 39.3 |10,223.1| 108.9
3 9 905 16 19.3| 550 -6.5 62.2 (10,164.8| 119.7
4 1141 1,020 186 |25.3| 579 499 95 10,149.9| 1309
51173 1,080 14 26.2| 651 | 1024 127 |10,1175| 1404
9 5002 6 |21.9]| 660 15.8 [259| 609 | 136.2 | 1586 |10,077.6| 145.3
ok 7 1249 2,340 15.8 |282| 756 | 2005 | 236.3 | 10,051 143
8 |24.3 1 6,950 16.3 25 | 753 | 1945 | 2283 |10,081.5| 1349
9 1202 935 12.7 120.3| 698 | 1416 | 165.1 [10,141.2| 124.2
10 | 13.1 | 515 10.7 |16.4| 687 69.6 | 106.8 |10,171.7| 113.1
11| 54 | 105 12.8 |154| 568 | -339 | 50.8 |10,207.3| 103.3
12| 36 | 270 124 |185| 608 | -38.6 | 50.3 ]10,239.8| 98.3
2002 H
13.3 ] 1,276 143 [21.1| 629 | 689.2 | 112.7 [10,151.7| 1134

(TA =)
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Table 21. Hydraulic coefficient of each reach in study basin

fr & =af P G A =cf B
s Reach [Element ZEASF

a b c d
1 10 0.0015 0.9222 2.6004 0.0567 0.023
2 6 0.0193 0.7205 1.3949 0.1959 0.023

S5 25
) 3 2 0.0121 0.7754 2.8816 0.1037 0.023
(g~ g )

4 5 0.0022 0.8653 2.9612 0.0902 0.023
5 3 0.0035 0.7603 0.9761 0.1887 0.023
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3. FARA] 4
FARY g Fe SR Aol 2AG A £, AW 54 2 AR
34 - stebd Ra) £% Fol YT AML NFoR PERAON A2 A8,
= = = 17)
TS Asd wet A 2 AF T A" TS5 BASAT.
O+ 7S 5709 gl G- %t (reach) 3 2670 8] A -7H(element) 2.2 F-+3F % 2.1 Fig. 6
of YERU ATt
y
H.W (4 & Z)
4 2K01,02 —»] 2
3 4 2 K03~05
4 ——— > CR-2AAN-MY-OASY
A1 AP LT —> 5
6 «——— o 2 K06
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YZ-0iNEY —— 8
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10 S 2K10~12
1 11 l——— /S A
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Fig. 6. Stream netw ork of computation reach and elements.
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H Bt 4dS Table 22~26 % Fig. 8~120] YEF AT

Fig. 7. Sampling sites in the study basin.
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Table 22. Seasonal variation of DO concentration in the

basin (Unitmg/?¢ )

Month Azl = 4=
14 13.32 13.46 13.44
24 13.82 13.76 13.04
34 12.72 13.60 13.02
44 11.74 11.46 12.32
5¢ 10.60 9.98 10.16
64 8.24 9.34 9.12
74 8.16 7.86 8.90
84 7.30 6.92 6.56
9¢ 7.22 7.84 7.18
10¢ 9.10 8.84 9.18
11¢ 10.66 9.76 9.88
12¢ 11.94 12.54 10.9

15
14

11 N
1 \\*\

.
Ve

/

DO(mg/l)

0

9 \

8 \"”’\k

N
o v
6 L L L
1 2 3 4 5 6 7 8 9 10 11 12
Month
—e— At —— =23 —a— 2=

Fig. 8. Seasonal variation of DO concentration in the basin.
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Table 23. Seasonal variation of BOD concentration in the basin (Unitmg/? )

Month KA = 4=
1¥ 3.28 3.18 3.24
24 3.16 3.56 3.36
34 4.32 4.32 4.42
44 4.56 3.58 3.62
54 3.94 3.06 3.26
64 3.28 2.42 2.20
74 2.18 2.44 2.06
84 2.22 1.92 1.88
94 2.66 1.96 1.60
104 2.32 1.82 1.84
114 2.56 2.40 2.66
124 2.88 3.28 3.10
5

* /\\
= \\

BOD(ma/l)

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

e AF2}X| =22 Y=

oo —

Fig. 9. Seasonal variation of BOD concentration in the basin.
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Table 24. Seasonal variation of T-N concentration in the basin (Unit:mg/? )

Month Azl = 4=

14 4.789 4.325 4417

2¢ 4.920 4907 4.559

3¢ 4611 4.769 47158

44 3.706 4.054 4.629

5¢ 3.402 3.463 3.847

6¢¥ 3.448 3.193 3.935

78 3.237 3.375 3.607

8¢ 2.536 2.660 2.556

9¢ 2.558 2.572 2.371

104 3.067 2.833 3.007

11¢ 3.383 2.954 3.136

124 3.763 3.402 3.619
6
5
= 4

O

=X
- 2
1
0

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

Month
—o— AIEX A== —a— =

Fig. 10. Seasonal variation of T-N concentration in the basin.
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Table 25. Seasonal variation of T-P concentration in the basin (Unit'mg/¥¢ )

Month Azl = 4=

14 0.137 0.118 0.105

2¢ 0.144 0.149 0.129

3¢ 0.139 0.141 0.146

44 0.125 0.136 0.196

5¢ 0.118 0.118 0.114

6¢¥ 0.112 0.107 0.109

78 0.114 0.142 0.102

8¢ 0.119 0.134 0.085

9¢ 0.179 0.130 0.120

104 0.103 0.119 0.089

11¢ 0.109 0.091 0.091

124 0.113 0.102 0.102
0.3
0.25
= 0.2

(@]

Eois
- 0.1
0.05
0

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

Month
e M 23 noEE

Fig. 11. Seasonal variation of T-P concentration in the basin.
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Table 26. Seasonal variation of Chl-a concentration in the basin (Unit:ug/? )

Month ez = 4=
1 66.70 71.84 -
2 81.20 73.20 -
3 87.03 95.70 62.60
4 25.00 50.00 -
5 41.67 32.54 -
6 46.68 32.16 31.50
7 25.47 30.88 -
8 22.25 30.63 -
9 25.38 26.06 33.60
10 27.57 30.74 -
11 57.90 49.66 -
12 66.94 89.02 110.85
120
.
100

80 :%/
\ ‘.
60 \\\ /
\ o ///

Chl-a(ug/)

40
20
0
1 2 3 4 5 6 7 8 9 10 11 12
Month
| e MEE —a-23 == |

Fig. 12. Seasonal variation of Chl-a concentration in the basin.
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Frojol MARSFE YBA, FAA, HAA, FAA, NYA L EAA YR
GF e ARALAA AT AT

o) 7 A -] 29 24 ARE ol §3to] AR AL WAL Y ARl 5

7}. BOD 2R 531 %

Table 27 di7+e] FA 7+, @9 F¥ BOD LA N &S Yebu 2t
BOD @A F-ataFe dATFAd2E HalAl Afrdo] oF 50%=2 =il &9 F9
SR L Aol o 75%E =S #olth giAFTihe] BOD A RE)
64,7832 kg/dayel™, o] % AZA 11,402.72 ke/day, F2H7 27,645.04 ke/day, A+ A
21,987.09 kg/day, "I @7 2,166.45 kg/day % EA 7 1,581.89 kg/day°]t}.

AT Y HFEe E2A427%) > A AB3.9%) > BBA(17.6%)

) JA(3.3%) > EAA(24%)9 £ola, @ F9E HAFE&E G KFrgdolMe
ZAHAI 7 835%, Y LA gollAw Ad AV 44.7% 2 71 =A YERRL T

>

Table 27. BOD production pollutant loading from each area(Unitkg/day,< >& A&)

T 9 AEA | FAA | AEA | FAA | WEA | EXA A
A A 31,240.22 | 45,989.25| 8,225.94 0.00 90.65 | 2,379.46 | 87,925.52
A 8,117.54 |20,321.45| 1,907.85 0.00 3.28 1,764.35 |32,114.46
FAEA] 10,394.3219,640.83|21,791.39|  0.00 2,166.98 | 1,266.02 |55,259.54
au ke 1,890.24 |13,465.02| 219.50 0.00 0.00 544.53 |16,119.29

<11.79%>|<83.5%>| <1.4%> | <0.0%> | <0.0%> | <3.4%> | <100%>

9,612.48 |14,180.02| 21,767.59| 0.00 2,165.45 | 1,037.36 | 48,662.91
<19.5% > | <29.1%> | <44.7%>| <0.0%> | <4.4%> | <2.1%> | <100%>

L% 11,402.72 | 27,645.04 | 21,987.09 | 0.00 2,166.45 | 1,581.89 |64,783.20
a7 <17.6%> | <42.7%>{<33.9%>| <0.0%> | <3.3%> | <2.4%> | <100%>

_51_



Table 280 tiAFzre] AT G F9¥d T-N AN FS e
T-N 2Rt FS ATz AfA] Ar&ol oF 49%=2 w1 GFId s
SR Lo "ol o 735%% =& wolth AT T-N WA RS
16,246.47 kg/dayol ™, o] & A @A 294572 ke/day, A+ 665858 kg/day, A+ 7
2,927.37 kg/day, "l Al 2,832.42 kg/day 2 EA A 882.39 ke/day°] T},

AR U HREe EAA41%) > A (18.1%) > A A (18.0%) >
WA (17.4%) > EAA(GA4%)0] <o), ¢ F9d dHE&e G2 Kirgda J&2 L
o 25 F2A7 4z 76.9%9 28.0% 2 7 = A ey

A

Table 28. T-N production pollutant loading from each area(Unitkg/day,< >t A+&)

+ 9 AGA | FAA | AAGA | A | EA | EAA A
A A 8,102.51 [11,373.08| 759.63 0.00 12457 | 1,031.67 |2,1391.46
kA 2,091.25 | 4,781.96 | 330.60 0.00 0.00 | 1,328.45 | 8532.26
Ak A] 267055 | 4,701.16 | 2,883.88 | 0.00 | 2,833.10 | 694.69 |13,783.37
539.76 | 3,310.38 | 46.66 0.00 1.31 40851 | 4,306.61
g K49
<12.5%>|<76.9%>| <1.1%> | <0.0%> | <0.0%> | <9.5%> | <100% >
2,405.96 | 3,348.20 | 2,880.71 | 0.00 |2,831.11 | 473.89 |11,939.86
SR
<20.296>[<28.09%><24.19%>| <0.0%> |<23.7%>| <4.0%> | <100% >
G2 K, L&Y 294572 | 6,65858 | 2,927.37 | 0.00 |2,832.42 | 882.39 [16,246.47
A <18.1%>|<41.0%>|<18.0%>| <0.0%> |<17.4%>| <5.4%> | <100% >

o T-P RS

Table 291 did 3ol A7, @949 T-P AR FS deEpfdn
T-P ZARFeFE YA TARRE Aafrle) Af&ol o 533%= ¥, Telffu
v 4 L9

& 2

Hf&ol oF 62%2 =A vebgeh did3ke] T-P dAH3) =k
& 3,755.81 kg/dayolvl, o] & A @A 32055 kg/day, F4+7 2,615.67 kg/day, 2
737.22 kg/day, "l A 4.97 kg/day 2 EA A 77.39 kg/day°] T}
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A ghe] HA Y A e FAHA69.6%) > AR AI(19.6%) > A& A (85%) >
EAARI%) > WHA01%)e] o], dFad &2 S KFrdolAs =
AAZE 934% 2 A iFES AA AL, 32 La o SAHA7E 55.0% 24 7HE =4
LHERSE

Table 29. T-P production pollutant loading from each area(Unit'kg/day,< >& &)

9 AZA | FAA | A | FAA | "EA | EXA A

23 Al 879.25 | 4,601.27 | 150.65 0.00 477 99.81 |5,735.73
U ok A 229.44 |1,750.42 | 31.90 0.00 0.17 1,06.49 | 2,118.42
oF Al A] 290.80 | 1,824.33 | 731.40 0.00 498 62.45 | 2,913.94
5726 |1,339.99 | 6.31 0.00 0.00 31.44 | 1,434.99

g K9
<4.0%> [<93.4%>| <0.4%> | <0.0%> | <0.0%> | <2.2%> | <100% >
263.29 |1,275.68 | 730.91 0.00 497 4596 | 2,320.82

g2 L&Y
<11.3%>|<55.0%>[<31.5%>| <0.0%> | <0.2%> | <2.0%> | <100%>
gE2 K, L&Y 32055 | 261567 | 737.22 0.00 497 77.39 | 3,755.81
A <85%> [<69.6%>(<19.6%>| <0.0%> | <0.1%> | <2.1%> | <100% >

7. BOD i & %3} 3

Table 300 tha+3te] PA TG, @9 F9d BOD &R 4SS e A
BOD i &Fet#e AT E = A A&l °F51.3%= Ei11, ¢9fF9
E 9E Lgde] o 734%2 wl$ %> "ol A #ite] BOD Wl EH3
8,751.83 kg/dayol™, o] % A ZA 494856 keg/day, SAA 1,312.89 ke/day, AH¢ A
605.04 kg/day, A7 1,885.34 kg/day°]T}.

AT 7e] Y AH5Ee ABAG65%) > EXARLE%) > E2HA(15.0%)
> AFAA6.9%)] o], G Fad H{r&S F Fo BFE ALAV 474 515%

9} 585% 2 A 7F4 = A e



Table 30. BOD effluent pollutant loading from each area(Unit:kg/day,< >+ Ba&)
r 9 ADA | FAA | AAGA | FAA | EA | EXA A
A8 Al 10,329.72| 1,906.87 | 163.17 0.00 0.00 2,350.96 |14,750.73
U ok A 3,615.43 | 814.08 59.52 0.00 0.00 1,906.07 | 6,395.10
Ak A] 4,489.07 | 975.77 | 568.48 0.00 0.00 1,568.31 | 7,601.63
1,266.70 | 607.67 41.39 0.00 0.00 545.69 | 2,461.44
SE K4
<b1.5%>|<24.7%>| <1.7%> | <0.0%> | <0.0%6> |<22.2%>|<100% >
3,681.86 | 705.22 | 563.65 0.00 0.00 1,339.66 | 6,290.39
S L4
<B8.5%>|<11.2%>| <9.0%> | <0.0%> | <0.0%6> |<21.3%>|<100%>
g2 K, L9 4,94856 | 1,312.89 | 605.04 0.00 0.00 1,885.34 | 8,751.83
oA <56.5%>[<15.0%>| <6.9%> | <0.0%> | <0.0%> |<21.5%>|<100% >
Y. T-N ¥l & 533
Table 31 w3t FAFIE ddF9E T-N wjEH 5SS Vet A
T-NZ9sge A7 ans galal Ahdel o 422%2 ¥3, B9 fuz
G Lol of 746%% u§ e Wolth uTile] wE e Ee 485459
kg/dayel™, o] & A&A 237750 kg/day, =AHA 804.95 kg/day, AHSIAl 310.16 kg

/day 2 EA A 1,361.98 kg/day°] tt.

A Rbe] A

> AP A(6.4%) 9] ol aL

o [e)
L9

.

AGA 7 bAT% =AM 7}

1
=i

[ele]
o
EEEEE!

A

&2 Ag

<

- 54

O 0. 0O
e

=7 YERR

tt.

SR ke

A(49.0%) > EAA(281%) > F4HA(16.6%)
EAA7}F 34.0%, H&



Table 31. T-N effluent pollutant loading from each area(Unit:kg/day,< >& &)

+ 9 AGA | FAA | AAGA | FAA | WEA | EAA A
A8 Al 3,889.86 | 1,206.69 | 158.42 0.00 0.00 | 1,052.59 | 6,307.55
ok A 1,876.74 | 506.53 | 152.89 0.00 0.00 | 1,813.20 | 4,349.36
Ak A] 225097 | 589.34 | 279.19 0.00 0.00 | 1,163.45 | 4,291.95
394.75 | 386.00 32.42 0.00 0.00 419.33 | 1,232.50
g K49
<32.0%>[<31.3%>| <2.6%> | <0.0%> | <0.0%> |<34.0%>| <100%>
1,982.75 | 41895 | 277.73 0.00 0.00 942.65 | 3,622.09
g2 i
<B4.7%>|<11.6%>| <7.7%> | <0.0%> | <0.0%> |<26.0%>| <100%>
9gE2 K, L&9| 237750 | 804.95 | 310.16 0.00 0.00 | 1,361.98 | 4,854.59
A <49.0%>|<16.6%>| <6.4%> | <0.0%> | <0.0%> [<28.1%>|<100% >

Table 32¢] /=72
T-P wi&Fet5S @479 8= A Ar&ol of
T 93E Lagel oF 741 i
491.36 kg/dayel™, o] & AJ&A 223 kg/day, ZAHA 100.76 kg/day, 24 Al 56.54
94 kg/dayo°]tt.
A7) A HFES ATAUSA%) > EAA(22.6%) > =AHA(20.5%) >
AAA(115%)0] wolal g fF o A& FiE KirdoAes FAHA7F 40.9%,

Ly gelds A2AZ 499%=4 7HE =A WERE T

kg/day 2 EX A 110.

o
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Table 32. T-P effluent pollutant loading from each area(Unitkg/day,< >+ A+&)

54 | AeA | a4 | vaA | 944 [ nea | 544 | @A
2 3l Al 375.72 162.49 14.03 0.00 0.00 101.22 653.45
A 146.89 58.02 14.90 0.00 0.00 127.77 34'7.57
FAEA] 21291 72.75 55.00 0.00 0.00 95.72 436.38
39.06 50.06 1.63 0.00 0.00 31.70 122.46
SR K4
<31.9%> | <40.9%>| <1.3%> |<0.0%6>|<0.0%>|<25.9%> | <100%6>
184.06 50.69 54.91 0.00 0.00 79.23 368.90
SR L4

<49.9%> | <13.7%> | <14.9%> | <0.0%> | <0.0% > | <21.5%> | <100%>
S K, L9 22312 100.76 56.54 0.00 0.00 110.94 | 491.36

o7 <45.4%> | <20.5%> | <11.5%> | <0.0%> | <0.0% > | <22.6%> | <100%>

(A = (HEerR) | (A (d S )
T o(lEReE) T (A dEailE ok

2 ATA ASARTE fle 299 fEAsS VEREF AV fdAsE
ASARTE ol 2fF el dd duE AAT frdAsFe FF 0w e 2AE

o« = =1 »19)
B AT fFEATE “GEdTA AdEE Ldsdae VIEAE A A
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=% A5E AFEsEH ow, Table 3361 vERU ATt
g KF99 Fe454= BOD 0182, T-N 0.357 ¥ T-P 0.1270] 1, 932 L9 9
F2 744+ BOD 0.071, T-N 0.179 2 T-P 0.0290] t}.
Table 33. Runoff coefficient in the basin
RS
40 BOD T-N T-P
S K+ 9 0.182 0.357 0.127
S L9 0.071 0.179 0.029

Table 340 t2F3te] A 9§ BOD, T-N @ T-P G233

<= YErH AT
7478 BOD 238t 894.6kg/dayel i, Frdd =+ HE KF9 44798
kg/day, S L+9 446.62kg/dayeltt. T-N 2 H3F3#-2 1,088.36kg/day°] 2, &9
HE2e Y K+9 440kg/day, P2 L9 648.3bkg/dayeltt. T-P FEFst=Fe
26.25kg/day°o] al, 9 E = G2 K9 1555ke/day, 9 L9 10.70kg/day ] t}.
Table 34. Runoff loading in the Nakdong River (Unitkg/day)
e iet BOD T-N T-P
el Al 2,684.63 2,251.80 82.99
U kA 1,163.91 1,552.72 44.14
FAEA] 1,383.50 1,532.23 55.42
g2 K9 447 98 440.00 15.55
92 L&Y 446.62 648.35 10.70
9E2 K, L+9 &4 894.60 1,088.36 26.25
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Table 35. Boundary condition input data

i DO BOD | T-N | T-P | Chl-a
BAZEAYGAR
(CMS) (mg/ 2 ) |(mg/¢)| (mg/2) |(mg/2)| (ng/2)
Headwater 377.28 4.6 4.4 315 | 0.091 | 444
i KH901,02 3.829 - 0.148 | 0.135 | 0.004 -
S KA903~05 6.081 - 0.196 | 0.191 | 0.006 -
=8 44" A ES | -0.166 - - - - -
KR T b = s 0.014 - 8.077 | 2867 | 1.126 -
SE KA 906 9.27 - 0.042 | 0.058 | 0.002 -
SR K907 0.219 - 0.05 | 0.048 | 0.001 -
G- Aw g -0.003 - - - - -
i KH908,09 2.033 - 0.295 | 0.256 | 0.009 -
S KfF910~12 4.663 - 0.302 | 0271 | 0.01 -
AEA 4.353 10 1646 | 1599 | 0.026 | 1.088
i K#915,16 4.839 - 0.099 | 0.103 | 0.004 -
SR K917 6.831 - 0.094 | 0.105 | 0.004 -
JA-EaFH -0.729 - - - - -
AEHATH -0.121 - - - - -
w2 & -8.788 - - - - -
S KA918~20 10.038 - 0.245 | 0234 | 0.01 -
S Kf921~23 2.768 - 0.497 | 0.331 | 0.012 -
i KH924,25 1.247 - 0.471 | 0.335 | 0.011 -
E9A5% -5.003 - - - - -
R 17.137 7.2 2.5 4686 | 0.192 | 11.1
S LAH911~13 1.342 - 0.143 | 0.102 | 0.002 -
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2. QUALKO 2229 ®A
2002 6499 FHEARE Htste] Bl A8, wnAslon RAF FAIEL
DO, BOD, T-N, T-P % Chl-a 5 % 571 &% o]t}
Fig. 13~17¢] 2ol #g3te] A& A34E el
15
[|——Sim = Obs
10 |
= u
5 | 2
2 |
s |
(o) -
S| w
0
0 5 10 15 20 25

Distance(km)

Fig. 13. DO calibration result of QUALKO.
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BOD(mg/I)

|| ——Sim ® QObs

—

5 10 15 20 25
Distance(km)

Fig. 14. BOD calibration result of QUALKO.

T-N(mg/I)

——Sim ® Obs

5 10 15 20 25
Distance(km)

Fig. 15. T-N calibration result of QUALKO.
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Fig. 16. T-P calibration result of QUALKO.
90
||——Sim ®  Obs
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Fig. 17. Chl-a calibration result of QUALKO.
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3. QUALKO 229 #AF

2002 d 9¢ FHEARE Htste] Bl AE HIFsg o mdd ALt AE
gt A3 E Fig. 18~220] Y e AT},
15
[ |——Sim ®m Obs
10
§ I
[ |
e} 3 |
O L
5
e
0
0 5 10 15 20 25
Distance(km)

Fig. 18. DO verification result of QUALKO.
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BOD(mg/I)

| |——Sim ®  QObs

T

5 10 15 20
Distance(km)

25

Fig. 19. BOD verification result of QUALKO.

T-N(mg/I)

——Sim ® Obs

5 10 15 20
Distance(km)

25

Fig. 20. T-N verification result of QUALKO.
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0.6

0.4

T-P(mg/I

0.2

——3Sim ® Obs

5 10 15 20 25
Distance(km)

Fig. 21. T-P verification result of QUALKO.

Chl—a(ug/!)

| |[——Sim ® Obs

D

5 10 15 20 25
Distance(km)

Fig. 22. Chl-a verification result of QUALKO.
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A58 QUALZ2E 229 AL

1. QUAL2E 229 ®BA

20024 69 FHAAEE Hdste] R AE BASG o Rl ALEH AlTE
2 QUALKO Edof Al&3 e U2 A&, st £33 52 DO,
BOD, T-N, T-P % Chl-a 5 57 s&-o]t}

Zdo H83ste &S ZIAE Fig. 23~27°] YEF ST

15

——Sim | Obs

10
— | ]
B —H
E
(@)
a

S [

0

0 5 10 15 20 25
Distance(km)

Fig. 23. DO calibration result of QUALZE.
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BOD(mg/I1)

|| ——sSim ® Obs

5 10 15 20 25
Distance(km)

Fig. 24. BOD calibration result of QUALZE.

T-N(mg/l)

——Sim ® Obs

5 10 15 20 25
Distance(km)

Fig. 25. T-N calibration result of QUALZE.
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Fig. 26. T-P calibration result of QUALZE.
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Fig. 27. Chl-a calibration result of QUALZE.
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2. QUAL2E 5229 A%

2002 9¥ 9 FHAAEE Hdste RdS AT

A& Fig. 28~32¢] eERH At

ol

15
| |——Sim ™ Obs
10
S |
£
(@)
=)
5
- —
0
0 5 10 15 20 25
Distance(km)

Fig. 28. DO verification result of QUALZE.
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BOD(mg/l)

——3Sim ® Obs

0 5 10 15 20
Distance(km)

25

Fig. 29. BOD verification result of QUALZE.

T-N(mg/I)

——Sim ® Obs

0 5 10 15 20

Distance(km)

25

Fig. 30. T-N verification result of QUALZE.
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Fig. 31. T-P verification result of QUALZE.

Chl-a(ug/1)

—Sim m Obs

I,
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Fig. 32. Chl-a verification result of QUALZE.
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AN6H QUALKO ¥ QUAL2E R4 #ARA3 v

1% 2z 4EE Ad wmy

F rdo AyE Huwdr] Yste] 2EE RdQddFrEe A5 E [1ag =
of et REES T38td k. DO, BOD, T-N, T-P % Chl-a % 57) 2<% ®u
90w Table 36, 37 ¥ Fig. 33~42 o] = A2%E eyt

7h RRRAA 23} v

Table 360 F Zdo] 22 A4S Agste] 78 Rats dHeEbHJA Y. QUALKO

e DO 0.99, BOD 0.99, T-N 0.79, T-P 0.97 % Chl-a 0.99 °] i, QUAL2E
2de] 4% DO 0.99, BOD 0.59, T-N 0.82, T-P 0.93 % Chl-a 0.99 °] it}

T 2do] A%7F DO, T-N, T-P ¥ Chl-av= A9 #3921 BODE QUALKO

o

we

AdE=7F QUALZE 22w ¥ ASF=e 7HA yEs

Table 36. R price of calibration result

»2d DO BOD T-N T-P Chl-a
QUALKO 0.99 0.99 0.79 0.97 0.99
QUALZE 0.99 0.59 0.82 0.93 0.99
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12
QUALKO: y=1.0107x, R=0.99
QUAL2E: y=1.0111x, R=0.99
~ 9 ®
5
E
=
o]
S st
A
0
Kr
@ |
0
0 3 6 9 12
s =Z[Sim](mg/l)
O QUALKO —1:1 Line A QUAL2E ‘

Fig. 33. 1:1 graph comparisons of simulation results and

observed concentration for calibration(DO).

8
QUALKO: y=0.9691x, R=0.99
QUAL2E: y=1.0877x, R=0.59

£5f

2

O

)

Ui

0o, L R

W2 R

=l

-1 2 5 8
QWS s [Sim](mg/l)

O QUALKO — 111 Line A QUALZ2E ‘

Fig. 34. 1:1 graph comparisons of simulation results and

observed concentration for calibration(BOD).
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QUALZE: y=1.0097x, R=0.82

QUALKO: y=1.0048x, R=0.79

4
o Q
= 3
(2]
Qo
(e}
H
H 2
KIr
ol
‘l L
0
0 1 2 3 4 5
QWS s [Siml(ma/l)
O QUALKO —1:1 Line A QUALZ2E ‘

Fig. 35. 1:1 graph comparisons of simulation results and

observed concentration for calibration(T-N).

0.2

0.1

[Obs ](mg/1)

H

KIr
<W0.05

QUALKO: y=1.0578x, R=0.97
QUALZE: y=0.949x, R=0.93
A
0 0.05 0.1 0.15 0.2
SIS =< ([Sim]l(ma/l)
O QUALKO — 11 Line A QUALZ2E ‘

Fig 36. 1:1 graph comparisons of simulation results and

observed concentration for calibration(T-P).
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60
QUALKO: y=0.9644x, R=0.99
QUAL2E: y=0.9919x, R=0.99
g4 |
@
o]
S
T
0
Hr20 | @
2
O L
0 20 40 60
DA s [Siml(ue/l)
O QUALKO —— 111 Line A QUALE |

Fig. 37. 1:1 graph comparisons of simulation results and

observed concentration for calibration(Chl-a).

U 2d HFeo A3 vl
Table 360 F Zdo] & AFES A4 3 RitS YeEl At QUALKO
maol 49 DO 0.99, BOD 0.83, T-N 0.84, T-P 0.52 @ Chl-a 0.93 ¢] 3, QUAL2E

i)

rdo] 7% DO 0.99, BOD 0.21, T-N 0.86, T-P 0.53 ¥ Chl-a 0.94 o] glt}. + &

o 237} DO, T-N, T-P ¥ Chl-a= A 9] ¥[8t BOD+= QUALKO Ede] A&
FTX7F QUALZE REE G dSgkd 77k AdAdel =& s & 7 dth
Table 37. R price of verification result
2d DO BOD T-N T-P Chl-a
QUALKO 0.99 0.83 0.84 0.52 0.93
QUALZE 0.99 0.21 0.86 0.53 0.94
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HIr

QUALZE: y=1.0782x, R=0.99

QUALKO: y=1.0793x, R=0.99

10

2 4 6 8
SLMHEsE[Simlima/l)
O QUALKO — 11 Line A QUALZ2E ‘

Fig 38. 1:1 graph comparisons of simulation results and

observed concentration for verification(DO).

| |QUAL2E: y=1.0296x, R=0.21

QUALKO: y=0.9691x, R=0.83

A O O
1 2 3 4 5
LS =s=[Siml(mg/1)
O QUALKO —1:1 Line A QUALZ2E

Fig. 39. 1:1 graph comparisons of simulation results and

observed concentration for verification(BOD).
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QUALKO: y=1.034x,

R=0
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QUALZE: y=1.0329x, R=0.86
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SEWEsZ[Simlima/l)
O QUALKO — 111 Line A QUAL2E ‘

Fig. 40. 1:1 graph comparisons of simulation results and

observed concentration for verification(T-N).

05
QUALKO: y=0.769x, R=0.52
04 ||QUALZE: y=0.7747x, R=0.53
03 |
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®
01 f ®
0
0 0.1 02 0.3 04 05
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Fig 41. 1:1 graph comparisons of simulation results and

observed concentration for verification(T—-P).
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10
QUALKO: y=0.9653x, R=0.93
QUAL2E: y=0.9651x, R=0.94
8 [
2
% 671
o)
©
H
Ho 4
Kr
ol
2 L
0
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SUHE s [Sim] (/1)
O QUALKO —— 111 Line A QUAL2E \

Fig 42. 1:1 graph comparisons of simulation results and

observed concentration for verification(Chl-a).

Fowde] 2o weASE H8539e 49 QUALKO ZHel it 4t eAE DO
4.56%, BOD 6.1%, T-N 3.89%, T-P 1.99% % Chl-a 4.45% ©°]i, QUAL2E =42
DO 4.44%, BOD 51.36%, T-N 3.91%, T-P 5.36% % Chl-a 4.45% °]t}.
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Ly

-

) 9 A=

ez

o] DO, T-N % Chl-a®] oAt & 2ol 7}
42 e Abo] & YEh gt QUALKO

1

welo

x|

A 20% olulol o QUALZE Rt AdAe] F5shad
QUALKO % QUALZE =He] BAg o eaE Table 38 3 39 e At

Table 38. Relative error of the simulated & observed variables for

calibration of QUALKO model (Unit:%)
SAAA DO BOD T-N T-P Chl-a
AEx 6.13 2.02 0.19 0.00 1.15
=7 5.46 475 3.30 2.35 0.41
4=& 2.10 11.53 8.18 3.64 11.79
ot 4.56 6.1 3.89 1.99 4.45

Table 39. Relative error of the simulated & observed variables for

calibration of QUALZE model (Unit:%)
SAAA DO BOD T-N T-P Chl-a
Az 6.09 3.41 0.32 1.10 1.15
=7 5.59 52.00 4.89 5.88 0.44
4= 1.63 98.67 6.51 9.09 11.76
ot 4.44 51.36 3.91 5.36 4.45
U AFw Aoea v

=
-

R 22 w3ATE

A g3to] 79 QUALKO R e

B A= DO

6.32%, BOD 18.92%, T-N 8.01%, T-P 46.84% % Chl-a 4.55%°] 3., QUAL2E =4

o] ¥4t Ao A= DO 6.27%, BOD 26.28%, T-N 8.16%, T-P 4599% % Chl-a
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4.50% o] At}

o

e e

i o

QUALKO % QUALZE = H ¢ 4

1=BN

AE9 DO, T-N, T-P % Chl-addl 2 x= & AFol7h glsle

DAt 9

ZFolE YEMAAT. QUALKO R 9ol T-PE A9 3 YA 359

= 20% olWoll o QUALZE RHET AdA o] ¢

==

#dde

F % 5} o}
2} S Table 40 2 410 el T}

Table 40. Relative error of the simulated & observed variables for

verification of QUALKO model (Unit:%)
S AA DO BOD T-N T-P Chl-a
Azl 1.91 0.07 0.13 0 0.05
=7 6.43 277.00 16.28 29.60 -
4& 10.64 29.71 7.61 110.91 9.05
iy 6.32 18.92 8.01 46.84 4.55

Table 41. Relative error of the simulated & observed variables for
verification of QUAL2E model (Unit:%)
A A A DO BOD T-N T-P Chil-a
AR 1.94 0.74 0.31 0.38 0.00
=v 6.34 6.67 16.36 28.49 -
q4E 10.53 71.43 7.81 109.09 9.00
B 6.27 26.28 8.16 45.99 4.50
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E5eE 2 FERSHS 4o, QUALKO 249 2 QUAL2E 222 o]&

3,755.81ke/day ©] tt.
A HF&S FAHA7F BOD 42.7%, T-N 41% 2 T-P 69.9% 2 A1 ZAHA &

AR S epe] bl g g

2. i A Al el o g AH3EE& 2 BOD 86.5%, T-N 70.12% % T-P 86.92%
24 W EH-3k =S BOD 8,751.83keg/day, T-N 4,854.59kg/day % T-P 491.36kg/day
o] t}.

HA Y A& A A7 BOD 56.5%, T-N 49%, T-P 454%=A A & &
T AGAZE AA e BT o] dEF ARty ot

3. AT e SRS BOD 894.61kg/day, T-N 1,088.36kg/day, T-P 26.25kg/day
2 ey

4. F 7HA] Bdo) 22 AeE AEsted vA L HI5e9S W DO, T-N, T-P ¥4
Chl-a®] A&AA L v]$35a, BODE QUALKO 2o A dAo] J3stA vebyk

@ DO9 4-F R#t# AdHex= QUALKO R ®AA 0.99, 456%, 5 Al
0.99, 6.32%°]a, QUAL2E R 9> ®AGA] 0.99, 4.44%, AFA 0.99, 6.27%=

A F male] Aol wsehth
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@ T-N9 4% R#t# e xt= QUALKO =2 ®BAA 0.79, 3.89%, 5 Al
0.84, 8.01%°]31, QUAL2E =22 HAA 0.82, 3.91%, 5 A 0.86, 8.16% = A

% mdel Adyol wza.

@ T-Po A% Rz Ao xs= QUALKO 22-& B AA 097, 1.99%, 734
0.52, 46.84%0°] 3, QUAL2E 2d-& B AA 0.93, 536%, AFA 053, 45.99%

24 BAA AdAeAE Addstas 5 2R A o] 2okt

@ Chl-a® 4% R#td oo xt= QUALKO 22 HAA 099, 4.45%, A5 A
0.93, 455%0°] 11, QUALZE = ¥> B AAl 0.99, 445%, 5 A 094, 4.50% = A

T wae] AAAel e,
® BODY 4% R#r¥ Adoxs= QUALKO P2 B AA 099 6.1%, A35Al
0.83, 18.92%°] 11, QUAL2E =92 ®H A A] 059, 51.36%, A5 A 0.21, 26.28% =

A QUALKO Edo] AdA o] &z sl

5. 9574 sHRel U@ F wde] fAudy Ax 2Rl 4% G ne e )

2d QUALKO 2®o] QUALZE Rt £A54E o 24 wgss Aoz e
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g = FETY iy EFEE(g/m)
BE3ac |2%3=| BOD | T-N | T-P
TZ, u7)71F - A A4 1511 1 2128 | 253.0 | 33.0
S E Ty - AgAA 1512 2 1912 | 2280 | 21.0
A gD Gaory - A A AA 1513 3 979 20.0 5.7
T AEA FAAEAA 1514 4 1026 73.0 | 21.0
GE5E Ax -t AA 1520 5 1274 94.0 12.0
ofoj 2~y g A LW F A A 15202 6 1809 21.0 11.0
TEIFAA 1531 7 350 89.0 3.0
AR 2 FFAZAA 1532 8 2086 25.0 5.3
T2 AL EAZAA 1533 9 921 2220 | 25.0
W, ZEGA AFAA 1541 10 1469 10.0 1.0
Aw A xAA 1542 11 253 14.0 5.0
FZolAE D Ay zAA 1543 12 1153 24.0 8.0
=4, 3 2 FAAE AxRAA 1544 13 572 1130 | 35
zr 8 42 AFHNE AzAA 1545 14 1070 | 118.0 | 14.0
AT, AF 2 ZAFEZ 5 AXAA 1549 15 1212 60.0 35
T R A E ARAA 15494 16 1245 78.0 7.0
QL AFAIE A 2 A A 15495 17 196 17.0 0.3
AZFAFE Az A 15497 18 692 1180 | 25.0
AL zF 7tE, AFAA 15125 19 1912 | 2280 | 21.0
g BHEA 4 AEFE AxAA 15499 20 572 1130 | 35
FAA A A 1551 21 19090 | 1649.0 | 81.0
2F - HF AT - RAFARANA 15512, 1552 22 1914 56.0 | 10.0
Mol W W Az 1553 23 1761 234.0 | 11.0
H oY SEF AxAA 1554 24 1309 16.0 0.9
Sl A=A A 1600 25 532 38.7 1.4
AA BH P A xAA 1710, 1720 26 1198 21.0 44
AREd, 834 9 3 AA 1740 27 631 378 | 164
71eF A Al E Az TAA 179 28 356 73.0 13.3
7V, B 7k H Al E A A A 1820, 1910 29 2000 1255 | 20.1
Ak 2 A A 1930 30 203 16.4 41
AA, ZA N D FaARANA 2010 31 107 1.1 0.0
Hx Fo] 9 FolAF AZXANA 21 32 737 19.5 2.9
=3, AHAA 22 33 950 35.0 9.0
A D FAAEF AxAA 2310 34 1200 | 5000 | 0.0
A A A A A 232 35 123 12.3 1.1
AfsH CF, ZHAA 232 36 150 18.2 0.7
A8 (&8, AA)AA 232 37 131 8.9 0.6
2/ 2 age AxAA 23221 38 69 17.9 1.0
g BHEA e HpAAAA 232 39 140 18.2 0.1
YAz A 24121 40 825 189.9 | 0.1
203, 7t A 2 4ot ARAA 24129 41 9920 14.7 0.7
AR S FEAZAL (TS E Ax) 24129 42 383 1435 | 1.3
ok, AA G AxAA 24129 43 176 39.2 0.5
Gryol A4 2 FEAFE AFAA 24129 44 310 1435 | 1.3
Zolekm A zAA 24129 45 113 2875 | 0.6
w49 AgE, FatsE 2 d AxAA 24129 46 6 6.0 0.1
st GAEDA AL T8 SAE AZAIL] 24129 47 310 1435 | 1.3
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g = EENY| 9= EF %5 % (g/m)

PHA= | BEFI=| BOD | T-N | T-P

sl GAEEAZAL HEEY AZAA 24129 48 22 14.7 0.7
AL E & A3 E 85 SRAGTE AlRAE | 24129 49 994 2036 | 2.2
98 EHREA gL 7x %ﬂi}ﬂ Az A A 24129 49-1 624 1813 | 29
A, AEA A7 AFAA 2413 50 550 32.1 6.6
a8 2 Ve FAA AxAA 2413 51 2551 3547 | 2.6
Aekslet s Al A A 24112 52 5362 5946 | 2.0

AHE FEE AXANLGIIEEE AX) 2411 53 1132 86.8 2.2
ojdd 2 ZzAudA g2 A2AA 24111 54 1395 55.0 1.3
a7 3egEd AxAA 24111 55 1050 18.7 0.1

HFeElO A sEd AEAA 24111 56 1150 99.6 0.2
AtolaZH e A gt e AzAA 24111 57 700 86.8 2.2
olAxAA I EAL AxAA 24111 58 700 86.8 2.2

WS a3l aad e AxAA 24111 59 1062 1996 | 0.2
Atol A2 AA sl EA A=A 24111 60 700 86.8 2.2

ol EA FFEA AZAA 24111 61 700 86.8 2.2

g2 EFA o Hfasl 7 xse g AFAA| 24111 61-1 1003 60.9 9.3
A2 UFsasE AxzAd 24113 62 302 276 54

g BREA 42 v xseE x4 24119 63 945 186.0 | 8.3
g Al ZE=AA 2414 64 809 376.3 [1130.0

A F A zAA 24151 65 139 214 6.3

FAFA AxRAA 24152 66 604 551 | 10.7

AN A 2 O FEA AFANA 24153 67 629 1610 | 0.0
At - 2E3A 2 Y E SEAFE AL 2431 68 5002 156.7 |1002.0
=8, 93 2 FAAE ARAA 2432 69 1562 133 | 104
oVE, ng e L AkAA AxAd | SO0 | 0 | w08 | 204 | 75
v A Z A A 24332 71 795 0.0 0.0

ARSgA 2 FgAA AxAA 24331 72 5433 11.9 05

2 oF A zAA 24332 73 816 149.0 | 9.0

AE A=A A 24333 74 501 98.1 2.3

g " gadeA A zAA 24334 75 40 10.4 0.6

g EREA e v, AASEA SgE ARAA| 2433 76 1561 1544 | 85
Wk 2 pEAgE Az A 24392 77 410 43.9 8.0

A 2 Agpel AzA A 24393 78 406 27.7 7.3

3ok @ HuAE AxAA 24394 79 50 48.0 0.1
gy Sl AzRAA 24341 80 350 26.6 0.2

AR gstAlE 2 23AE ARAA 24342 81 203 1.7 1.4
tad, AAY Ax 2 a5 F - A 24391 82 101 2.4 0.0
g EHEA @2 Vg i}fﬁxﬂ% Az A A 24399 83 1793 80.4 4.0
et AxAA 2440 84 705 46.4 8.3

AEAE AxzAA 251 85 249 334 | 389

Zadag AFE ARAA 252 86 481 1107 | 2674

e 2 FAAE AxAA 261 87 374 1200 | 05

T27) A zA A 2621 383 209 18.0 1.2

adAE AZANLD(EA7], F2 A9 2622 89 63 5.6 7.8
ANNE, X3 Zare 2 2AA 2631 90 19 0.0 0.0
ZIYE, AHE 9 Zg2EgAE AxAA 2632 91 64 0.0 0.0
A A E A=A A 2691 92 2 5.0 0.0
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o = EFAY] 4% EF%FE(g/m)
Ve REa=|RF3=] BOD | T-N | T-P
g RHEA 42 nFEFE AR 2699 93 22 0.0 0.0
WERE 27111 94 69 0.0 0.0
GFHG Az A 27112 95 49 51.9 43
A 7F A A 27111 96 35 37.3 3.1
g EREA ge A" 9 AgAA 27119 97 16 28.4 14
Ay, 34E 2 AEAF AFANA 27121 98 24 235 0.6
Wdd, dF 2 AddAFE AZAA 27122 99 25 51.8 8.2
AR AzAA 27123 100 24 40.6 2.0
3 AzAA 27132 101 68 162.2 3.1
2 EREHA &2 A 49, 4 E, 9x BN 271 102 39 66.8 0.2
g BHEA &2 Je g aAA 2719 103 42 34.3 29.9
T2 Ad 9 AN 27211 104 28 32.0 1.9
dFuE AW 9 AHAANA 27212 105 8 40.0 0.1
g oAE 9 gEaaAd 27213 106 239 1105 5.8
old AW = AAANA 27213 107 63 535 1.6
gz EFEHA &S v ZFE AW 9@ AEAA | 27219 108 10 0.0 1.2
T2 4d 9 dEANA 27221 109 35 675 1.2
dFHE 99 9 EAA 27222 110 27 29.6 0.9
g BHEA @S v IS dd 2 GEAAE | 27229 111 30 1185 6.8
71Ef v H TG4 AP AA 2729 112 73 46.8 6.5
& FxAA 273 113 22 73.2 0.0
ZEeHAE AEANA 28 114 885 385 43.4
AAdd 9 Aol & AFAA 3130 115 48 36.3 3.8
A 2 da AR AFAA 3140 116 17 30.6 1.7
A7 2 29 FA Axr4d 315 117 16 25 0.1
AARF, 94, 5% 2 T30 Axr4d 32 118 26 50.5 6.3
b A FEAA 361 119 30 44.0 66.0
Aed AT 2 AAAF ARAA 3691 120 67 2.9 3.3
ob7] A ZAA 3692 121 175 16.5 0.0
+% 9 AUNET AxRAA 3693 122 81 58.0 9.2
g BREA e gy FAF 2 dEF AR 3699 123 67 29 3.3
st A 4011 124 17 36.0 0.1
He AE AzAA 15542 125 15 3.3 0.1
FEAGAA 410 125-1 39 4.0 1.0
At Ey 2 AHe 7491 126 294 25 2.0
FAE Ao (F4 700m ©] ) 51313 127 643 245 4.0
A (80 A oA 8511 128 206 31.0 1.6
HArAgde AFHHgAA 129 47 8.1 0.1
AEA A (£3 2mold T &4 18 o) 9391 130 198 9.3 1.7
Aesgd Al (AesE 8000E/9 o) 101 131 60 2.0 0.1
53 gAA 11 132 54 5.9 0.8
EAY A F - 7tEFAA 121 133 36 125 0.1
g EHEA 42 3y 2 gHy 122 134 35 0.0 0.0
AAA A At B A, $EAA 135 15 3.3 0.1
A AFEAA 136 15 3.3 0.1
o] 8 stA YA A (FH 100m' °] ) 137 104 13.3 0.3
TEAA 138 67 2.9 3.3
SEAH S B AR mE AHAA 922 139 149 7.0 1.0
o] mEREF &34 otysteE Al 140 557 74.4 5.0
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