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ABSTRACT

Baswflow is defined as short term discharge through groundwater caused by rainfall events. Impacts of baseflow is
significant on water quality especially where pervious agricultural watershed as groundwater is more vulnerable to the
contamination. In this study, the Cheongmicheon watershed was subjected to study to assess the impacts of baseflow
on surface water quality, where more than 90% of pollutant load is originated from the livestock raising area, and
very high probability of surface water contamination due to the baseflow. To estimate nutrient loading cased by baseflow,
NI (Numerical Integration) model and LOADEST (LOADing ESTimation) model were used.
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Fig. 1. The Cheongmicheon watershed: (a) flow rate, water quality and groundwater quality monitoring stations; (b) groundwater

vulnerability map.

A Fet Ast, B EASHE 7

st -ErX]-EhJ- functional group2 7}A|1L Q&= E3F
ojtt. Eqfolut 21 d(lignin)of A Y3
kel huch)JJ- HHFE- 2] (aromatic)2 $H-5-5FaL QJth
W, 4 9B pEn 97Ede 99l o
Al eHEd, 27, WY FAEoH
|, obulidl, BHE o2 TAHo] o 540
AtKFellman et al., 2010).

£ o 2

X

500
Peak & C:
Humic-like fluorescence
. Peak C Peak M:
450 Microbial humic-like fluoresce
PeakT:
Proteirrlike fluorescence
400
350
300

300 350 400 450

Emission (nm)

Fig. 2. Example of three dimensional excitation emmission
matrix analysis.
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Table 1. Correlation equations of LOADEST model
Model Number Regression model
1 a0 + allnQ
2 a0 + allnQ + a2lnQ2
3 a0 + allnQ + a2dtime
4 a0 + allnQ + a2sin(27wdtime) + a3cos(27wdtime)
5 a0 + allnQ + a2InQ2 + a3dtime
6 a0 + allnQ + a2lnQ2 + a3sin(2wdtime) + a4cos(27wdtime)
7 a0 + allnQ + aZsin(2wdtime) + a3 cos(2wdtime) + a4dtime
8 a0 + allnQ + a2InQ2 + a3sin(27wdtime) + ad4cos(27wdtime) + a5dtime
9 a0 + allnQ + a2lnQ2 + a3sin(2wdtime) + adcos(2wdtime) + a5dtime + a6dtime2
10 a0 + alper + a2lnQQ + a3InQper
11 a0 + alper + a2lnQ + a3lnQper + a4lnQ2 + a5IlnQ2per
InQ = In(streamflow) - center of In(streamflow); dtime = decimal time - center of decimal time; per = period
shoZlel b Rslga 7 AeE Heie Ay B of Ru] gRBEL AHOoR AP R}
AMLE "3 A8tk AMLE W S8 231 & 43S 9% st 94 RE 3359 JulR2 4
% Agae thet Pk W, A 2AARE B4R G2laldt Lle2 B
A ARE ol GaldtkFie. 1) BEA 94 ¥x). D
Foe = explan+ Sla X Hlabsta) (5 Table 2E T 4, Askad HgAws 91 0
= g aopstm gic.
i U KT A Bl 9B e 4 BHEAE
L yyp = AMLEE o831 Fotef 32445 ap, 4 = A W otgolE] W o] A7t Mol AlFEs} techu
AR E Rt oy A A H( bys” k) = ﬁ,&%ﬂh 2000W 2 E 20127 R AAFR oM,
A=A ab = AJTS ok = THREE Al o] Ao oy o SRl AL PPHF 2=F
§ = EEAA. RS ol §oIHCt. Tble 3 A5} FAAEE B
0|3l Ql=1| 2008 K E 2011 7FR] Q] = H=49]
2.4 #EA XE 2 712t AP G B 92l 3.0 mg NOyNLE o] &
d Ade Hud o HskRel X Fra SHAH

Table 2. Station names and locations for flow rate, water quality, and groundwater quality in this research

Station name Station Location
Flow rate Cheongmi Gyeonggi-do Yeoju-gun Jeomdong-myeon Wonbu-ri Wonbu-gyo
Water Quality Cheongmicheon2 Gyeongi-do Yicheon-si Janghowon-eup Janghowon-ri
. G-21-a-1 Gyeongi-do Yicheon-si Janghowon-eup Janghowon-ri 280-1
Groundwater Quality -
1-11-e-2 Chungchungbuk-do Eomsung-gun Ghamgok-myeon Wondang-ri 14-3

Table 3. Nitrate concentration of groundwater monitoring stations

2008 2009 2010 2011
First Half |Second Half First Half |Second Half| First Half |Second Half| First Half |Second Half
1-11-e-2 3.0 3.3 2.6 2.4 2.8 3.1 2.0 2.9
G-21-a-1 6.1 0.2 3.3 3.3 3.3 2.4 3.2 4.0

unit: mg NO;-N/L
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1 7|MFE0| SRS JYBR R0 Oxl= I 43t
4 Zn} 4l E Table 4. Chemical analysis results of a monitoring well at
- = |- = = | city in livestock raising area
41 XJ5laE =X EC NH,-N Cr T-P
1 Xot=E 53 (dS/m)  (mglL) (mgl)  (mgL)
A 5F4=7} thokal @ A Yef 9dle] e dE1 Q= Aug. 2012 1.79 46.92 149.85 19.95
S gof H|gle] LA Aok SRAEA AR 28 Sep. 2012 2.02 83.97 132.73 24.92
o}x] 01-14_ )_] ;ﬂ Z—;»Q—i :erﬂOfl UHEX]E o] 6}- Z] o]— Oct. 2012 2.74 139.68 159.99 22.79
_Q_OﬂE Z}\]__ AE ]?}‘_}- ]_ OIE]. O]A]—OﬂOL,] 74 o] HHE- Nov. 2012 0.93 90.99 155.91 12.83
X]Q %]ﬂ\%;E_ 0.02 mg/ o] 151_]-?]; %ﬁ-x}ﬁg] 76]_?_ Eg Dec. 2012 1.31 46.92 145.46 4.76
0.08 mg/LE ZAE it olArdele 2|at4a Jan. 2013 1.19 51.56  114.12  6.97
.é_zés(‘)]—ﬂ \:lil 7]21;_0" :-’;—EE,LE—]Oi %x] %15—9‘1,].’ :LEHE X]E—. Feb. 2013 1.03 35.67 134.22 1.24
—/Fi 'ﬁ‘%%@@ ;(]\ %—E—L oé]so g u];é_] _/'\_ 31_15 Mar. 2013 0.94 32.11 129.36 1.19
g Ay, AAgZA A A njEz| o] Wit Apr. 2013 0.89 37.87 112.01 1.18
%__E_'I:__ 28 mg/LO]J_ = }\]_X]o:} rg:‘rl_%E_l‘_:__ 79 mg/Li May 2013 0.96 111.96 153.93 17.21
‘é‘é E]'(N]ER, 2013) X]—Ia'-_7"94 ‘ﬂ%‘é% —:—LX]U]- X]A]— Jun 2013 1.21 102.07 169.44 10.39
A ROl Akbol g8 5 A|WHQ R4v) H B
J3re 12 Ao AlRELl 20 7|ekro] Hpkrl 420 mg/L, SS& 34~85 mg/L, T-N2 194~246 mg/L,
njE2]edo] 1.00 mg/l, Ak ¥ o] 071 mgLz Urepyth NH3-N2 152~226 mg/L, NOs-N< 0.7~1.6 mg/L, T-P
1A 2229 2|3l 222 243t A3} pHE 7.7~ 0.1~1.0 mg/L, Cl'&= 29~46 mg/Le 2 EA LTt
79, A7 AEEE 545~646 us/cm, CODy2 240~ Fig. 32 A 33t A|=E& 324 EEM 33245 2}
’E
TN = 4675 mg/L TN = 1447 mg/L
TP = 375 mg/L TP = 132 mg/L
t:nn:m«u.' . . ' Euaou (Lw) N
Fig. 3. Three dimensional excitation emmission matrix analysis of groundwater sampled at livestock area; (a) | Site; (b) A Site
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Fig. 59} Ztt.
4.2 718MR7sE 22|
Aulwas A9 1 ARE Leg df gy 432 LOADEST 2HS Olge AUSRA Toiy UE
7t sete] PR ARE o83 PULSERYE S & LOADEST 23-& o]gslo] Aiddas] Haleks
ool At deRAdE 2k Al 71A AHS 918l Table 104 ¥ QIue} ZHo] LOADEST &
&l 49 4] 25, u]Z$Al gradual recharge rate o] AAFHE 11714 B4l F A o] AT 7|
1000 3
| M
100 ‘ | | H" \ ”
L I | R i
3 i I R i
] & . LA ‘ :llbiﬂ | \ :i”l
z ] P LA AR | | R
£" L | A y‘:‘: A T ERA VA .LM' N L:\L
% E‘:\T‘. ‘; 7‘ ‘; \|| BN I\\ |““‘“ l\"‘h: M —‘)'-: l\-j" : ‘\ ' \‘\h \"“"k.\ }d'\"ia !": “‘
= * ‘ AR W Rt B W) T Y
S ({4 v N \ih"ql)\ LY N |
8 W LA L ‘
1 \ i
g9 M Wi
] r\l“
i 1
M
0.1 E ]
E Streamflow
1T e Baseflow
0.01 T T T T
2009 2010 2011 2012 2013
01/01 01/01 01/01 01/01 01/01

Fig. 4. Baseflow separation in the Cheongmicheon watershed.
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ko] A S0 TP %A ZApE v A 9] of wpiHes g Table 39 vk LOADEST Hd&
AL A AT ok 20A B4 A4S olgdtel AE HulA feloAe] WA AL Kt
2 Rsjge oA sl7don AgEglon), B4 AATH: Fig 69 2tk
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Fig. 5. Estimated NOs-N loading using NI model for the Cheongmicheon watershed.
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Fig. 6. Estimated NOs-N loading using LOADEST model for the Cheongmicheon watershed
Table 5. Selected correlation equations and variables for LOADEST model
a0 al a2 a3 a4 ab ab
Steamflow Loading
5 3.9453 0.9978 | -0.0007 - - - -
a0 + a1lnQ + a2lnQ
Baseflow Loading
a0 + allnQ + aZ]nQ2 + a3sin(2mdtime) + 7.1814 1.1589 | -0.0016 | 0.1279 | 0.5375 | 0.1513 | -0.0547
adcos(2mdtime) + a5dtime + a6dtime2
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