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Abstract

It has been well known that it is not easy to quantify pollutant loads driven by non-point source pollution due to various factors
affecting generation and transport mechanism of it. Especially pollutant loads through baseflow have been investigated by
limited number of researchers, Thus in this study, the Web-based WAPLE (WHAT-Pollutant Load Estimation) system was
developed and applied at study watersheds to quantify baseflow contribution of pollutant. In YbB watershed, baseflow
contribution with WW TP discharge is responsible for 49.5% of total pollutant loads at the watershed. Among these, pollutant
loads through baseflow (excluding any WWTP discharge) is responsible for 61.7% of it. In GbA watershed, it was found that
58.4% is contributed by baseflow with WWTP discharge 2.9% and 97.1% is by baseflow. For NbB watershed (without
WWTP discharge), 52.3% of pollutant load is transported through baseflow. As shown in this study, it was found that over
50.0% of TN (Total Nitrogen) pollutant loads are contributed by non-direct runoff. Thus pollutant loads contributed by
baseflow and WWTP discharge as well as direct runoff contribution should be quantified to develop and implement

watershed-specific Best Management Practices during dry period.
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2. Materials and Methods
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Table 1. Landuse characteristics in study area
. Area {km]) .
Unit watershed Forest Agriculture Urban Pasture Barren Water Wetland Total
Share (%)

—_— Area 179.5 196.2 105.9 20.8 11.6 12.0 2.0 528
Share 34.0 372 20.0 39 2.2 23 0.4 100
GbA Area 188.3 76.0 8.5 16.9 3.6 23 1.0 297
Share 63.5 25.6 29 5.7 1.2 0.8 0.3 100
NbB Area 824.8 98.9 9.1 3l 38 6.2 35 950
Share 86.9 10.4 1.0 0.3 0.3 0.7 0.4 100
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S M E Cho et al. (2007) v]AI & Fo A28 77]¥
& el &35t AAIG b} A ol v FEYS
F99 Z/E 548 wgdshA £ahe 2ol e, £+
33 g 540 g2 fodAg dREFL 5=
g A7} 9lek =g Kim et al. (2005)2 248 7Y & o]
&3t {FFAE7 QAY $5 vASAYY FEFFHAS
AYstgch 32U ol YL 2dy 735 52 Q8§
of &Y 9 ARk} v]8o] go] S o Fe] Utk

T

= TEAERY FEF dR¥AEE o]&8% 1, NIER
(2012)3 Park and Oh (2012)9] 3]7]4] ¥4 & o] &3la]
diFos egsiact =5 tidfYg i FER sHf
& dAANFEE A6ty HHAANEE A9 eH, dIdH
T g oF@ 942 sotatr] Y8 2RAFRYS
FEAG(NSE) 2 BAEE AHFsle gl

221. AR e T EL [FESH X(F7e| AHM =AL

AAAY A3 25 FFFEFBAHT FEFAA
Pt FEFHEFAAY SAFEF ZHYHE FESY
AP L FA BASAHFig. 2). A BHAgs gaeYel
faf 57 (2006~20109) SHAFF FAY +94H, 2
UF, A2FZ3ds 4 2BFFYAT 59 F3YUE AE
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7t dAEhe BEEF B4, 484 BN, A3 5AF 9
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SFATHC-2 in Fig. 2). Al WAE F F3AHTLY 32
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Fig. 2. The procedure for the selection of stream flow reference sites (Park and Oh, 2013).
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el
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Table 2. Criteria for evaluating model performance

Evaluation | Poor Fair Good Very good
NSE < 0.6 0.60 ~ 0.70 0.70 ~ 0.80 > (.80

A7t AFAE F 2Rt AS 9vgith. NSE @& o
=9 4 (2)2 EAT & 2lvHNash and Sutcliffe, 1970).

2 (0-P)

NSE=1-""— )
Y, (0-0)
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A&k O, & BER/AZHY BEwe dvdch

Ramanarayanan et al. (1997) 284 #7lollA R* 7} 0.5
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Fig. 3. The procedure to calculation daily data from 8-day interval flow data at stream flow monitoring network.
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Fig. 4. Estimated hydrograph and observed flow data at three unit watersheds (2006-2010).
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and Crouse, 1996), BFLOW ZE|(Amold and Allen, 1999;
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I

[ DirsctRunoff Pollutand Load/Baseflow Pollutant Load Estimation End |

Fig. 5. The procedure for calculation of baseflow separation and pollutant load.

Table 3. Stream flow gauging stations and precipitation stations
for each unit watershed

3 Gauging station
Unit Watershed Y
Stream flow Precipitation
(YbB) Bondong Gwangju
(GbA) Cheoncheon Jangsu
(NbB) Socheon Bonghwa

ol Qo] FHAQ 24F wjA sy fstd HE dF E
2 BFln @2 A¢HsHE chTable 3).

283 Lim et al, (2005)2 A7+ 5% AEE ol &
ste] @AY AFMARE e @488 F UA=FH
Eckhardt DEE o] 83l {A AHF & 71475 &
28 4 2l Web GIS-based Hydrograph Analysis Tool
(WHAT) A28 stk A2 §9 ©] WHAT A&
€S gaste] USGS HYSEPH USGS PART ZE& F7F
3 EX-WHAT Al2do] 7gso] gt & 2 ¥iL
o #Erle] F&53 2ItHKum et al., 2013).

A7]H ALRE+& Eckhardt 8 Y-S o &3 HH/71A
#2 2o 9ad 4% AE5RE ol &std AH/EF
ZNAFEES 2estz] g, vzt WalA e Al7le=
AP &0 A"y BAsE Do) Ak wekA o
HA3 2AAE FE57] st 2971 10mm olstE 24
g A% APHEgEgE VIAGEF FHZE SHHA 74
"okn 7Hgac 24E Aae 3¢ A7 a9
YbBel 91A5tn e BFINGRHFLEAH, GbAdd FA 5t
I Qe A4 AR=AH, NbBd A e B4

sIESeEEEX| MnA Mg, 2018

2= de] e 57 (2006-20100)9] AP RS
4 8%t Table 3).

B AFoae ARFEF 2 7IAFEY £2lA] Table 4
9} o] Eckhardt (2005)7F @33l Q= BFlu, &S 4
233t 97101 BFlu & 0.802 @Al 350 e o
Z4 W43 AS, BFla #& 0508 &£ 38°] Ae
o34 52 3, 2 I BFlu & 025+ A 55
o] e utsEQ AF o) &IEE ALt AUt

Table 4. BFl,,, value characteristics of the aquifer

Aquifer type of watershed BFly.. value
Perennial streams with porous aquifers 0.80
Ephemeral streams with porous aquifers 0.50
Perennial stream with hard rock aquifers 0.25

232 2SS ot AI2H Y B HE

B dAFoME 407 E8FA97+4 2 W F2 dg
g 7Y oA ed¥aF A8 9 niFdas] 4dE 9
8 o] &3stal ¢l NI(Numeric Integration)$H & 55 2%
Bal 4 mEg AEsdd. £ Ate] AREE NI Y
9 4 (1) &% 2t

Load= E(!‘-qit, (1

i=1

A7 ¢ & A 4S9 sEolE, ¢ & WA fFoi
Q93 4= MA AERA EASHE AL FRoR
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Fig. 6. Estimation of pollutant loading using the NI method.

Sty =ty oIk

NI g 5% 33 2458 43 499 A
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WHAT A 2o g89% Eckhardt B ¥z o5 az
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Interface (CG)S A¥IAAYPE F& o|§3to] P4olA &t
A cdFatEe H¥E 5 0= WAPLE (WHAT-Pollutant
Load Estimation) system< 33}t

aj 7]l 4] NI ¥ Fig. 6914 Hi= vpe} o] zp 3t
Y (sectionl-sectiond) HEEFE(sl-sd)= 2= A=Y oA
4 o]F 7|7t Alolg] HEFER 1 8T AF FEIT o
&5 e@Fs7 g Mt WAPLE A2
F 9 Fdo | R wa} o PFE ] Yk FF
g o} 71Ee] o2 P dls AE4e] 4 AR
Aol Eoe A& 7HA

o] WAPLE AlZ¥ & o]&3atd 33 A7 did 9
s F edFsE AFsEn 1 T APRET 298
sf, steAEd Haadd 9% e9yal, 2l 7ARE
gl o3t e g [HFsldrh oYM NNAFEE L
ARse F AN AFRETE 29559 siA
2l dRFeE A FekE gech

3. Results and Discussion

31. 7IM/E 22| ¥ 2¥Fst AEE fEE YY
7 ME

B Ao 894 E(NIER, 2012; Park and Oh, 2012)
& o] &3le] 4k F92 YbB, GbA, NbB §99 z} wh
BoA F4s1 9lE 89 1HE % ARE 365¢ A5
Fog sty b dYFES ekt Table 5, Fig. 7).
R 2 9aie] A8 g3 A8H ALFFAS
A GAAA, ABASF, HEea 9 JANE Fd
A3 £ A8 JPAFE B3R 25 R 09 ool
NSE AlFE 09 ooz vehyeh E3 A A3 2F 3]
B4 Ag4 H7t A3 2345 0.5 o83 HF LA Mean
Error, ME) 50% ©]&t& el 5 w4 7k Biide] &
S Aoz dghEch

a8 dYRZ AFHS A5 FF For d7
£ Fig. 83 ok ERdAE dAlfez 114 & 2
A e Aoz vguth 2FAFE 09082 v ¥
of o & ZAde] s HEAJo] A= Aoz JepTH

B 272 A3l Fig. 49 Zo] 484 e oy
dLFE g 2 22818 EAE] 9d dLFF
o2 g% fFEAEY 8Y HE A% {FYARE BN
A3 FAHE HolE FERY #ZE A=Y S
A7 B¢ BYY #geR ASHE FA99 BZAA)
TEF AEE ol&std FEAF FHAES o Zats el
A2 2 dFE 717 Aem PHEch 223 SHFH
F8A4740] g £9 ol 94Asd FA5H] fAlstL

Table 5. Result of regression analysis between stream and unit watershed flow data (2006-2010)

Unit Reference Coefficient of ) NSE Mean error Regression
Watershed site Determination (R) (ME%) equation
YbB Bondong 0.92 0.98 245 Simple Linear
GbA Cheoncheon 0.94 0.99 49.2 Simple Linear
NbB Socheon 0.93 0.93 10.3 Simple Linear
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Fig. 8. Analysis of variation between observed and simulated stream flow unit watersheds (2006-2010).
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Table 6. Summary of seasonal total streamflow, baseflow, WWTP and baseflow ratio, WWTP ratio from 2006 to 2010

_ — SF DR BFO BFI WWTP SF DR BF0 BF1 WWTP
Station Aversge Rate Rate Rate Rate Rate Ratio Ratio Ratio Ratio Ratio
(ems) (ems) (ems) (cms) (cms) (%) (%) (%) (%) (%)
Spring 375 1.70 2.05 0.95 1.10 12.8 453 547 46.4 53.6
Summer 14.06 8.34 572 4.58 1.14 47.9 59.3 40.7 80.1 19.9
YiB Fall 9.36 5.05 431 3.27 1.04 319 54.0 46.0 75.8 242
Winter 2.21 0.65 1.56 0.59 0.97 1.5 29.6 70.6 317 62.3
Average 7.34 3.93 341 235 1.06 250 53.6 53.0 68.8 31.2
Total 29.38 15.74 13.64 9.39 425 100.0 - - - -
Spring 091 0.28 0.64 0.61 0.03 15.8 30.7 70.3 96.0 4.0
Summer 2.85 1.45 1.40 1.38 0.02 494 50.9 49.1 98.2 |.8
GbA Fall 1.41 .46 0.95 0,93 0.02 244 324 674 97.5 25
Winter 0.60 0.17 0.43 0.40 0.03 10.4 283 7.7 93.8 6.2
Average 1.44 0.59 0.86 0.83 0.03 25.0 40.8 64.6 97.1 2.9
Total 5.77 2.36 342 332 0.10 100.0 - - - -
Spring 184 1.40 - 2.44 - 194 36.4 - 53.6 -
Summer 9.63 5.23 - 4.39 - 48.6 54.4 - 45.6 -
NbB Fall 4.58 1.93 - 2.65 - 23.1 42.1 - 57.9 -
Winter 1.75 0.47 - 1.28 - 8.8 26.8 - a2 -
Average 4.95 2.26 - 2.69 - 25.0 45.6 - 54.4 -
Total 19.8 9.03 - 10.76 - 100.0 - - - -
SF: StreamFlow
DR: Direct Runoff
BFy: BaseFlow (Streamflow - Direct runofT)
BF: BaseFlow (Streamflow - Direct runoff - WWTP discharge)
WWTP: Waste Water Treatment Plant discharge
Table 7. Seasonal average T-N pollutant loads driven by streamflow and baseflow from 2006 to 2010
SF DR BF WWTP DF BF WWTP
Sisiicn Seasonal Pollution Pollution Pollution Pollution Pollution Pollution Pollution
Average Mass Mass Mass Mass Ratio Ratio Ratio
(kg/day) (kg/day) (kg/day) (kg/day) (%) (%) (%)
Spring 2,399.42 1,022.39 557.82 819.22 42.6 40.5 59.5
Summer 6,530.89 3,673.93 2,278.12 578.85 56.3 79.7 20.3
YbB Fall 3.913.76 221044 1,157.85 54547 56.5 68.0 320
Winter 1,979.10 575.50 535.26 868.33 29.1 38.1 61.9
Average 3,705.79 1,870.56 1,132.26 702.97 50.5 61.7 383
Spring 340.01 102.10 230.60 731 30.0 96.9 3.1
Summer 903.77 484.52 410.61 §.64 53.6 97.9 2.1
GbA Fall 383.05 122.78 253.05 7.21 32.1 97.2 2.8
Winter 225.13 61.55 154.87 8.71 27.3 94.7 53
Average 462.99 192.74 262.28 1.97 41.6 97.1 29
Spring 691.46 260.24 431.22 - 37.6 624 -
Summer 1,858.12 1094.74 763.38 - 58.9 41.1 -
NbB Fall 775.26 326,76 448,50 - 42.1 57.9 -
Winter 474.58 129.11 34547 - 272 72.8 -
Average 949.85 452.71 497.14 - 47.7 52.3 -
SFP: StreamFlow Pollution

DRP: Direct Runoff Pollution
BFP: BaseFlow Pollution (= SFP - DRP - WWTP discharge)
WWTP: Waste Water Treatment Plant discharge Pollution
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4. Conclusion
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