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Abstract

In Korea, the Total Maximum Daily Load (TMDL) is being implemented to manage nonpoint pollution sources as well as
point pollution sources. LDC is used for planning TMDL. In order to analyze the water quality using LDC, it is necessary to
prepare the FDC by using daily flow data. However, daily flow data are only measured at the WAMIS branch and eight-day
flow data as well as water quality data are measured at the monitoring networks. So, in many studies, the water quality is
assessed by deriving the LDC using the eight-day or the daily flow obtained by various methods. Fluctuations may lead to
differences in determining whether the target load has been reached. In this study, each LDC was prepared using the eight-day
flow and the related daily flow. Then, the effect using different flow data on reaching the target load was compared according
to different flow conditions. As a result, the difference ratio in the number of overloads under various flow conditions revealed
19% in high flows, 42% in moist conditions, 49% in mid-range flows, 41% in dry conditions, and 104% in low flows. In the
top ten watershed with the highest difference ratio, the flow became lower as the difference ratio increased. Such differences
can cause uncertainty in assessing whether a target load has been reached using LDC. Therefore, in order to evaluate the water
quality accurately and reliably using LDC, accurate daily flow data and water quality data should be secured through the
installation of a national nonpoint measurement network.
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2. Materials and Methods

21 dFARY

B AP NE 40072 FA 1427) FEEE 9999 3
$AN-¢ FERY Holg AHAEE 7FoE A7 ¢
Av9d e AFstact ArddHdes AFsr] A6 A&
F NEXALS OLH Zrh 94 43% F95IYY 4

Aol v FEALEF SHAFE G (Park et al, 2012) F
ZAE F, 201395H 2015974 £ 39A Y FEFAET
EA s, 109 =3 NEGF] EASA gon, gk
AZH9 F A7 AA FFAR F 5% olFE EAS
£ 99598 AAsEY dsez #AY FERE F,
2013958 20159714 ¥ 3dA 9 f3AESYS FAAR
7t EAste d9F9E AFssnh A geR o] FrA|
ZAg BEF uEsE AHE AF ATFAYeR AFsu
o} ol UL UFde FY9 IAFANA oA,
2454 1370, 372 A 1870, 2 A G4 FANA |
M Aoz & 387 @99 o|th(Table 1, Fig. 1).

22 2Re B3 U FEXE T3

B Ao AL FEFARE 201335E 20159744
% 3d FEAREA, BFFAA AFste 8Y TE FF
Z37 fFEARY FERAA AFste AFEF FHT
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o 5o AFEARI}F EASA gech AU FE S
t A9 FFAEE 9530 FPHD Y= FAA
o] APPA B4 Ed SgAH A FEFAER
&4 g 4 thHirsch, 1982; Mandal and Cunnane, 2009;
Ries and Friesz, 2000; Zampella et al., 2001). maka] 2
AT e FFE FESAY dAIZARE dEE 5 3
t ARE gus7] 99 s AdI FRBAT e =
ER ARF ABE gy 2 PR vysd.

24 2493 FPPA de SAFE AAAA
S HAs7] 98l Park et al. (2012)9] ATF+E Fasisich

Table 1. Study areas

4 Major Rivers | Watersheds |4 Major Rivers | Watersheds
Inbuk-A Geumbon-A
Gapyeong-A Geumbon-C
) Jojong-A Chogang-A
Han River =
Hangang-A Geumbon-E
Hangang-B m
Hangang-1 Miho-B
Nakbon-A Miho-C
Nakbon-C Geumbon-H
Nakbon-D ) Geumbon-1
Gamcheon-A Sy River Geumbon-J
Nakbon-E Geumbon-K
Nakbon-F Geumbon-L
Nakdong River Nakbon-G Jeonju-A
Hwanggang-B Tapcheon-A
Nakbon-H Jeongeup-A
Namgang-E Dongjin-A
Nakbon-] Gobu-A
Nakbon-J Wonpyeong-A
Nakbon-K | Yeongsan River | Yeongbon-B
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Fig. 1. Study areas.
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F AAARE AP AT dAAHY FFAEES
=3 274 38 (Park et al., 2012) A A|AF L2 &7
Ao HEsd FFFH YA FEHA F2 @4
o fEAEE Fusdtt olF FHFEY FEARANA
233 FEo HAedeEA FEHez T SHY 4%
FAERE U & F e dFEHA FEASE A 445
pri=

FAARS BY, BEFAA AZde $FE5AY 2
A5 & BODE ol&stgon, 201335 2015974 &

|(_'.'bsen'amon state -:he.c]:l

Zero value
bl

Missing davs

[} b

I Relationship analysis

I
= - : Sigmifice
Concurrence | | Correlation | l :gnnfn"_mCe'J > ;
test Extension
T T | of related

High related data |
selection

[Cptimized site selection]

Fig. 2. The procedure for the selection of the stream flow
reference sites (Park et al., 2012).

3de ARe Agaad.

2.3 FEX|Z=M(Flow Duration Curve, FDC)

FFAEFH0 T MY AA 47 xdel uiF f3A
38 BEAshe 7IHLeRA, F99 Zd7lHEdst £4 ¥
TAWst agivty & ¢ Fad L R AMEEHI Q)
th(Vogel and Fenessey, 1994). LDCE #dsl7] S&|A =
A2 ez FDCE =43tk et Ax did F91A
£3% 54 7170 2485 dEste] ngFdedA] AfF
wog2 FAska 4 (1)g o8 53 4Fg A8k

& NESE AMdEd A4 = AUTHRyu et al, 2016).

Percent of Days Flow Exceeded (%)
= Rank/Number of data * 100 (1)

T4 FEE §F 2719 PR e} 0~ 10%e ETF
(High flows) &7, 10~ 40%% &5 2H(Moist conditions) ==
A, 40~ 60%E HFZH(Mid-range flows) =7, 60 ~90%+=
A4 Dry conditions) &4, vpAHLR 90~ 100%E 25
ZHLow flows) o2 FE3le] £4 & 4= 9lck(Cleland,
2003). € AolME #AFA 89 BHLR AT 7
A8E o &sld 3 WA FDCE 44, 4 $rI

Table 2. Potential relative importance of source area contributing to loads under given hydrologic conditions (U.S.EPA, 2007)

Duration Curve Zone
Contributing Source Area > - — : =
High Flows | Moist Conditions | Mid-Range Flows | Dry Conditions | Low Flows
Point Source Medium High
On-Site Wastewater Systems High Medium
Riparian Areas High High High
Non-point Storm Water: Impervious Areas High High
Source Combined Sewer Overflows High High High
Storm Water: Upland High High Medium
Bank Erosion High Medium
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AFrEF &2 A8E o) 8sl9 F WA FDCE 389

24 2 S 5}X| =M (Load Duration Curve, LDC)
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3. Results and Discussion

31 sURE LURE EARE O REXSZ
M(FDC) HIWEN

FDCO| 5X5d & HEsto] §F 2109 ¥ Aol &
Hlwsly] A, 89 14 FEAER 44T FDCY 44
gZ4A482 A3 FDCY #olE uvlasirsgicth oE 9
8 2013E%H 2015974 ¥ 33 FIYARE o839
Z} 9949 ¥ FDCE =43sidth 2 A3 dFdaA
Q1 3870 A3 AAdA 84 FB UH/F FDC Alolel] 2}
o7} S tHFig. 3). 201335 E 20159747 & F9

««8Flow_FDC Daily Flow_FDC

1.0E+04
LOE+03

1.0E+02

Flow(m?3/S)

.... —
LOEIOL | T %esasse,, e
ooooooo = s

LOE+00 | * f\-
.

1.0E-01 1
0.0 0.1 02 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0

Flow Exceedance Percentile(%)
(b) Dongjin-A

++8Flow_FDC Daily Flow_FDC
1.0E+04

1.0E+03

—
U om0z

m . ~,

E

~— 1.0E+D1

S |  "tTessiaa. e ——
IE L0E00 Stk ena g ey YT

1.0E-01

1.0E-D2
00 01 0 03 04 05 06 07 08 09 1.0

Flow Exceedance Percentile(%)
(d) Wonpyeong-A

««+8Flow_FDC Daily Flow_FDC
1.0E+04

1.0E+03 -'5
1.0E+02 -

[
-
u

1.0E+01

Flow(m3/s)

1.0E+00 l\

1.0E-01
0.0 0.1 0.2 0.3 0.4 0.5 06 07 0.8 09 10

Flow Exceedance Percentile(%)
() Nakbon-K

Fig. 3. Comparisons of FDC estimated using 8 day and daily flow for each unit watershed.
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Fig. 3. Comparisons of FDC estimated using 8 day and daily flow for each unit watershed (continued).
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Fig. 4. Comparisons of LDC estimated using 8 day and daily flow for each unit watershed.
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Fig. 4. Comparisons of LDC estimated using & day and daily flow for each unit watershed (continued).
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Table 3. Difference ratio of exceeding load count for each
flow condition

Unit High Moist | Mid-Range Dry Low
watershed Flows | Conditions Flows Conditions | Flows
Geumbon-A | (.22 0.22 0.11 0.29 0.75
Geumbon-C | 0.00 | 040 033 055 | 0.00
Chogang-A | 025 | 1.00 1.00 000 | 1.00

" Geumbon-E | 000 | 050 1.00 000 | 0.00
Gapcheon-A | 0.33 0.25 2.00 0.17 0.50
© MihoB | 011 | 123 0.10 068 | 033
Miho-C | 000 | 027 0.89 0.04 | 014
Geumbon-H | 0.00 |  0.09 0.00 031 | 075
Geumbon-l | 029 | 0.12 0.33 017 | o1
Geumbon-J 0.14 0.00 0.33 0.14 0.00
Geumbon-K | 0.00 | 0.00 0.67 008 | 1.00
Geumbon-L | 0.50 0.08 0.00 033 033
Jeonju-A | 020 | 025 0.17 027 | 073
Tapcheon-A | 0.14 0.53 0.29 0.38 0.00
Jeongeup-A | 0.57 | 0.18 1.00 009 | 017
Dongjin-A | 050 | 067 0.42 126 | 029
Gobu-A | 025 | 000 | 100 023 | 100
Wonpyeong-A | 0.80 0.61 0.08 0.70 0.22
Nakbon-A | 050 | 0.1 0.36 0.18 | 0.80
© Nakbon-C | 000 | 020 0.55 200 | 067
Nakbon-D | 0.17 | 021 0.56 069 | 040
Gamcheon-A | 0.50 | 0.38 125 017 | 100
Nakbon-E | 0.11 | 020 031 017 | 067
Nakbon-F | 043 | 091 0.38 072 | 071
Nakbon-G | 0.00 | 0.80 0.30 036 | 275
Hwanggang-B | 067 | 171 0.75 064 | 033
Nakbon-H | 0.00 | 078 0.71 050 | 11.00
Namgang-E | 0.00 | 0.00 021 023 | 000
Nakbon-I | 0.00 | 0.13 0.00 011 | 0.00
Nakbon-J | 000 |  0.64 1.67 029 | 133
NakbonK | 0.00 | 045 0.25 100 | 1.00
Yeongbon-B | 043 0.50 0.08 0.33 0.21
Inbuk-A | 025 | 1.0 0.50 0.14 | 0.00
Gapyeong-A | 0.00 0.38 0.30 0.70 440
Jojong-A | 0.00 [ 1.00 0.50 096 | 483
Hangang-A | 0.00 | 0.00 0.10 017 | 000
HangangB | 0.00 | 0,00 0.09 008 | 0.00
Hangang-1 | 000 | 0.4 0.00 027 | 225
Average 0.19 0.42 0.49 0.41 1.04
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Fig. 5. The top 10 difference of exceeding load count of for each flow condition.
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