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SUMMARY

1. Title : Development of water quality index and management model for

agricultural reservoir using artificial intelligence technique(II)
2. Research period : Mar. 2012 ~ Dec. 2012

3. Necessity and objectives
3.1 Background and necessity

© Water quality model is used for predicting reservoir water quality and
estimating construction cost in planing stage of agricultural reservoir water

quality improvement project.

© Developed popular water quality models are very difficult for hands-on
workers who have a little knowledge and experience of water quality
model because they require much parameters for model setup and are very

complicated.

O Reliable simple water quality model is needed for hands-on workers for

agricultural reservoir water quality management.

© Water quality management model can be developed and utilized from
monitoring data of water quality monitoring program using artificial

intelligence technique for agricultural reservoir water quality management.

3.2 Objectives

O Development of water quality monitoring DB and monitoring data analysis

system for agricultural reservoir

© Development of water quality index and management model for agricultural
reservoir (2012~2013)

O User manual development and distribution of developed water quality index

and management model
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4. Scopes and results

4.1 contents and scopes

1)

Analysis of watershed and water quality characteristics for agricultural

reservoir

Agricultural reservoirs were selected for analysis of watershed and reservoir

water quality characteristics

Flow rate and water quality of selected agricultural reservoirs was

investigated

Analysis of watershed and reservoir characteristics of selected agricultural

reservoir using monitoring data from water quality monitoring program

A corelation analysis among watershed, stream, and reservoir using

monitoring data from water quality monitoring program and field survey

2) Development of water quality monitoring DB and monitoring data

analysis system for agricultural reservoir

O

Collecting monitoring data related with water quality monitoring program of
agricultural reservoir (facility data, pollutant loading, water quality data
etc.)

Analysis of collected monitoring data
Development of monitoring DB using MS-Access and MySQL

Development of web-based monitoring data analysis system to search and

analyze the developed monitoring DB

3) Development of water quality management index and model for agricultural

reservoir

O

O

Case study analysis of water quality index

Derivation of the major factors which is affected to reservoir water quality

among monitoring parameters

Development of agricultural reservoir water quality management index

derivation technique using artificial intelligence technique
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O Development of water quality management index using artificial intelligence

technique
O Development of water quality management model (2013)

O Development of scenario analysis function to add to developed management

model

4.2 Results
1) Analysis of watershed and water quality characteristics for agricultural

reservoir

O Stream and reservoir water quality was investigated in the selected 31
agricultural reservoir among 55 agricultural reservoir located in Gyeonggi
province to analyze correlation among 'pollutant loading and reservoir
characteristics', 'stream flow rate and water quality', and 'reservoir water
quality'.

O There is close correlation between ‘stream flow rate and water quality’ and

‘reservoir water quality’, whereas there are weak correlation between

‘watershed and reservoir characteristics’ and ‘reservoir water quality’.

O There are close correlation only between pollutant loading and reservoir
T-N concentration, and between reservoir effective water depth and COD,

TOC, Chl-a, T-P, CI" concentration of reservoir.

O Although discharge pollutant loading is better than generating pollutant
loading for estimating reservoir water quality, generating pollutant loading
was used for correlation analysis because there is no discharge pollutant

loading data in agricultural reservoir monitoring data.
2) Development of water quality monitoring DB and monitoring data analysis
system for agricultural reservoir

O Collecting monitoring data related with water quality monitoring program of
agricultural reservoir (facility data, pollutant loading, water quality data

etc.) from scattered information systems and various source.

O Analysis of collected monitoring data and development of monitoring DB
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using MS-Access and MySQL.

Analysis system of water quality monitoring data was developed using
Adobe Flash to provide various analyzed data and statistics values in each

management units and year.

Internet map based water quality management system (including data
analysis system and data management system) was also developed for the

spatial distribution analysis of water quality monitoring data.

Developed water quality index and management model will be added to

water quality management system in 2013.

3) Development of agricultural reservoir water quality management index

O

From the case study analysis of water quality index, many countries use a
single water quality items for water quality index similar with Korea, and

several countries use a WQI or ecosystem index.

Development of agricultural reservoir water quality index derivation

technique using artificial intelligence technique.

Developed ECM (Evolving Clustering Method) estimated exactly water

quality grade and fuzzy rule from COD concentration of reservoir.

Three types of water quality index (TSI, LQI, K-WQI) was considered for
agricultural reservoir index. LQI type index was selected for agricultural
reservoir water quality index because it was developed by long term

research period and using several water quality parameters.

Agricultural reservoir water quality index LQI, was developed by same

method with LQI using 7313 agricultural reservoir monitoring data set.

The major factors which is affected to reservoir water quality among
monitoring parameters were reservoir characteristics (watershed area,
surface reservoir area, reservoir volume, depth, irrigation area), COD, T-N,
T-P generated pollutant loading of each year (population, livestock, point
source, total), yearly precipitation, and ratio of average yearly precipitation

for 30 years.
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O Fuzzy rule which can calculate agricultural reservoir management index was
developed from reservoir characteristic data, pollutant loading data,

precipitation data, and calculated water quality index using ECM.

O Several water quality management index were developed using fuzzy rule
from reservoir characteristic data, pollutant loading data, precipitation data

except reservoir water quality data.

O Developed water quality management index which was calculated from
reservoir characteristic data, pollutant loading data, and precipitation data
was very similar with water quality index witch was calculated from

reservoir water quality.

O Water quality management model will be developed in 2013 using various

artificial intelligence technique.

4) Development of agricultural reservoir water quality management model

derivation technique using artificial intelligence technique

O Genetic programming was selected as artificial intelligence technique to

develop agricultural reservoir water quality management model.

O Selected genetic programming develope reliable model equation which can

predict reservoir water quality from monitoring data.

O Agricultural reservoir water quality management model will develop using
GP (Genetic Programming) from watershed pollutant loading data and
reservoir characteristic data such as surface area, watershed area, water

depth, and storage volume in 2013.

5. Expectation and utilization of the results
5.1 Expectation

O Water quality management of agricultural reservoir using developed water

quality management index and model
O Development of agricultural reservoir water quality improvement technology

O Agricultural reservoir water quality improvement
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5.2 Utilization plan
O Utilization for agricultural reservoir water quality management tool
© Plan and design of agricultural reservoir water quality improvement project
© Determination of optimal waters quality improvement measure

O Developed water quality management index and model advertisement by

publishing research results
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(& 2-1)

AF2A JFAFA §9 L AFA AL

| v | AS | & | eyt (g/day) | AFAFE(me/L)

wa | wd | % | 4

(ha) | (ha) | (im)| (m) | BOD | T-N| T-P| COD| T-N| T-P
=i 725 13.6 641 47 22 19 1.5 57 142] 0.037
s 616| 34.7 858 2.5 191 94 13.3 122 399 0.114
Iy 170 4.8 145 3.0 4 5 0.3 50 094 0.023
=3 980, 144 701 49 86 61 4.8 4.3 1.93] 0.030
aAF | 7,100 229.9| 15217 6.6 1,575 822 1139 58| 3.20] 0.097
=S 485/ 32.0] 1,859 5.8 38 28 2.8 50/ 161} 0.032
ke 360 155 488 3.1 24 19 1.5 10.2] 0.99| 0.087
U5 630 154 576 3.7 13 17 1.2 4.3 1.47) 0.026
FA 225 12.0 878 7.3 3 4 0.3 49  1.03] 0.022
|4 790, 53.8| 3,064 5.7 53 40 3.2 6.2 1.36] 0.026
£ 500, 24.7 715 2.9 449 226 434 105 280/ 0.092
o]% | 9,300 305.4| 20,906 6.8 1,875 927 1146 6.5 1.77] 0.217
u| Ak 4421 204 1698 8.3 25 20 1.5 46| 2.13] 0.021
£ 1250 ?21.6 943 4.4 78 52 41 3.7\  2.14] 0.020
*F 710 145 483 3.3 282 94 10.5 6.9 1.85] 0.089
714 755 39.3| 2,164 55 120 72 7.3 53 1.38] 0.042
Ela=! 1,220| 36.6| 1,166 3.2 405 146 14.4 94| 1.88] 0.052
s 628 55.9| 1,014 1.8 556 283 431 11.9] 1.26] 0.149
&4 | 1555 836 2,077 2.5 1,448 4471 49.1 105 4.32] 0.207
HE 716  36.2| 1,071 3.0 145 63 6.1 9.9 203] 0.102
g$- | 2,270 82.7| 3,547 4.3 445 224 22.7 7.6 1.47) 0.069
T3 1,320 50.3| 1,840 3.7 348 147 145 8.3 248 0.086
w9 830 49.4 600 1.2 252 154 21.7 11.0 248 0.177
&4 700 377 1,023 2.7 81 50 47 10.4 1.78] 0.067
Az 391 15.8 544 34 79 41 3.7 5.8 1.66| 0.041
T4 287 184| 1,223 6.6 25 17 1.9 56| 1.60] 0.030
Sl 380 254 894 35 31 19 1.6 6.9 189 0.057
Tk 375 223 614 2.8 592 318, 504| 119| 2.08| 0.181
% | 4,830 138.4| 12,047 8.7 226 200 18.2 49 154 0.026
vlE | 1,240 405 3,486 8.6 66 54 45 5.0 1.20] 0.022
A8 730  16.6] 1,594 9.6 15 19 1.3 3.9 142] 0.022

¢ AR ALK N12d A)F

_15_




AAE 3] AFA e FAUAL A 170 ha(RHE), Ao 9,300 ha(o] &)
W it 1371 ha2 AgAE vfe- F 2polE UERHATE A A A €]
BOD %‘*ﬁTo}%~ # 2> 3 kg/day(E70), AN 1,875 kg/day(o]&)ol™, Bt 424
kg/day= WHEFSETE 2 ) BOD HHgt's} —3— o] 744 = o] x| 9} 7AHA o]
A A2 = el on, 9E52E 590
%= o BOD F-sf o] 1448 kg/dayi Hpr 171] U EFET 9 oduka gl?,g}
FEAE AQfstals Al S5 F §T0}F*°ﬂ =7 L]-E}L]— A 3
SR R *1J4J47:]] (R>>08)2
5]

20129 A5 Aso] oA A5 9 CODE Bt 7.
HEAFAZ} 122 mgLE 7HY £ FES deon, thgo
FA7k 119 mg/LZ A vhebskeh, COD7H &

A% 747t 37 mg/Let 39 mgll® 4A5H N5HE dehigle,

(& 2-2) A2 GFAFAY §954

6ol A kA 5312 (kg/day)
(ha) BOD T-N T-P
min 170 3 4 0.3
median 716 36 61 4.8
max 9,300 1,875 927 114.6
mean 1,371 308 151 18.8

(& 2-3) A2 GFASAY AFASH

- 3 il T = ]Z_Z_:L

A gy | cop | T-N | T-p | 5
min 145 | 48 | 12 | 37 | 094 | 0020 | 2
median | 1023 | 320 | 37 | 62 | 177 | 0052 | 4
max | 20906 | 3054 | 96 | 122 | 432 | 0217 | 6
mean | 2712 | 504 | 47 | 72 | 191 | 0073 | 4
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lo
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o
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SN
o
Ho
ot
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lo
ot
i
a0
e
o
ol
ol
8
Au)

Q=Q+Q+-+Q, (412-1)
C* Q@+ CF Qy+++ C
_ Ql 2 QQ n Qn (219-9)
Q1+Q2+"'+Qn

A sAEALAN Haf FAAA oL ALAL §3 8 pae
Abeh Ak (E 2-4)9h (E 2-5)9 2k fekae] A @}ﬁurow i
]

B = e o}ﬂﬂ 3
Eis COD%:EE 6.9 mg/Laigﬂﬂ, ST ATA FYste] 236 mg/L=E Al
=} A
e}

H
AAFAL] 450l 16 mgle AY e Hw

o
ol
_>.L
=
x
Ho
E_,
o

ﬂlﬂl 111}{‘

5
7 ¢ CODE =& ‘(F)T 1o Bk LE—71] LHER L°ﬂ, T-N#}
T-P= AFAdA o ¥ =5 veiidn 2011d 25744 "F+ COD,

6 243 mg/L, 0.100 mg/LS1 whH el 20121 5 o]
5 mg/L, 2056 mg/L, 0.0563 mg/L= 20113 3 vt} COD+=
= 92 555 YA
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(B 2-4) 2012'd Fdskd FFEA 43

9 | % | COD | TOC | SS T-N | T-P | Chl-a Cl
x| (m/s) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/m’) | (mg/L)
a4 | 0.034 2.7 15 53 | 341 | 0.040 2.3 6
A% | 0023] 190 | 148 | 100 | 1466 | 0435 55 49
2Hgk | 0.003 4.0 2.8 48 | 090 | 0.019 0.5 6
=z | 0.103 2.4 16 2.7 | 290 | 0.016 2.1 11
sk | 0172 5.4 33 | 126 | 322 | 0.086 136 14
g2k | 0.009 3.4 19 49 | 313 | 0047 1.2 9
&2 | 0.008 4.0 2.6 36 | 240 | 0.067 15 13
A | 0.014 2.2 1.2 1.3 | 139 | 0014 0.6 5
A | 0.029 1.6 0.7 04 | 211 | 0.008 15 4
a4 | 0.045 56 30 | 184 | 271 | 0.097 5.0 8
&3 | 0009| 236 | 174 | 600 | 564 | 0273 10.0 32
°l%F | 0.084 7.1 43 | 234 | 285 | 0.093 72 21
u) Ak | 0.057 2.7 15 25 | 514 | 0.208 2.6 7
49 | 0.047 2.4 1.2 20 | 383 | 0.046 3.2 13
T3 | 0.084 4.6 25 65 | 387 | 0.160 5.2 23
714 | 0.005 5.2 32 | 140 | 246 | 0.056 55 17
Bk | 0.063 9.6 6.4 6.7 | 1142 | 0217 3.0 42
S| 0009 | 148 93 | 382 | 740 | 0810 8.0 61
<45 | 0.063 56 33 | 245 | 590 | 0135 2.0 50
BE | 0016 186 89 | 228 | 961 | 0.787 438 122
g9 | 0.099 7.4 39 | 297 | 1.72 | 0104 6.2 15
FH 0022 150 88 | 127 | 1239 | 1.022 72 50
o9 | 0.204 8.6 36 | 492 | 443 | 0.103 6.8 293
|5 | 0.002 2.6 1.2 35| 387 | 0.083 6.9 9
23| 0.007 6.8 4.1 49 | 304 | 0204 47 39
3 | 0.017 1.9 0.8 20 | 296 | 0.023 1.4 3
od | 0.014 2.6 1.2 25 | 445 | 0.029 2.3 20
w4 | 0.007 | 117 76 32 | 909 | 0475 179 40
=% | 0.155 4.2 1.8 | 146 | 322 | 0.074 3.4 12
e | 0.008 5.7 34 85 | 213 | 0.101 3.8 14
e | 0.027 3.1 1.1 2.7 | 189 | 0.036 16 16
mean | 0.046 6.9 42 | 128 | 465 | 0.189 438 33
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(& 2-5) 20124 A=A JZFEA 23

qzx ] COD [ TOC [ SS | T-N | T-P | Chia | C | %4
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/m) | (mg/L) | 538

03 60| 36| 84| 209] 002| 151 6] 4
4% | 288| 100| 196 425| o0164| 3011| 22| 6
e 56| 39| 56| 132] 0034| 104 8| 4
= 34| 20| 76| 272] 0021 2.8 8| 2
St 52| 41| 20| 243] 002 23| 10| 4
=R 40| 29| 31| 178] 0023 19 7] 2
el 86| 49| 104| 070| 0054| 182 9] 5
B 32| 17| 58| 215| 0014 19 3] 2
] 48] 31| 29| 120] o021 53 1] 3
WY 50| 25| 144 171] 0036 30 6| 3
a% | 188| 76| 124 29| 0097| 1323| 14| 6
ol% 46| 30| 45| 157] 0023 32| 16| 3
o)A 38| 23| 10| 245| 0029 24 7] 2
g 32| 18| 20| 335| 002 12| 10| 2
T 54| 36| 70| 249| 0o0d0| 19| 2| 4
e 52| 34| 45| 092] 0027] 100 9 4
g 84| 52| 75| 241| 0033| 124| 31| 5
= | 140| 80| 11.0| 105| 0119| 530| 53| 6
9% | 124| 60| 265| 356| 0093| 598| 52| 6
we | 116| 54| 260| 262| 0106| 261| 68| 6
9% | 148| 65| 175| 097| 0091| 83| 19| 6
) 92| 51| 190 =241| 00s6| 406| 39| 5
me | 114| 51| 165| 169| 0063| 646 168| 6
e 92| 46| 155| 182| 0065| 526] 15| 5
BE 64| 38| 60| 203| 002 73] 20| 4
= 70| 35| 70| 162| 0043| 143 50 4
oid | 112| 67| 90| 156| 0082| 520 16| 6
W | 200| 91| 150| 229] 0136| 1714| 31| 6
) A4| 23| 40| =217| 0023 521 11| 3
= 56| 31| 35| 153| 0023 59| 10| 4
P 36| 18| 15| 170 0011 19| 13| 2
mean 85| 44| 96| 205| 0053| 379 23| 5

5(71‘32‘)’& 63| 34| 16| 241| o100| 278 15| 5
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FU§AEAL K9, KAHA, AFAsk] FHHAS B 9
01158 NI2A7HA 2 7% W A5FA 9] F9sHa9 3 2 54, 4
A FAS 2 AN Y AR F9 % ASA A, AFA FA4EE
SPSSE ol 3 HHEH S AAHA ZHFARSE AZARE <19 23>
3} o] SPSSOl Y F F FRAARAS sgov], 1 ANE HFow ofd
AR A W AFA SR e v A B

oly] } =
mE HIE 2NV HOEHO 2O =240 JHEEG FHU2EW FW

SHOM c » Bl 8 S0 B0E A0

Fasts M2z | e | fsad | s0DR BODH ™ |
36000 544200 16.00 310 26.60 3120 10.70

)

wE0)

71000 158200 1500 320 25470 26280 6860
980.00 983.00 14.00 500 5680 7030 230
63000 162100 1500 380 550 1250 150
50000 2869200 2500 290 37560 38210 169.10 | =
17000 5318.00 5.00 290 570 7.60 150

Ba B
BEOBOEE0EE!

61600  1039.00 35.00 250 228.30 235.10 103.20 1
77000 1262.00 38.00 270 54.50 64.10 1470
287.00  4976.00 18.00 680 36.40 39.70 14.90
485.00  4612.00 32.00 580 33.30 39.30 14.00
79000 1080.00 54.00 570 78.30 87.80 37.50
22500 4022.00 12.00 730 1.00 320 0
1B |oa 7100.00 206.00 23000 660 155970 1637.70 758.50
W |zs 73000 3968.00 17.00 9.40 720 14.80 1.90
15 |2= 4830.00 259.00 138.00 870 50.80 104.40 2220
16 |0k 124000 1153.00 41.00 8.50 49.90 63.60 2180
7 oE 9300.00 63.00 305.00 690 184600 196110 622.40.
18 |wre 1220 00 689.00 37.00 320 218.40 232.90 79.70

o008

%

19 ol 38000 4595.00 25.00 360 4830 52.90 1660
FEL:] 756.00 725.00 39.00 550 67.60 76.50 2870
A== 71600 122800 36.00 300 133.50 143.00 39.60
2 g2 1555.00 471.00 84.00 250 520150 622170 140930 14
22 =R 83000 109200 49.00 120 272.50 284.90 125.70 1
24 |92 2270.00 40400 83.00 430 382.50 411.00 129.00. 2
2% | ERE 132000 194.00 50.00 370 170.90 187.10. 6020
% |s% 62800 1315.00 56.00 180 198.80 206.90 8150 1

3. w8 vs. AFA
4

20110l A 2012 2 3F A5 st 7 2 AT A5A
of FAAAEZ B4 A= (X 267 2ok dAH o= spde FH AP
A FAALolo] w2 AABAE e, fryske] sl AFA ] A
T 9IS A= WS & F Ak 53] FdstHe 2 E F A5 74
o wx]= 9&o] COD, TOC, T-P7} H¢tew, T-N

Aol FEFAER Bol o] §¥ = Chl-adl 432 A= FAst
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(% 2-6) f+AatAT A5A Aol FRBARA 23

2012 etz

ASAE f% | COD | TOC | SS |Chl-a | T-N | T-P | CI'
COD | -0.02 | 0.64** | 0.70** | 0.29* | 0.35** | 0.53** | 0.59** | 0.33"
TOC | -0.05 | 0.57** | 0.64™ | 0.19 | 0.23 | 0.53" | 0.45" | 0.27"
SS 0.15 | 0.44™ | 0.35™ | 0.50* | 0.47" | 0.40™ | 0.37"* | 0.45™
1™ Chica | 001 | 0597 | 0.64™ | 024 | 0.34™ | 0.48" | 0.61° | 0.27"

P

; T-N 0.24 0.11 0.16 0.02 014 |0.37*" | 0.06 | -0.01
T-P 0.05 | 0.54™ | 0.61™ | 0.14 |0.40™ | 023 |0.62 | 0.24
Cr 0.54™ | 0.36™ | 0.31" | 0.46™ | 0.29" | 0.26 | 0.32" | 0.93™
Fd5w | 004 |0.58™ |0.56™ | 0.407" | 0.35™" | 0.45™" | 0.46™ | 0.44™
o 9 vs. deA
felel 24YAR fWUA, BOD, TN, T-P #4553} f8h2
Fo 2 Fave] JRAAT BAS A3 (23 2ok §

o e ) Solo) WA W edEd BANGTOR o]5L
A Aol F7FEHA N FHehE FE o A#AAVE A vEhd A
= dddEy whdo] sl o] T-N& Alelsta fof WA 3l e ded st
2o S Eel dFe MAA g Row ey
(F 2-7) #<% 48 HaRARd 2%
0 o1 =)
201241 BS‘D"' - XOUOX’I‘JE‘Ll\I T-P
)= - -
aEE | A gvag | waves | wavse
e 0.46™" 0.52*" 0.56"* 0.53*"
COD -0.06 0.07 0.11 0.16
TOC -0.07 0.09 0.12 0.18
&} SS 0.10 0.13 0.19 0.23
2l T-N -0.12 0.29" 0.23 0.24
T-P -0.11 0.08 0.10 0.13
Chl-a 0.15 0.12 0.21 0.25
Cl -0.05 0.12 0.12 0.13
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8257 S W AA
o

o 40w A5 ZAA T
= %] a}
S4% . | BOD N [ TP W | ewm
2 = . gl
GIAZ) | G | gar | war | gan | AR | 0 |
S| 3] Eok ] go‘t 3] Eo}: e T a

COD | -016 0.16 0.16 0.21 -021 | -0.04 | -0.69*"

= | TOC | -0.16 0.13 0.14 0.19 -0.20 | -0.06 | -0.62*"
?i Chl-a | -0.15 0.09 0.11 0.16 -0.19 | -0.04 | -0.61*"
[e]

T-N | 018 0.55™ | 0.52" | 0.53™ 0.12 0.24 -0.28*
g T-P 0.15 0.37** | 0.42™ | 0.45™ 0.10 0.26" | -0.49™

E

%;ﬁ -0.12 0.13 0.14 0.19 -0.16 0.00 | -0.65™

_ 9 Z4UAR AFA EAYAR
S o BOD N | T-P . o =
(82570 %) L P E | aragE | oaragm | R2eeEk e T
= W 2 WA | AR AR {43 M A EOA!

= 5} o o} o o} o v -

COD | 0.00 0.06™ | 0.06® | 0.06 | -0.01 | 0.04 | -0.30"

= | TOC | 001 | 0.09™ | 0.07"* | 0.08" | -0.01 | 0.03 | -0.29"
4lcna| 000 | 009" | 009" | 009 | 000 | 0.05" | -0.24"
TN 000 | 024 | 022 | 0237 | 005 | 002 | -0.10"
Frp | oo |01 [ 010" [ 010" | 000 | 003 | -0.18"

T;—;"L 0.01 0.07"* | 0.06 | 0.07"" | 0.01 0.04 | -0.32*"
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Ak AAARE, 8, e, 2545
Waae AgAeln, RrASAE AN BEo] FAIEE
Z
=

A= o] Badk Aol

£

(% 2-1D) AFA 82 A4E A $HAFA

s €9 A= ki
o = A= A7 = A7 = A7 %
i A | AN | @A | ek
FEYA 1985 1959 1958 1945
9 4 (ha) 442 1,250 391 375
W4 4 (ha) 204 216 158 223
FEAFFEH) 1,826 843 544 614
ST/WS 9.0 39 34 28
44| COD vs ST/WS C-4 C-4 C-2 c-1
o &)
me SOM 1 1 2 3
COD 37 43 6.0 106
‘08
T-N 1.32 177 114 1.26
4
T-P 0.011 0.022 0.024 0.074
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Chl-a, T-N, NOs-N, NO;-N, NH3-N, T-P, POs-P, TOC= A543 F &2 Aol A
E)

T,
FaodTAY Wt B ag

3. A% A FA%A R AFA FA2A A%
7. w44 A
)44 5

FAR Gl
s

rr
do

H A 442 ha, TFHA 20 ha, A 1,826% m' 29| A
o

<3¥ 2-6>° A S1, S2, S3& A F
T AHd =8 gl el teFEdd Az A
& ovste], Reservoirs A4 FFF-oIA AFet A8 w5
A A Bl glojA folatdel FAARE FHvtEHE T
A5 =2 o] g3t

7} Ao CODgt T-N, T-P9] ¥ %+ SIAH(COD 45 mg/L, T-N 571
mg/L, T-P 0394 mg/L)¢] % %7} S2(COD 29 mg/L, T-N 249 mg/L, T-P 0.062
mg/L)¢t S34 % (COD 1.4 mg/L, T-N 1.96 mg/L, T-P 0.012 mg/L) K.t} A th 2 o =
A A debgoh ZF " 8 A F Y552 S10.038 m's, S2 0.004 m/s,
S3.0003 m’/s® AA FAHF 84 %7 SIA Y sHoREH FHATG. 2
Ay FH7tEH T ] s EE SIXH FEwse U8 s

& Holi St

MAAA A W Chl-as 9% WS 28 Holtp o5l 10437 1€
Zb7} 202 mg/L, 148 mg/L=2 M3 £ FFS HSlom, COD, T-N, T-P+= 8
ol g Emghoy AT 2 Aol vEuA Ut sk FEe] A
COD, T-N, T-P7} 6ol v Al7]ol mla] 5 ul} o]de] s&=& Yepfa 39
o1}, 69ellE el 0007 mYsz v ol T FYN-SFFe] 287 thE A
Zlell wlel 2okt mAkA A oA f sk e] T-N, T-P= th2 L9 A%
A=px e gk of wlaste] vizel AL 2358 & w5 YERRlsH o
= el AT i FEANLERTE Sy wjEFel 9 Zloln vl
MAFAE 5 e dFde] FAHT s AFA FAL vE AF
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S1 S2 S3 Stream Reservoir S1 S2 S3 Stream Reservoir

=
o

N

o

B [e5)
= =
o wv

[

COD concentration(mg/L)
(o)}

N

Chl-a concentration(mg/m3)

o
o

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

S1 S2 e S3 ——Stream ———Reservoir o S1 S2 S3 Stream Reservoir

— ~12
S12 2
£ £10
S 5
B 9 - 0.8
k- =
g6 g 06
S 5
o 04
Z 3 o
= =02
0 0.0

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

7%= &QlAle A SEYATA = 99U 1,250 ha, THrHA A 22 ha,
Agde u3d w FRe A4AZ ARl 279 fedahHol s2 A HelA TR
a slor, 4ol u]m £ AsA ol §544 2

gy A FA o)A COD, T-N, T-P, Chl-ax= 3 2tz 40 mg/L, 2.30 mg/L,
0.030 mg/L, 61 mg/m &= e " AEA G2 (COD 51 mg/L, T-N 2.33 mg/L,
T-P 0.024 mg/L, Chl-a 10.1 mg/m)¢} ] al&te] CODF Chl-aZ} tha vk Ao =
et A7l A o 2= m Ak A A oF wnpzvt A 2 7Y 2 { RS HolE 6
2o COD$}F Chl-a7l ¥ 4¢SS ®Hh

g8 A5 2] CODE= 699 62 mg/Lel AL A9et AF 50 mg/L ©l &

2 Mol Mo 4% thehllar 9w, Chi-at OBCD7F A4 & o %3}
712 250 mg/me A= A7 Gtk SEAFA ) ARF AL
0129 1i/s3 FHE 24 A 13 kel 14 Ao, o445

of Al el 7k e WERHSAT Fdel A" d2 COD 24 mg/L,
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T-N 262 mg/L, T-P 0044 mg/L=2 ZAMA T4 5 7}
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Aol &
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100 11 12
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7 8 9
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I R

0.12
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m/sFom, sE7t =A vERd 593 64l 7Hd 2T

23 A 4A 9] COD9} Chl-ax= 2+ 7.0 mg/L, 194 mg/m' & FAFE o] nj4l
S YA G2 9} vuEte] CODE Ui E%ow, Chl-at 2~3u9 7[7tE 5%
el 2lth Chl-a® 8¥€el 47.3 mg/m' & & T E Al7]o] vl =& w &
o o 5H2l 69¥ &Yl =& AS=E YENTH COD 9 Al Chl-as} w37k
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COD concentration(mg/L)
o

Chl-a concentration(mg/m3)
w
o

o
o

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

S1 S2 Stream Reservoir S1 S2 Stream Reservoir
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[
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w >
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T

N

o

N
T

T-N concentration(mg/L)
T-P concentration(mg/L)
&

T

=}
in
T

=

o
o
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<2y 2-8> AFAFA F4HA L AFA 4435

B71% bAoA & R AFA R, 9 A 375 ha, WHEH A 223 ha,
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T 6147 m' grEe) A olH, Fdshd WA A
a9 2-9>9F 2k
RhpA A o] A A fiekd e A COD, T-N, T-P7F 22t 162
mg/L, 7.8 mg/L, 0441 mg/L= YEhY TE Al AAef Hlaste] v =L E
=5 ol vk AEH o R frFe] 0002 m/sE 7 2 62l COD, T-P

Fe FEE UEhln Ak BEASRA F95AN 55 Pggstel g
| =

2 FF AAQ T-Pe= vAAFA o] fFdgof vlulste] & ol & 2
A9 CODE= 49 7HH Al =2 w525 YeEtd Ao WA a9 iz A
Bt 0015 m/s2 ZAMAFA 5 7HE #Askow, EEe] Yt AFAR
T AA HFEHA RGEsE Y] MY 2 20E A s A e
2 ddEo

S1 S2 Stream Reservoir S1 S2 Stream Reservoir

3

wul
o
mg/mN)
o
o

160

N
o
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N
o

N

o
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o

—
o
N
o

COD concentration(mg/L)
w
o

Chl-a concentration(

o
o
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S1 S2 Stream Reservoir S1 S2 Stream Reservoir
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T-N concentration(mg/L)
]
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S
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T-P concentration(mg/L)
&
T

oo
EG

o
N}
T

o
o
o

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

<Y 2-9> #EAFA AW L A5 FAu

A=A el A CODSt Chl-a®] =% 72t 216 mg/l, 1205 mg/m & L}e}
} mabA), g9, 257 sh wlaske] CODE 3 ~ 4ul, Chi-at= 10 ~ 20m) &
Ao etk AMA SR Chl-at fYFe] 22 5 69 160 mg/m' ©] 4

of M- 2 TE=E YEha gller, Blad ]l o] Srbsks 999 104
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°of 80 mg/m' W9l F=E YAt COD OﬂAl AEEgaE] Ads
71 & 98] Chl-a®} 22 Agoz AH ¥ Fx Wart vela glth

A=A = COD7F 100 mg/LE R %33} VI(UHTL}% 539 F4& YEY
I 9o, Chl-a 9 Al OECD7} A A g ksl 7|2 (1 250 mg/m' ©]|A)
o S ¥l AR T4 FHRLIAMNHE YR At
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(¥ 4-12) THESEE HrtvES

i Brt7) % e
1.9m o]&} 5
19m < F9¥E < 24m 4
AFTTHAHs 24m < F9¥E < 49m 3
49m < F9HF < 6.8m 2
6.8m Z=3} 1
1557 ©] 3} 5
13.8° < FRAAL < 16.6° 4
A 166" < FREAA < 22.1° 3
22.1° < FHEAA < 276° 2
23.0° =3} 1
90.2% %3} 5
87.8% < EYHI & < 90.2% 4
B & 835% < EYH| & < 87.8% 3
77.0% < EFHlE < 835% 2
77.0%0°] 3} 1
36% %3} 5
34% < F71EFHF < 3.6% 4
T &S 24% < F71ETEF < 34% 3
17% < 71284 < 24% 2
1.7% o] &t 1

2. =9 AHEI(H A&, 1996; 2007)

FRFAATI M Bol dT® £e wFolth 19654 Hortond 522,
pH, Z3hg 244 A7 AEE, G2 gh di BAddd 2 955
Hag 5 8/ BB A A FAANEE Aoy e,

1989). Horton ©]5-¢f Atz = 3ge] g s7idto] &/d3tw o] W= National
Sanitation Foundation®] Water Quality Index, Prati®] Implicit Pollution Index,
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McDuffie©] River Pollution Index, Dinius®] Social Accounting Systems ] #] %7}
M ATt o] T %= 19708 9] Brown, McClelland, Deininger, Tozer 5 -
Horton®] A|¢f fAFSE 29 A E AA A=, o] A5+ National
Sanitation Foundation(NSF)oll ]3] AL % 7] wjiEo] NSFWQIZ <& A o}
NSFWQI9] 443 7}aH= & 42 pH, DO, BODs, NOs-N, PO,P, %914 1%

T+, TS(Total Solids), B 5 % 97} &= o= WQIe| 44 A& tes 2o}

B }EAE o7 o] §3te] M|FAG] FARRI} Fo)
oAE s AEHJeH, A E NSFWQIO 23 e d % H7br 2 tha
£} e,

(¥ 4-13) AAA @ NSFWQIY 9§ 2 d = BI77&

NSFWQI 2H4 =] 3 7}t
903 o] T &
89 ~ 704 ¥ =
69 ~ 504 n =
49 ~ 3074 IS
297 o]3} ofF i

(2) =2l &80l v - Mecklenburg County
w2 Egoly 2] Mecklenburg Countyoll A+ A E 52 =248 /A5t
2o &x 2 BEFY] Y8 1999 FE  "Surface Water Improvement and
Management Environmental Protection(MCDEP)"E A Al & 2. 31 ) t}. Mecklenburg
Countyoll A = & &9l —}FX]Z} S ddd gos d3ds FITAARE S
=], 97]4l = BOD, DO, #4A &+t pH, =, TN, TP, TS, &% 5 971 ¢
Xa”ﬂ%—o* I g g 9tk o] e Ade FHAAEY gAS

==
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T3ste] AA A g, o
Depth, A& %, $& ZUd7zg
MCDEPel ¢J3 =i 407§ ] A
of B3l glom BAE Ax

.

ui o
o
i
=
t
re
o
-
i)
N
e o

(F 4-14) =29 E 7 o]} Mecklenburg County 2Z-AX Xz £2 AH B3R

FREAAER| F2 BY 7 )
- FAEAANA FAHHE Fuko] EA
0~25 (Pogr) oo Wiztalal FHo Be HAUF AS
59 5ol elbasel 4geta @e
26— 50 S I LECR -
(Fair) Ao 2 v eddd g £do] PN
S g | sAEAe Foy gae) AE
(Average) | JFIF7F Srhela £77F Qe AS
%_0‘
71~90 B
(Good) | s=aejAlel SrrdAol E&
Mozo | 2o RE &% 2
91 ~100 U
(Excellent)

(3) Des Moines River Water QualityNetwork(DMRWQN)

DMRWQNE o}o] @ o}FE 32 Des Moines Riverd] +23dg] T2 AE

St v ST F AT X YS ol 2afs)a

| A5l do] Aol st v A
15|

o S|
o U -

o
off
N

¥
i)
o
qr 3
ol
K
3o rIr

A= DMRWQNUW ol Ql+= 2o A E ditdEsEe

1 == DMRWQI(Des Moines River WaterQuality Index)& AF4 3}

=4 2 WHI A= NSFWQIOl +Aska 9lth &, 2 X "ol A DO, pH,

BOD, g A4, obd i A A vlo] 23t R Yot A g% SSE S48t

A (rating curve)E ©] 83t A2 Z+7+9] mdex scores T3t A= 52
7

AT G o]tk £AAEE 0~1008 Abo] 9

l, —
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4
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B o] Aol W 49 T1-00dL “AF” 5108 “HE" %508 Y 95
A oolslE ‘vl y o 2 34 ® th(Department of the Army RockIsland District
Corps of Engineers, 2002).

(4) Boulder Creek Watershed

Z 2% Boulder countyoll A= A|GFwlEo] AR HA HAS 5
1 %E== EPA EMPACT(Environmental Monitoring for Public Access and Community
Tracking) program® #| ¢S "o} BASIN(Boulder Area Sustainability Information

Network) ©]2bi= A9 Mu]|~E A Fska Ao
BASIN®f| A= NSFWQIZS % -8-3}9] Boulder Creek Watershed®] <=2 4} el
A AFUEAA AASHAL Tt o] & 3l AFFUNES A FA A +2 wf
1o & 4 Q&= TAIEE oladlE Aoz 7ldstar ok A9 4 T34

= A

3k , B, C, D, 882 ¥A|3lH, o] -8 NSFWQIo <A &tar <)

L

o

MEAE 2 Rl A AR Bel §uo e FEFAAE 4TYS
Polakel ol & FYA ol RuHES ha Qe olo] me} 24 FE FE
A RE, BV A, 59 59 ASEE, £8F 5 53} L] $EE ¥R
stol 7A@ S Brhsha vk BIMe FUE Aol gom Aeiol
Fo A%, Ae ¢ FAMA, BuY) 20, £, S8FEF, oA 4

—

= 59 858 BEFIu AFAHAEE Ful(ZEAE), Full/Threatened(#
Partial/Minor Impairment(¥-% % $}), Partial/Moderate Impairment(4-+-5- %] gt
Nonsupport(F-2] $H) = ¥ 7}stal ot

ok

~—  —

’

AT s FAS fa EEA derdy] A8 1970w ek
wslo] A F7hA] A& o7 FAS o vk 19709t WA =
= MEA gop b A ol g A7t A Fel vk EHAS Y, T A
oAz AL AR e @ QlEo] Ag o] 1983 A TEE A

NSFWQI(National Sanitation Foundation's Water
O, BOD, pH, NHs-N, NO;-N, TS, thZdt2] 67) ol A

£ ¥
g
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ol F7hE £33 T-PAA F 8747k Ak sHA e E4YEE 2 ARES o
golol §ENARE, VYU, B 5, $EEA, Ao Yra 0
HEE gusa v,

Y. 7/l Y} (Canadian Council of Ministersof the Environment, 2001)

At 4= CCMEWQI(Canadian Council of Ministers of the Environment
Water Quality Index)E 7]dtsle] Aol E % =2 o] Mubz ol AF3kS 417 o] 3
st 4= JEE 3t 9t CCMEWQI o] Aol &= Center St. Laurent, Quebec, British
Columbia, Manitoba, Alberta, Ontario 5 °ll4 WQIE AF&3taL U AT 7 vr}e]
FAE Gd3 A xE HER 7] 98 CCMEWQIE 7148}l of. CCMEWQIE Al
7FA factor® AAFE T}

@ Factor 1 : ¥ (Scope)

FI& 93717 59 54 slel=etel e woluh: 358 ehun

( Numberof failedvariables ) % 100

h= Total nvmbervariables

Variable & #2717 Fob A E FARESEE ehd,

@ Factor 2 : ¥ % (Frequency)

F2+= &3 (objective) & THEAI 71 4] B3F AL (failed test)d] W &&-S UEl

Wtk

Numberof failedtests )

F o=
2 Total nuvmberof tests

< 100

@ Factor 3 : 7] (Amplitude)

B3 BEE BEA7A 2@ 2450 4EE dehin gg e o
Aty
F}):( nse )><100

0.01lnse+0.01
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1990 d ol S Nk 12 31 232 4 (water agency)> SFd 4 HILE
A2 AHAIHE ) B AlagoR A Aseld], 7€ 4 59 S ddl
3tal7] 2 AA At SEQ(Systeme d'Evaluation dela Quality)2t ™ % gk o] A &

+ Al2ge O 29 Z7-3st4 @(Water SEQ.: River quality based on
Water component), @ 3¢ 2 F9] 033} A% (Physical SEQ.: River quality
based on Physical component), @ =% (water course)ol| 4] 2] A &34 o] 4
B} (Biological S.E.Q.: River quality based on Biological component)Z 5 A|l 37}
gtk SEQ A1 2" =888 4, A=t W4 g ol&ste 4 558 bd
AR st Zes SR S o] fdE¥ate] HrhHE A
7Fal itk SEQ Al 2"e o5 2

7129 A A (modular design)E 7FA| 3 9tk o] A]~ele 3}8A o] 3
7]%751?_ %—;ﬂ =i ;(]Oﬂ;d E)Ho]] ULZO} =) _/r: er-

0 7147, SIALAAA, Bl 4 Alolo] BAS AAFOZA B B f4

=
(heritage) w#1& 12H T + YA s+t

Water-S.EQ.+
A2 vhekst 7|3

o 4
=
N
=
fo

’
2 1570 A E(indicator) & £3 +4, $4 57, AHATE 5& ddeta g
Ver. 2014 Bol 88 &85, ALE5, B85, FAE5, PO TR,
7)ol FAYE HEo] Eﬁﬂfﬂ 6714 §=2 TRIA Hr, 7 e 1§

Tol AL Hylsl o Agrs A=
g9 A= 507 (3

Oﬁ‘i
B B
Bl [‘f

(2) d=

A Garol A AREH AL = A ARl BFAIAEE 35S DO, BOD,

q
NHyN 59 A05445 % %8 o 31 1A914 4449 57 57F shitol
Sahe oz RRHT Utk FFFAAEE FHHAOE AFHAE 2A
AFAE] AL /A3 AWsn ek House(989)E FAAEE A4



2] T(WQI : Water Quality Index)®} §=#dAF=2 FE3514 7|ds)
=AA FWQDE A A gro] Moor] =4S 1

N AR RUHHHE 9o B-saA 2ga AR 5] /)%
shai gloh &% AFRE 959 AP wdgEE YEhls PWSI(Public
Water Supply Index), =73l g A=A ATI(Aquatic Toxicity Index), & & &

8
FEagoRo Ajgolv FAHA FAE & 4T HAEE Hetstr] 9
PSI(Potable Sapidity Index)7} Qlth PWSIA & S84 a5 A gk &
A& Wedsts Ao® 13719 7Aoo s RUE P e 7128 Aot
e A e A ge, FAH R AT FEAEA M 58S VA= TS,
A, 28 gske A ol 712 Aotk F A g T ATl =117]1¢ oA
TE FHHRIE T o AFA S vk sta, PSIE LS ¥FS S
o] A3 e wtgditt olE AFEL2 et 12719 HE A S48 E 7]
Z8ba, wkeF B X7 WQI =5 PWSIE T Fobdl a8 yelhintd 54
A 7123k WQIYF PWSIO A Aozl H4E de €52 AF7F F
4 Th WQISE PWSIO A = ZE7tel ofa] miAZ 2t 3385 w5 % &
o] HFAL MG} o5 AFES IS 12709 R FH 5ATE 7%
shar, whek EA 247 WQI B2 PWSIH U dotdh 424 & et 543
TR 7] x5k WQIY PWSIelA Aozl HeE de §55 A7 4
At WQISH PWSIOl A = A &7kel osf) Al Z} 359 715X 50] AR5
RAARE ATIS} PSIo A= 548 5o] 7HA = 54 wie 7ts3& 4 &38H4 &

ZUEE TFTAL AAAE A8 N2 TG FUhEEe 23 FE U] AL
Dojilido et al, 1994). 7]1¥-&5-S BOD;, SS, T-P, NH;-N, DS, CODyp,
DOE ol & FEE Fdit Au7t 45 i, #4937t 43dd a4
o] A& & Eola, F71EEE Fe, Phenol, Organic-N, 7 %=, Mg, pH, &3}%,
Cl, CODg, A4, Ph, Hg, Cu, Cr' Zn, Cd, Ni, Free-CN S0 2 7] & 3} of A
AkE WQIETE vr2 A f-ol vk s foh AFE-EE0] ol whel WQI gho] &
22 7] Wl thE st T v dxe A g nlae A $- /‘Pi’“g Risei
7 zForok dtmm F FRO A7F AAEHAH. VI
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0< Iy < 20
20< Tgw < 40
40< Igp < 60
60< Iy < 80
80< L < 100

3} 34 thH(David, 1989).
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WQI = MIN(,,)

ZF g o] gk =9 AP THE dotd FATEA A el i 24
Aoz AFH9 2o e A4 Aage ol 43Utk AaPrE FE5
Agro] HQ i, A2 o] w9 @A A A F7FE 7 U= G o]
o]r/lr
%

of el gk WQIE 7Hetstal itk WQIL Aldb2 o529 43 2t
WQI = 0.22+SI DO + 0.19+SI BOD + 0.16+SI COD + 0.15+SI NH3-N
+ 0.16%SISS + 0.12+SI pH
4

o] 7] 4, SI = 2
Z

1= 7
o9 g 7AW, 7 7

A5 9] subindexE €V g AlLtE WQIE 0~100A
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(F 4-18) ol Aole] WQI 73t £ L=

WQI
10 20 30 40 50 60 70 30 90 100
Usage
Ak EEICEE | o edw | AR
FASH v v I T
:Jg__:_‘lg__‘_g_‘{'\__ U]/\]]‘] Q‘}:Z_]_—‘O/] Xéil—7}—
o $AG DU ame At ey |Aast Be
° " " 499 92
h=
- Eof
Dg]ﬂ'qs} t}x =35 | 89 ol AA
7'” o hES ] I:I‘A‘TO]' —.Eﬂ‘—‘q ]' =4 }'
et Ao o ] of | BOALING| = A7 sdd 4| BE el A%
B Fs el vl | B2 edd
2 AR ©
L=Nhm I =]
] ]
1 <=1 = s gl -
EJ—J_7], U—H—rr, . ‘:11‘7\'31-?171' =
A AE BA G A | A [T SelR | RE olfel A%
=z | odF
EEED
3 A i, Hg
R
1
1
AYE = B B
PN -1 1 e
-0

- 120 -



o}. %

il

2
27
W
_VOH

o

"
)

0

bol AEs ol An, o] %5 @

Z9

o 7]
o] TAHoR A A

P

SN

o

o)
af

Mo

ofp

AL
;OO

o 2% 7)ol

= (pH, =%, NO,-N, DO, BOD, NOs-N, T-N,

5}

2

a 13712 4

S

2
C BF=, SS, ClI, =%, Total Coliform)e]

ERE R

N

X

P

A

—_
fite)

il

i

o))

(¥ 4-19) L9REE AAEA A7

i
-

™
BR

, BOD, tj#t

| 2

=
T

- 94(CHLO), #=%=(COND)
- HE, RGugE

- DO,

e

"
—
o

917 1
917} 2
97 3

—_
fite)

el
o
e
)

)A

3
o
el
X
i)
—_

—_—

0

atol 3]

#} Z}H(Lohani and

S

o

=

t}

1

T

3T, T, SHHoE T
2 3}

- 121 -

-0.160 log(NOy) + 0.071 log(COND) (R? = 0.90)

WQI2 = -3.194 + 1.226 log(TURB) + 0.633 log(SUSP) (R* = 0.90)
WQI3 = 8744 - 0478 log(TURB) - 0.548 log(SUSP)+3.383 log (NO») (R* = 0.90)

WQIL = -3102 + 1624 log(DO) + 0.256 log (CHLO)

Todino, 1934).



A, tho] A 2] of

ol x| gofo A= AAFEA ] £55 B 3] 7ML g, 1y
I 7]eFe] 49 AR BEFSta Tk ARESE AE RS =& pH DO, BOD,

NH;-N, sulphide(S™), silica, 4% 5otk WQIS] d5H 9= 08l 1008744
o] grow FAY L 0~25 26~50, 51~702] WQIFA <] fs}id—a— o] §- U 513
FA, U8 s, TR sAFARE FEEHAL, 71~907 91~1009]
WQIA S 7HAE e £ adsd, v £ }ﬂ*ﬂi<?%ag
(Erondu and Nduka, 1993).

2, ol

oletIol Mt AL FA, Bl L FFAR F4859 M §EZ U
o] TDS, pH, DO, ColitMPN), Ec, SAR, CI', NO,-N, NH;-N, Cu, B, Ni & 127H4
Ron FYLAALE LENCH FHUEFE Y FROE Fhoa

T} Mohammed and Samahat, 1987).
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I 90017
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St (training)
<IE 5-2> FHEASFA FAFEZEASF AL AA AEd=

A% X% 9% 2 HENSY QBN

2001 492744

2011 825044
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5

B

(Artificial Neural Network, ANN),

=

-
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-
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=

=
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melsl UR we A Biel olelgol At 444 TzaduEe e
HAE &3 5ol =EH o] X gk e] golgk HiHo| | g5S 93 AR
7F 5T AS ATt A AstEdh ek el A v g A 2
2P 7IHE A F7F HdEo] AEHHR] AR o] Fol ok shrf= T o] 9l
th & AT M= FATEAAST MRS Q3 AFAFrIHeRE FElA V| Y
S Adgstdon, HEdAVIHS H83 & e L2 WS Matlab7|HHo 2
7N ek Sd ok
(X 5-1) A& 7153 AFAF 7148
AFAF7IH 7 T4 oA

DOJAFA A 71E FAEAF FAE | A FE AT F Ae=
(Artificial Neural Network) A A 7HE A" gHas & 5 g
@9 "7 TA 7 oluly FHoez v 7 UT g
(pattern recognition) THE A5 el oE e A
AFHA T2 1Y SEHRHS T3l Mol & | gF5E HAs AEVF B
(Genetic Programming) 5o XA 8o g A9 A8z A3t

3. AAFAAF NTE AT AEdH 2239 AT R IS
hvy

7 ATATVIEE ol 8 VALY T2 g
1) e
ECM-& Evolving Clustering Method®] 2F#Z %4 o 2 H(cluster)d =
FA371 918 H A3t Aol Zhzbe] dolH e TS S Fe fla 289l
(on-line) M2 o2 ALEdE 4 Q= A 7]vke] @3 ~(one pass) v HwHF &
aEFolth e ECMS 2 Z &kl (off-line) 2 2% AbE-E 4= =dl, o A%

ECM2 HA g 7] 93 E4352 vts7] 98] 43 3H(H 43 4l
S AE&3tt. ECM2 ‘Aslsle dZ2F992 A 2®l(Evolving  Connectionist

Systems)' &5 o ® GUIE MATLAB X A4t 7oA 289},
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(2) ECM 35 o] &3 &7 tvlelH Al (ecm)

ecme U39 WHEoE el &

[result] = ecm(dataset, parameters);

o] 71 A, dataset> Z}zhe] 3o =

= 1:-]]0]1:47}- 9)\% 83‘23(1’1’121131‘1)( H]O]—ﬂ,
parameters= A W) HEES A”EE Y] g Fxolt o] FERE U
3 o] 2719 HE=E zZhet

parameters.dihr . 2] A #h

parameters.epochs @ 23T} epochs®] 4=, whok
(7] 3% 2 0).
TRAEF AW (resulh= A e 2=

resultCent : 39 +4]

resultObj © 54 %k
result MaxD : o] A

o] &3 1= 1¥]7](ecmp)

Z(structure) 7} A H Z

B2 aPza a7 98 AHEE 5

aly @

ol B

ecmp = (result, p);

o714, pi= 57 1~4% 48T 49 9

A FAs 1
g 9laL, 5~85 ¥ T AF PCAS 148 4 vk 2709 vzl ¥4 XDarast
Yata= 125 19]7] 98 AbEE = Stk <& =

resultXData =1 : 3 WA 4 dHolgr} x=0 2 AlLHEHE= A

result. YData = 2 © 7 WA 2] dlo]H7} yHOo =2 A& = AE oA
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(4) ECM3=+¢]
o 1

step 1 :
load cgaslitxt
setp 2 :

[res] = ecm(cgas?);

%tolE =Y

B AEFE Y&l ecm E819.7]
TFE o] 83 ECMT &+

setp 3 : %= 18] 7] 8l ecmp £ 27|
ecmp(res); %Ay} gz 17

o 2

step 1 : %HlolE =4
load watZ.txt

setp 2 : %7l A"
parm.dthr = 0.15/

parm.epochs = 3,
setp 3 :

[res] = ecm(wat2parm);

setp 4 :
ecmp(res,3);

M

B HEFE A8l ecm B2 27

%1 187 Yl ecmp B L7

(5) ECM GUI A}8-317]

. ecmguil

ECM GUI= ts 293 Z2om ecmguis Y8t A3 +

nple  Centre ) Cluster Q Cur

[

[
0.0001

b1
2

<29 5-3> ECM GUI A 3=
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(@) (b) s
c
Ccoo/
i Ruz' =0
X
C]O\* X, =
Cl— " x
Cc?/ o l/ \
Rur'=0 Cei Rui
1
(C) s Cc? e G (dzj(l
* cd \-"\* * Y
CL.? x7* \ . . _f() * C2
Rul=0 ‘ Ccl2 Rut Ruz Cei
3 = 1 !
/ \ Ruf
" * X5 - s *
* * °
A o
CI',/ * T~ x * \Cl3

x;  example, ch . cluster center, % ¢ C’jki cluster, Rufi cluster radius

<29 5-4> ECM< °| &3 2d THEF #A

(¥ 5-2) ECM A&3%43 A%

A A
(a) M2 3 ofs A7) 95 oAA o,
z, - 7BA o)—cf
(b) zy P AEE THAAAL )
v OPPAE S ge
zy - 7BA ol >t
vy OPEAE A e
© L e g
g P MEE FHAAL )
(d) zy - - 7BA of—Cf
O 0dHAl : JEAEZEEH 3 WA odE s3] o] &sa 3 WA 39
FTH Cep, 2719 AE H - 9 Ru gk 02 o] &3l A HA

0 AARTTI<IE 5-4(a)>.
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O 194 @ 48 "oy e d7F Yeigvd, +1 &/ 442 5%
th 23 A] o, Al JY o x5 o] &H A, ol o & B nolH
BEE o A G Abele dwrtstE 7)skstA A e (normalized
Euclidean distances d(j)7} th&3 o] AlAtdE T
d(i,j) = la;= Ce; ||, j=1.2,m (#15-1)

ol el A 270e] gad ME 29} yrrele] AT a—y| & THEH 2
o] Aog Anrstel e H Awlg ow @t

q 1/2
[z—yl = (EL’E,%Q) /q"? (215-2)
i=1

A7 z,y € RO

iLXt; ]:‘]—]:76] Runm Ccm,:ﬂ]— O:ﬂ (Ei/\]—O]_O;{ 7%‘:'4%)\-
di,m)S 2te &4 ¢,°) A3, g3 o] Ao & F gl

d(i,m) = mind(i,j) = min(| z,— C¢; | ) (215-3)

047]/q, d(lvm) < R’U/m, j:1a27 N

A4 o o= w3 0o FaE Ao AN o 4% Hre
4o AARNAE g & Eqtd TR

5-4>9] dole WME 1,9 ). o] AREEL L] A T
EERE=]

o
)
[
_O|L
rr
H
o,

O 3dtA « 2= o7l S e H d=ol @

= &8 T4 G, WA Ru, ARG dlia)E HE A G B

Sy = sli,j) = dli,j) + Ruj j= 1,2, -.n (215-4)
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= Ru,
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EEHEY YUY =5 0 E FEetd, o 9 dHolH »v o] FEFR(E
2)o] &gtk A7) p e kA BRG] Folar JE FItel A z71A
o] HAaAYE Zt=th

20 A E EA= Fol D= stoll A HolE He Adets 2 Lzl A
Avpz ol Wil AAE st dlolEl A Zkzke] Lol s 97
dolE & zte 1947 diolg &2 FAET 4o AP E HAE dolg A&
Z47ko] el disl 3871 vlelHE zt= 70719 dlelH=E A d UASs
A7) el AFEE A2 ofefok Zom, St HlolH = <I1¥ 5-5>9 2T

.

{ z l(jr?—lg/lz)/ .. 06 (=1, 858 dlolH) (215-6)

{ - (ijﬁz/?/ gy (A4 HEES HelH) (457
Cjr = ) i

w7 22 (415-8)
== 9) )

Haiz: {52 20 (415-9)

rlr
)
dlo
1)
m
o
=
VAN
I
o

ECMc 79 27k Alolz=9] wizwiao} 2y}
55>9] (b)¢ ()&= ECMce] 271A] Aol ~E ¢k 4

ol
off
12
filo
fz
)
M
Aul

(& 5-3) 27kA Aol t& ECMc " R 234

Wi A | Sthr 0.955
wE 5 64
Case 1 2 5 sl=g HEg 100 %
HAES 78 984 %
w7 S | Sthr 0.98
e g 124
Case 2 2 5 sl=g HEg 100 %
HAES EFe 100 %
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(b) ECMc9 24 9d9(case 1) (c) ECMce ZA <9 %9(case 2)

<9 55> 27FA YA EA  ECMc9 g5& dHolHe 24 49

Y. /" ECM AF
(1) ECM #= %4

AE ECMe] i Ahsupervised) SHF 02 TS # ERH=A D55
7] 9180 20109 FAZA e FAAsE olv] ERE FAFFL ol 3] ECM
507 F AFAY FAFERE Fold S JAHNOE FAEFS B

o
FoheA e Sug
Azl ol g FAARE NI0A &5 AFA 2 FFEelA FHF AR
T weas AR A%Ae) Ane A9 812 A5A e A COD, TN,
T-Pel w9 COD71E $45FE o &8stk 81270 A5A2] %3 COD,
T-N, T-P % COD71E $457¢ excd® Aeld F BOMS] 94452 3§

ECM= o] &3l 81278 A4#¢] COD, T-N, T-P % COD7|<&+ +4d5v= ¢
#sto] st A7l % COD, T-N, T-Prb= o] &3l COD7|& T2 sH= F43
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(2) ECM #< 23
8127) A =#oll thell ECM< ©l§3 COD, T-N, T-P=+#H Fd5H< F
48 Ave <9 561 2.

Confusion Matrix For: Class
(Mone of the test rows were skipped)

ACTUAL Prediction Prediction
= 4 i Error

il n £
(=) o e L= e e LT

o
=
o
0O
L
r
o

Actual Totals
Actual Error

X
k)
ol\

<29 56> ECME o] &3 353 432

8127] A=A 2] COD71+ 45w Ibewel 62704, I'sw ol 162704, III
swol 169714, IVe =l 302714, Verol bd7/l4, VIsHol 637H4a%leH,

ECM< o] &3l COD7I& Fdev<s 4% 23% <9 5-6>3 #2o] 543
Nass deiar. £8 24 £A530 F48 FA5He] FANAS
<9 56>3 o] MEY AR Rds A3 Ag35] Ao, A= (0]
ok EF ECM2 3t Sal Awt #R7sks 2ol oive, wis BRI
FAL PojrErh FAL <9 5TH 2L wNEY <2y 587 pe
fuzzy rule® B = A& 3k},
St
CoD =5 CoD>5
COD <4 ;53;'-3; éﬁi’: :] CoD > 8
/L\ ;/\‘
0D =3 [ oD <= 10 0010
[Clazs =] [Clazs = 2] [Clazs = 5] [Class = B)

<29 5-7> ECME o] &3] Zold &7/ 13
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- COD¢=5
- COD<«<=4
COD <=3 [Class =1) (98% Confidence)
COD » 3 [Class = 2] [33% Confidence]
COD > 4 [Class = 3] [39% Confidence)
- COD>5
COD <=8 [Class = 4] [100% Confidence)
- COD>8
COD <=10 [Class = 5] (37% Corfidence)
COD » 10 [Class = B] [38% Confidence)

<29 5-8> ECM= o] €3 =Z3 fuzzy rule

<Y 5-83 o] ECME o] &3 Zoldl fuzzy ruleE thA] A3 (&
T 713 dAsare 1

H
P} 5ol talA s FolilA B, 1 Ae Fol 7l 8127) A5A ol
I

[ao] alF == A5A7F gl7] "o [aE E7F3H7] 93 715 w3k Zrolgx
£t =, ECM©o| COD, T-N, T-Pe} =25 3F7S Fod AHoolA =25 F
S BFS 7HS A ol ¥ £ dSs & Al

(¥ 5-4) ECMS o] &3] =&3 fuzzy rule

71 S H
COD <=3 s+
3<COD<=4 25w
4<COD<=5 3w
5<COD<=8 s+

8<COD<=10 o6 H
10<COD 65 =

o|aFo A o} o] E Atol A e ECMS A +4¢ COD, T-N, T-P¥ &=

% COD7I% 857 ol43) WANHS & F A%4 9 COD, T-N, T-P



T 340 A4S HUlshy] 98] Wol AlEEHE A4E (% 5-5H)9F 2o}
TAaTATEE A/ A A Y Hxolw, wEs &V & FEeAd sk
Z+2 A7 27 HE AFE AA AT B 3 1% Algroltt 4
FATTE -y VIZHA & 79442 4 = o] O}‘f &= 2] % (g2)o] T} 97
o] =2 38E(pH, COD, SS, DO, T-P, T-N, Chl-a, &=t &+, ELAA A +H)E
2 HEo BEF7|Fo] o] BRIV AR & A5 geR dAHEY

( 5-5) U 48 FA FEAF
FAA| 4 8 £4
] 4o ALEY e BITdEAR
W] FAAREERE Hro] ERVE
o SAAR(GEEE B FATFo] ME gt A
3AFASH (Ia:VI) A FAFA | oHw
FYRATAE FE OD7|F FEASFS 2831y
o
THIGER R T FARJ] AGA| FAH} o H e
Vollenweider 5¢HA] TN} T-PY] 5EE 7|52 545 AHH
FFIEH | GHESEEEY | B1%t THY THAYYOE ERFo] MY 2=
SD, TP, Chl-a& % 7o g HEY A+ A T
- 10054 g sl B3 Ak 2y
(0~100) 19773 o] & l Al Ay Yol A&
F8o] IA gt Seutel AH HEshr]d A
Syt T4 HAPEE A= T FA A5
LAl 1002HA] COD, TP, Chl-as%® ¥=Z 7<] EN RN A0 i S
(TSlo) (0~100) 25 A *°*‘<'>‘}°4 SgA 4 44
o] FAgEo] WygH FAFAAS
o] zAPFH o 2 JitE FrAAS
-*é%‘%%i ‘ﬂé‘E«] Xh—~ WA & Qe BAE

K-WaQl 1002+ FE sy o, #4835 J5AE A8 &

(K-CwaQD (100~0) ?5} %,\L S K-WQ= &

K- WQI*— 107] 3=, K-CWQI= 87 F283ES ALE:
TFAA e G A9 2255 74 4
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= H3 K-CWQIE 7dslsl o, K-CWQIE K-WQIt
o] e A ES ALgE Y K-WQISF K-CWQIE tE 2|49 & A4
ok & 3} A

o) g ol vk,

2. TAASF AEgH HE 2 HE&7tsd 4
olr] MWt AR Ze] A LAER LIS BAE Y] 96 2o

AA 4 el TS LQL K-WQL K-CWQIell i3] (3 5-7)¥ o] #4A|8] A=
1!

0

o

[

(F 5-7) 25AAS A4 24

TSI(1977) LQI(2006~) K-CWQI(2006)
A2 | rer= LQI=0.5LQ1,.,,+ T
: K—cwQr=T] 1 xuw,
AN | (781, + TSI, + TSI,)/3 0.25LQL,p+0.25LQ1,,, =111 w
pH
<11: —3.6797pH>+48.115pH
~53.83
>11: 280.92¢ 02027p
COD
TSI, =10%|6— In(SD) 2: —5B0OD+ 100
| (415/2TP) >2: —30.648In COD+ 112.27
wAa | 757, - 10% (6 _ln ) LQ]COD? 5.8+ 64.4log(COD) S5:98.518¢ "
2 In2 LQIy,, = 12.2+ 38.610g( Chla) DO : 31.655In DO+ 21.942
TSI, = LQI,, = 114.6 +43.310g( TP) TP :—20.034In TP+ 0.3435
10X(6_ W) TV :—24.2641n TN+ 49.697
In2 Chla
<70 :—19.375In Chla+120.52
>70: —56.073In Chla+278.23
FC
<1000 :— 6.942In FC+107.59
> 1000 :— 36.304In FC+ 310.72
T4 H, COD, SS, DO, TP
‘_F =2 _ — p ) 3 ) y ’
s SD, TP, Chl-a COD, TP, Chl-a TN, Chl-a, F-Coli
Z I~
oy 0~100 0~100 100~0
k=4
Bl A A 33, 34 ¥HE
LT HTZ plElo
) Sor S MEEE | ARl og wste)xa)
7 = ZTpercentile= 40, HE] Zen ey Hog] 2
H SDh71sE T5percentileS 602 =T i TE o=y L 15
X]X4 6:1’“!” 1;% 7]"6‘ ] 7‘::1_1@
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7}. TSI(Trophic State Index, 1977)

= a2 HE7] i of
= WNd Sz Bgsto]or EA 5 A4}
ol wheba FedgstE vlustr] fEiA e ARAQ AFER e =
3ttt o] H 3 HA oA Carlson(1977)2 FHES 7| oz &30
FHE(SD)9 Chl-a &% (Ch)ete] A, Chlet TPete] AdaA &
AA o] SD, Chl, TPE AH&3te] FPL=E FFH oz el F de=
A S sk

Fool FrIERFE] AL sFdAe FHE dide] AeEdaEoe
=

il

el WEg s 29 Wi 6m (= 205 3
A% 002 Asn FHE 128 Fad it 457k 108 Ftet
Sheith. wWebd FYEsk om o u TSIE 502 4ol H 1 FUE %6 %5 24
23,22, 21, 20, 2-1, 2-2, 2-3, 2-4m= FFAade] wet FPFEE A5 0, 10, 2,
30, 40, 50, 60, 70, 80, 90, 100 &.& F7}stt}t. &= v 22 F =

s PUsE A5 TSISD)IE A5

In(SD)

TSI(SD) = 10*(6 —
In2

) (215-10)

o 7]el Chiz} TP Fa#A S 3 7bske] TSI(ChD) 2 TSI(TP) &= A <Fak At
vEe @e E5olA 2AE FHES Chl-abEshe] @A A4

SD=17.69(Chl. a)~ "% m= 1n(SD)=2.04—0.68In(Chl. a)

< (A5-10)°l tidste] TSIE SDe| g<rellA Chla®l = WHAAA
TSI(ChDS =AUt
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2.04—0.68In(Chl.a) )

A5
2 (215-11)

TSI(Chl.a) = 10*(6 —

o} 7] o]Ho|= Chl-a 5= TP EAole] A A #A A
In(Chl. a) = 1.449In (7P) — 2.442 (215-12)

£ (A5-1D)el tidste] TSIE TPY 3= WA Z T

In 38
P

In2

TSI(TP) = 10*(6 — ) (215-13)

71 A3 SD, Chl, TP Al 7HA] W& Abgste TS =AFTE
omnf oyt o g o] A 7kA| TSI®] FHEAE AAFt FAYE o NIES
A= TSI 50-55 o & 33t}

FEvete] F8 355 Yo w £t Chl-a TP F#A#AAE
& A= o= Aok fAaketnh Zed R A= B
FEANRE Qste] FHE7E A A= oAk don AR =
M= oF FF7]el TPoll vlste] SD9}F Chl-a $=7F e A& B
T8 %9 Chl-a, TP #A= &3 2 374 o2 eyt

Lo 3
i
2 A
v

>,
N
>
o
ﬁ,
lo
i

e

SD=4.90(Chl. a) " "* (r?*=0.62) (215-14)
Chl.a=0.26TP"" (r?=0.62) (215-15)
SD=16.2TP %% (r2=0.77) (215-16)

A fFrye LTOHHb SD:9.33(Chl.a)_°‘51 94 A 28 9 tHOECD).
Aizaki 5 (1981) Chl-a & ]i7lzoi 8}51 —,«oﬂ/\—]o AL 7 A A S
AgstoTH A 7\]/\2 A ©
7b )= ok $eluee) 4
oA AL FAAAZ A3 A JqL ]
G RATAEARE SAo) HC ATE

Ar Ao AAgAel meh vav

1~ [‘
g
mlm
2
ofo
_O,d
s
E>
N
&
ol
o
iliea
and [-41_,1
y Lo
fol

Tnm e A oel g
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Y. LQI(Lake Water Quality Index)

il
COD, W5 A4 A7 E2 AEEHIAEY I
&she] Fagk Aol H&=

SEATE sk EAEsE
M &= A SGES XA
S A&t Ao BALS AAs] 98e] 25th percentiled A 400 F
75th percentiles A4~ 6022 A3FAT o= A= 500997 34 FEAR 9
median©] A5 505 7FAAl H ™ A5 403 60AFo] ol -2 uhet S4e] 50%7F

Ir 4
o,
>
-
)
N
N,
N
il
folr o

LQI (COD) = 58 + 644 log(COD mg/L) (215-17)
LQI (Chla) = 122 + 386 log(Chl-a mg/m’) (215-18)
LQI (T-P) = 1146 + 43.3 log(T-P mg/L) (215-19)

919 Al 74 LQIE F3shel vhehd A Sols S99} o) g 7}
7 50 %] 7HEA S Fol Wit LQIE AAdeh WAL G7Ime] AEE 27
o] WEAES] Chlacl¥ TPE: 2579 WEE 98k A Ho| B2 o] F 7}4
of 747 25 %8] AAFAE Fol the AT 2ol Aol ALg AT TP I
2 o)) FYES} GEE nEAEE ST 5 Ark 24 Bl Bebd £
S8 ST 1 GRS SHHNE HBE ASASE AEE A sl

)
2!
=2

>
>
ofo
r
i

W1t LQI = 05 LQICOD) + 0.25 LQI(Chla) + 0.25 LQI(TP) (#]5-20)

ol9lo = FH Lol Brr HAGUASE X Hee HE AREA ALEE
ATE AL 7)ol Wt FEEE
7h&gk Ao whet o 7 7EA] A3 Zh el A A EE)

.
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LQI (SD) =5 - 496 log(SD m) (215-21)
LQI (TUR) = 29.7 + 281 log(TUR NTU) (215-22)

3}, 5697} W-%d PAbEl, 44967} -3
Go] 54& welstel Aue Pt

e grheted Aestts Ae vERT

}. K-CWQI

19960 /e K-WQIS REj 2, 7]& K-WQI7F AWy #4431} 3l
Hebalar, 100 WzF sk s AA S wrgeto] A2 =Y
M7t el A&3d  Axm: FTHFHAARZE NEeAth K-CWQI=

=
of AR, FAF T 2AA, d5E TheA AA, 5] FEIE AA L

’

i)
rlot
o,
ox,
N
N,
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S e 607 o] e W, 407 o)she Eo s FRAYL B v)¢u}
wre d9)m o 0~409e) WE A B ok Fe] Fdo] ks 204

=~
omt WolXA g AFFANE 2ES 5

w] |t Z

7y A R E AAs7] 918 A3 2], semi-log?, log-log?] &
FAg e 7 2A o2 sto] dEvtEe] A FHvEE JAuHTE 4
20 HAFAAS w doAdo] 71 =& shE A =3k 7] FEol
H K-WQIo A A3k 4 7155 oA W shskgh §lo] v= Vo=
Yol FIFAARE AAFS 0oz == E47F dAth K-CWQIE o]

(% 5-8) K-CWQI #A 3

K A R R?

. <11: M(pH)= —3.679TpH*+ 48.115pH— 53.83 0.9993

b > 11: M(pH) = 280.92¢ 02027vH 0.9966

CoD < 2: M(COD)=—5BOD+ 100 1.0000

> 2: M(COD)=—30.648l1n COD+ 112.27 0.9937

SS M(SS) = 98.518¢ 0:030255 0.9954

DO M(DO) = 31.655InDO+ 21.942 0.9%91

TP M(TP)=—20.034ln TP+ 0.3435 0.9870

TN M(TN) =—24.264ln TN+ 49.697 0.9932
Chl-a < 70 : M(chla) =—19.375In Chla + 120.52 0.9853

> 70: M(chla) =— 56.073In Chla + 278.23 1.0000

[P < 1000 : M(FC)=—6.942ln FC'+ 107.59 0.9789
R lc AT > 1000 : M(FC) =—36.304ln FC+ 310.72 0.9999

- 145 -



I
=

2

o]-§-3t] 874

=444 (AHP) &

b1 918 A=

S

&5}

(% 5-9) K-CWQI &&5% 3T 75

FC

0.08

Chl-a

0.13

TN

0.13

TP

0.19

DO

0.09

SS

0.07

COD

0.25

pH

0.05

Hr

To°

7} Al

ol

o

¢

K-XWQI®] 77

7N 79

Bl (weighted product)=

3

&

ojn

(215-23)

K—cwQi= [](Lxw,)

i=1

(5) K-CWQI #
K-CWQI¢] Z23& 7]E&9

il

o,
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54 % §%

=
=

(¥ 5-100 K-CWQI #4 T34

o) ofp
o oo
gace]
S <4 ° =
Mmo y =) =
< T e il
o) Lﬂ T o)
M <0 R 1x]r
%0 o e [
%o TR Ul G
Jo Jo Jo oF Jo
IH = ~ —_ Ay —_ —_
N wA‘.# N e} N OME N
% | T g 5 % ol do R0 oo
K M_ o N o 1 o = o
| B @y T oy
ur | B ajo 4 do o o T do
g w o W A B 58
=0 - R Ho =0 Mo
l o E#E ﬂArO
o oy e e o
o+ 7 COREECN <o N Y
Ho oy % do N — % oo S
~ A ;| Ao g Ao i AF
4% o Ty o o mo
gl o SR o oy, o do N e
M) 7 D E go 1 o /A
do & R % ™ H ot ey
| | | | | | | | | | |
G o
AR = i ;
ol 8 2 2 =
K —
& = - >
o
o | o on ~N o ~N Ep it
= M o M or =

St
=

-
X

DOSy NHSiN, NogiNy

-

FCCEL A o %+t o) 7

COD, T-P, Chl-a®] &%=xk

-
1

37HA =2 A 4(TSI, LQI(TSIko),

1

s

slom, K-WQI

o]
A

, K-CWQI

P
T

OJ—:]l
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3. U E&AFA FAAF AT

7t w9 8ATA AR (LQlar) A

A7t 18 FQ_ATA FAXEA AR
20119744 & 7373709 AR FHE A
o7} WAk, =¥ V|IMER 255 AT
sttt AA 717H199%6~2011) &<t T E A 4
of EAHo g H4HAH 2001~2011 &<t FHE AFRE 20F %@XH@*’F—
gk 2001~2008 &<t FHE AEE 371F, 7MY AR
B85 407502 At 2 25 25 percentile?} 75 percentﬂe-J iEg st
719 LQIg Hlwstr] 18] LQI 7hol AR&H A 25 percentile?} 75
percentile™= T8t 2 I1w¥ & 25 percentile?} 75 percentile T X+ (3
5-1D)3 #t.

(3

(% 5-11) 38353 25th percentile® 75th percentile %=

COD TP Chl-a
717 P
] P27 gl | (mg/L) | (mg/md)
1996~2011 | 7373 3.80 0.017 5.50
2001~2011 | 6368 3.70 0.016 5.20
2t 012008 | 3802 370 0.015 5.40
percentile
2011 825 370 0.015 5.40
LQI 500 373 0.020 5.38
1996~2011 | 7373 7.30 0.059 20.30
2001~2011 | 6368 7.20 0.058 18.80
oth o001 2008 | 3892 7.20 0.056 2120
percentile
2011 825 7.20 0.056 21.20
LQI 500 7.23 0.060 20.38
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(% 51Dl I 2GS Aestuns 2 25¥ 25th percentile®}t 75th
percentile & %=7F v 5=k M9 Y] & YERUNRIAL, LQISHE H =8 HeIE e
ATk 2 AT FAEATA FEASF 7 HaL o THE&AFA FHASA Lo
TG E o] 2AE 7] A E 20019 F-E 201 =]

A7MA =719 636879 2=

A5 5 ol &ste] FHEATA FEAAFE NEedvh LA A A o
FAFSHAl 2001 H-8 20113 71A] AS¥ A+ COD, T-P, Chl-a 5 =9 &

X 2 5-E 25th percentiled] 39 ¥ = COD 3.70 mg/L, T-P 0.016 mg/L, Chl-a 520
mg/m’ell A X5 ‘40", T5th percentileol] 319 %= COD 7.20 mg/L, T-P 0.058 mg/L,
Chl-a 1880 mg/m’oll Al A|4= ‘60°0] ¥ == s}tk e e FRoa &9 7%
o] ALY = wAE Asty] fEl 200195 20119 7kA] A SE A COD,
T-P, Chl-a®l §%= T HAs=E vde= COD 1.0 mg/L, T-P 0.001 mg/L,
Chl-a 04 mg/m’ A A7} 0o] HE% 51901, A58 HisEs gow
COD 280 mg/L, T-P 1.000 mg/L, Chl-a 250 mg/m’ell A A7} 100°0] == &
Ak 4 AREEFEY BEE logWstete] A3 stetn A9t w29 AAANS

Tstdnh 2 AMEA S ve3 2

[
-

LQL: (COD) = 0.3769 + 69.096 log(COD mg/L) (215-17)
LQL: (T-P) = 100.39 + 33.413 log(T-P mg/L) (215-18)
LQL, (Chla) = 14.319 + 35769 log(Chl-a mg/m’) (215-19)

949 Al 744 LQLE FFske] el F3olE LQIsk $UskA CoDel
50%¢] 74538 F31, T-P} Chl-adl 22t 25%¢) 74531 & Fol thg A4 3}
wol Akste] Abg L

LQL: = 050 LQL(COD) + 0.25 LQL(T-P) + 0.25 LQL,(Chl-a) (2]5-20)

LQI¢ LQIar< 0F-B 1007FA] w9~ 82 "9l o] A 5gks 2b7] wel sied
AX7IMe] AFAGIHE o] &F FAFAAF 2ol oj# ol Ak 2
o2 QI8 LQLSY TFTE VI0E &0]7] & daglela v o]

20, -+, 1000.2 JEI} =2 WA s 452 LQI0T LQI0, = 3
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Y. g d A8 ATA FEAF(LQL,) HE&4 B

| %%’3% A FAAFLQL)S A84d< B7tstr] 98 FA g
=
[€)

N
-
i)

=
Ly
a

T ZZo] o]&3F COD, T-P, Chl-a2] &4, i, 25 percentile, 75 percentile

of thg LQI¢t LQL, = A 8stom, 1 A= (3 5-12)9F 2ot (G 5-12)1 4
2 AFAA AMEe FHEATA FEAAFLQlar) B2 AGH o] HA, H
3L FEOA 2 03 1009 A #kS YEFH LA, 25 percentile®} 75 percentile
T A 22y 403 609 A kS YERSITY LQI 9A] 25 percentile?}t 75

percentilecl] A ¢f7ke] Zpol7} Ql7]= SHAIRE, LQIY AR e WERH AT
Wkl A =o 4 COD, T-P, Chl-a®] LQI &< 22 6, -15, -3 LFERHS

M Zb2E 99, 115, 1065 HetldY. 282" sd&AFA
ARz AE e FHE8ATA FEAFLQL) 7 FHEAT

= REIE 2 wgste] 447t AAHE Ao Yehi

(£ 5-12) §E+ ¥4 LQI¢ LQlL,

COD T-P Chl-a
}r_ =
(mg/L, mg/m") 1.00 0.001 0.4
=N Lol 6 s .
LQIar 0 0 0
T -
25 (mg/L, mg/m?) 3.70 0.016 _
percentile LQI 42 37 40
LQI 40 40 40
b: =
75 (mg/L, mg/m") 7.20 0.058 18.80
percentile LQI 61 61 61
l-: =
(mg/ L mg/mS) 28.0 1.000 250
LQIar 100 100 100

SATA FAAFE 7EY T4 AGSA 7= vwEr] Y8 T&
7179 S5 COD, T-P, Chl-a ¥ %2 o] &3] LQIL LQL,S A3 2



= (3 5-13)3 2t sdEAFAe F27=d Vo= LQIS LQlars 2t

7} 69¢F 66 A H AT Taot Ib= LQISH LQL 0] &4 A53s HEbll= vt
A, o] gotA s Aol7t AXAM VerolAds LQZEF LQl R oF 4%&
E}lﬁi’i‘?}. aes ?ﬂiEQP AEEE ALE el = LQIgk

[e)
O~ o
A 3k

£

(X 5-13) 3252532 v98AFA F2AAF

Ia Ib 1II I v \Y% VI

<2 <3 <4 <5 <8 <10 >10

COD, TP, Chla 101 | <0.02 | <003 | <005 | <01 | <015 | >0.15

5

<5 | <9 | <14 | <20 | <35 | <70 | >70
LQI <31 | <42 | <50 | <57 | <69 | <78 | >T8
LQL, <81 | <42 | <49 | <85 | <66 | <74 | >T4

201130l A=3 A8 A52] 825740 thal LQI0S LQI0, < 2HA 3 A
I <ag 599 22 FXE YUY LQIlOare - 30~80AFo] o &)
stel o, LQMOar 50, 40, 60 o2 @ By 2 vehyglch

E Q10 = LQI10ar

3479
26 26
238 24
2 5
< 6
00

I B 00
30 40 50 60 70 80 9

0 100

=]

10

<29 5-9> LAl ¥ LQL; ¥
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LQIE= 0F-E] 100AFo] 9] #hs zte A2 WHel7E w9 Hol 107] o] &
TE 7LE% A FFete] AREE ¢ Qlth °‘°ﬂ/‘1 A gk vhef o] LQlar
oo A HkLEEle] 117] SHO® A EF3 LQMlar®Z AFE 3 4= glom,
E OAl 71E9] =45 d 3 fARg Ia(UH%%‘%) VI - = A7 &
[e)

Itk B3k (3E 5-14)¢F 2] A0~30), B(40) C(SO) D(60), F(70~100)«] 557
_[E_"_
1

b e QiR »}Emas;— W00, F9 B0~
50), -4 %H(60), 3 FI0~100)8] 4RAZ ARFeho] AFg 5 ek

(¥ 5-14) LQlar A EF H 20118 SARAZASA £E v&

H =
A5+
LQL: | LQI0. | 585w 13F 22t 32t 42t
9 0
A (0%)
ml] &
? 10 | 9
: 0 =]
14 (0%) Ia (0%) (%) N -
15 20 (6%) | (6%) (0%)
24 (0%)
29 30 |q Ib S
34 (6%) b (6%) (6%)
35 0| I FHES B
44 (26%) - (26%) (26%) (26%) | HE | =9k
4:5 5 | 19 I FNRE C (61%) (61%)
54 (35%) — I (35%) (35%) (35%)
55 60 IV | oziu | D | B4 | B
64 (24%) v (24%) (24%) (24%) | (24%) (24%)
65 0 [ v e
74 (1%) |7y (7%) (7%)
7 80
84 (2%) F | sz | A9
85 90 VI VI | meum | 9%) | (9%) (9%)
94 (0%) (2%) (2%)
9 100
100 (0%)
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B Ao A ¢ FARAAFE BT A §3to] 247
A58 QAT S ol g3l AN L FeFABRIE FHsA
(& 5-15) FAFTEAST ML A& E A5
AR5 AA Y ek 33 S5
= 7N1E FASHEFS FAF )
SaFASHE _ e FATEG €
> THA(Ta~VD | 3t Ao & +32
(COD7] %) Arel sl o] =5 CoDY 1%
i Cc%?l TN I copwar opyer g | wwlel ojzd o7
FaFATH Neng G5 3y THs R
Selel w0 Aga
LOI0 LQIZ 1194 | =2 A= Ag A5 S Ao
0~1000% W3 | o2 g2 a7ty W oo
o) &4 277t Wy
Y EAFA WY A2 _
S 1% S B Aol A e
Lauo, | e L s oga aist e | ST AEE
QL) ‘:Q"?j oz 7HHL3]' X]—’F- na ] (s}
Vollenweider S5EHA| ol 2A &7 HE A = (55HA]) 7
JPg | (FUNIF RGP | @l AgHE A 42
= A 4=21¢] COD% %=
copsel 4 | ODFE TN U gga ga A
CODEE A3k 3 =AY Gyx= -
(CODjndex) T ;Voﬂeraé gy | A0l REE A4S
fdex (0~30) T et TS Al A B, coDg
she} gol i
13 ¥

ul, DBT+-&

A5A Fad 9 VA= A5A AAGGEE, HEAH, FEATS
FEFA, FaluA), A= COD, T-N, T-Po] FARsF(ASA, FAH), 4
A, AA) D A AFGT Ay 309 H ofv] vl& oA HAA- S 671
A FABEAF(COD7 = Ea2TdTeH, VA& i 425459, LA,
LQI10ar, Vollenweidersd %4 e, COD% =9 A 3E¢] CODindex)E MS-Access=
o435l DBE THIFAE 103 HE FPE ST AR F AP AHARE
AL DB2 F5% s & 737377 0]t
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2. FATAAT RS AT fuzzy rule =&

AAFAA T s Al 753 ATA A, LdFst, 714 s
AaAA AFT7HA) Atole] #AE 1Ad R e ECMS o] &3
(training) & 7* °l& Alele] #ARZFY FAAH X+E Al
fuzzy rules Z==3FAth 19 AFEE HE9 fuzy rules =E31H o1, 9]

= EAQ 309 fuzzy ruled b3 2t}

o o
o

= deph¢=529108 m deplh <= 4 575039 = deplh¢=5.28108
= Tpoint ¢= 293324 < TPpaint¢=7859 < BODpoint ¢ B247
- WS_aeac=%62 = WS _areac= 982 = Thiot <= 55,3872
= B0Dpont¢=11.301 = volure ¢= 304 = ranRato ¢= 14002
+ - BODIol¢=0333 - depth ¢= 3966667 ¥ a0
+ - BODtot> 0933 depthy 3966667 [4_TSIko10 =3] (5% Confide ¥ aea) 28
= BODgaint» 11.301 = vohime 304 = (anRaio> 1.4002
¥ depth ¢= 2589189 + BODpant ¢=10.53 depth ¢=5.033378 (5151 =3 (73% Confidence)
4 deplh> 2589189 + B0Dpoint> 10.358 + deplh> 5033378
S WS _atea» 362 = Wh_area) 32 = Thitot> 55,3872
= TNIgk¢= 1417786 - weazB = vohime ¢=1257.3
& Thoop <= 00405 4 TPpop <= 004 4 Tl ¢=605183
% TPpeps 00405 & TPpop> 004 THtot» 605183 (5_T51=2] (59% Confidence]
= Tt 1417786 5 e = yolume> 12573
atea=B381 3. meanClss =1) (54 Conldr i WS ka0 depth = ABTEI35 (5,151 23) (55% Crfience]
aiea) 6381 (3 meanClass = 3] (35% Confidence + WS _aea> 3630 + depthy 4676135
= Thpainty 233324 = TPpoit> 7853 = B0Dpant) 8247
= depth¢= 3958537 = WS areac= 57 = vokme ¢= 3816
= WS _area (=860 5 W8 _sea =832 = TPpaint ¢= 31,8431
- yolume ¢= 1861 + - vohme ¢= 373 + DW _area¢=50
# - volme > 1861 # - vohume > 373 + DW _aea> 50
- WS_aea) 860 5 WS_aea» 832 TPpoint> 318431 (5751 =4) (33% Confidence)
WS _area = 37360 4 vohume ¢=1337 = vokme) 3816
WS _area 37360 (3 meanClass = 5] (72% Conli + yohume > 1337 = depth¢=2762115
= depth> 3958537 = WS_aea> 857 yolune <= 483489 [5_T51=3] (66% Confiderce)
- WS _aea =508 - aea =205 + vohume > 484,89
WS _area =450 4 depth¢=4311618 = depth> 276215
W Conlider|
PEiEAsF LQI .| Vollenweider 3 3

<29 5-10> ECMd| 93] &4 fuzzy rule

3. A d FAFAAF £4



2%

7%

94%

Aol

=
T

A

9]
yul

R84

5|
I

9% 9%

7%
8%
o% 0% o% %

v

I 15+ 2kolut

!

37%

33%)

H A FAEAT T

18%
16%
m

=2
[}

18%20%

illl
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LQIIOA =&
AmRE A
3 AALQUOA 57k Abole] 347k 19 EIE o h 2 wj$ Faabr] F
o m@, Aol 7 LQIOA S ek FALQIOA S gke] A s X8
Ao epg,

B\ Egy molzXsgd ERil el E 7| EYY)

FaFAEFNG BH57 6 WeolE Bekn 45K
L=y
< E

7 LQUOA =& AFAAYd R Fopdagesy

o2l
Rl

23%R%

o% 0% 0% 2% 2% 0% 0% 0%

0 i0 20 30 40 50 60 70 80 50 100 -5 4 -3 -2 -1 0 1 2 3 4 5

<zZ¥ 5-13> LQII0 2 FALQIL0

FUEATA FASAY AREZRYH £ FYEAFA £aA
LQI0ar> LQII0 FAFgH

W LQUOard 57k AFAAL B e EARZYE F

a Abelel A7k 29 ¥E oz ulg Astel Al 7
7} LQUOarA 5 97 A ALQUOarA - gte] ek Al AR s Aow e

=
e
2
=
=
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z
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N

1% 0% 0% 0%

Vollenweiderd ¥4 El= 5357 55 322 A2 % Bl WiF9 Y4
4% FE A A FG%E 8% EAE BA FA = A} Vollenweidered %4 Bl
[e)

[e}
T2 T-PsEvrs 7|&



A T-Pe ol vAE GFo] e FEur 7] fEor dos A 4
3 Bl v go] AA L TI%= thE A Frt} 7|E A5 o FASH F
=]

0% 0% 1% 2% 0% 0%

<2 ¥ 5-15> Vollenweiderd F73 8 2 %A Vollenweider d ¥4 =

COD& &= A4k ]—’F(CODindeX)% E}% ARt 3571 2~30) o] @
el AA Ao E 7]

[e)

=3 a -1

S ABAS R Aol xgzl—é A FAD A0 = ohe A+
% |

= Olﬂ

A7 vebg. IS8 1w Aolus A7 BEF ayqd g5 Al 87%
b A)EE ) feALek A we)E gl
wr|EY WA S " 2AHPIBRI ST E )
B87%

10% 8%

¢ 12 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 -5 4
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=
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<19 5-16> CODindex ¥ A CODindex

4. FATAAT HE&4 BT
67 A dA el 4848 Hrhek A= (F 5-16)3 £ COD7I+ &
xﬂzﬂﬁﬂ‘:%m H#xl*ﬂi%ﬂ«lﬂ A COD7IE SaFd5ad frAkst
EATAe TR 27 sl
d Tagrdedd TRAA AFA
AR7}E e, CODZE FAZLFASHRY ¥ 71E A5 fAsH



i~

Olr
(\;{O

FAE AT AR AN o & 4] TA 1A=
7wzl olol thEk IEA FIF ATt

LQIO¥ LQIOar> o H 2 ek A3de veddler, sasdsa it
SET/ el ® o waol® 453 LQIHOary #AHLQIOar AFe] o] @ =
7 A AA YERR T, 2 AFol A A LQIOFE B o] A= 57 L=
AT A8E AA $57(0~30), 2840, 50), =A1(60), FF(70~100) E+=
(0~30), B(40), C(50), D(60), F(70~100)¢} &< FEHZ sv < AdHF & T U+
Aol Atk A=A CODE =9 Ao3ks A4 &8t CODindex+= THA7F 0~
DAl 2w B &35t A4 o2 CODindext #ACODindex A}©]
o] zpol7} AA i wi-¢- FAFSHAl YEF . CODindex+= 3xbd = 4 vhe| =
9 A A Wl Ete] AFEo] Ve Ao R ddEn

67 FdA F LQlars 115w, 10, -+, 90, 100)°.2
LQIOar7} T2 A 5] AetEo] 1 E I
717 A5 Sl iE WHo R FHEATA SR &)
Fol7] Witel FQ&ATA B E A AFr g APt A=

A},

A5FS Pstel b
2

2 g
i

%

=
:‘?&
v
e
o
4>

FAZAA S Hg4 B4 A
coD7) AT A we g
SA5AST | -CODW welsle] 4549 FHYsL B

= -TRH AFA #2897 b
N -CODWHE o] 8% dfut gt= o =5
- —oleA F7F AT dad

Ao 29A A5A FAR} A5
LQI0 ARE =7 molwa, WAz} 109w A A
SAER b

-(>90), B-E(70780), &A(50760), =H(400]8})

LQIL0
QllOar A(>90), B(80), C(70), D(60), F(<50)
Vollenweider -GAV 5eA R A, T-PeF T-NuF 118 H
CRR -86%7F FQYt FYFoR WY VF
CODEX% A3k AV BSoE B AR =4 RO
(CODindex) -CODYF & so] A42¢] F3H7F &7
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At 24 AR AT} HEAT AFAL A B fojo] R
S (B 5173 2o RaEATE FEASH 2U6HE, £4 131m, F9d 3
1530ha, WFH A 21.8ha 1R ATAZ Foddo=z FHAT SR8t 4
fHoR edde] A& AFoty HEAT= FEAFTTE 1LHE, 54
97ha, F9 WA 420ha, "5 % 15ha T2 AFA R Heddoz oFgte] A
gA e} A e d Yol EA T}
(2 5-17) dBAHAT 2 d5ATY AL 2 L7 F
fEAFD i i;_,j %};’i iﬂ BOD A -5} (kg/ )
D) ) | ) | e | e | A 22| 2] 2
o) ¢ 2 2,846 131 | 1530 | 218 | 70 0 | 161 | 161 | 176
o & 1,457 97 | 420 | 15 | 214 | 2 12 | 14|21
T-N2Z A8t 2 (kg/ D) T-PZA7-aF F(kg/d)
A& Ak 3| Z A & e 3| Z
o) %9 0 47 A7 64 0 16 16 17
o & 1 3 3 14 0 1 1 2

<39 5-18> fARBAT R AT 9 R &9 £2=
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Ei

e Edit Function

<29 5-1>HAFA T

nulation Program — Fortran (HSEE) drudzu o, [2)[5) 5]

Hydrological
s Edit Functi

vastre

2 Y E X T+ HSPFE A=

25 40
—HSPF E 4 ——HsPF
LOW(m3/s; '
Bel| @ s (m?/s) 72 A =2 BOD(mg/L)
25 U O H
i
i 4
10 4
10 4
51
04 0 4
2009-03-28.  2000-07-06 2009-10-14 2010-01-22 2010-05-02 2010-08-10 2010-11-18 | 2009-03-28 2009-07-06 2009-10-14 2010-01-22 2010-05-02 2010-08-10 2010-11-18
- 0.30
—H5PF s HS P
T-N(mg/L 1 5 1
o (mg/L) 2 T-P(mg/L)
0.20 o
3
0.15 4
P
010 A
o 0.05
*
0 T T T T T 0.00 - T T T T T
2009-03-28 2009-07-06 2009-10-14 2010-01-22 2010-05-02 2010-08-10 2010-11-18 2009-03-28  2003-07-06 2009-10-14 2010-01-22 2010-05-02 2010-08-10 2010-11-18

10,0
17
=
5 B0
E
E
3 40
(S
20
00 b e
2012-01-01 2012-04-10 2012-07-19 2012-10-27 2013-02-04
10,0 0.3
8.0
. 0.2
% 5.0 )
E £
7 a0 T
u 0.
2.0

0.0
2012-01-01 2012-04-10 2012-07-19 2012-10-27 20135-02-04

00 b -
2012-01-01 2012-04-10 2012-07-19 2012-10-27 2015-02-04

<29 5-20> FHAF L EAF HSPFEE R A
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Sdnd 2GS 93 <18 5-18>7 e g@EA T L ulEA] T
b 1

ol

he 2690w BUSATh GISARRYE 2509 41

2 ol g3 <1 519> 2ol &

ot FHE FRUWESPRE AN A A §
& 2

o]

wE 1R e 12

% Bathymetry: | waterbody [hoenggye Reservoir bathyme

<39 521> HAFAT 2 dEAT CE-QUAL-W2 ZA &=

(% 5-18) HBBAT 2 A+ 229 243

COD T-N T-P Chl-a 255 | Vollenweider
(mg/L) | (mg/L) | (mg/L) | (mg/m’) | (COD7]<%) 3 &l

o 4.09 0.39 0.023 349 1T TIY
IR 3.24 0.38 0.028 10.23 II T

=
ot
lo
e
Y
N
b
i
S
>
G
=
=
it
-

o FEE AR o]&d 2 ¢ A
2o} 7]Ee] Rdgyos oA AT
FTEE 247 409 me/L, 0.39 mg/L, 0.023 mg/L, 3.49
324 mg/L, 038 mg/L, 0.028 mg/L, 10.23

o] COD, T-N, T-P, Chl-a¢]
mg/m’Z dZSEHJom hEATE
mg/m ]*—TQ }\}\E}'-
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5t fuzzy ruledl 4
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2 212 73 (Genetic programming, GP)7| & 7|Wo &2

adl
1o

)

—
fite)

A} =

7

d

[e)
T

3

© (automatic model induction system)& A =% 27 ¢} 71 A}

<]

| TthHong, 2003). Hong¥}

Bhamidimarri(2003)-2 A3+ 5 &4 &% 3142 ge 1)

)
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2. A4 T2 289 (GP) 7| E o &
7F. - AA =2 33" (genetic programming, GP)

i
jm=g = 3L o
ELR - = = = -
37] S8l meke vgelth ZRaRe Pt WER FAE 4F A
2 rFsta v Aeojw Lol ofFUA FEE ol5S ST dnbyg e
2 <a9 6-1>3 o] root7} el Ele] FJHlZ T2 38 A5, o] A
o] A ZR A ALY FAAF]

(1.5+X) +Z-Y
+

1.5 X 7 %

<39 61> #A4 Z2adR FH4Y

FAA Zeadge A5 f04 FueEe Hgow, Fuel A
2 xZzagon golsdrh /1% 4 B4 54 G4 daeEY &
ApstA R, AA Sl E@Fo] tEs] WE] ofzke] Aolge] Ytk fHA Zz
adde AP e fae Wee) xgow WA F b BE ed Za
Sel7] wFel wlg B elsth FrE AEAA EAN L AEAA )
A4 5 WS e, o5 F TAG) w448 dusie] ALg et}

o
°. Sepete], Al 71E Qeke] S5 AASH FH
Hqgate] Aze MAE A5AT 58 54 24 AXE AAE
A

2

j

1941“&"“*1 715} ?i’& g = ﬁ%f}fﬂ A =gl ol A
=
2)

RS AFAor Eo] Fad Ao

(mutation), & Al (reproduction) A2FAF7F Stk <I¥ 6-2~4>% FHAA} Z
Yol A AFRE = FH AARS HoFr)

- 170 -



Parents

(Y+3X)+(Z-4) XY*(1+X)
®
() ©
079 © NN CORECIENCIRN
L &
(Y+X)+(Z-4) Offspring (X*Y)*(1+(3X))

<I¥Y 6-2> mzF dAake] A4

(A) (B)
Y+X+Z-4

(©)

<3¥ 6-3> SdH¥ol d4ite 99

Y4X+Z-T(X+Y) T(X+Y) +X+2-Y
* reproduction *
- + -
X z ) Xz
7 + 7 +
X Y X Y

<Y 6-4> EA Ao 4

- 171 -



GPol A A8h49l ] g e Btd Alsdeld BEa s g %
M Fe SYe 2

AYEE wol 534 B 4FoE WAty

R 7}7@% zRaPoR Add ¢ e BE
T o, Al g el o= 1%1 3 7] wiasoll Huk theFRE okel Al
o] oﬂ A=
%S i

=9 A3} Asbet=9 o], )

GP71W ) 43 Bl w3 FoHA FAS dsy] A% uAg Tl

= deAom A8 At McKay et al, 1997, Willis et
al, 1997, Hong, 2001, Whigham and Recknagel, 2001; Hong, 2003; Hong and
Bhamidimarri, 2003; Hong et al, 2005).

Y. 833 EoF FAx 220 & AL

A 22 713 A g 3ol 48 AldlE Hong 5(2003)9]
9] Paraparumu st A 2749 55 SS¢F whg-x e MLSS 525
of| Z35k Aolt}, o] AFAME A 22 7y iEvko] oy} oAl

-

mechanistic =21 ASM29} A& A4 =dl 7| HS o] &3} | =3k gk A
A SAe] T= ZolE vttt 1 A3 AF AT 7|H AT AW &
Ayt HA2 Z2a9 nd 7HS 3 o= ghe A A gk A v
3k Ao ® Uehg oy ASM2 298 53 o= 32 A o= HE Aol

7F AT (GE 6-D).

c 4000
C training set testing set training set testing set

==
k‘ % M pjfmj‘

A
W‘I'V"%{VW ! H,

3000

Wl B s
e L Mo Mﬂf‘ﬂ*‘u‘”ﬂ M

! L If

Al |
Mﬁl mﬂ Mw{\w ol ‘

0 50 WOG 150 200 250 300 350 0 50 100 150 200 250 00 350

SS.q(mai)
L ::(o
%
i

MLSS (mg/l;

-~ Observed
—— Neural network
R Ash2

SSgf(mal)
MLSS (mg/l)
o "

L L n | L 1 L L L 1 L i
0 50 100 150 200 250 300 350 0 50 100 180 200 250 300 250
Data Index (day) Data Index (day)
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(B 6-D Al 79 22 7|9 94F A% ¥

SSeft MLSS
Models
RMSE. R® RMSE. R’
GP 1.57 0.814 9.8 0.852
Neural network 1.68 0.808 102.3 0.839
ASM?2 3.23 0.26 247 041

AN = FHAA 2239 7 H8S a8 8 =209 59
‘Matlab’S ©]-&3}o] Timothy Hong®| 7l9tst 2 73S AFE-3}¢ a1, & o9
Agsles A5 AT o] 2O AFH Z2 e gk x2]o]
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(1) 2718k do= %=7] MATINN)S A gt Aldl K=0
(2) 742 F2Z(Genetic loop): At K=Kmax 7} & wj7}#] wt& 2 sysic},
(@) HAEol A 24zt rels A dgie
(b) &A Mehe] WA TNA Z42He] Bele] gk H43E
() dAe AATAA wxf, EAWo] A ALk 9
A g A s

TRk
Mz A

o i

(i) nApAL, sddo], 54 dAzte] sE5& Aot

(i) wxpARt, Aol EFA] AS ol &ato] Mze HAT=
e iany

(iii) 25 N7He] 7RAlteo]l &S w7+ ()3 (i) HgS vbE
gt

(iv) parent 7N AT-¢] old &S AAAE Al A2 oA )
(d) & AHNEK+DZ 7 3P}

(F 620 2 AT AFL3 §4x =2 e el gebn g e ALE71%s
5 2 eI AFR TEsE SR E 75 Ak Akl + - x, + 3R
E3 " (%ipower), v (FE;root), & L(log), A5 (exponential) 5 0] A&
2 AT A Al 5 B 5001, ZF At 50071 1A )] 8 Bl
Ei%}il UTH Wz EFAWo] A Aike] FES 77 65, 25, 10%E F 3
o= A Aol FAE £ mdSo] BleAE AL 2] 98] 10%] EA

ol

(£ 6-2) AHEE SAHE 9 AHE 7hed

2} E s

MA 4 500

Al = 50

a b 25 (%) 65

EdWol 2E(%) 25
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LDMI0 A&l Al 20061 8€ 264 H-H 8¥ 28U 74 & 466mme] 74571 W
Hom, A7 Y7l AHAEH g5 74 F B3 A4 FHF L FES
ZAbslgTh w3k 2009 79 250 & 55.3mme] 297 EHoew A7 1A

0% % 143 % % FAL 241G

FAHZIA Z2 2] SPSSE o] &3l A3 3 2 FHEARA U &
AHEAE AAEtS] A AL, T, T 2 ety AR E 4
stk COD, T-N, T-P ¥ % EF T4}, 2 =2 43AAE UE
i, COD¢} T-P+= A% =& A#aaAA = vepgltl COD, T-N, T-P ¥3}
e BT CRAZSW W Fuw Fe RVAT B, 4ok 4
HA 7Y gt

(£ 64) 2%, F 2 2479 A#HA
rainfall  cumrainfall flowrate COD TN TP
rainfall 1
cumrainfall  0.148 1
flowrate 0.077 0.432 1
COD 0.370 0.362 0.66 1
TN 0.008 -0.683 -0.34 -0.219 1
TP 0.263 0.327 0.58 0929 -0.170 1
(X 65 2%, % ¢ B339 FHHA
rainfall  cumrainfall flowrate CODL TNL  TPL
rainfall 1
cumrainfall  0.148 1
flowrate 0.077 0.432 1
CODL 0.155 0.400 0.98 1
TNL 0.123 0.368 0.98 0.985 1
TPL 0.141 0.373 0.94 0960  0.928 1
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1 0| A7) 181000 2000 920 1.0s .00 2988 1361 155 .05
E|  EOO 21)14300) 200 920 1.09 .01 3547 1632 192 11
B 1.00] 28| 18000 220 EZ0[ 1.20] .01 &3.00| 1253 289 22|
7 340 .35 143000 Z80[ 11200 Ta8[ 01| 8sZ4| 341.0) /a9 G0
8 .20 .39) 14900 2400 10.80 1.07 02 8185 3575 B4 B4
] 0] A4 147000 280 1320 1.02 .01 1053 4964] 382] 49
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BEE) 5o {414 3398 519 .78
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o] 3z nl o ki 13 == et 1513 kv KX = A=IPS
NS E S obelf 273 o] MER e 22 IaE AFEshe] A
13 olz@l = o o S A o = Al sl o Uu=o0
O]‘ME]' H 10 o= 37H(7o]"‘l“aok, T '770 ‘T%, ‘IT%]:)E /\]' €] 0]‘»}\—'—1, 1o o= 5
=g =0 A =T tt = B = Q =lod o] 3z ol A
M, EEFToZ UN(FAFE B Fa3H)E A&t 7] AT AY AA
v 1+
ARE= <ad 6-11>3% 2o
(O R
Condition Supervised Data Results
Horbar ot Nodes I—? 0,46.6,0.503,2.5 =] [0,46.6,0.503 =]
St i Laver © |o4s038622.4 0,46.6,0.382
R 0,46.6,0.582,1.4 0,46 6,0.382
il I 3 |o46503242.4 0,46.6,0.324
e 0,0,0.260,2 0,0,0.260
::gﬁ';ﬂzts I I |ooozroza 0,0,0.270
5 0.3,03,0.260,2.1 0.3,0.3,0.260
Threshald of 0,0.3,0.260,2.5 0,0.3,0.260
Sigmoid Function I 90 lynsnzrozs 0,0.3,0.270
[¥ Lise Bias Modes 39,39.3,0.320,4.2 39,39.3,0.320
— 10,48.3,1.900,6.6 10,49.3,1.900
o 5.0E-4  |655.3,2.800,8 6,55.3,2.800
e 0,55.5,5.200,6.1 0,55.5,3.200
el 300000 |055.3,0320,4.6 0,55.3,0.320
0,55.5,0.270,3.5 0,55:3,0.270
Aot i l—u 0,55.3,0.260,2.5 0,55.3,0.260
yised Data 0,55.3,0.260,2.6 0,55.3,0.260
T : 0,55.3,0.260,2.5 0,55.3,0.260
Mumber of Data ,\ d d g g g
o Estimate I = = =
ErrorMorm 1.2629E-02 LI I LI
1T E_s‘ﬁ'maﬁei
teration
1 continue training | NN 33%

<Y 6-11> AFAAYT 2y o] APzt
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(3) GP(Genetic Programming)

GP= HFHo® A& EEAA Frhe HolA 3AEA R} v =6t
gk B AR oA = AREAE ml e As A S
GP+= “ZX}EE o] &3l MA A& E=Z3 o A=

] Hefjopstr] wZol] &gt As BRE A ASHI FAFS
}Ltﬂ SHAI 7Y Q= HhA ol GPE A3
7] Wizl A ARgo] HE FHol vk GP 4
Matlab= ©] &3] 2 ¥ Z2a1H S o] &
(3 6-6)¥ o] AAstAT

o
~

Mo
Olr

KeX
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=
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Y

fr 2 4N

Tom

daly gt
£
E
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e
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0
58
Inchads
s
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<I¥ 6-13> MatlabS o] &3] AAE GPZZ1¥

(£ 6-6) GP £4 < 9% vstve 473

parameter Value
Population size 3000

Max. depth of model tree 4

Generation No. 50

Crossover probability (%) 80

Mutation probability(%) 10

Optimization algorithm Evolutionary
Fitness measure Minimize RMSE
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3. 484 Hr A3
7l 32 29

U} & 3] 7] A (Multiple Linear Regression analysis, MLR)¥} GPZ o] &3
7HET)

[¢)
, AFEFR), FAGFFCERIZTH =8 48 A2 (K 6-7)3%

A THe
2, AIAIZHET), F-FR), FHAEH(CR), JFHAFHQEREH w25 F4
5l Ale (% 6-8)3 Zt}

A AFFAA A =52 COD, SS, T-N, T-P =& F43}7] 93t
37FA W (MLR, ANN, GP)¢] RMSE$}F R*= (% 6-9)3 2o} (&

A0 2 GP] ANN®| A7t wi¢- FAFSHAl YEFRLTE ANN
ol A GPE.t} 97t =3 A vEbykth CODS} SS9] s =5 F4317] 93 W
< GP7} ANNE T ¢ §-3 2o A& Yehlth MLRS ANN¥ GPell H]
3 7tk xS zha 9)7] wlEol B ANN, GPRETF ¢ Ui A3ls yEboh

B ooAqto A COD, SS, T-N, T-PZ Est=d &3 f2Fo] v X

AR
o

0 [‘]f
-
off
Mo
al
1o

g = 9Fgs
A9 (F 6994 3 F3FS E£3sle] COD, SS, T-N, T-P9] 5%
FAst7] 9% As =& A9t 8 FES 2384 &g 4 Rtk RMSE
9 R*grol AA AAEA Ut ol FHEAFA N F¢HEFY TEE
SR A9 A A5, FAGS)} o A TS e A
S ugtt 2B FHE&EAFA FAdA FerET] v 4o #
dE A5, FALS, AAANNTE ol &= FAE & Ak

<% 6-14~15>% MLR, ANN, GPel 93] 4 € A ¢-FET9 v55 4
Zzt3k vlaske]l YER AT GPSF ANNe Aate= 233 COD, SS, T-N, T-
oF w9 FF3FA T ANNS vh2 SSo| FEeA &9 kS YERSIY vhH
o, MLR¥} GP&= COD, SS, T-N, T-P E.2Je lojA] a4 ks el
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LA

(£ 6-7) frEs EF3A &2 5= 34

TE F4 Equation
MLR [2.662—0.052 X e T+ 0.082 X R+ 0.05 X cR
COD P 0.0001x cR +1.842 x (0 — 0.9459) 0 — 0.3336) X( 3.266 jQ
(0—0.9459)x (0 - 0.3336)x 0.9963% 1.277¢
MLR [20.67+0.381 X e T4 10.692 X R—0.16 X cR
SS
GP | 0231x0x(5426+(R+ B2 )+ Rx0.0568" x(1378 + 0034 )
MLR [1.347 —0.004 X e T4 0.003 X R— 0.008 X cR
T-N
GP 2.024-6.76 %1077 xcR? — 0.5485 x T %35 —0.1698 x cR" 1
MLR 10.016 — 0.001 X e 7+ 0.002 X R+ 0.001 X cR
T-P P —0.0002599 x cR x eT +0.00382x O x eT +0.01013x eT
+4.7x1078 x RT —0.002344 % cR + 0.00006421x cR>

el : AIAZY, R 752 ek T84 5%

(% 6-8) FFS £ 5= F34

TE F4 Equation
MLR [2.189—0.001 X e 7'+ 0.095 X R+ 0.005 X ¢R+ 1.806 X Q
COD ap {O.OOOIXcR+1.842x(Q—O.9459)(Q—0.3336)JX[ 3.266 jQ
(0—0.9459)x (0 - 0.3336)x 0.9963% 1.277¢
MLR [13.868+1.118 X e T+ 10.878 X R— 0.8 X cR+25.97 X @
6 | omion (54.26+ (R+ R23% )+ Rx0.0568% x (1378 + 0 034 )
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s RMSE | 7497 1701 2427 5839 1376 2091 6917
R? 0.26 0.96 0.92 0.55 0.98 0.94 0.37

T-N RMSE 49 16 35 10 7 4 11
R? 0.22 0.92 0.87 0.97 0.99 0.99 0.96

T-p RMSE 8 3 2 3 1 1 3
R? 0.22 0.93 0.95 0.88 0.99 0.98 0.89
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