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Analysis of Load Duration Curve Using Long Time Flow
Measurement Data of Kyeongancheon
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Abstract: Long term flow measurement and water quality analysis data need to determine the
target and allowable load for each basin in Total Water Pollution Load Management System
(TWPLMS). The Load Duration Curve (LDC) is analyzed the relationship between flow data and
water quality, and evaluates the pollutant load characterization by flow conditions. LDC of
Kyeongancheon is created by the Flow Duration Curve (FDC) that was analyzed 8-day interval
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measured flow data from 2006 to 2015 and numeric water quality target in Kyeongancheon. As a

result of this study, it is necessary to manage the point source pollutant because the numeric water

quality target is not satisfied in the low flows. Also the numeric water quality target has been exceed

for four months from March to June of the year and continuous and systematic watershed

management is required to satisfy the numeric water quality target.

Keywords: TWPLMS, LDC, FDC, Numeric water quality target

o r
X
o
of
oy
ol
r )
o
>,
H1
rlr
N
~
~
A
o

it
o

(

oo
Jo
N

=<
S
ox
1o

+

2

AU
o
2
>
(e 2
Ja

H

4
i)
o
=)
o
:?L",
o

of

ol
=
é
2

iore
oX

)

21 o
=2 ©
o K
=
o
N
L
1o
Jo
ol
]\
o
HE
>
i)
Shid
X
D)

U
N
A

i
9

o]
o
o

tH(Yang et al, 2005),

HEFHA = 403 =4 RS 9
H&5% A7t obu et folgrs wefsto] 7|
dro &9 f95 Ao E Besir]
21 =) ch(Ministry of Environment 2004).
AE Az 3e7 A (Fs7Al, 2734A,
P A7) 20049 0] =3 @ AEEFe

ng ot
o 2 4
= N

Q_L'
s
H o2

17k

ou
¥

A

of ok
=
od

o]
AEE =Yste] 201597 1~28A] 52093
el R E T, 20169 RE 3 440 3
FU7 ABE 3 ek, FPSAL A
AN L FUAY Fo] B WE, A 82 19
o we} 20134 6ARE FHHEL} JUEE A9
& AL AT 267 B9 fjel B
0] AR Ele] $82 GF PR} ABE T

i

34 +AE 1~28AE A 304 £ELAE
sl AN S S ARE BRI 4|7
24 3 e o

=

9 5 ARE o] &5to] i
= D e o e Rl = B el R |
= chHwang et al, 2011; Park & Oh 2012). 3tj
& AR =A AL AT FHA =T AlE
SPrrAlE FoAIE TS o] 83 Aol A 7]

£34Z oo &9 ool AAE HEs
2ol opd Adt FAHIY AIE Hit +=E

_,d
Q2

o

—

[e]
TS 2y

rE

o
o2 05? fr o
_‘_&5‘ re §
o o, E E
L e > @
ngl: i?f -~
0 o =
2 B
£ 5 F—; &
= = 2
on, —T‘ lo -
o
wg e jgz
ot flo rx
Ml ES;, ﬂJlO ?‘h.u_‘
ol
%
A
w10 o gy
o mX o

=
0

N o U
oot
1011
of
ol

ox fr
o
o T

o|th(Jang et al, 2009), <+
2 FYE7] A A Eeke
o

_1]1 mﬂ

» do o
i.‘
tu rot
rlot

oY, [

30 4z {r of

_‘4
es]
3

ot
AN g
o
4 T
.
Shd
1%
o o
i1
>
9‘1"
=

DO
(@]
o
IS
[
o s L oS o T o> A

offl
3
re
o,
-

oo
oX JiH ox AL

=

il
o

i
4y

B

)
[0
fl
b
V)
N\
o
ot
o
~N
)
1o

= Jo ¢

g

g Jd ok

@ N

=

ot

ol

>

o

OZ: OlD [e'e)

i)
=

[es

2 K
o >
2L
o, &
.o
r
ol mlm
ol

> o

b
1Hl
r>~
flo
S
i
9#
Q
At
oxl
Jo
ol

BN
"
2
s
1o
TRV
N,
LA

el
oo
o

o o 9
re o
S—E T

H
r:ul{; i F
g
ox,
o 2
T o
jz >
o 1o
2 4>
o)
~
AN
o

l
o)
)
4
X
o
o2
ofi
U
rJ

e o
jus]
=)

Rl
==
G D

N

>

031:

ok
e

3o

2,
()

i
s
N
)
2

e

Bl
{0 _11)1. o
ol
bt @
Jo
ol
Y
U
wE 1o
o oy oft 2 ix

> Ho
2
e
PO
o
bt
e
[l oo
(i
K

TN}

M g 2
—Hz
=
g 1

S = (<1

ufl e >

o o

o 35 1o
O

B
>



N W o ™ o "R
= o T R A ol W WK T
« = X° N° e a Ry
8 TIx e ﬁ%%%
2 oF & B or MEMM;_AoQH -
o U,H_OI‘ID OO.LI,Olu_,I 8
c _ﬂAl‘_.poﬂoﬂ __OJ-DdI m
g o E XL Hoge X2 -
o 0 [ e = e 213
5 5 X B oA A R
s T w P T T 2i| 7z
% UHJuoEﬂmo‘Ll _zrl..r i gwum
K o] o z =
@ oL O oo Mo - Ho o 2| § E|%
£ TEEwE ok o T B 2N
s o < & W o °
= N 5
° o - o o T Ay M e Kyeongancheon
g AE®Y g F oo ke
g T = Mo Browe T g
3 m X ™ oF o o & g g
= o W A G ,m_m o BE om £ gl 3 $
ﬁo‘mﬂm,An_Ea < ©° o = nv,.ﬂ,m.u mm
PO o o ™ R e if G § 2| @
32 B WK om oy Ak % FEE | - -
Comw g ey koo o : i3 )
W N OF o < <k o H g
m P Moklicheon
= Bubwoncheon
o ok W N Rl A TR P T R T oL §
lormngaﬂﬂw/ﬂo%j.wﬁm B W ok o g™ 5
R Ig T RN F o ooy w N5 A :
Bk R S T oy g N = woam o B 2R
- [ N v v ) N OXTOoxS AL o pna I
= % oo — N Clx_XﬁOQHIF s Pomm.m._u.ﬂl__oL
P T E S fo o= P L F o : :
I T e . %o B0 g ek B g 14 ’
e T - = R S R Afdnl},_uo# I |
Eia VWLMTMLMHMJ%Q.B oEMﬂﬂo,mMM_r_mLLtfro L 42 <
® kET ot DT frmzieiy
o o o) — N ! o g
Iy CHEREY Sy X aT o o g PRy 171
B e S b R )
o LIS ) S o o] ofd o NTOX o HI oy BF 9 Yk m
— L A= LS - wy B B Q) Ho ok L 3
— .E,Mxﬂ,ﬂﬂn;oooglMogou M.__u xO;uorm@mHﬁnowATd 2 3
W T 5T W 2R g PR 20 mﬂl}%_éé.poﬁ
Bl 5 [ P B e PR SR @ﬂﬁ%o7ﬁayo7mo NJr
gl % W B T oo 5 ook W o oo o % % or g N
= — > o — T — 0 ™ o o NOEe
K Wy " TagerPo ¥ 63 caC fo
z ~csdpw iyt B 2T W gs Ry S
Ko B o §rpzeasy OF %L 2o b
- Edoe & < R HE o T B BT TR

Figure 1. Map of Kyeongancheon watershed
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Table 1. Precipitation by Thiessen weights method

Average

1,379.3

1,332.4

2015

806.3

808.7

2014

866.6
904.5

2013

1,371.9
1,295.6

2012
1,616.4
1,383.0

2011

1,914.6

2010

1,511.4 | 2,043.9

1,468.6

2009
1,471.0

1,317.7

2008
1,260.4
1,154.3

2007
1,383.3
1,458.9

2006

1,461.9

1,617.6

Precipitation (mm)

K.A Pre.®
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(a) Kyeongancheon precipitation

(b) Han-River watershed average precipitation

1,000

800

] ]

e <
(urur) woneyrdaag

200

Figure 3. Monthly precipitation by Thiessen weight method on the watershed
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Table 2. Flow rate in Kyeongancheon (2006-2015)
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Figure 4. Flow duration curve of Kyeongancheon

10

oF Jpo X e o) N Y Re do W N AT
gl o v lvl=lo|l=|a|= = = N aﬁux_o_uﬂomaﬂi wm_‘mmd;]oﬂ;of-
A e A - R L b x5 mumﬂﬂ‘ﬂana%.oﬁzﬂﬂ_@
AR b pucgpacg b ol e el mﬂww m@ﬁammm‘md\mrﬂﬂma
To wviideafzgsl
> ;Hmﬁ HT_]&%WMHM.N%Q%E .
= N K o0 < ~n oF = — B
r o ul =
ElElclslzlalzlslzlalale] BT S0 RIEIDTET R S
mHmARMHM_JIMO?_U X Mo %E._ﬂvlm .300_1._ov_#ooov 3
Elen e | e [N o O#]lﬂlmﬂw OL.AI_ 5
Z|= ok olJ = 8 gt = oF oM o) ® 2
= OTL_‘_ nﬂ%umﬁll.mwﬁw._um._ﬂEO_EJI 2 E
Wt o NT o) n o ome o oo o= s 3
"o B4 oV = e M - N
Elslslgisizgazlag wisTo ofes g T W F <
EIZIEla|IS 8|8 L |8 A% WA RS kX e s ©F o ) g
RIS E=N A (S| S |6 |ea | | S = o o < N o o = z
515 IRIZRPIRIEIEER mo%%o_nronoO.ovﬂo_ncubaourm &
= TR B ogp NP & oy i OF ™
Juy o 0 Q) ey
S Py o ol W o o) B 4 B o 2
5 glsiziglglzlelelzle] SR Yo X W PR NG LW 2
2 8 EEEEEEEE] BT Mmoo F e ® ey F 32
o] o S Nr "R T A o & ®O ©
&
=
o
e~
e
T AEEW DI BOERPTENT R T R F
powd cTgsisEREEE e ald
3L powenaTiiaB: Zad
._._Ll‘_o#ﬂxﬂo_n ﬁLﬂﬂDIXOOTU_\ﬂJIE:iﬂLZH _z?ﬂo_]_l E
m%ﬁALamwwféﬂoﬂaﬂofdamw amo_ny g
2 by QBT ° B o W e W oo OF oF %
R TR R IR N o X F
< e e Mo % o B o N NV oZw N = 2P ~ T qo
< ol T o o wn ol ®o NI gl o o =X
= ﬁﬁ),ua%mewu___é,é%ﬂ‘ﬂ@imn7 w ook,
P ﬂiﬂme._%PoMTﬂﬂLﬂﬂoﬂ‘_m_ﬂT‘o#q SEENEC £
— s
STwoSTAdEH PO EAT I wT THT I
S ;B8 o 2 < ™ g N T I 2 —
N W S x E3 NN R T
—_— O_E O_H oF =y o KB BX Ot ,.__‘_ - M n_AIL O NN - - -
i B o= SRy e o T gy S < o g = =
i R N2 N T BN wE R w8 B S e
™) 1r‘_7m,_0HW o_eE =0 X = N B o4dr = o o
g w p B O = WA R M T w N L ok (Bepy) e acom
S o o o ~
< ovﬂoZUrmmAﬂJovaiovﬂaﬂﬂaﬂoﬂa.ﬂuo#aao 7ﬂ.e_1__o.L
= %#ma_a%ﬂiﬁMW%W%a%G%D?ﬂ%
=oap N K T o XN W BT e g oF T BBy
REW L HS T g BN AR gy o we o W BB e oo W T B
X T B B oW W N OF o W oF NE oF & R oF o T oF To




)
s
i3]
rz
m
0x
B

Flows), 10~40%<= #4227 (Moist Conditions),
40~60%+= H4=z A (Mid Range Conditions),
60~90%+= A2z (Dry Conditions), 90~100%
= a2 A(Low Flows) o2 GLE-5}0] Table 39]|
AIABFTHU.S. EPA, 2007).

3. HSIRIAZM MG U 2
IEEESEER

A GRS o] §5to] A4 FHA 424

B B .

High-Flows  Moist-Conditions Mid-Range Conditions  Dry-Conditions Low-Flows

Table 3. Classifications of hydrologic condition

Flow Duration Interval Hydrologic Condition Class
0~ 10% High Flows
10~ 40% Moist Conditions
40~ 60% Mid Range Conditions
60~ 90% Dry Conditions
90 ~100% Low Flows

Source: U.S. EPA. 2007
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Figure 5. Load duration curve of Kyeongancheon
Table 4. The number of measurement and excess rate by hydrologic conditions (BOD)
Hydrologic condition
. Average - - -
Year | Evaluation High Moist Mid-range Dry Low
NO. | ratio | NO. | ratio | NO. | ratio | NO. | ratio | NO. | ratio | NO. | ratio
2006 achievement 16 32% 4 67% 1 9% 5 28% 40% 0 -
excess 34 | 68% 2 33% 10 91% 13 72% 60% 0 -
2007 achievement | 27 | 53% 6 86% 12 67% 6 100% 20% 1 10%
excess 24 | 47% 1 14% 33% 0 - 8 80% 9 90%
2008 achievement 33 65% 5 100% 55% 8 89% 14 64% 0 -
excess 18 35% 0 k- 45% 1 11% 8 36% 4 100%
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Table 4. Continued
. Average A . Hydrologic condition
Year | Evaluation High Moist Mid-range Dry Low
NO. ratio | NO. | ratio | NO. | ratio | NO. ratio | NO. | ratio | NO. | ratio
2009 achievement | 24 | 49% 3 100% 4 44% 2 22% 10 50% 5 62%
excess 25 51% 0 - 56% 7 78% 10 50% 3 38%
2010 achievement | 35 74% 5 100% 16 64% 13 87% 1 50% 0 -
excess 12 | 26% 0 - 9 36% 2 13% 1 50% 0 -
»011 achievement | 32 | 70% 5 62% 64% 6 86% 12 1% 0 -
excess 14 | 30% 3 38% 36% 1 14% 29% 0 -
2012 achievement | 31 62% 6 100% 13 81% 5 62% 17% 5 62%
excess 19 | 38% 0 - 3 19% 3 38% 10 83% 3 38%
2013 achievement | 36 | 78% 4 100% 19 83% 7 64% 6 75% 0 -
excess 10 22% 0 - 4 17% 4 36% 2 25% 0 -
2014 achievement 19 46% 2 100% 3 75% 3 43% 11 52% 0 -
excess 22 | 54% 0 - 1 25% 4 57% 10 48% 7 100%
2015 achievement 20 50% 0 - 8 80% 1 25% 9 60% 2 20%
excess 20 | 50% 1 100% 2 20% 3 75% 6 40% 8 80%
2006- | achievement | 273 58% 40 85% | 91 65% 56 60% | 73 51% 13 28%
2015 excess 198 | 42% 7 15% | 50 35% 38 40% | 69 49% 34 72%
Table 5. The number of measurement and excess rate by hydrologic conditions (T-P)
. Average . Hydrologic condition
Year | Evaluation High Moist Mid-range Dry Low
NO. | ratio | NO. | ratio | NO. | ratio | NO. | ratio | NO. | ratio | NO. | ratio
2006 achievement 4 8% 3 50% 1 9% 0 - 0 - 0 -
excess 46 92% 3 50% 10 91% 18 100% 15 100% 0 -
2007 achievement 13 25% 6 86% 7 8% 0 - 0 - 0 -
excess 38 75% 1 14% 11 92% 6 100% 10 100% 10 100%
2008 achievement 15 29% 2 40% 5 45% 4 44% 4 18% 0 -
excess 36 1% 3 60% 6 55% 5 56% 18 82% 4 100%
2009 achievement 15 31% 3 100% 5 56% 5 56% 2 10% 0 -
excess 34 69% 0 - 4 44% 4 44% 18 90% 8 100%
2010 achievement | 39 83% 5 100% 21 84% 12 80% 1 50% 0 -
excess 8 17% 0 - 4 16% 3 20% 1 50% 0 -
2011 achievement | 38 83% 7 87% 14 | 100% 6 86% 11 65% 0 -
excess 8 17% 1 13% 0 - 1 14% 6 35% 0 -
2012 achievement | 50 | 100% 6 100% 16 | 100% 8 100% 12 100% 8 100%
excess 0 - 0 - 0 - 0 - 0 - 0 -
2013 achievement | 45 98% 3 75% 23 | 100% 11 100% 8 100% 0 -
excess 1 2% 1 25% 0 - 0 - 0 - 0 -
2014 achievement | 40 98% 1 50% 4 | 100% 7 100% | 21 100% 7 100%
excess 1 2% 1 50% 0 - 0 - 0 - 0 -
2015 achievement | 38 95% 1 100% 8 80% 4 100% 15 100% 10 100%
excess 2 5% 0 - 2 20% 0 - 0 - 0 -
2006- | achievement | 297 63% | 37 79% | 104 74% | 57 61% | 74 52% | 25 53%
2015 excess 174 37% 10 21% 37 26% | 37 39% | 68 48% | 22 47%




Table 6. Hydrologic condition considerations (H : High, M : Middle)

Duration Curve Zone
Contributing Source Area Hich fl Moist Mid Range Dry Low
180 Hows Conditions Conditions Conditions Flows

Point Source M H

On-site wastewater systems H M

Riparian Areas H H H

Storm water : Impervious Area H H H

Combined sewer overflows H H H

Storm water : Upland H H M

Bank erosion H M
Source : U.S. EPA. 2007
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Figure 6. BOD Yearly load duration curve (2006-2015)
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Figure 7. T-P Yearly load duration curve (2006-2015)
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Table 7. The number of LDC exceeded and excess rate by monthly conditions

Classification Jan. | Feb. | Mar. | Apr. | May. | Jun. Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
Numberof | o7 | 36 | 43 |4 a2 |2 |6 |2 |40 |2 |4 |
Measurement
Number of
BOD | | pipreig |7 |12 |24 |34 |34 35 Las | o |8 | 7 | 1| 2
Lpoeentof | 26% | 3% | Se% | T7% | 81% | 83% | 3% | 21% | 4% | 17% | 2% 7%
Numoerof 157 | 36 | w3 |4 | @2 |2 |65 |2 |40 2 |4 |
Measurement
Number of
TP | om0 Lo fae |2 |16 sl |6 | 8 | 1414 |n
Lpoeentof | 0% | 5w | 37 | 4% | 3% | 43% | 26% | 4% | 20% | 33% | 3% | 38%
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