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Abstract

Water quality improvement projects are being implemented without predicting the effect of water quality
improvement on Lake Sapgyo. As the method of selecting the target stream for the effective conduct of water quality
improvement projects the method of rating the streams were studied. To build a stream grading method, 60 major
streams in the Lake Sapgyo system were monitored. The selection method of rivers subject to priority management
for water quality improvement was applied to the stream grading method using the Analytic Hierarchy Process
(AHP). The analysis of importance by site by stream grading method revealed the following: water quality (36.0%),
flow (26.1%), travel load (13.4%), TMDL density (12.0%), TMDL (8.9%), and area (3.7%). The pollution level of
the river was scored by using the stream grading method, and the ranking of 51 streams was calculated. Based on this,
the group was classified into six grades (A-F). Among the groups, the F and E groups were selected as the priority
management streams. Cheonan-Cheon (Cheonan City) was selected as the first stream to establish water quality
improvement measures in the Lake Sapgyo system, and Seowoo-Cheon (Dangjin City) was selected as the second
site, and Oncheon-Cheon (Asan City) was selected as the third site. Each local government is expected to improve the
water quality improvement effect with limited resources when establishing and implementing water quality
improvement measures for the streams (F group, E group) to be managed in this study.
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1. Introduction
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Fig. 1. Unit watershed at Lake Sapgyo.
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Fig. 2. Tributary monitoring points.
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3. Results and Discussion
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Area in Si-G Area in Watershed(km?)
Si-Do Si-Gun Total area(kmz) Watershed Sll]a_[’e (O;H)l Sapgyo Muhan Gokyo Namwon °*
)
(km?) -cheon -cheon -cheon | Dogo-cheon

Sejong-Si Sejong-si 464.9 23.0 1.4% 0.0 0.0 23.0 0.0
Cheonan-si 646.1 191.7 11.8% 0.0 0.0 191.7 0.0

Asan-si 5422 3973 24.4% 0.0 13.5 3232 60.6

Dangjin-si 704.3 1914 11.8% 49.0 0.0 0.0 142.4

Chungcheongnam-do

Cheongyang-gun 479.2 1223 7.5% 0.0 1223 0.0 0.0

Hongseong-gun 444.0 186.7 11.5% 164.1 22.6 0.0 0.0

Yesan-gun 542.6 5134 31.6% 212.6 300.8 0.0 0.0

Total 3,8233 1,625.9 100.0% 4258 459.2 537.9 203.0

Table 2. Current status and evaluation ratings for the water quality at Lake Sapgyo

v BOD TOC T-P Evaluation Class v BOD TOC T-P Evaluation Class
] mg) | mgl) | mel) | Toc | TP o mgl) | mgl) | mel) | Toc | TP
2009yr 4.5 53 0.210 I\ VI 2014yr 44 5.8 0.164 v VI
2010yr 34 4.9 0.245 m VI 2015yr 49 5.8 0.132 v \%
2011yr 6.1 6.0 0.210 v VI 2016yr 5.5 7.2 0.154 \4 VI
2012yr 4.5 5.6 0.163 v VI 2017yr 52 7.3 0.194 \4 VI
2013yr 3.5 49 0.192 m VI 2018yr 4.6 4.8 0.184 m VI
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Table 3. Water quality and flow monitoring results

Watershed Stream Fl(3w BOD Toc P Watershed Stream Flow BOD Toc P
m’s) | (mgL) | (mgl) | (mg/L) ’s) | (mgl) | (mgl) | (mg/L)
Deogsan 0.292 1.5 2.7 0.067 Yesan 0.090 1.5 22 0.153
Sapgyol 0.851 3.5 39 0.182 Yonggul 0.038 1.8 24 0.085
Sapgyo2 1.603 24 34 0.120 Muhan Jangjeon 0.039 0.9 2.0 0.043
Sapgyo3 - 3.1 3.8 0.130 cheon Tanbang 0.182 1.6 29 0.053
Sangsong 0.088 42 49 0.225 Haengjeong 0.075 1.6 2.8 0.023
Seogwo 0.540 3.0 4.6 0.119 Hwasan 1.054 1.9 2.5 0.041
Seongri 0.292 32 34 0.116 Gokyol 0.219 1.7 2.7 0.043
Singyeong 0.164 0.9 2.7 0.041 Gokyo2 4.495 3.9 4.1 0.242
S;igoi" Yongbong 0.177 13 27 0.062 Gokyo3 - 4.1 49 0213
Jangseong 0.044 2.8 3.6 0.050 Maegok 0.236 3.1 3.6 0.127
Jonghyeon 0.016 3.0 3.6 0.186 Maenggok 0.492 2.2 34 0.105
Hapo 0.057 2.8 5.2 0.096 Samlyong 0.076 23 3.0 0.112
Hongseong 0.124 1.3 23 0.106 Sinchang 0.181 34 5.0 0.212
Hwayang 0.133 1.9 2.8 0.065 Omok 0.217 4.0 5.0 0.115
Hyogyo 0.308 2.1 3.8 0.057 Onyang 1.071 1.9 29 0.048
Daecheon 0.533 2.8 32 0.375 Gokyo Oncheon 0.091 7.1 11.6 0.298
Gangchon 0.261 1.3 2.1 0.032 cheon Wacheon 0.083 33 3.7 0.120
Gulye 0.038 1.7 32 0.059 Yonggu 0.185 3.7 7.2 0.128
Gungpyeong 0.028 1.1 2.5 0.157 Wonseong 0.128 3.2 39 0.262
Gideog 0.048 0.9 1.9 0.032 Eumbong 0.214 3.1 4.7 0.115
Nojeon 0.041 1.0 24 0.052 Jangjae 0.222 2.7 3.1 0.057
Masa 0.017 2.6 54 0.130 Cheonan 2.881 6.1 5.5 0.419
Muhanl 0.765 1.6 2.7 0.037 Pungseo 0.432 1.0 1.5 0.028
Muhan Muhan2 - 29 43 0.199 Hagseong 1.525 3.8 43 0.162
cheon Bongnong 0.053 1.9 43 0.130 Hoelyong 0.222 1.2 2.1 0.089
Sanjeong 0.107 2.1 23 0.077 Yongdu 1.237 0.8 54 0.039
Sujeong 0.050 0.8 2.1 0.031 Dogo 0.395 3.0 43 0.095
Simog 0.048 12 25 0.098 Namwon Obong 0.462 34 4.6 0.206
Sinyang 1793 | 14 | 24 | 0047 C}E 0 | Namwonl | 0477 | 35 | 45 | 0110
Sinheung 0.054 1.0 2.1 0.255 Namwon?2 0.939 3.6 4.6 0.140
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Fig. 3. Water quality class at Lake Sapgyo tributaries.
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Fig. 4. Water quality class summaries(BOD, T-P).

Table 4. Water quality and flow monitoring results

Water quality class(BOD) Water quality class(T-P)
Watershed Total Watershed Total
I I m I\ \4 VI I o il v \4 VI
Sapgyocheon 5 7 4 0 0 0 16 Sapgyocheon 0 7 7 1 0 16
Muhancheon 17 3 0 0 0 0 20 Muhancheon 5 9 5 1 0 0 20
Gokyocheon 5 3 10 2 0 0 20 Gokyocheon 2 4 8 5 0 20
Igf;lﬁzon o | o | 4o o] o] 4 I;i‘;‘l‘l’l’e‘m 0 1|2 1 0o | o | 4
Total 27 13 18 2 0 0 60 Total 7 21 22 8 2 0 60
Table 5. Results for total maximum daily load of pollutants
TMDL(kg/d)
Parameters Pollution Sapgyo Muhan Gokyo Namwon * Dogo
cheon cheon cheon cheon Total
Population 2,422.59 1,367.01 9,173.02 1,051.79 14,014.41
Livestock 6,248.34 3,054.63 2,974.64 2,131.37 14,408.98
Industry 12.93 28.93 264.97 10.00 316.83
BOD Land use 2,149.48 1,595.64 2,928.24 1,008.49 7,681.85
Fish farm 173.81 78.61 130.10 38.94 421.46
Landfill 9.80 0.22 68.77 0.00 78.79
Total 11,016.95 6,125.04 15,539.74 4,240.59 36,922.32
Population 83.26 84.90 365.62 39.93 573.71
Livestock 591.49 252.73 240.59 202.28 1,287.09
Industry 2.03 4.15 29.93 0.93 37.04
T-P Land use 203.09 142.49 208.80 88.89 643.27
Fish farm 9.04 4.15 6.77 2.03 21.99
Landfill 0.28 0.02 0.39 0.00 0.69
Total 889.19 488.44 852.10 334.06 2,563.79
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Site Number Parameter
Area Area(kir) 1 1~7
TMDL Daily Flow(m'/s) 1 1~7
Flow (BOD, T-N, T-P
B\ 'COD;TOC, 55) 6(BOD, T-N, T-P
Water quality Water quality(mg/L) ’ ’ 1~7
(BOD, T-N, T-P COD, TOC, SS)
oD, TOC, S5)
TMDL TMDL density TMDL(kg/day) 3(BOD, T-N, T-P) 1~7
(BOD, T-N, T-P) ? (BOD, T-N, T-P) .
- TMDL Density 3(BOD, T-N, T-P) 1~7
(kg/day/kir)
v
Travel Load 6(BOD, T-N, T-P 1~7
(ke/day) COD, TOC, SS)
Total 20 20~ 140

Fig. 7. Grading method for selecting priority management stream.
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Site Importance | Parameter | Importance Total
Area(km) 3.7% - 100.0% 3.7%
Flow(m'/s) 26.1% - 100.0% 26.1%
Importance BOD 17.5% 6.3%
COD 10.6% 3.8%
Water T-N 16.4% 5.9%

. 36.0%
oL A quality(mg/L) ° TP 205% | 14%
8.9% : TOC 29.3% 10.5%
TMDL Density SS 5.7% 2.1%
12.0% TMDL BOD 40.2% 3.6%
8.9% T-N 28.1% 2.5%

(kg/day)
Y T-P 3% | 28%
L Densi BOD 40.6% 4.9%
m ('km v /i‘:nf)“y 12.0% TN 29.2% 3.5%
Y TP 302% | 3.6%
BOD 17.2% 2.3%
COD 10.8% 1.4%
Travel Load 13.4% T-N 16.9% 2.3%
(kg/day) o T-P 20.0% 2.7%
TOC 30.4% 4.1%
SS 4.8% 0.6%
Total 100.0% - 100.0%
Fig. 8. Importance of evaluation after consistency verification.
Table 6. Selection of streams subject to priority management
Class Rank Watershed Stream Score Class Rank Watershed Stream Score
1 Gokyo Cheonan 6.730 27 Sapgyo Hapo 3.897
2 Sapgyo Seogwo 5.709 28 Muhan Bongnong 3.821
‘F’ class 3 Gokyo Oncheon 5.282 29 Gokyo Wacheon 3.793
4 Gokyo Hagseong 5.245 30 Muhan Tanbang 3.698
5 Namwon Namwon 5.079 ‘C’ class 31 Muhan Yesan 3.693
6 Sapgyo Daecheon 4.977 32 Sapgyo Hongseong 3.683
7 Namwon Obong 4.968 33 Gokyo Hoelyong 3.625
8 Gokyo Omok 4.803 34 Gokyo Samlyong 3.589
9 Sapgyo Seongri 4.683 35 Muhan Sanjeong 3.506
10 Muhan Hwasan 4.668 36 Muhan Masa 3.471
‘E’ class 11 Gokyo Sinchang 4.664 37 Sapgyo Singyeong 3.379
12 Gokyo Onyang 4.626 38 Muhan Gangchon 3.308
13 Muhan Sinyang2 4.624 ‘B’ class 39 Sapgyo Jonghyeon 3.269
14 Namwon Dogo 4.610 40 Gokyo Pungseo 3.240
15 Gokyo Yonggu 4.504 41 Sapgyo Jangseong 3.139
16 Gokyo Maenggok 4.504 42 Muhan Sinheung 3.018
17 Sapgyo Hyogyo 4.496 43 Muhan Gungpyeong 2.906
18 Gokyo Yongdu 4415 44 Muhan Gulye 2.887
19 Gokyo Maegok 4.403 45 Muhan Simog 2.842
20 Sapgyo Deogsan 4394 46 Muhan Yonggul 2.799
D ol 21 Gokyo Eumbong 4.368 ‘A’ class 47 Muhan Haengjeong 2.658
class
22 Gokyo Wonseong 4.340 48 Muhan Nojeon 2.281
23 Sapgyo Sangsong 4324 49 Muhan Sujeong 1.975
24 Sapgyo Yongbong 4.180 50 Muhan Gideog 1.974
25 Gokyo Jangjae 4.159 51 Muhan Jangjeon 1.724
26 Sapgyo Hwayang 4.073

SIS EEIAES|X| M36H H3E, 2020
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Table 7. Selection of target streams by grading
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Pollutant load(BOD, kg/day) Sewage .
Class Stream Pollution
Population Livestock Industry Land use | treatment rate
Cheonan 3,397.4 47.7 294 772.1 90.2% Population
Seogwo 313.8 935.3 0.8 176.6 69.3% Population&Livestock
‘F* class Oncheon 852.5 0.0 48.7 573 93.6% Population
Hagseong 106.3 103.6 0.9 64.7 20.9% Population&Livestock
Namwon 333.8 1,342.2 7.9 367.6 36.3% Livestock
Daecheon 216.2 704.7 0.1 265.7 9.7% Population&Livestock
Obong 176.2 445.1 04 142.6 88.8% Livestock
Omok 580.6 126.3 20.1 140.6 88.7% Population
Seongri 177.9 4143 34 188.8 19.8% Population&Livestock
Hwasan 163.4 769.0 0.2 236.8 5.7% Population&Livestock
‘E’ class Sinchang 100.7 204.0 1.0 72.1 88.9% Livestock
Onyang 886.2 79.1 1.1 311.9 89.4% Population
Sinyang 125.5 405.2 0.0 229.8 23.8% Population&Livestock
Dogo 276.0 184.9 1.0 143.0 39.3% Population&Livestock
Yonggu 29.0 1252 0.2 217 44.3% Livestock
Maenggok 67.0 233.2 0.3 733 79.3% Livestock
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