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A Study on the Improvement of Water Quality after Rainfall in
Oncheon Basin Using SWMM

Jeong-In Leex*, Gyeong-Won Jeong, Kyung-Min Kim, Eun-Jung Cho, Jae-Eun Jeong

Aquatic Environment & Ecology Team

Abstract

In this study, the following results were obtained by investigating the non-point sources during
rainfall on Oncheon basin, which is used by many citizens among the rivers in downtown Busan. The
longer the days without rainfall in advance, the highest water quality concentration was found when
the daily precipitation was 10-50mm, and all dry season surveys except 2019 showed poor water
quality. To analyze the cause of a rapid increase in BOD concentration during rainfall, the correlation
between each water quality item was analyzed using Pearson's correlation analysis using the SPSS
20.0 program, and the correlation between organic pollutant indicators (BOD, COD, TOC) was high in
common. In particular, in rainfall, there was a high correlation between all items based on BOD, and
the correlation between organic pollutant indicators (BOD, COD, TOC) and TN, TP, and SS items was
high. As a result of analyzing the water quality characteristics of the influent water flowing into the
non-point pollution reduction facility of the hot spring stream and the effluent discharged through
the reduction facility, the reduction efficiency was analyzed, In particular, non-point pollution
reduction facilities are found to have a great reduction effect on BOD and SS from the beginning of
the inflow to two hours, and it is believed that sedimentation reservoirs and filtration facilities alone
will have a great effect on initial excellent treatment. As a result of comparing the TP analysis results
and the simulated results for four rainfall events at the Sebyeonggyo Bridge using the SWMM model,
There was a difference between the time and duration, but the trend of change in TP concentration
during rainfall was confirmed, In the future, it is expected that the predicted value will improve if
the optimal parameter is calculated and applied through repetitive parameter changes.
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Table 1. Oncheon stream situation
Section Length Area Coverage rate
Start End (Km”) (%)
Geumjeong Dongnae A‘llak 56.28 115
Cheongryong Suyeong River
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Table 2. Sample collection cycle and analysis items

Content
A371d 4 39 ol
Z7] 743 Al 168 34, 2A1%F 0|55 30% A 0= 2A1RF o] RjiF

BOD, COD, TOC, SS, T-N, T-P, NHs-N(&A 2 A-57JA|E7E)

22 pH, A7|AEE, E&, DO

Table 3. Monitoring and Evaluation Method for Installation, Management, and Operation of Non-point

Pollution Reduction Facilities (Ministry of Environment)®

Content

B 49 ~ 5Y

M1 0% 39 ol ARAN B4t AR o 108] ~ 128]2 M7
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Fig. 5. Accumulated precipitation for March 2022
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Table 4. Highest concentration and occurrence time by Oncheon basin item

Item

MAX.

Time

Point

BOD (mg/L)

SS (mg/L)

(Accumulated precipitation)

Sebyeonggyo Bridge

264.0

3145

13:00
(Accumulated precipitation
approximately 16.4 mm)

Sajikcheon Stream

348.0

586.0

12:30
(Accumulated precipitation
approximately 13.3 mm)

Geojecheon Stream

417.0

397.5

13:00
(Accumulated precipitation
approximately 16.4 mm)

Table 5. Water Quality Survey Results by time in Rainfall (2022. 3. 13.)

(Unit : mg/L)

Point Time BOD COoD ss TN NH;-N TP TOC
12:00 28.4 19.2 23.9 5.259 0.447 0.243 7.2

12:30 27.0 18.5 33.3 4.962 0.605 0.174 55

Sebyeongayo 13:00 264.0 133.7 314.5 18.782 8.538 2.418 31.6
Bridge 13:30 151.5 67.8 303.0 14.020 5.407 1.754 24.4
14:00 117.0 57.0 277.0 11.832 4.790 1.475 24.2

14:30 125.7 67.6 207.8 10.913 5.671 1.142 20.2

12:00 129.3 81.6 180.8 7.644 5.603 0.511 32.9

12:30 348.0 125.6 586.0 22397  11.142 3.270 78.6

Sajikcheon 13:00 123.0 76.8 186.8 7.559 2.878 0.988 23.2
Stream 13:30 57.6 23.9 56.2 4.145 2.126 0.315 8.9
14:00 44.1 22.1 34.3 3.783 1.696 0.380 9.6

14:30 32.4 21.3 29.4 4.483 1.089 0.366 8.2

12:00 18.1 13.7 11.3 2.968 0.089 0.071 4.7

12:30 307.8 124.0 317.5 45.670 5.185 5.467 67.7

Geojecheon 13:00 417.0 148.8 397.5 46.069 9.450 6.762 99.5
Stream 13:30 303.0 120.4 165.5 19.765  12.370 2.119 26.6
14:00 132.0 65.6 104.2 18.996 = 12.384 2.156 18.3

14:30 89.1 33.0 69.0 15523 11.892 1.483 14.5
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Fig. 7. Water Quality Change by Time zone (2022. 3. 13))

Table 6. Water Quality Survey Results of Sajikcheon Stream during the rainy season(2022. 6. 27.)

(Unit : mg/L)
Item
Point BOD TOC SS TN NH3-N TP
Geojecheon Stream 29.5 22.9 781.0 5.519 3.252 0.857
Leeseop Bridge 24.2 13.1 339.1 4.889 2.019 0.499
Sajikcheon Stream 10.1 6.0 52.9 1.645 0.597 0.185
Mok Bridge 14.1 6.9 60.5 3.003 0.928 0.307
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Fig. 8. Precipitation by Time Zone (August 18th) Fig. 9. Accumulated precipitation for August 2023
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Table 7. Water Quality Survey Results in Rainfall (2023. 8. 18.)
(Unit : mg/L)
Point Time BOD SS TN NH3-N TP TOC
9:00 13.3 10.5 3.138 0.506 0.226 4.8
9:15 36.2 16.9 5.924 3.186 0.594 7.5
9:30 46.1 36.5 5.957 3.157 0.673 10.6
9:45 39.6 40.2 6.660 3.591 0.787 9.7
Sebgfi(;ﬁgyo 10:00 41.2 35.2 6.798 3.906 0.810 9.7
10:30 30.9 26.5 6.626 3.740 0.716 7.8
11:00 23.6 30.7 6.085 3.506 0.616 7.1
11:30 20.9 10.2 5.440 3.029 0.486 6.2
12:00 17.2 4.3 5.033 2.619 0.432 7.6
9:15 477 67.3 8.466 4.994 0.989 17.3
9:30 47.6 64.5 7.641 4.603 0.908 18.8
9:45 32.2 9.0 7.242 4.522 0.752 12.3
Sajikcheon 10:00 28.6 17.3 7.157 4.427 0.745 19.5
Stream 10:30 22.9 5.4 7.217 4.114 0.640 10.3
11:00 23.3 4.5 6.993 4.029 0.620 10.6
11:30 21.7 6.7 7.244 3.145 0.663 8.7
12:00 19.2 4.6 6.420 3.667 0.609 8.6
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Fig. 12. Installation of an automatic sampler
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Table 8. The results of the water quality survey of the Geojecheon Stream using automatic sampler

(2023. 7. 4)
(Unit : mg/L)
Item
BOD SS TN NH;-N TP TOC
Time

20:20 8.3 18.4 2.063 0.036 0.164 17.0
20:35 7.3 2.4 2.251 0.062 0.170 5.5
20:50 5.7 2.1 2.357 0.029 0.173 4.1
21:05 4.8 1.9 2.304 0.033 0.168 4.1
21:20 5.2 2.0 2.242 0.051 0.179 3.5
21:35 5.1 5.8 2.268 0.057 0.173 3.5
21:50 4.7 9.2 2.246 0.030 0.184 4.2
22:05 4.8 8.6 2.183 0.029 0.170 3.6
22:20 4.9 13.7 2.328 0.030 0.187 3.7
22:35 4.8 10.7 2.288 0.071 0.177 3.3
22:50 4.4 4.0 2.328 0.065 0.174 3.9
23:05 5.0 7.1 2.286 0.030 0.175 3.3
23:20 4.3 7.3 2.240 0.231 0.170 3.5
23:35 4.2 8.3 2.049 0.100 0.120 3.0
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Table 9. Water Quality Survey Results in Rainfal (2018 ~ 2023)
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(Unit : mg/L)
BOD CoD Ss ™ NHs-N TP TOC
Max. 430.5 2777 881.5 30.062 8.538 11.054 1754
Min. 13 3.9 3.0 2.057 0.015 0.002 2.4
Sebyeong
Mean 711 33.4 151.1 5.922 1.401 1.074 13.3
SD. 98.1 43.1 180.6 4784 1512 1.527 19.4
Max. 813.0 238.0 17010 37777 11.984 19.447 124.1
sk Min. 7.4 5.9 45 1.867 0.362 0.089 3.0
a,
" Mean 777 37.1 134.9 6.8 3.0 1.0 16.4
SD. 135.2 498 270.3 6.407 2.744 2.868 23.1
Max. 417.0 1488 3975 46,069 12.384 6.762 99.5
_ Min. 472 7.7 19 2.049 0.029 0.071 3.0
Geoje
Mean 82.2 50.0 88.9 9.2 33 11 15.1
SD. 116.1 44.0 112.3 11.541 4173 1.580 213

Table 10. Maximum concentration during rainfall at the Sebyeonggyo Bridge (2018 ~ 2023)

- 50Dt SSmm)  povecoden dry doy e S
(mm/day)

2018 395.0 881.5 18 45.0

2019 240.6 637.8 9 74.5

2020 232.2 481.2 4 31.0

2021 430.5 754.5 16 25.0

2022 264.0 314.5 72 17.8
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Fig. 13. Changes in BOD/COD/TOC during rainfall (Sebyeonggyo Bridge)
Table 11. BOD/COD Results in Rainfall (2018 ~ 2023)
Sebyeonggyo
(before Sebyeonggyo Sajik Geoje Road runoff Farmland
rainfall)
Max. 1.1 6.3 5.8 7.2 1.8 1.2
Min. 0.2 0.3 1.1 1.3 0.3 0.7
Mean 0.4 1.8 2.4 3.4 0.8 0.9
S.D. 0.2 1.2 1.0 1.9 0.5 0.2
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Fig. 14. Changes in BOD/COD/TOC during rainfall

Table 12. Correlation between each water quality item during rainfall (Sebyeonggyo Bridge)

BOD COD SS TN NH3;-N TP TOC
BOD 1.000
COD L9345 1.000
Sebyeonggyo SS .801%x .800%* 1.000
(rainfall) TN 847 % .841xx .674%x 1.000
n=122 NH3-N 584 % .685% % 409%* .642%% 1.000
TP .685%* .619%x 61 1% . 795%* .288%* 1.000
TOC .816%* .915%* .703%* T76%* L489** .605%* 1.000
BOD 1.000
COD .666%* 1.000
Sebyeonggyo SS 2779% .569** 1.000
(before rainfall) TN 4345 .205 139 1.000
n=68 NH3-N WYNESS .399%* .049 .618*x* 1.000
TP .65 1% A1 1 .153 .5b4x* .835%x* 1.000
TOC .319%x 684 % 277 .005 221 195 1.000

* Correlation is signficant at the 0.05 level (two-tailed)
*x Correlation is signficant at the 0.01 level (two-tailed)
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Table 13. Correlation between each water quality item during rainfall (Tributary stream)

BOD CoD SS N NH3-N TP TOC
BOD 1.000
COD 950+« 1.000
Sajikcheon ss 971+« 906+« 1.000
Stream N 900%% 883+« 876+« 1.000
n=45 NH3-N 556k 726%x  A8Axx  TA2xx 1.000
TP Q04kx  784xx  938kx 849k« 344« 1.000
TOC 972%%  982%% 919+ 909+« 693+« 817+«  1.000
BOD 1.000
COD 882+« 1.000
Geojecheon ss 92Lex 757+« 1.000
Stream N Q07+ 903+« .864%x  1.000
n=30 NH3-N | 754xx 541 650sx  691sx  1.000
TP 918+ 879+ 90lex 987+ 656+« 1.000
TOC 898+ 883k« 882%x  9d4rx  554kx 967+« 1.000

*  Correlation is signficant at the 0.05 level (two-tailed)
*x Correlation is signficant at the 0.01 level (two-tailed)
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Table 14. Comparison of TP concentration between analysis results and simulation results

(Unit © mg/L)
2021. 05. 20 2021. 11. 08 2022. 03. 13 2023. 08. 18

analysis | simulation | analysis  simulation @ analysis : simulation | analysis :simulation

results results results results results results results results
Max. 0.861 0.920 3.003 1.530 2.418 0.790 0.810 0.810
Min. 0.121 0.410 0.308 0.120 0.243 0.700 0.226 0.130
Mean 0.383 0.787 1.322 0.807 1.319 0.748 0.521 0.573
S.D. 0.264 0.194 1.090 0.447 0.898 0.038 0.250 0.304
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Fig. 21. Comparison of TP concentration between analysis results and simulation results
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