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Application of the Load Duration Curve (LDC) to Evaluate the
Achievement Rate of Target Water Quality in the Nakdong River
Unit Watersheds
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Abstract

In recent years, the United States has used the Load Duration Curve (LDC) method to identify water pollution
problems, considering the size of the pollutant load in the entire stream flow condition to effectively evaluate
Tota Maximum Daily Loads (TMDLS). A study on the improvement of the target water quality evaluation
method was carried out by comparing eval uations of two consecutive years of water quality and LDC data for 41
unit watersheds (14 main streams and 27 tributaries). As a result, the achievement rate of the target water quality
evaluation method, according to current regulations, was 68-93%, and that by the LDC method was 82-93%.
Evauating the target water quality using the LDC method results in a reduction in the administrative burden and
the total amount of planning as compared to the current method.
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Table 1. Observed biochemical oxygen demand, total phosphorus and discharge in Nakdong river unit watersheds from 2011

to 2014

Site Unit BOD(mg/L) T-P(mg/L) Discharge(mslwc)

No. watershed Max Min Mean Max Min Mean Max Min Mean
1 NB-A 53 0.3 12 0.128 0.013 0.048 89.722 0.872 6.858
2 NB-B 36 0.3 0.9 0.321 0.006 0.028 605.746 1.056 24.794
3 NB-C 33 04 11 0.279 0.013 0.037 595.185 6.129 60.549
4 NB-D 3.8 0.3 14 0.270 0.016 0.048 1646.863 3.144 149.414
5 NB-E 84 0.4 19 0.348 0.024 0.080 2494.969 11.608 183.247
6 NB-F 84 0.5 21 0.310 0.022 0.082 3250.331 1.342 260.866
7 NB-G 6.0 0.8 24 0.315 0.029 0.105 2921.216 5.157 201.345
8 NB-H 74 0.7 23 0.325 0.018 0.090 3613.877 27.997 259.100
9 NB-I 49 0.5 21 0.238 0.023 0.079 4221.010 41.671 375.596
10 NB-J 8.3 0.8 22 0.299 0.023 0.077 4265.801 20.505 363.053
11 NB-K 6.7 0.7 21 0.350 0.023 0.077 6102.576 7.373 370.518
12 NB-L 8.8 0.7 23 0.335 0.026 0.084 6171.550 8.087 386.551
13 NB-M 7.8 0.3 20 0.548 0.022 0.081 6965.500 3.100 578.397
14 NB-N 8.3 13 4.0 0.284 0.050 0.122 96.875 0.637 36.153
15 BB-A 21 0.3 0.9 0.155 0.003 0.021 453.235 0.385 10.952
16 YJA 45 0.3 12 0.183 0.010 0.030 349.474 0.170 6.002
17 GA-A 3.0 0.3 0.7 0.098 0.002 0.018 195.007 0.111 5.614
18 BB-B 44 0.3 11 0.105 0.006 0.025 133.544 0.188 15.789
19 MC-A 32 0.3 12 0.153 0.007 0.035 79.390 0.030 3.282
20 NS-A 6.5 0.3 1.0 0.448 0.027 0.081 268.283 1.420 18.801
21 NS-B 85 0.3 0.9 0.684 0.015 0.083 354.346 2.385 26.895
22 GC-A 7.9 0.3 14 0.460 0.011 0.064 154.782 0.315 4.965
23 YG-A 53 0.3 13 0.216 0.009 0.033 300.054 1121 16.597
24 IA-A 75 0.3 12 0.371 0.006 0.037 70.896 0.213 3575
25 BS-A 7.2 0.3 16 0.502 0.018 0.106 76.027 0.646 6.531
26 WC-A 3.6 0.3 11 0.250 0.005 0.030 143.225 0.295 7.555
27 WC-B 6.8 0.4 19 0.174 0.011 0.049 276.549 0.320 14.903
28 GC-A 84 0.3 15 0.567 0.042 0.106 230.703 0.666 10.596
29 GH-A 8.6 0.5 18 0.291 0.014 0.066 132.011 1.901 10.260
30 GH-B 9.0 0.5 3.0 1.809 0.018 0.115 1192.984 2.829 31.111
31 GH-C 85 0.7 35 0.767 0.041 0.231 648.760 6.390 4777
32 HC-A 39 0.3 14 0.221 0.010 0.045 666.459 0.666 20.878
33 HG-A 55 04 14 0.509 0.021 0.085 569.138 0.826 13.437
34 HG-B 39 0.3 0.7 0.206 0.015 0.042 147.652 11.680 37.289
35 NG-A 5.9 0.3 13 0.384 0.010 0.050 755.998 2.362 27.483
36 NG-B 5.4 0.3 14 0.449 0.008 0.041 1259.566 2.428 44.371
37 NG-C 21 04 12 0.097 0.010 0.027 336.400 6.700 43.580
38 NG-D 5.2 0.4 2.0 0.183 0.025 0.067 535.661 10.181 63.945
39 NG-E 6.9 0.6 25 0.205 0.026 0.073 835.277 9.270 76.805

40 MY-A 5.2 0.3 12 0.217 0.012 0.039 547.492 1.367 15.628

41 MY-B 53 05 19 0.200 0.022 0.058 359.946 1.042 20.420




H3512]42-4(LDC ; Load Duration Curve)-& 283+ U5

231, ¥ 5RSE HopdY

eyt S A= SRS Sl
AR 8Y AR Xt 303] o4 Aitd
HARRE ARl 3d TR T A1) ~(3)°]
ofsf B7hrdE APl Atk of7]A, Hated g
7P Al AM(ARAA] Al12x)of whet @
dSFH AR e 245 st 3
7Fohe o S, A= E 27
39t SR AL 2 5, 23] A Bl 23
ke AYoM e edsHe] AdA e -5t
A YTITHMOE, 2013b). 2 AtollAl= &3 4ol
w2t Grh e abgste] Ryt e
ol H-E ISkt

z
I nx

e ox

~

B
ok
g

>

Estimated concentration =

Transformed variance )
2

(Transformed average concentration +

e
)
Transformed average concentration =
In(G)+In(G )+ - -

n

)
Transformed variance =

{In(C,) — Transformed average concentration} *+---
n

n—1

©)

2.3.2. RoiX|&3M(LDC)S 0|88 SHSE
T

H35}R| 42 A(Load Duration Curve, LDC)2 &5
ejol ofg] 7HA| & o] F 4= vk A AV IES
whESL] 919 ShF 23t A719k HE % o g
ol Fgol Hsata, FA7|ES WS 98 2
FE= TMDL % A7 381 Aol = o] 83k 4= 9)
o} E=3F o|FH 7} Alof] 7] whE FolR|S
Aol @Aje] Relee wastelo] ol ¥ of

=

o BAHEIRE B ATA ST QA 2A S
2 P4 MRS A ARE ATY
ng, 2000). 5144342 24

i)
ox
)
et
k)
£
ok
4

tH(Cleland, 20086;

(&

3
)
to
of.
o
ot
o)
40
Jo
18
I
<]
N
w
o,
N
ok
22
2
oo
ok
%
-~
W
~

Percent of days flow exceed (%) =
Rank | Number of data < 100

(4)

23 2IGFMELE xF, AT HFAE v
o] F-aFA]%=141(Flow Duration Curve, FDC)
R3]

AL AR f19] Igell A A RIS
Z

Load(kg/day) = How(mg/sec)
X Water quality standard (mg/l) x 86.4

g4 APAHAN SHE §3F % AR
2 olgstel AR ANk, Z3E Sl
oheh ZTHG S SRelstel, olo] sl
Aol AXVE RIS EAISKRITE HakA 4T e
A2 4 T ) HBTES 23k o 2HEA 0%

~ 10%= E227] 27, 10% ~ 40%= Z227] 27,
40% ~ 60%= 7] 27, 60% ~ 0% A7) =
7, 90% ~ 100%+= Z=5=7] Z24o|w, {5 4t 53
W 9J0] 3|40 Table 25 2%} tHCleland, 2003;
USEPA, 2007). F-3A] 434S o] 881 -5 72

£ TG B9 B Y ePY SHL vok
QIEHFig. 2). AN O 2, 15T 717k Fro] Ay
S

L 5472 23ke) Aol nHoddos Qg of

2 %7} 31t Hwang et al., 2011; Park et dl., 2013;



Hot

438 373 - DB - PA - UAL - AR - 717

Table 2. Hydrologic condition class/ duration curve zone (U. S. EPA, 2007)

Hydrologic condition class ;?(;\?vr; oonMd(i)tIiI)ns Mfll(:;\:vasng conIZirt)i/ons fIl_gxlvs
Flow duration interval 0% ~ 10% 10% ~ 40% 40% ~ 60% 60% ~ 90% 90% ~ 100%
* Contributing source area
Point source M H
On-site wastewater systems H M
Riparian areas H H H
Storm water : |mpervious areas H H H
Combined sewer overflows H H H
Storm water H H M
Bank erosion H M

Source : Cleland 2003
* Note: potential relative importance of source areato contribute loads under given hydrologic condition (H: High , M: Medium)

Kim et al., 2015; Cheong et al., 2016). 417 29199 = 1 o) 2 () AANS-A) <} (b) -
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Fig. 2. Load duration curve graphing.



e

=
—
g
o
=
o
8
]
=
=
o
=}
o)
c
2
&
filo
it
op
o

Naeseongd FDC
16,000

17.988 m'sec
8295 mr'vec

<)

TLA23 m' e

Flow{nt'/ve

1.915 m'isec

o 1o 20 30 40 50 & ] 50 L 1og
Flow duration interval (%)

@

Flowfne'sec)

NakbonB FDC
10,000

18740 w'fsec

" Eles——

445 msee [rT==T1T]

: i

o 1o 20 a0 40 50 &l i . L 1og
Flow duration interval (%)

(b)

8738w vee

Fig. 3. Results of FDC (example). (a) NS-A FDC (b) NB-B FDC.

BEY 2R E BN §13) AST 4 °
S ARHE A5 AZ Bleke ASg o
S 2 g 4

A 2R 417 9ol 1470, 2|57 277l )
=415} 5900 71 % 4740] Telo S L ol Fig.
40] LrERSich. 9PA] Table 20] 4= 27] 9 A4
7) 20 A A 71700l B gt 2t
A9 A7 5 Aol dgt nelvt 2

Q813, F4719) B0 L4 A9 S

o 24, B B4 A 49 g5 wel Sol Ba
Su, Fup Wl B 2ol Slgalake ke
75 AR SRR WA fEs
U EGF §4 5 U TS 915 BMPs 21g0] B
sfekan A olakan gl olefat gele] ufel & Ao}

A oA AT % - U AZAR =
8tS B3] fpsto] mE oAU A S
=2 sjopsigon, o Anke thgat 2k Fig 4]
A B 9169 F (HRENB-E)O] 492 1l
sholl frgol He AfeF T F4718) Tf
o TR AAGHTANN BESES ok
A4S eI QI ol et B4R oA b)
oA Bt BE4 2ube) Rk )X 9
28 HojErh wehd o] WfL

Sfal v)g 0 erele} 5t - 42 A4

ol that Bel/k WA WAT A0 BEHEE AT o
A5l (WIBNSB)S] 4 A 2

Wt A= oA arsop & A o= ket (b)uf
BANSA) 2] 739= 719 A7 73t S
e 2= @] Yeh v e dde] d ey
of Yl Aoz s o = glom, LS fisl
e A del diFo] Eadt Ao AlmHrh £
T (O LYBMY-B)| 495 v A 3¢
oM Fspdo] 2ifshe 54S HEAL gl
ol FeAdel s 0] ofehE L le= vl
She AL, AR 2ol 27] A5 Al o=
e eddl s Eole A &7 2A1 2
3 R sAe ddske 5o Abddidel 2a
gk Ao FehEr: o]e} o] Fig. 42] LDCZEY} 4
€ 8ol Fapdo] ok [l A 23tk
A A2 0 =2 mfoto] 7hgs}7| mEe] ] o)l A]
SRR W AR e A ) Algo)
7Fs A SFoNA AAIRl S| R ol o] fg T} A
SRS 20l 24 5ol AME = = AL

)



"0ad1d-1 9-SN (p) 0a1aod g-AN (0) 0a1d-1 ¥-SN (@) 0a1aog 3-an () “eduexa vT,~2T, ‘€T,~TT,)0a1 Joslnsey v B4
) ©)

faglpaaaxa mopf Jop meaotag (25 ) paaaxa mopf Aop juassag

oor o6 ag [ as as ar o oz ar & oor o6 oF o0z o9 o5 or o o7 or 0
r - - - - T
.hua.c...sns.v SuaLpUd SHOpT snogf p ] SuoppLos soopf
AFumd-PEEy ISpOpY YA "oT Ay 2EUDL-PIY FSPOY WEE
or ar
y =~
B g g
.!.Mw_.\luﬁ”rw.fi o1 M o ~ \W
2 Bo. 0 . =
.nﬁ.wujf..,..fﬁ o trgod,  of] o oo =
2 an — = T #T!\Lff.!\h ~ 5 . z
v w0 r % e - P =
C =) - T —d & ooaar 5
. (102 POa] PALIBSIO & G
ooaer (EL0Z) poo] ponssgrr © S0000T
(2 F0¢ pduana Ayl prooy pavsssgo
by Lers noun.etp poo) 1a8uny |
GO0 G0 T Pr—
(FT,~ZLIIAT d-I G8uoasann TFI,~Z1,) 20T GO8 Gaunilipy
@ ®
feglpaaaxa syl Aop juaniag (2a) paasxa mopl Aop massag
oor L3 g e o9 oF or L3 ar or o oo r e oy o o oF or oF o or [
r - - — - - - F 4
SHOLIPUGS SUGHIP UGS syl sasagf 2 stogIpos ol
AFuns-prpy spagy gy Mo L aFrn-prp Fsrapy NEE
or
ar
r@.ﬂm_wnm. b £
% 2l -
J|.._4.t:,.4.h.,.l.x....." C .m B
b e o eor & o0t =
tag 3 g
g - . =
= ..fr....fﬁ.rr.; . uM oo0°a T =
. 0 : S
> = 00T S
(E102) poos passsdo o
Gog'0r (2107 PEvos passge | PP
TrOST A 0P-§ POS) PRS0
PR oD PO LEE )
D00 00 00000 o 1

(EL~TLJ DT aod FJuoqyoy

(EL~ILIDAT J-I FSHOPSIDN

ovr



#:8}2|4-2341(LDC ; Load Duration Curve)-& B3 57447 © 1% Tholfel B Hob] 28 9ot 441
Table 3. Results evaluated water quality by current method and LDC method (BOD)
Unit TWQ EWQ(current) EWQ(LDC) EWQ(current) EWQ(LDC)
watershed (mg/L) '11~'13(mg/L) Evauation Excessrate Evaluation '12~'14(mg/L) Evaluation Excessrate Evaluation

NB-A 15 12 C 24.1% O 12 @] 27.6% O
NB-B 14 0.9 C 8.9% @] 1.0 C 20.3% (@]
NB-C 15 11 C 17.6% e} 11 C 16.0% O
NB-D 15 14 C 46.1% e} 15 C 57.4% x
NB-E 18 17 C 40.2% @] 21 X 54.5% X
NB-F 20 21 x 46.5% O 24 x 63.2% x
NB-G 29 23 C 24.1% @] 25 C 32.5% (@]
NB-H 2.7 21 C 22.0% @] 25 C 33.6% (@]
NB-I 31 21 C 13.8% e} 23 C 18.3% O
NB-J 29 22 C 17.9% @] 24 C 23.7% (@]
NB-K 30 20 o] 16.0% O 23 o] 19.4% 0
NB-L 31 23 C 23.1% O 25 @] 28.3% O
NB-M 25 19 C 25.5% @] 20 C 25.5% (@]
NB-N 4.3 39 C 41.1% e} 4.1 C 41.8% O
BB-A 14 0.9 C 11.3% @] 0.9 C 17.4% (@]
YJA 14 12 C 36.8% @] 14 C 43.6% (@]
GA-A 15 0.7 C 2.6% @] 0.7 (@] 6.1% (@]
BB-B 14 11 C 26.9% @] 13 C 41.4% (@]
MC-A 15 12 o] 31.5% O 13 o] 39.2% 0
NS-A 15 0.9 C 10.1% @] 11 (@] 18.5% (@]
NS-B 15 0.9 C 13.2% @] 0.9 C 14.7% (@]
GC-A 15 13 C 33.0% O 14 C 54.3% X
YG-A 15 14 C 39.5% @] 14 C 40.4% (@]
1A-A 20 1.0 C 5.8% @] 13 C 16.7% (@]
BS-A 20 1.6 C 26.0% @] 17 (@] 30.0% (@]
WC-A 15 12 C 28.4% @] 1.0 C 21.6% (@]
WC-B 15 18 X 63.6% X 21 X 75.4% X
GC-A 18 15 C 23.9% @] 15 (@] 19.7% (@]
GH-A 19 18 C 35.9% @] 17 C 36.8% (@]
GH-B 38 31 o] 31.0% O 3.0 o] 29.3% 0
GH-C 4.0 35 C 36.1% @] 36 C 37.5% (@]
HC-A 15 13 C 34.1% @] 16 X 45.4% (@]
HG-A 15 13 C 29.1% @] 14 (@] 35.9% (@]
HG-B 1.0 0.7 C 16.9% @] 0.8 C 29.2% (@]
NG-A 15 12 C 21.4% O 14 C 28.2% (0]
NG-B 16 13 C 27.1% @] 15 (@] 31.4% (@]
NG-C 12 11 C 48.3% @] 11 C 37.1% (@]
NG-D 25 20 C 27.4% O 18 C 17.1% (0]
NG-E 31 25 C 26.4% @] 24 C 22.9% (@]
MY-A 14 11 C 30.8% @] 12 C 36.8% (@]
MY-B 25 19 C 24.4% @] 19 (@] 27.7% (@]

TWQ : Target Water Quality
EWQ : Estimation Water Quality
Evaluation : Evaluation of the TWQ (Achieveis" O", Not achieveis"x"
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Table4. Results evaluated water quality by current method and LDC method (T-P)

Unit TWQ EWQ(current) EWQ(LDC) EWQ(current) EWQ(LDC)
watershed (mg/L) '11~'13(mg/L) Evaluation Excessrate Evauation '12~'14(mg/L) Evaluation Excessrate Evauation
NB-A 0.057 0.047 O 28.4% e} 0.046 o 29.3% e}
NB-B 0.022 0.025 X 30.1% O 0.025 X 30.9% O
NB-C  0.033 0.040 x 48.8% e} 0.030 C 29.6% e}
NB-D 0.045 0.051 X 44.0% e} 0.040 C 26.2% e}
NB-E 0.053 0.086 x 65.0% x 0.061 x 44.5% @)
NB-F 0.060 0.083 x 69.3% X 0.064 X 47.4% e}
NB-G 0.137 0.121 O 31.9% O 0.080 C 9.6% O
NB-H 0.094 0.101 x 50.8% X 0.072 C 24.1% O
NB-I 0.093 0.087 O 43.1% e} 0.068 C 19.2% e}
NB-J 0.078 0.084 X 49.6% O 0.066 C 24.6% O
NB-K 0.074 0.083 x 54.9% x 0.069 G 33.3% e}
NB-L 0.074 0.093 X 63.6% x 0.072 o 38.3% e}
NB-M 0.069 0.090 x 60.9% x 0.062 ¢} 33.6% e}
NB-N 0.115 0.136 X 55.4% X 0.126 X 45.5% O
BB-A 0.025 0.020 O 26.1% O 0.021 C 27.8% O
YJA 0.046 0.031 ¢ 12.0% @) 0.031 o] 14.5% @)
GA-A  0.023 0.015 O 14.8% e} 0.018 C 20.0% e}
BB-B 0.034 0.026 O 23.7% O 0.025 C 18.3% O
MC-A  0.032 0.036 x 52.8% X 0.034 X 56.3% x
NS-A 0.110 0.086 O 13.4% e} 0.073 C 10.9% e}
NSB 0.053 0.087 x 77.2% X 0.073 X 63.2% x
GC-A 0.067 0.054 O 31.9% e} 0.059 G 41.5% e}
YG-A 0.050 0.034 O 16.0% O 0.031 C 11.3% O
1A-A 0.047 0.031 O 17.5% O 0.039 C 24.2% O
BSA 0.130 0.111 O 27.6% e} 0.088 C 15.8% e}
WC-A 0.045 0.029 O 11.2% O 0.028 C 9.5% O
WC-B 0045 0.050 x 45.5% e} 0.044 G 38.8% e}
GC-A 0.110 0.114 x 45.3% e} 0.096 C 23.9% e}
GH-A 0104 0.068 ¢ 12.0% @) 0.061 o] 10.3% @)
GH-B 0.236 0.113 O 5.2% e} 0.093 G 2.6% e}
GH-C 0.254 0.276 X 47.2% O 0.164 C 17.4% O
HC-A 0.060 0.047 ¢ 22.8% @) 0.040 o] 12.6% @)
HG-A  0.100 0.089 O 31.6% e} 0.076 C 20.5% e}
HG-B 0.034 0.043 X 58.9% X 0.043 X 60.0% X
NG-A 0.052 0.046 O 28.2% e} 0.051 G 30.8% e}
NG-B 0.043 0.037 O 26.3% e} 0.041 C 29.7% e}
NG-C 0.034 0.026 ¢ 18.1% @) 0.027 C 18.1% e}
NG-D 0112 0.071 O 13.7% e} 0.057 G 6.0% e}
NG-E 0.109 0.076 O 15.0% O 0.064 C 7.1% O
MY-A  0.031 0.036 x 50.4% x 0.039 x 56.4% x
MY-B  0.074 0.063 O 29.3% O 0.046 O 9.2% O

TWQ : Target Water Quality
EWQ : Estimation Water Quality
Evaluation : Evaluation of the TWQ (Achieveis" O", Not achieveis"x"
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Table 5. Each evauation method result of achievement rate of TWO
Method EWQ(current) EWQ(LDC)
Target materias BOD T-P BOD T-P
Evaluated year '11~'13  '12~'14 '11~'13 '12~'14 '11~'13 '12~'14 '11~'13 12~'14
Achievement rate(%) 95.1 90.2 56.1 80.5 97.6 87.8 73.2 90.2
Average 92.7 68.3 92.7 817
Ratel(%) 9.7 68.3 92.7 817
Rate2(%o) 7.3 317 7.3 18.3

Ratel(%) : Consecutive achievement-rate for two times
Rate2(%) : Consecutive excess-rate for two times

= E(BOD, T-P)= 25}

HALRE o] 8-5]0] 28] ¢l o2 2011~20131(13))

"11~'134 0.025 mg/L, '12~'14 0,025 mg/L &
7hEjo] B3l 0022 mylLE 23] A4 Z3lalo]
T-P AJA 21 57} 3ok 3ick. shA)wk, LDC
Mo P A9 BESUL 11139 278
30.1%9} '12~'14 2318 30.9%= 23] ¢i<: whE
sto] F7bpgo] S asiRith webs 71 Al3A
g 3ol whE 2HF AR 9 BlE B
A LDC F7HH =Qfo] e A =ol -85t
e R = R s o

= O
o=

9} 2012~2014d(23])of| tfste] 217} Brskel o,
23] 94 GHE 2 20E0] deiAE BrkeE &
Table 50 Ae]stgict. W] BODo|| tfal Ak H
APl wshg el 2a) HrIe G E2 23]
Wt 92.7%, FotA|&41S E-8¢ LDCH 7L 24
B2 23] Wit RI%E F Y BE GAEC] 2A
UEb T ¥, T-P2] 39-= daiiol o3| H7t
3t A Eo) 23] 7 68.3%, LDCH7} DA EL 23]
Bt 8L7%= 2}7}F th=A| vekylar, BOD o] At}
£ o2/ LDCH7}o|| o5t 9 Eo] =2 Ao & 1t
Eftth 23] 914 GAEE T 7H] B B H8HA
420418 283 LDCH 7o ot ¥ o] =] Yt
row, 23] 4 2382 BOD: 731 T-P= LDC
H7pgHo] A el

321, MAHRHY B/HHHE SH-E HHE 322 27 % XR9 Hridyd =uH HE
2517 Fehe] AF7I7E % 2 3ATke] SR 57 Al ol 1470, Aol 27 Fsted
Table 6. Each evaluation method result of achievement rate of TWO (Main stream and tributary)
Method EWQ(current) EWQ(LDC)
Target materias BOD T-P BOD T-P
Conditions Main Tri Main Tri Main Tri Main Tri
Achievement rate(%) 89.3 94.4 46.4 79.6 89.3 94.4 75.0 85.2
Ratel(%) 89.3 94.4 46.4 79.6 89.3 94.4 75.0 85.2
Rate2(%) 10.7 5.6 53.6 204 10.7 5.6 25.0 14.8

Ratel(%) : Consecutive achievement-rate for two times
Rate2(%) : Consecutive excess-rate for two times

Main stream : 14 unit watersheds Nakdong river
Tributary : 27 unit watersheds Nakdong river



N

JAK

o

444 37 - A -
A 417H9] Th9l6ol 0.2 Lol Qlek. whebd
RO} A\ FE TSl B BESd SRS
u Al sho] AakE AelsigirhTable 6). 572z}
BODO| ¢ 2570] 9452 dalnzl4lo] 89.3%
LDCH 71 80.3%2 & ] =5 24 5o] 27 1
ehth ARe] SARE AWH7IHo] 944%
LDCH/HE 94.4%z o] @A) = 4 5% B4 gol
27 hEpd v T-Pe] A9 BRo) Sy Ee W
#7142 0] 46.4%, LDCH7} 75.0%= LDCJ;‘7}7}
GAEo] 7 Uehton], Afe] SAEE AW
7t5=30] 79.6%, LDCH7} 85.2%= LDCH7}o| 9]
3 At @ Bol B4 ekt 28 914 9B
£ BODY| 79 5 9 ARl A £ g mE 9
Fo| i, T-PY| AL HAXETHL o8
LDC7} whlo] @4 Bo] 7 theheh. 23] 9l
27182 25 9 X504 BODE: @okon], TP &
2= LDCH7 A WA Vebte.

i

o o} 3} 2ok

1) Aol o5t BHA HrpuhEe ol
68~93%= LERL o, LDCo| ot S343 7}
2 G E0] 82~93%E LHETE

2) st FAoRS Bkt At At
ofgt W K TE LDCo|| 22k sg7hg o] 28] =
Al vertod, T zkge Aol Rt
of w2 o] WokE & o] SRk Ao R Wl
o},

3) LDC & ol gato] Hi44e ¥
SHEB 2} o] T-P 37k AlA|E] o] 21
Slgelo] ehtnz 3 AE 5ol ug o
8E 29 2918 Aoz FotE) o)XY A3
%] sl asks gIUeATRR LoD 25
o] W)= Aot Sds) Sl

_}L

\?0 i
o?r‘. o
> %

01

HE
}-J_I

91, Ag

o - AL A - 17

Hot

o

Il AR A £Y 5 ARANES T S
2R o] §old Shefol= 7)o] 3 A0 ke,
4) 3k o] WPAL 44 4 Toke Uk A e
2 I LUEAS A Sl e ETRE
gol /K5 AoR Holuf, frafo] Fax A}
7ot A 289] A1 18 o nalc
5) & Qe S S F Al Telfelel 41
A oGS oR e B4 AR
LDCE ol 7t B/} 4830c] vl
Bk AntE g
AN LDCH M & 4510
$492 3 LDCHPY 489 e e 771 s
ok g Ao Ar gk

l

H

EE

REFERENCES

Cheong, E. J,, Kim, H. T., Kim, Y. S, Shin, D. S, 2016,
Application of the Load Duration Curve (LDC) to
eval uate the achievement rate of target water quality in
the Youngsan - Tamjin river watersheds, J. Korean
Soc. Water Environ., 32(4), 349-356.

Cleland, B. R., 2003, TMDL Development from the
“Bottom up” - Part Ill : Duration curve and wet
weather assessment, National TMDL science and
policy 2003-WEF speciaty conference, Chicago, IL.

Cleland, B. R., 2006, TMDL Development from the
“Bottom up” - Part IV : Connection to storm water
management programs, U.S. National TMDL science
and policy 2007, Sesttle, WA.

Hwang, H. S, Park, B. K., Kim, Y. S, Park, K. J., Cheon,
S. U, Lee S J, 2011, Research on the applicability of
theload duration curve to evaluate the achievement of
target water quality in the unit watershed for aTMDL,
J. Korean Soc. Water Environ., 27(6), 885-895.

Jung, K. Y., 2009 Advanced control strategies on water
quality management in Nakdong river, Kyungpook
nationa university, Korea, 94-100.

Kang, H. W., Ryu, J. C., Shin, M. H., Chal, J. D., Chal, J.
W., Shin, D. S, Lim, K. J, 2011, Application of
web-based load duration curve system to TMDL
watersheds for evaluation of water qudity and
pollutant loads, J. Korean Soc. Water Environ., 27(5),
689-698.



B35}1x)42-4(LDC ; Load Duration Curve)-S- 2H8-31 U

Kim,E. J,Kim,Y. S, Rhew, D.H.,Ryu, J.C., Park, B. K.,
2014, A Study on the water quality changes of TMDL
unit watershed in Guem river basn using a
Nonparametric trend analysis, J. Korean Soc. Water
Environ., 30(2), 148-158.

Kim, E.K.,Ryu, J. C,Kim, H. T.,Kim, Y. S, Shin,D. S,,
2015, Application of the Load Duration Curve (LDC)
to eval uate the achievement rate of target water qudity
in the Han-river watersheds, J. Korean Soc. Water
Environ., 31(6), 732-738.

Ministry of Environment (MOE), 2008, Official test
methods of water quality, Ministry of Environment,
Notification No. 2008-99, 29-35.

Ministry of Environment (MOE), 20133, Basic policy on
the total pollution load control, Ministry of
Environment.

Ministry of Environment (MOE), 2013b, Standard policy
of TMDLs, Ministry of Environment.

Ministry of Environment, Water information system,
http:// water.nier.go.kr/

Nevada, 2003, Load duration curve methodology for
assessment and total maximum daly loads
development, Nevada Division of Environmenta
Protection, 1-3.

A S AFF AT BESA B A9

445

Park, J D., Oh, S. Y., 2012, Methodology for the
identification of impaired waters using LDC for the
management of total maximum daily loads, J. Korean
Soc. Water Environ., 28(5), 693-703.

Park, J. H., 2010, A Study of waterbody health diagnosis
method using load duration curve, Master's Thesis,
Kyungpook National University, Korea, 1-10.

Park, J. H., Kim, K. S,, dung, J. W., Hwang, K. S., Moon,
M. J, Ham, S. I., Lim, B. J, 2013, Water quality
characteristics evaluation by flow conditions using
load duration curve - in Youngbon a watershed-, J.
Environ. Impact Assess., 22(4), 319-327.

Ryu, D. K., Bag, S.D., Jang, J. Y., Park, J. C., Ryu, J. K.,
2006, A Study on the water quality indicators of total
maximum daily load management in Nakdong river -
Focused TOC organic-, J. Korean Soc. Water
Environ., 2006(0), 1181-1188.

Sustainable Water Resources Research Center (SWRRC),
2004, Streamflow measurement manual, Sustainable
Water Resources Research Center, Technica report
TR 2004-01, 1-84.

U.S. EPA Office of Wetlands, Oceans and Watersheds,
2007, An Approach for using load duration curvesin
the development of TMDLSs.



