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Abstract

The recent climate change and urbanization have seen an increase in runoff and pollutant loads, and
consequently significant negative water pollution. The characteristics of the pollutant loads vary among the
different flow regime depending on their source and transport mechanism, However, pollutant load reduction
based on flow regime perspectives has not been investigated thoroughly. Therefore, it is necessary to analyze
the effects of concentration on pollutant load characteristics and reductions from each flow regime to develop
efficient pollution management. As non-point pollutants continuously increase due to the increase in
impervious area, efficient management is necessary. Therefore, in this study, 1) the characteristics of pollutant
sources were analyzed at the Dalcheon Basin, 2) reduction of nonpoint pollution, and 3) reduction efficiency
for flow regimes were analyzed. By analyzing the characteristics of the Dalcheon Basin, a reduction efficiency
scenario for each pollutant source was constructed. The efficiency analysis showed 0.06% to 5.62% for the
living scenario, 0.09 to 24.62% for the livestock scenario, 0.17% to 12.81% for the industry scenario, 9.45%
to 38.45% for the land scenario, and 9.8% to 39.2% for the composite scenario. Therefore, various pollution
reduction scenarios, taking into account the characteristics of pollutants and flow regime characteristics, can
contribute to the development of efficient measurements to improve water quality at various flow regime
perspectives in the Dalcheon Basin.
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1. Introduction
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2. Materials and Methods
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Table 1. Model evaluation index (Moriasi et al., 2015)

Evaluation Very good Good Satisfactory Unsatisfactory
Flow R* ) 0.85 0.75 < R* < 085 0.60 < R* < 0.75 R? < 0.60

, P R* ) 0.80 0.65 < R* < 0.80 040 < R* < 0.65 R* < 040
R N R* ) 0.70 0.60 < R? < 0.70 0.30 < R? < 0.60 R* < 030
General R* ) 0.80 0.70 < R* < 0.80 0.50 < R* < 0.70 R* < 0.50

Flow NSE > 0.80 0.70 < NSE < 0.80 0.50 < NSE < 0.70 NSE < 0.50

NSE N/P NSE > 0.65 0.50 < NSE < 0.65 0.35 < NSE < 0.50 NSE < 035
General NSE > 0.80 0.60 < NSE < 0.80 0.50 < NSE < 0.60 NSE < 0.50
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Table 2. Scenarios of water quality improvement at the Dalcheon basin

Division

Contents

Target watershed

Scenario 1 Living

Connection to sewage treatment, reduction of water consumption Dalcheon downstream

Scenario 2 | Livestock

Consignment treatment of top 20% of livestock, installation of outflow prevention | Eumseongcheon, Yodocheon,

facilities

Dalcheon downstream

Scenario 3 | Industrial

Connection of Industrial wastewater treatment plant, public sewage treatment plant

Eumseongcheon, Yodocheon,
Dalcheon downstream

Scenario 4 Land

Application of runoff reduction effect to paddy fand fields

Eumseongcheon, Yodocheon,
Dalcheon downstream

Scenario 5 | Combined

Combined Scenario (Living, Livestock, Industrial, Land)

Eumseongcheon, Yodocheon,
Dalcheon downstream
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3. Results and Discussion

bt cgdstR AT HY &3 AF4E
AFReh 4 A8 A& i HsE Table 59 2} B3
A%, 243 F99 FF o B°, NSE= 0.71, 0.73, BODs
2o th3 R?, NSE+= 0.67, 0.52, T-N &= tjg R?
NSEE 0.85, 0.81, T-P 5ol tldt %, NSEE 0.82, 0.412
Yelgth 8 5H §99 3 tig 7%, NSEE 0.73, 0.67,
BODs &%) i3 r%, NSEE 0.73, 0.65, T-N & 3t

2o tlgt 7%, NSE+& 0.54, 0.452 YEMTHTable 3~4, Fig.
3~6). 273 A= Moriasi et al. (2015)7} A ¢HEE 7]l w}

E : Eumseongcheon D1 : Dalcheon-upstream
Y : Yodocheon D2 : Dalcheon-downstream

PN

Ve Nad

)
(
\

pd
“

!
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)
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== Reach

Z\;’\/’” ~) ) O Calibration point

3\
K-\ﬁ 0 5 10 km

L—s

Fig. 2. Location of calibration point in Dalcheon watershed.

Table 3. Results of flow calibration at the Dalcheon basin

2 = e 3 R2 =
R’, NSE& 0.65, 0.43, T-P &0l digt r*, NSE+ 0.68, Dalcheon Dalcheon
0492 Yepstth 2xskF & F99 F2ol Wt r’, NSE Eumseongcheon | Yodocheon | downstream_ | downstream_
£ 0.67, 0.62, BODs @& th3t r*, NSEE 0.81, 0.61, T-N upper lower
g5 W R, NSEE 0.67, 059, T-P FZo| tid 2, R 0.1 0.73 0.67 0.79
NSEE 0.62, 0432 Uelstth 2387 o 99 39 7% Satisfactory | Satisfactory | Satisfactory Good
o T3t R?, NSEE 0.79, 0.70, BODs &% th3t r’, NSE NSE 0.66 0.67 0.62 0.70
£ 0.69, 0.67, T-N &l tigt R*, NSE+ 0.67, 0.62, T-P & Satisfactory | Satisfactory | Satisfactory | Satisfactory
Table 4. Results of water quality calibration at the Dalcheon basin
BOD;s T-N T-P
Watersheds > > >
R* NSE R* NSE R* NSE
0.67 0.52 0.85 0.81 0.82 0.41
Eumseongcheon - - -
Satisfactory Satisfactory Very Good Very Good Very Good Satisfactory
0.73 0.65 0.65 0.43 0.68 0.49
Yodocheon
Good Good Good Satisfactory Good Satisfactory
0.81 0.61 0.67 0.59 0.62 043
Dalcheon downstream upper - -
Good Good Good Good Satisfactory Satisfactory
0.69 0.67 0.67 0.62 0.54 0.45
Dalcheon downstream_lower - - -
Satisfactory Good Good Good Satisfactory Satisfactory
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2} ol F=(Very good), F5(Good), TH(Satisfactory), & 32 /Y EME 1126t M& 28 (ARYYH/[HTA)
9HE(Unsatisfactory) 2. 2 :rL—fO]'C’:] grtstgon 9 mdd B dFgAs 24 98 daes §9 EAS 183
A 2ol sk HA 2 7|t die fF 2 22 LHAE A AUE 8 TSR e 99, - 3E AR
ARog A& A Higsly 9= Aoz YeElgtl AA BE&S FASEY AA AV 24 dE] BE B4 AT
d 2d 58 A A8 7749 7| w F 2 £2 A AEEC] BAFALY, ol BUS AR S ELYAHE
FE 2T AubE o7 “Satisfactory” o]AO.E R X]o] th3t gk wet §89 A= gE £ JL2EZ Fig. 79 7
Byo] 2 o]Foj ALz dddTh &9 BODs, T-N, T-PY] AlUE] 2 A& A 24 Fotds

YER STk

Table 5. Parameters calibrated for each watershed (Eumseongsheon, Yodocheon, Dalcheon-up, downstream)

Parameter E" \& D1? | D2Y | Variation Method Description
ALPHA BF - 1 0.6 0.6 | Replace by Value |Baseflow alpha factor (1/days)
CN2 1.1 1.1 1.6 0.7 | Multiply by Value | Initial SCS runoff curve number for moisture condition II
CH_K2 311 283 10 22.7 | Replace by Value |Effective hydraulic conductivity in the main channel alluvium (mm/hr)
SOL_AWC 1.7 1.7 0.8 1.4 | Multiply by Value | Available water capacity of the soil layer [mm/mm]
SOL K 1.5 1.5 0.8 1.1 | Multiply by Value | Saturated hydraulic conductivity [mm/hr]
REVAPMN | 385 | 47642 | 750 i Replace by Value Elurg]shold depth of water in the shallow aquifer for “revap” to occur
GW_REVAP | 0.1 0.2 - - Replace by Value | Groundwater “revap” coefficient
GWQMN | 4743 | 47642 | 3.900 | 48864 | Replace by Value :l'l;iss}tlgl((i)c(cizft}[lm(;fl]water in the shallow aquifer required for return
GW _DELAY | 264 | 320.5 55 242 | Replace by Value | Groundwater delay [days]
RS3 - - - 0.5 | Replace by Value |Benthic source rate for NH4-N in the reach at 20°C [mg/(m?.day)]
RS4 - - - 0.1 | Replace by Value |Rate coefficient for organic N settling in the reach at 20°C [1/day]
RSS 0.1 0.1 - - Replace by Value | Organic phosphorus settling rate in the reach at 20°C [1/day]
RS1 0.2 - - - Replace by Value |Local algal settling rate in the reach at 20°C [m/day]
RK1 - - - 3.4 | Replace by Value | Carbonaceous biological oxygen demand deoxygenation rate coefficient
BCI 06 i i 07 | Replace by Value ggzz c[(;r/lcsi:;gt for biological oxidation of NH, to NO, in the reach at
BC2 1 i i 18 | Replace by Value ;?:Z c[(;r/l(si;a;gt for biological oxidation of NO, to NOs in the reach at
USLE P 0.1 0.1 - 0.1 | Replace by Value | USLE equation support practice factor
USLE K 0.1 - - 0.1 | Replace by Value |USLE equation soil erodibility (K) factor
PRF_BSN 0.7 0.7 - - Replace by Value |Peak rate adjustment factor for sediment routing in the main channel
PPERCO 13.2 13.2 - - Replace by Value | Phosphorus percolation coefficient
PSP 0.1 0.1 - - Replace by Value | Phosphorus sorption coefficient
ERORGN 3.5 35 - 0 Replace by Value | Organic N enrichment ratio
ERORGP 33 - - - Replace by Value | Organic P enrichment ratio
EPCO - 0.1 - - Replace by Value |Plant uptake compensation factor
ESCO 0.3 0.2 0.9 - Replace by Value | Soil evaporation compensation factor
CH_ONCO 3 3 - 45.2 | Replace by Value |Organic nitrogen concentration in the channel [ppm]
LAT ORGN | 23 - - - Replace by Value | Organic N in the base flow (mg/l)
LAT TTIME | 94 147.3 10 - Replace by Value |Lateral flow travel time [days]
SHALLST N| 6 6 i 747 | Replace by Value gl(;)r;c;rilrtlraaig; l;)f nitrate in groundwater contribution to streamflow from
SLSOIL 60 52.7 40 - Multiply by Value |Slope length for lateral subsurface flow
SURLAG 20 10 12 - Replace by Value | Surface runoff lag time [days]

l)Eumseong_gsheon, 2Yodocheon, 3)Dalcheon-upstream, YDalcheon-downstream
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Fig. 3. SWAT model applicability evaluation results (Eumseongcheon).

Fig. 4. SWAT model applicability evaluation results (Yodocheon).
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Fig. 5. Applicability evaluation result (Dalcheon downstream upper).
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Fig. 6. Result of SWAT model applicability evaluation result (Dalcheon downstream lower).
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Table 6. Reduction efficiency of the living scenario at the Dalcheon watershed (Scenario 2) (unit: %)
All flow regime Moist conditions Mid-dry conditions
watersheds
BODs T-N T-P BODs T-N T-P BODs T-N T-P
Dalcheon downstream 0.29% 0.46% 0.18% 0.06% 0.16% 0.06% 5.62% 1.97% 2.38%
Table 7. Reduction efficiency of the livestock scenario at the Dalcheon watershed (Scenario 2) (unit: %)
All flow regime Moist conditions Mid-dry conditions
watersheds
BODs T-N T-P BODs T-N T-P BODs T-N T-P
Dalcheon downstream 0.11% 0.25% 0.28% 0.09% 0.16% 0.14% 0.71% 0.71% 3.05%
Eumseongcheon 0.16% 0.25% 0.69% 0.11% 0.21% 0.50% 0.47% 0.33% 1.51%
Yodocheon 0.49% 2.16% 4.78% 0.27% 1.47% 2.34% 6.80% 3.65% 24.62%
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IE BN 2, AAF R FF7, AFT], 257 73] EXA AUl HEd mE 8 E4S 8 EFANMF
AA 18 9 571, F57] 713 vE)] oy ez w2 9 =3 oA eHAL AU 0 BA% AR, §9 T
€S YeE ALz ENFIAT §9 Z2doA BODs roll A BOD;s 29.31%, T-N 9.56%, T-P 24.68% A9 AL
3.04%, T-N 2.15%, T-P 3.40% AZE AL=Z Yelger, 2+ 2 BENFY. S48 ANE BODs 13.58%, T-N 16.15%,
GAr1Ao] Wo] BEFHo] 9l QEH A BODs 2.16%, T-N T-P 29.00%7} AZE Aog EXFth 2T H A= BOD;s

1.77%, T-P 12.81% AZE Aoz BEAHAT. PN+
BOD;s 10.71%, T-N 5.93%, T-P 12.62% AZ9 Aoz 2A
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Table 8. Reduction efficiency of an industrial scenario at the Dalcheon watershed (Scenario 3) (unit: %)
All flow regime Moist conditions Mid-dry conditions
watersheds
BOD;s T-N T-P BOD;s T-N T-P BOD;s T-N T-P
Dalcheon downstream 0.34% 0.68% 0.33% 0.23% 0.39% 0.17% 3.04% 2.15% 3.40%
Eumseongcheon 0.79% 1.41% 6.30% 0.58% 1.25% 4.82% 2.16% 1.77% 12.81%
Yodocheon 0.84% 3.54% 2.39% 0.51% 2.42% 1.13% 10.71% 5.93% 12.62%
Table 9. Reduction efficiency of land scenario at the Dalcheon watershed (Scenario 4) (unit: %)
All flow regime Moist conditions Mid-dry conditions
watersheds
BODs T-N T-P BODs T-N T-P BODs T-N T-P
Dalcheon downstream 29.31% 9.56% 24.68% 29.69% 9.45% 24.74% 20.22% 10.08% 23.69%
Eumseongcheon 13.58% 16.15% 29.00% 13.68% 16.51% 31.55% 12.91% 15.34% 17.81%
Yodocheon 37.59% 26.45% 34.29% 38.45% 27.92% 36.84% 12.11% 23.32% 13.56%
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Table 10. Reduction efficiency of combined scenario at the Dalcheon watershed (Scenario 5) (unit: %)
All flow regime Moist conditions Mid-dry conditions
watersheds

BOD;s T-N T-P BOD;s T-N T-P BOD;s T-N T-P

Dalcheon downstream 29.8% 10.3% 25.2% 29.9% 9.8% 24.9% 25.8% 12.8% 29.1%

Eumseongcheon 13.7% 16.4% 29.7% 13.8% 16.7% 32.1% 13.4% 15.7% 19.3%

Yodocheon 38.1% 28.6% 39.1% 38.7% 29.4% 39.2% 19.0% 27.0% 38.2%
3.25 CIYS MZ At ME0l| WE S8y & M = 53 299 AT Avg e & A5 88 &4
20 AUE|=2 5) < AA 7, B F57, B - A - B2 FESMA] 24
AEA, F3A, AAA 2831 EXA 29 AR Ay L stem RE AUE Qe B4 A3 AEA AluE 9] B¢
g 5gFoz F8F AU e 59 4 A a3dE 24 0.06~5.62%, ZAHAl Al Ue] 28] B9 0.09-24.62%, AAA Al
o A%, 9 TodelAE BODs 29.75%, T-N 10.29%, T-P ug 29 F% 0.17~12.81%, EXA AUz 29 F$ 9.45~

25.15% &7t = ALZ EAFHATY S04 = BOD;s
13.74%, T-N 16.40%, T-P 29.70%=Z A=t Q&4

71, 57 71z WS 4 A 29E 245 2,
9 =ho A BODs7} 29.92%, T-N<2 9.79%, T-P= 24.94%
XA S BODs 13.80%, T-N 16.72%,
T-P 32.05%=2 EAMEHJLH, 2=Hd4+= BODs 38.73%,
T-N 29.38%, T-P 39.18% 2.2 AFH Yt T3 HE7), A5
7], 27) 7133 i 2 AL EHE B4 2, /9
2o A9 =2 A &2 BODs 25.75%, T-N 12.82%,
T-P 29.14%2 Yetsth S/4-d<A & BODs 13.39%, T-N
15.67%, T-P 19.32% 2.2 EA 5o, g E 3|4 BOD;s
18.95%, T-N 26.97%, T-P 38.17%% 4H3 = 2 th(Table 10).

4. Conclusion
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