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Identifying Priority Area for Nonpoint Source Pollution Management and Setting up
Load Reduction Goals using the Load Duration Curve
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Abstract

The objective of this study is to identify the priority area where the nonpoint source pollution (NPS) management is required and to set up the load
reduction goals for the identified priority area. In this study, the load duration curve (LDC) was first developed using the flow and water quality data
observed at 286 monitoring stations. Based on the developed LDC, the priority area for the NPS pollution management was determined using a
three-step method. The 24 watersheds were finally identified as the priority areas for the NPS pollution management. The water quality parameters of
concern in the priority areas were the total phosphorus or chemical oxygen demand. The load reduction goals, which were calculated as the percent
reduction from current loading levels needed to meet target water quality, ranged from 67.9% to 97.2% during high flows and from 40.3% to 69.5%
during moist conditions, respectively. The results from this study will help to identify critical watersheds for NPS program planning purposes. In
addition, the process used in this study can be effectively applied to identify the pollutant of concern as well as the load reduction target.

Keywords: Load duration curve; nonpoint pollution source; target water quality; pollutant load reduction goal; flow duration curve
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2007; Hwang et al., 2011; Choi et al., 2012). LDCQ} T=H3} 1. 7|2 ¥ gHH

W T B 4 PO mRA ZREge R

oIzt 4= glov] Mo AU vHedee] o8 uehis 4 N

o ARAS sforst 4 o)tk (Cleland, 2002; NDEP, 2003; LDC 235 oA 3 o 8 Amrh dash, &

el
USEPA, 2007). Aol M= =7HA S Lol A 2011 FE 2015 7H4] 51

Shen and Zhao(2010)= LDC%} H|o] %ot EAZ Atsto] % 24 5 2 ARES ol &Itk ESHEAA
B0 A9 Hal2 d2ala A7teke 4519 o ul Chen 2 THEAA 2 ISR ORE R o] 2= ¢l
et al. 2011)2 HJH L AT} §2ek 7hao] X|7HA vzt o) TSRS Ao r 7 9 f5po] 8 7HA S
Te57] 9J3) LDCS & meEle) HwS Asksie] TMDL 2 S SR A9 6977 5 el S
(Total Maximum Daily Load)S 7JEksbgic). o] A2, = A2 1732 elw, dAg 3715 7R il A==
Kang et al. (2011)2 7]4ke] LDC A|AE1S J1&5)a1, 713 3AHS AQsla 8Y 7HH oz A5 142289 ¢4
A 0ol giAto R A% W HaEleke Hrlsle] -0 dE 4 FRIREE A8k 2 Ao A= s 66414, U
Sl oWBA AG oS BT g et a7 10N, B ORI, B - AR 0 F 5 286

(2012)7} Yun et al. (2013)& 237 992 A2 LDC A-o] sl +d 9 FHYAARE EEHAEAAH

BHS B3 Sk A0 w2 &) 2ARS mjet 1o (http://water.nier.go.kr/)2 =3l 4R35

& Q9 HekS AAISHITE Kim et al. (2015b)

Ld7} LDCE o] &3to] AjukE 9ol Ak & njE o oE 2. BolX[&=M(Load duration Curve, LDC)
& =4

=]
= Bl
dof v S 24 7hsAdE e delaE A 3 & Aol 74 ASAHAl el LDCE 215}

= = o e |
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Soto] J3ppdo] oAl woolHe] Fx4E 20U F Duration Curve; FDCYS 2g8lglom, 1 Aafo] Bx42S
Al 9 IRARRES A|ASE] Q13 AEE FAHCE o]FolA #3ato] LDCE 258ttt (Fig 1). 2445 LDC $of A=
shou, oot fololli o3E A5 RS Al B g8 9 SAXRE o gslo] A Auld| gl el
T g A A AAS 9% 7es AAskL Bl o G AlGlo] QEkH3lo] w2 WEALS B st FDC
A P A9E w5 A7 AHHCR BEE B4 e A 717 9 SRS o geks Ao HE
Agelet, WG WA o} FOo Q3| SUZHA A Lol
uehd] £ el Sl ot Sl S o 24 ARe) St YE B9 8 17 7 42t
gollA B S fF 9 EARE o]-8sto] LDCE 4 thd7t 2245 A A=zlgv) skde] A4 S HEE o)
oL, REAE SUELS Frole] MHOPY Bt wWg 4 Qlo] FDC A4 W LDC HAL 93] Fuje] A
AH o R a3k A|9E wEstal BeEEE AYs= W 84 7rA9] AlZxtR 7} o] &E 11 9Jt} (Hwang et al., 2011,
HE AlQbstazt gt Kim et al., 2015a)
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Fig. 1 Example of load duration curve (Yanghwacheon)
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Fig. 104} o] #EHsleko] LDC flol Q= 4= 2 AAstort Eago] AR Eo] 1A ¢k AHERl
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Fig, 2 Distribution of target water quality at the monitoring sites
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Table 1 Target water quality for the load duration curve analysis

Point BOD(mg/L) COD(mg/L) T—P(mg/L)
Standard Target WQ° 60 percentile Target WQ
TMDL? min - - -
Limit®
max 3.00 5.00 0.100
Standard 60 percentile® 60 percentile 60 percentile
Normal o min 1.00 - 0.020
Limit
max 3.00 5.00 0.100

®Total maximum daily loads

bTarget water quality in total maximum daily loads system

‘Limited by water quality standard for living environment in river (max: Fairly good(Il), min: Very good( | a))
960 percentile of the observed water quality data (2011~2015).

Identifying the priority point for nonpoint source management
using Load Duration Curve

Fig. 3 Procedure for identifying the priority area

A ez 32 Yodddr) NUeHNd BE H At e Belt ash Tel Jug e 01D
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7], o7 9 7] 21 7 0%~60%2] 227H4E S8

20 « Journal of the Korean Society of Agricultural Engineers, 60(5), 2018, 9

SeluetolA] Z9-fEo] WS FE797} 10 nmel 7
3 50% nate] BN Z9-H24TH AR S 7
o7 BA31993, Kim et al.(20152)2 40%~100% -7t A]
BOD, T, $8 ¥a £mspt 4] o= S0 A5H]
o ueb £ ATe|Al ARG Ak (ung et al, 2011;
Kim et al, 20159k 2194 2] A4 449 242 ¢
M0 A0l ool GRS W THY T 0%~A0%E,
HLAUAN o) FHL W AT TS 0%~ 100%2
Fasgic

IEAAE BESAE 2 (G A5 919
TR (0%—40%) AR (0%~ 100%)0 4] 2] 31 5
Aol wet Table 29 o] 7718 6749 §3 (A~F)OE
st on, o) 490 g AGe BERA 2t |
SEERELE

A FHE LT 0%~ 10%, 10%~40%, 0% ~40%0]A]

B EsNFo] 7B RS 0% e FFolH, B 69
o oTELTE 0%~ 10%, 0%~40%0] 4 50% 23}, C 952
QLT 10%~40%, 0% ~40%0l|A] 50% Z3}shs S-ao|Th

>
W
@]
Jo
ol
Mo

TG bl ATk 50% Zabele ASE H|



021
rx

K>
al
ror
Rl
oy
]
i}

Table 2 Classification of the points which exceeded the target water quality

High flow intervals (NPS?) Low flow intervals (PS)
R 0%~10% 10%~40% 0%~40% 40%~60% 60%~90% 90%~100%
A (@) O (@) X X X
B (@) X (@) X X X
C X (@) (@) X X X
D (@] O O More than one interval
E @) X (@) More than one interval
F X (@) (@) More than one interval

eNPS: Nonpoint pollution source
®PS: Point pollution source

Hodel o3 BEr4go] 2ubE 4L 7Hct
D, E, F §3oA 173 2742 A, B, C 3 5L

FAlo AGTF T7HA0%~60%, 60%~90%, 90%~100%) 5=

Table 33} Zro| 37} 7|&o =2
FHAFE 7IE 1 2 7)E

Al 715 3 2300 weh 2eA oA =53 AS FH2

ok 7F ool 2= FFoltk D, E F /32 1L ‘“*4 sto] =&kl 71 12 #Z‘eso (BOD, T-P, COD)| tf

Aol Al 50% 2atsh A 9l Bl o] ofsl HiEs ok 59 (2011~2015) Fytgo] sPdEe 7| lew

o] %= EAJL 7RIt LDC 7|& S5 7hd B=H '} (BOD: 3 mg/L, T-P: 0.1 mg/L COD: 5 mgL)S 2¥sl= =4

Fo 22 4] (D= ol8ste] Ankstaith oltt. 7] 2+= Table 20 AAIE FE=HEE 671 -3l oS

Sh= 240It 715 32 AR (40%~100%) -7toll A ]

Lt +2F g LHXHE tEAo] tigt Z2ukso] wet A A Ao
AN S W SANGE W] S F P R0 TSt A WA 32 ARF 2

Table 3 Standard for identifying the water quality pollution areas

Standard 12 Standard 2° Standard 3°

BOD)3.00mg/L, T-P)0.100mg/L, COD)5.00mg/L A B, C

BOD)3.00mg/L, T-P)0.100mg/L A B, C

BOD)3.00mg/L, COD)5.00mg/L A B, C

T—P)0.100mg/L, COD)5.00mg/L A B, C

BOD)3.00mg/L ABC PS/NPS® NPS

T—-P>0.100mg/L A B C Excess rate in Excess rate in

COD)5.00mg/L A B, C the low flow the low flow

BOD)3.00mg/L, T-P)0.100mg/L, COD)5.00mg/L D, E F intervals intervals

BOD)3.00mg/L, T—P)0.100mg/L D.E F 750% <50%

BOD)3.00mg/L, COD)5.00mg/L D, E F

T—P)0.100mg/L, COD)5.00mg/L D, E F

BOD)3.00mg/L D, E F

T-P)>0.100mg/L D, E, F

2Standard 1: Average water quality(2011—2015) ) Grade Il (Fairly good)(water quality standard for the living environment in river)
PStandard 2: Six types according to Table 2

°Standard 3: Classification of water quality pollution areas by the excess rate during the low flow

9PS: Point pollution source, NPS: Nonpoint pollution source

P23y A60E A5s, 2018 ¢ 21
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= 9 oEg ME b v R HEE A% A AuE vehdth gAY =
B2 2316 2514 S EE3I90on, 20| A=
HReEY SATe gAREN BelEEe a o el B e e o
Ao LA 7t Qe T5AH0] mEE T 3EA A
(0%~40%) ;Lﬂow HSFlEe] 7|53k LDCE 50%
L 9 e g o 280 WA Sk ol 554
2EE 22942 AAFgon BeEFs ZxA7) - -
e e e A, e o] ot Eed A 7 s 21A e
& g% A Oi AAsh frE e SRAEE 2210
LEskoinh
_‘%_

e Slstel 2
Environmental Protection Agency, Cal-EPA)o||A] AJA| St HH
& olgstelrk o) WS fRTINY SRS S UEs

H T ©o
7] SJat BEAZE APISHE HHOR REXSTAHL o] §
afol Welga 72k tfstol al2)2t Po] BrReky Y
NERSFS olgBle] BEALRS AT & Ut
(Cal-EPA. 2012).
A = _ 7]%3%—5‘]'%1:_%%—%8}%
LRATE (%) = V= X100 (2)

Table 4 Number of the priority points for the nonpoint pollution
source management in each step

Step 3
River LDC® | Step 1|Step 2| PS
/b NPS
NPS
Han river 66 55 22 21 1
Nakdong river 100 86 13 7 6
Geum river 60 57 22 15 7
Y .
eon.g.;sah 60 53 18 1 7
Seomjin river
Total 286 251 75 54 21

°LDC: Load Durating Curve
®PS: Point pollution source, NPS: Nonpoint pollution source

10000
Observed load
<€--Percent Reduction Goals(%)
1000 ® Target Load
—Load Duration Curve
~—Existing load(90th percentile)
>
S 100
2
A
= 10
High Moist
flows conditions
1
0 10 20 30 40 50 60 70 80 90

Percent of day flow exceeded (%)

Fig. 4 Example assessment of existing load and percent reduction goal
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Table 5 Excess rate for target water quality at the priority management points

) Monitoring R Target Average Excess rate (%)
River . WQP -
point (mg/L) (mg/L) High flow Low flow
Han river YHC2 COD 4.0 6.1 90 77
T-P 0.02 0.12 100 63
BC1
COoD 4.0 55 93 58
Nakd GSCt COD 4.0 54 100 60
ariveor”g BGC TP 0.02 0.12 65 75
GHG2A T-P 0.09 0.10 100 36
uscC COD 4.0 5.0 70 50
PSC COD 4.0 52 92 63
T-P 0.02 0.13 100 68
BC2
COD 4.0 6.1 83 58
MSC T-P 0.02 0.1 78 42
Geum SAC T-P 0.02 0.1 94 53
river BGC1 T-P 0.02 0.10 100 51
SNC T-P 0.02 0.12 83 43
WPC3 T-P 0.15 0.13 90 59
JEC4 T-P 0.13 0.14 62 56
MBC T-P 0.02 0.1 80 67
GMWC2-1 T-P 0.02 0.1 72 56
v JWC T-P 0.02 0.13 90 73
eongsan JSC1 cop 4.0 55 9 77
Seomjin river
HP T-P 0.15 0.14 90 78
PYJC—1 COD 4.0 6.1 90 1Al
PYJC T-P 0.02 0.12 94 65

*WQP: Water quality parameter
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4/\@ r Hydrologic unit map
- D Boundary of four basins

9 £l 3
tan! (} % -
oy \ “W Standard unit watershed
LS b
P hist ; [ NPS management area

3 Yeongsan-Sesmijiri —— Stream network

N Km A Water quality station

U L7 1
0153 60 90 120

Fig. 5 Priority management points and standard unit watershed

Table 6 Land use at the priority management watersheds

(o)
River Monitoring Watershed Agricultur e vee aree (%) Bare
point code? Urban Forest Grass Wetland ) Water
al Field
Han
. YHC2 100710 9.1 60.8 215 43 0.5 17 2.0
river
201106
BC1 201105 4.2 337 581 0.9 0.4 2.1 1.2
201107
GSCit 200307 16 16.4 79.3 1.4 0.2 0.1 1.1
Na:\?;”g BGC 200416 57 471 410 3.0 12 06 14
201209
GHG2A 201211 12.0 345 43.3 2.6 1.5 2.8 3.0
usc 201210 1.9 11.6 69.9 2.3 0.4 2.8 1.1
PSC 200305 4.0 31.7 60.5 1.3 0.4 3.1 1.6
BC2 301002 6.9 341 448 5.5 2.4 3.3 3.0
MSC 301110 171 25.8 46.2 5.9 1.6 2.8 0.6
SAC 301108 43 22.6 59.3 6.5 2.5 3.1 1.6
?ﬁi’:‘ BGCT 301107 6.7 403 433 6.1 1.4 1.3 0.9
SNC 301113 22.6 40.6 217 8.2 1.6 4.0 1.4
WPC3 330206 5.7 57.3 27.0 5.1 2.0 1.5 1.5
JEC4 330203 7.4 39.3 439 41 2.0 1.8 1.4
MBC 500404 5.0 458 43 1 2.3 1.3 0.7 1.9
GMWC2-1 500502 4.1 34.4 53.2 43 1.2 0.8 2.0
JWC 500106 16.8 40.2 23.0 10.1 4.4 3.4 2.0
JSC1 500402 7.1 60.3 227 4.4 2.0 1.2 2.4
Yeongsan *
Seomijin river 500502
HP 500602 5.3 43.2 40.0 3.5 1.1 1.0 6.1
500604
PYJC—1
PYJC 500108 25.8 11 14.8 1.2 1.5 3.7 1.9
Average 92 38.0 428 47 1.5 2.1 1.9

®Code of standard unit watershed
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EM;IE] Mﬁuﬂ, BGC, GHGZA, Msc, SAC, BGCI, SNC,
WPC3, JEC4, MBC, GMWC2-1, JWC, HP, PYJC X]&< T-P,
BC19} BC2 |9 #ejEde COD ¥ T-PE EA= 9T}
e|sie BRA0ES GA0ke Ao dAsislon, &
BATFEL T47] A (0%~ 10%) 7 F427] 24 (10%
~40%) ko= EsElTh 37] 24 A Y] A
-2 67.9%~97.2%, E5=7] 27 7R 40.3%~69.5%.2.
B o Aol A H3RAEE0] S0%01d o FAE o] H]
Ao Ba)rt Alg3st Aoz BAME Q) Table 72 v
°Ad %*dﬂrElleu el et 7| &R, SRS
Fg 9 HRAGES Uehd:

o

Table 7 Existing load, target load and

percentile 73

71Tk A

o2 MHAst BEA7-

reduction rate for the priority management points

sistepo] %

7|0l whet 0%~40% bl Bt =
FALES E.diﬂfl 90, 80, 70, 60, 50 percentile®] 73
73.3%, 62.6%, 50.9%, 39.6%, 28.8% .= UENE O™, 10~40
] o}r—ﬂ:o] HyH o].ah_ u}}_f‘;}b AHog
4= STk Olﬂ g o= _rg}ak_/] 90 percentile 7] &5
= A e g s
491 Siole), w40 gl
Hof| A= 90 percentﬂe e

AL AEFE QAT 4~ gJo) thy]) 9

Aesetel 49 28 Pa e

Existing load Target load Reduction rate

Sihver Monit‘oring e . (kg/day) ' . (kg/day) ' . (%) .
point High moist High moist High moist

(0~10%) (10~40%) (0~10%) (10~40%) (0~10%) (10~40%)

Han river YHC2 COD 55104 3488 6162 1464 88.8 58.0
T-P 1050 68 89 22 915 67.6

BCT COD 39364 2253 4454 1088 88.7 517

GSCt COD 4617 446 924 136 80.0 69.5

Na:vd:r”g BGC T-P 66 12 13 5 80.3 58.3
GHG2A T-P 6220 442 655 137 89.5 69.0
usc COD 3808 129 316 77 917 40.3

PSC COD 3909 236 337 89 91.4 62.3
T-P 714 12 20 6 97.2 50.0

BC2 COoD 31052 592 1002 289 96.8 51,2

MSC T-P 561 29 49 13 91.3 552

Geum SAC T-P 434 21 48 7 88.9 66.7
river BGC1 T-P 1527 32 57 15 96.3 53.1
SNC T-P 626 29 36 1 942 62.1

WPC3 T-P 1025 43 90 16 91,2 62.8

JEC4 T-P 1511 170 142 57 90.6 66.5

MBC T-P 247 33 51 13 79.4 60.6

GMWC2-1 T-P 553 98 97 38 82.5 61,2

JWC T-P 12 3 3 1 75.0 66.7

S\;eoor:j?:a:vér JSCt coD 1382 331 329 146 76.2 55.9
HP T-P 9997 1618 2010 559 79.9 65.5

PYJC—1 COoD 4362 1119 1399 509 67.9 545

PYJC T-P 116 28 31 14 73.3 50.0

SWQP: Water quality parameter
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