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Determination of EMC and MFFn Rainfall Run

off in Songcheon, Doam Lake Watershed
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ABSTRACT

The Doam Lake watershed has a significant impact on the downstream water system due to nutrients and sediment outflow during rainfall caused by
steep slopes, soil losses, and fertilization. These non-point sources are unclear in the discharge area and are affected by land use patterns, soil
characteristics, and topographical features of the watershed. Therefore, this study conducted rainfall monitoring from July to October 2019 in Songcheon

upstream of the Doam Lake watershed, one of the non-point pollution source
Concentration (EMC) and Mass First Flush ratio (MFFn) were calculated to

management areas. Then, after analyzing rainfall runoff, Event Mean
compare and analyze the characteristics of rainfall and the non-point

pollutant discharge. As a result of the analysis, it showed various non-point pollutant emission characteristics for each rainfall event. In addition, the
concentration of EMC and the MFFn were affected by the average rainfall intensity and the maximum rainfall intensity, and were not significantly
affected by the number of antecedent drying days. In the future, it is expected that effective non-point source reduction measures and management
measures according to rainfall intensity through continuous monitoring and analysis will be needed.
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Fig. 1 Location of the study watershed and water sampling site
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Table 1 Characteristics of each rainfall event in the study area
ADDs? (days) RD® TR R (mm/hr)
Date 5 -
(DP*< 0) (DP=< 5) (hr) (mm/event) Maximum Average
E1 19.07.10 - 07.12 0.63 1 40 95.7 10.6 2.39
E2 19.07.26 0.08 4 18 30.9 16.7 1.72
E3 19.08.07 3.25 9 22 105.2 39.9 478
E4 19.09.11 0.67 5 22 30.5 6.4 1.39
E5 19.09.22 - 23 6.00 6 44 128.2 9.0 2.91
E6 19.10.02 - 04 8.96 8 34 159.8 214 4.70

. Antecedent dry days

: Daily precipitation(mm/day)
. Rainfall duration

. Total rainfall

. Rainfall intensity

Table 2 Characteristics of each hydrological storm event in the study area

Event AP el it Runoff rate (-)
Average Median Maximum Minimum Stdev.?
E1 1.7 (12.1° 11.6 (12.0) 24.2 (25.0) 1.0 (1.0) 4 (6.6) 0.13
E2 6.7 (3.3) 7.3 (3.6) 13.7 (6.7) 28 (1.4) (1.5) 0.11
E3 17.4 (10.3) 17.1 (10.1) 33.7 (19.9) 1.1 (0.6) 7 (5.1) 0.10
E4 6.0 (3.5) 7 (4.0) 13.3 (7.8) 18 (1.1) 6 (1.5) 0.12
E5 17.7 (20.0) 18.0 (20.4) 28.5 (32.2) 5.4 (6.1) 5 (7.3) 0.16
E6 20.3 (18.0) 20.7 (18.3) 421 (37.3) 3.4 (3.0) 11.1 (9.8) 0.11

@ Standard deviation
®: Runoff depth(mm)
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Fig. 2 The variation of flow rate and pollutant (turbidity, SS) wash
off process in 2nd and 4th rainfall event
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Fig. 3 The variation of flow rate and pollutant (turbidity, SS) wash
off process in 1st, 3rd, 5th, and 6th rainfall event
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32 BOR BRI B2 Al AR ] 2417k
AR 2 A7t W=l E30) A 4.78 mm/hrE
(Table 1, Fig. 2-3). B9} 8S9] Xt
Botd E6ollA A A= Sl E39]

'E_ %%kol 5 A
A9 Al B9 399 muhez oS- fgron] ghmet
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7b & Fo 8 7SI B4 ZHAVSolME A 5 40%
TZbo] Al o]F Z7|MA AT} WSS (Fig. 4).
2 55 30, 50% 7oA 9] ¢SS Table 4, 7]
AIZ A 3H= Table 59F 2}, =2 {55 30% 7ol A= 2
77T} 7P =R B3 AR Aol A et SS= 717t
2.63, 2542 713 =2 NHETE By o TNT} TOC T3t
ThE 73 AR Hlg) Ao R 2o 27 |MHATE Bl
o}, SS&} B o] - =24 i 30% oA E4E A Llgt
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= 747E 1,93, 1.96 0.8 Uehtow HA e gRste] zhzt
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Z7IMHBT7L woko, w3t 27] e fKe}t fEwol ¢
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Table 3 EMC and basic statistics of water quality parameter during each rainfall events

Event Statistics Turbidity SS TP PO,-P TN TOC
(NTU) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
EMC 3441 3153 0.07 0.03 5.85 8.04
Average 3813 426.0 0.15 0.04 6.99 9.43
E1 Maximum 1,564.0 1,217.0 0.71 0.08 13.61 31.00
Minimum 9.3 174 0.01 0.01 4.43 1.70
Stdev.? 4343 400.7 0.18 0.03 2.62 8.03
EMC 7285 774.4 0.56 0.08 4.78 10.11
Average 463.7 499.6 0.41 0.08 5.78 7.73
E2 Maximum 2,550.0 2,796.0 1.56 0.18 11.10 32.80
Minimum 115 12.0 0.05 0.01 2.97 1.80
Stdev. 865.1 951.0 0.52 0.05 2.55 10.42
EMC 621.6 803.1 0.60 0.07 9.09 7.38
Average 459.6 599.8 0.48 0.06 8.34 5.48
E3 Maximum 2,400.0 2,505.0 1.54 0.20 22.07 22.20
Minimum 12.6 8.3 0.03 0.03 490 0.90
Stdev. 704.3 808.8 0.46 0.04 4.68 7.27
EMC 270.2 2828 0.43 0.29 6.58 10.00
Average 191.0 198.1 0.31 0.14 417 5.38
E4 Maximum 753.0 866.0 0.95 0.27 7.00 10.30
Minimum 6.5 40 0.02 0.03 2.81 2.60
Stdev. 2476 2818 0.32 0.08 1.16 2.58
EMC 521.0 3740 0.30 0.12 492 5.94
Average 4916 620.4 0.50 0.14 5.38 7.09
E5 Maximum 1,866.0 1,846.0 1.48 0.27 8.12 15.40
Minimum 34.9 81.7 0.04 0.03 2.87 1.80
Stdev. 500.0 567.0 0.48 0.08 1.66 4.37
EMC 782.7 1,221.8 - - 6.32 15.75
Average 889.6 1,220.6 - - 6.64 15.05
E6 Maximum 2,460.0 3,758.0 - - 12.95 54.90
Minimum 16.4 8.3 - - 2.38 1.30
Stdev. 825.5 1,210.2 - - 2.98 14.47
2 Standard deviation
Table 4 Percentage of runoff pollutant load at runoff volume 30, 50
Runoff volume 30% Runoff volume 50%
Event | Turb. | SS | TP [PO,P | TN [ TOC | Turb. | SS | TP [POsP | TN [ TOC
(%)
E1 54 41 72 50 32 32 84 79 78 58 60 74
E2 58 59 44 32 38 51 91 92 78 61 59 82
E3 79 76 62 56 54 75 90 91 82 71 70 84
E4 23 21 20 39 26 26 75 77 64 70 53 52
E5 62 55 61 51 40 50 90 88 90 81 62 77
E6 44 38 - - 36 31 84 80 - - 67 77
Turb.: turbidity
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EMCet Z=7|MAH|E (MFFn)

Table 5 First flush effect of pollutants at 30, 50 of the total runoff volume

MFF.
Event %

MFFso

Turb.” SS TP PO,-P ™

TOC

Turb. SS TP PO,-P N

E1 1.79 137 2.39 1.66 1.08

1.07

1.69 1.57 1.56 117 1.20

E2 1.93 1.96 1.46 1.06 1.26

1.71

1.81 1.83 1.56 1.22 1.18

E3 2.63 2.54 2.06 1.86 1.79

2.51

1.80 1.81 1.64 1.42 1.39

E4 0.76 0.72 0.66 131 0.87

0.88

1.51 1.55 1.27 141 1.05

E5 2.05 1.83 2.04 1.70 1.32

1.68

1.81 1.77 1.80 1.61 1.25

E6 147 1.25 - - 1.20

1.02

1.68 1.61 - - 1.33

Turb.: turbidity
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Fig. 4 Ratio of cumulative pollutants included in the cumulative
runoff volume in each section in rainfall events

9] = (B, SS. TP, PO,-P, TN, TOC)E 4451t T
g FE TS 27 NHANE BAste] -9 543t
HEeAE 5 54 HwEASI

=T Y FHNA oA W] mUEY 7%t 5ot &
739 303-159.8 mmE LpERTh 50 mmlevent o1} 73-
£ 59l QAR El, E3, ES, E6, 50 mm/event ©]5}2] 735

20 « Journal of the Korean Society of Agricultural Engineers, 62(4), 2020. 7

= 139478 mm=
£ 6.0-20.3 m’/s, v%%% 0.10-0.16°.2 UFERT]

06 ylogko

T o o=

mm/event 0]“’ S E

mm/event o] 0}4

© 428Y i%ihtﬂ

= A7to olat Zlog T}

A A F %59} SS©] EMC= E60| A 714 =9k
t}h SS9 EMCS} - 9-7&9] Hats s HA| Aol
A 3P A 71E B (100 mglL o|8]) 53 oA
O YE o, sd8r2A A etk A A
Ao A] 79-9-22=0] TPO] Hsw L 514 A3 7]
= U (05 mgll 23 5502 YERth TN 7
&7 Hdkses ESE AlYshal 584 71 vAA|
Z3l= 10 mg/L oJAFo 2 Vel TOCS EMCE= E2, E4,
E60) 4] 10 mg/L o] & BAE|gon 700 Z=s0] o
=T 15 mgl oJAC Z shH4 AEsA & uf U (8

mglL 2ih) Egow Uepirk
RA) AN 27 MRS B 297 ol
274 A oS e T7elA Ao %7

UElgth 50 mm/event ©]AFe] 7F-AMA El, E3, ES5, E62] Y+
A5 30% oA B} SSOf 2T|AH A= 1.2 ©]

Ao ehgh 8§25 50% o] el A4 S %
SHES E EF AN oY edRst REE
50 mmeven of5fe] 24 F B2 17}
A A 20%E THOR §ERSPE BoR FM

oo B9} §SO] 2 7|A|H B HLL 1.93, 1.96 0.2 =7 L}



et B4 Z9ARol A 1] 5 4
9% 2310 27k} 27| HH KL

50% 1t A Bt} SSO) & ¢
Epdeh

0% 2ol A o}
5}0:1 ) Et] _[_;d O gk

=1 T ©
Bl Zk2t 68% L

¥ ATAIY BYERY SHN FEREL R
Hps, 27 AAET] 7P F S o)A R0l
MRt M) 297 wsl Wt 9w 9P

o] B A 8% Ao LA YT Y7 BUEYS
B ASRES BA W) WA L A W, B4, 2
2 PAl], T AAE 5 9 B4 27189 478
B3 05 fE 919 FY0) Wey Aoz mudEn

B rBe gxAuardge) 2019 Hlmo‘g%ﬂaxw
(W, 7ok, AT, EotEgol) mUEY 9 B7} o
8o 9 20199 AL djstel] szl zl
2 b ATE G

e oo

REFERENCES

1. Ahn, T. W, T. H. Kim, and J. M. Oh, 2012. Analysis of
first flushing effects and EMCs of non-point pollutants
from impervious area during rainfall. Korean Journal of
Ecology and Environment 45(4): 459-473 (in Korean). doi:
10.11614/KSL.2012.45.4.459.

2. Barco, J., S. Papiri, and M. K. Stenstrom, 2008. First flush
in a combined sewer system. Chemosphere 71(5): 827-833.
doi:10.1016/j.chemosphere.2007.11.049.

3. Bertrand-Krajewski, J. L., G. Chebbo, and A. Saget, 1998.
Distribution of pollutant mass vs volume in stormwater
discharges and the first flush phenomenon. Water Research
32(8): 2341-2356. doi:10.1016/S0043-1354(97)00420-X.

4. Choi, Y. H, C. H. Won, J. Y. Seo, M. H. Shin, H. J.
Yang, and K. J. Lim, 2009. Analysis and comparison about
NPS of plane field and alpine field. Journal of Korean
Society on Water Quality 25(5): 682-688 (in Korean).

5. Gil, K. I, W. S. Kyung, and M. J. Park, 2008. Determi-
nation of pollutant EMCs and loadings of runoff in paved
areas. Journal of Korean Society of Hazard Mitigation
8(4): 119-122 (in Korean).

6. Joo, J. H, Y. S. Jung, J. E. Yang, Y. S. Ok, S. E. Oh,
K. Y. Yoo, and S. C. Yang, 2007. Assessment of pollutant

11

15.

16.

loads from alpine agricultural practices in Nakdong River
basin. Korean Journal of Environmental Agriculture 26(3):
233-238 (in Korean). doi:10.5338/KJEA.2007.26.3.233.

. Jung, S. M,, J. S. Eum, C. W. Jang, Y. S. Choi, and B.

C. Kim, 2012. Characteristics of nonpoint source pollution
and relationship between land use and nutrient concen-
trations in the Han River watershed. Journal of Korean
Society on Water Environment 28(2): 255-268 (in Korean).

. Jung, W. G, I. R. Heo, G. H. Yi, S. H. Kim, C. M. Bae,

U. J. Park, S. B. Choi, and C. C. Kim, 2017. Analysis
of water quality improvement effects in a muddy water
occurrence stream during rainfall. Journal of the Korean
Society for Environmental Analysis 20(1): 49-57 (in
Korean).

. Kal, B. S, J. B. Park, H. G. Kwon, T. H. Im, and J. H.

Lee, 2017. A study on the management of non-point source
using peak water quality concentration. Journal of
Wetlands Research 19(3): 287-295 (in Korean). doi:
10.17663/JWR.2017.19.3.287.

. KMA, Climate data. https://www.weather.go.kr/weather/

climate/average regional01.jsp#a8. Accessed 27 May. 2020.
Kwak, S. J., B. D. Bhattrai, E. J. Kim, C. K. Lee, H. J.
Lee, and W. M. Heo, 2012. Characteristics of non-point
pollution discharge on stormwater runoff from Lake Doam
watershed. Korean Journal of Ecology and Environment
45(1): 62-71 (in Korean).

. Kwak, S, J., B. D. Bhattrai, G. Y. Gim, P. G. Kang, and

W. M. Heo, 2018. Characteristics of runoff load from
nonpoint source pollutants in the Lake Doam watershed.
Journal of the Korean Society of Limnology 51(1): 135-147
(in Korean). doi:10.11614/KSL.2018.51.1.135.

. Lee, S. 1., I. Y. Shin, M. H. Shin, S. H. Joo, J. Y. Seo,

W. J. Park, J. Y. Lee, and J. D. Choi, 2017. Characteristics
of non-point pollutant runoff in highland field fields
through long-term monitoring. Journal of the Korean
Society of Agricultural 59(4): 85-96 (in Korean). doi:
10.5389/KSAE.2017.59.4.085.

. MOE, 2009. Lake Doam non-point pollution source

management area monitoring and evaluation program.
MOE, 2011a. Non-point pollution source management area
designation system.

MOE,
management area monitoring and evaluation program.

2011b. Doam dam non-point pollution source

. MOE, 2017. Non-point pollution source management area

monitoring and evaluation program.

F2E33s =Ry A62d A4z, 2020 « 21



A

18.

19.

20.

21

22

Park, K. H., B. S. Kim, H. J. Yun. K. Y. Ryu, J. C. Yun,
J. Y. Choi, K. D. Kim, and Y. L. Jin, 2012. Characteristics
of water quality at main streams and Lake Doam in
Daegwallyeong area. Korean Journal of Soil Science and
Fertilizer 45(6): 882-889 (in Korean). doi:10.7745/KJSSF.
2012.45.6.882.

Park, K. H., H. J. Yun, K. Y. Ryu, J. C. Yun, J. J. Lee.
H. A. Hwang, K. D. Kim, and Y. L. Jin, 2011a. The
monitoring of agricultural environment in Daegwallyeong
area. Korean Journal of Soil Science and Fertilizer 44(6):
1027-1034 (in Korean). doi:10.7745/KJSSF.2011.44.6.
1027.

Park, S. J., K. W. Baek, Y. B. Kang, and H. K. Choi,
2011b. Estimation of delivery pollution load by the runoff
characteristics of Soyang Lake basin. Journal of Korean
Society of Hazard Mitigation 11(6): 317-324 (in Korean).
Shin, J. Y., M. H. Shin, Y. H. Choi, H. W. Kang, C. H.

Journal of the Korean Society of Agricultural Engineers, 62(4), 2020. 7

22.

23.

Won, M. Y. Hwang, H. J. Yang, K. J. Lim, and J. D.
Choi, 2012. Effect of balloonflower and potato cultivation
on runoff and NPS pollution loads. Journal of the Korean
Society of Agricultural Engineers 54(6): 89-99 (in Korean).
doi:10.5389/KSAE.2012.54.6.089.

Won, C. H, M. H. Shin, S. I. Lee, D. H. Kum, K. J. Lim,
and J. D. Choi, 2014. Effects of surface cover and soil
amendments on the NPS load reduction from alpine fields.
Journal of the Korean Society of Agricultural Engineers
56(3): 47-53 (in Korean). doi:10.5389/KSAE.2014.56.3.
047.

Yoon, C, G, S. B. Lee, K. W. Jung, and J. Y. Han, 2007.
Analysis of relationship between water quality parameters
in agricultural irrigation reservoirs and land uses of
associated watersheds. Korean Journal of Ecology and
Environment 40(1): 31-39 (in Korean).





