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Abstract

Total Pollution Load Control (TPLC) calculates and manages the allowable pollutant load that is discharged from the
watershed, which can meet the water quality target. Delivery Ratio (DR) is generally used for predicting the variation of
pollutant mass balance between the pollutants discharged from the watershed and a certain point in the stream, and it is very
important for estimation of accurate allowable pollutant load. The concept of DR in TPLC is different from prevalent DR,
because DR in TPLC includes both the discharge of pollutants from the watershed and the delivery mechanism. Therefore, DR
in TPLC should be estimated by using a proper and unified methodology. The appropriate method and equation for estimation
of DR in TPLC was developed through the review of various methodologies, and the applicability of the equation was
evaluated in a study area (Geumho A). Determination coefficients (Rz) of regression were shown to be relatively high (BOD
0.71~0.87, T-N 0.86~0.90, T-P 0.62~0.69). Applicability of the developed methodology and equations was evaluated as
appropriate for TPLC, and it is suggested.
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2. Materials and Methods
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Fig. 1. Location of the Geumho A unit watershed in Nakdong river basin.
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Table 1. Characteristics of landuse in the Geumho A unit watershed
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T, I A=E 7AF A& wEA S(discharge coefficient) 1@ A eR olzen HWEdE Ld=dol fEHE
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3. Results and Discussion

31, TEREXZE H HHEFSIE A D
[e]

B dFdMe 45 feRstd AEe Al 12, &
HH, AFA 2 3 AN FFa AYsd 2 o
PBH7HYeong Cheon City, 2011; 2012; 2013; 20145 ¢
s 2011358 20143744 S84 <F 462709 2 -/F
A8E B&IAen, FHEARY HAY € FFHAE

Table 29} Zt}.

e e A

< A7 wMERESFS 20113 %H 2014
FHA EFHE APAY )FFNAE
A, AEA 3N 27499 §F
Ued wWERsds HEsnh viEsFsd Y2, &
SA F919<] BODY & wlEF-3HF2 9,921 kg/dayE E
A 71 &) 46.6%, A 33.9%, BEA 19.0%, 2HE
A 04%S ¥gS AL Sk T-PY F wiEFstd
565 kg/day 2 EXAQ] 7] 0] 44.5%, SAHAl 41.5%, HEA
13.6%, AHHA 04%E H&S AL Ut v &5
ENZATY F5A 2999 wEReEde Fodded Hst
o dHFoz vHodd FHzE EHE EXA 2 4
A9 7ldge] 2 HEE AR e A2 BAHYU

FoolA 239 462719 2 2 {FFH 7lEA

el wet 2P AFFLIMETSIF S EUZE 2] (5)

FEHEES A8 ZI+= Table 37

Zom Az (023~6.649 msec AN AHFH =T

{2 BOD 0.002~0.683, T-N 0.009~2.826, T-P 0.001~
0.494 WS Yebich

T-N¢ Z% BOD$ T-Pol HlF| f2&< HE HH7

A vebgen, §2g°] 1& 2Hste AFgke] HEH

4,

A% 9. f2gdl 12 2FdgE AL J1EA A
gt A8 APFAANS T Bk A3E fUret
DEL Load,; = [(P.Load < ﬂavg) + (NP.Load % ﬂsf)] X DR, o]  BE ASE oulaltl, Shon et al. (2009)9 A
100 3o oghm T-NY ¢ b2 o@Lel g 2o 2
MES Uehie ol Ass 5 71AREdA A5
D, = DIt NPLoud) S TPLC DRy gy A% MEEE BRI 493 09 @iy o
Load X f,) + (NP.Load X ;) Aol AR MABES DAY 5 9] GO
Table 2. Average and standard deviation of measurement data
Gochoncheon Bugancheon Sillyeongcheon
Category No. Average Stapdgrd No. Average Star.1da.1rd No. Average Star}dgfd
deviation deviation deviation
Flow (m’/s) 0.567 0.684 0.591 0.505 1.454 1.031
BOD (mg/L) 1.464 0.610 2.105 0.908 1.766 0.960
— 1 154 154 154
T-N (mg/L) 3.137 0.945 3.764 1.407 4304 1.088
T-P (mg/L) 0.069 0.067 0.123 0.069 0.076 0.036
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Table 3. Delivery ratios of measuring data

Flow Delivery ratio
Watershed Number of data Category 3
(m*/sec) BOD T-N T-P
Min 0.023 0.002 0.009 0.001
Gochoncheon 154 Ave 0.567 0.064 0.220 0.050
Max 4470 0.683 1.465 0.494
Min 0.100 0.005 0.018 0.004
Bugancheon 154 Ave 0.591 0.068 0.142 0.063
Max 2.820 0.486 0.980 0.414
Min 0.040 0.004 0.102 0.002
Sillyeongcheon 154 Ave 1.454 0.113 0.578 0.084
Max 6.649 0.534 2.826 0.347
Min 0.023 0.002 0.009 0.001
Total 462 Ave 0.871 0.082 0.313 0.066
Max 6.649 0.683 2.826 0.494
2 #gsta ok T-N 0.80~0.89, BOD 0.78~0.88, T-P 0.70~0.76 <22 4
AxAReRE 498 S¥REES B2 4 O B etk Chol ot ol 012 RVF 06 ogelE A %
g #F-wAQA% M FFFLE(TPLC_DRYY| # Agg 2 wrddra Adstded ol 22 JdFATE
AZ e 2fddz 248Fe Do AFAF U 9 AVL WEoz 2 ASAR2rY 499 259
9] 3AXE &I AT Table 49 Zom, FF-HAH| &34 FF-HAHSY JAXNL 5 L2799 HAS 73t
gAY FF9Ee 3 RS UYehe 23AFR)E THEREES FEY T Us Aoz dgdn
1.000 2.000 1.000
1.800
8 0.800 1.600 0.800
ml E| 1.400 &
¢ 0.600 o' 1200 ml 0.600
Ql . QI 1.000 Q[
S 0.400 - Q' 0.800 3 0.400
& 0 E 0.600 &
0.200 ’ 0.400 0.200
F 0.200
0.000 T T T T 0.000 T T T T 0.000 T T T T
0.0000 0.0100 0.0200 0.0300 0.0400 0.0500 0.0000 0.0100 0.0200 0.0300 0.0400 0.0500 0.0000 0.0100 0.0200 0.0300 0.0400 0.0500
Q/A Q/A QA
(a) Gochoncheon
1.000 2.000 1.000
1.800
0.800 1.600 0.800
8 E 1.400 ~
ﬁ[ 0.600 c‘I 1.200 ["l 0.600
g[ CI 1.000 gl
Q0400 3 0.800 © 0400
: &, 0.600 :
= 0.200 = 0.400 = 0.200
0.200
0.000 ST ' . 0.000 — , . 0.000 - : .
0.0000 0.0100 0.0200 0.0300 0.0400 0.0000 0.0100 0.0200 0.0300 0.0400 0.0000 0.0100 0.0200 0.0300 0.0400
QA Q/A Q/A
(b) Bugancheon
1.000 3.000 1.000
a 0.800 2500 0.800
S Z. &
m, 0.600 = 000 B o500
-4 =4 =4
QI QI 1.500 QI
S 0.400 8 oo 8 0.400
= & , aS%T &
= 0.200 Ly 0500 s‘lr ’Vv;: = 0200 : 3
0.000 T T T T 0.000 T T T T 0.000 T > T T T
0.0000 0.0100 0.0200 0.0300 0.0400 0.0500 0.0000 0.0100 0.0200 0.0300 0.0400 0.0500 0.0000 0.0100 0.0200 0.0300 0.0400 0.0500
Q/A Q/A QA

(c) Sillyeongcheon

Fig. 2. Relationship between (Q/A) and TPLC DR at Geumho A.
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THHAERZAE TEIE 25 REFSIE FFEUY AF 38]
Table 4. Regression equations for delivery ratios Table 5. Result of nonlinear regression analysis
Watershed | Pollutant Equation R’ Equation Pollutant a b c
Q10929 BOD 8.571 | 1.040 | 0.931
BOD | TPLC_DR_BOD= 18.196(2) 0.88 TPLC DR, =ax Q"< T T-N 0.051 | 0.999 | -0.381
t
T-P 11.573 | 0.871 | 1.029
Gochon- 1.0465
OOt N | 7PLC DR TN= 48.22(2) 0.89
cheon A
Q| A, AEARI FuEA B 0AS 2590 A48
T-P TPLC DR_TP= 22.126(1) 0.76 7] SlHAL BO Be zze] Bme EAH Hoo|
BOD | 7PLC. DR _BOD= 1 4( Q)Mm 0.78 gasr @2 £ A7AAE 4 () BHA ASsA
- DI BOD= 18554 7 ‘ 2 B2y 9od L&A, BHA, AFA 37 AL
Bugan- Q|1 39 =E ARE FHste SpSs SAZRIPS €&
T-N TPLC DR TN= 39.224| % 0.80 ] i N
cheon 4 sto] HHY OEIARML Eo) 449 A5E Hgsin
1.1118 I AHAANE =3 1 Ay = 2V 7¢ .
TP | 7PLC DR TP= 15.754(2) 0.73 AANE =FAS 2 A3 BODY a, b, o= A7 8571,
A 1.040, 0.9312 Yelgter T-N= Z+Z 0.051, 0.999, -0.381
0.9342 1)
BOD | 7PLC’ DR BOD= 8.8033(% 0.79 2 Uehdon T-PE 11.573, 0.871, 1.0298 UERdtHTable 5).
£23 5714(Table 59 284 B $la) 23,
Sill ~ 0.9433 - ° . 8 Nx=o
VeS| TN | 7PLe DR TN= 44.134(%) 086 S, AFA A FHA W Fhd A5 5—74"“
A A8 ME FFFDLE(TPLC_DR)F Table SolA =
0.9353 - =
T-P | TPLC DR TP= 6.3915(%) 0.70 =8 FEHY AR AP FTFRLE(TPLC_DR)
T FAPAE 2H=ZE =A S thFig 3). 2 23,
1.000 1.000 1.000
R2=0.87 R2=0.90 R2=0.70
0.800 0.800 0.800
%I ?[ 0.600 EI 0.600
g g 0.400 E 0.400
0.200 0.200
T T T T 0.000 T T T T 0.000 T T T T
0.000 0.200 0.400 0.600 0.800 1.000 0.000 0.200 0.400 0.600 0.800 1.000 0.000 0.200 0.400 0.600 0.800 1.000
TPLC_DR_BOD TPLC_DR_T-N TPLC_DR_T-P
(a) Gochoncheon
1.000 1.000 1.000
R2=0.71 R?=0.87 R2=0.70
0.800 0.800 0.800
A 0.600 z 0.600 G‘. 0.600
Q = g_.l
E[ 0.400 s;' 0.400 ;-‘? 0.400
g & g
2 o.200 ~ 0200
0.000 ::Z T T T 0.000 +— T T T T T T T T
0.000 0.200 0.400 0.600 0.800 1.000 0.000 0.200 0.400 0.600 0.800 1.000 0.000 0.200 0.400 0.600 0.800 1.000
TPLC_DR_BOD TPLC_DR_T-N TPLC_DR_T-P
(b) Bugancheon
1.000 1.000 1.000
R?=0.74 R?=0.62
0.800 0.800 A 0.800
a
z
gl 0.600 [_.lo.soo EI 0.600
E 0.400 §0.400 g 0.400
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0.000 0.200 0.400 0.600 0.800 1.000 0.000 0.200 0.400 0.600 0.800 1.000 0.400 0.600 0.800 1.000
TPLC_DR_BOD TPLC_DR_T-N TPLC_DR _T-P

(c) Sillyeongcheon

Fig. 3. Relationship between TPLC DR and DRy at Geumho A.
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382 Bf5lM - Of3HE - 97| E - HX|H - 284 - o|YE=
AAAFR)E T-N 0.86~0.90, BOD 0.71~0.87, T-P 0.62~ oMY TEHFIYAY FEE & ol&He TTHEE
070 £22 £ AFNA AAG 4 (7) Fei9 HAHF ok 2 dutdgoz F8FE F2EH Iyt dE2d SelA
FTHARA S S =& gAY HEEY2 w2 A= AFT whe} Zo] FFRLES WEATE TS /LS
#aEo FFRLES FYFez FHT F S A= < B |2 FYd wE ¥t fE282 ¢F 72
goEn £ Bt JE9t SHREE FHE A £F EWE TSI glo] FAHOZE HEAF S22 US|
27 5 33 W9t gdEolof & e dgdEn EHHEE2 Yiaee o A2 £AZ xd"T-
A EFHAAY Sl REE&S ol &t FRde
3.3. SHHL| JIEREHMY REE MY BA& 9¥s 2718 vt vk =9 FFHE VSR
F35A B89 U 107] 2998 oz VEeTEx F A ALF 9 F5E 99 {FEES FPsuA e F
A 2R AFL g8 nAE g=IARNL Ed) Folle AAd WiEATE Lol & ALR wodEnh
TS ALY 2f9d JIEREFSR F3IFEE dYst
o FFRLES EFSAL olF 4 (DA Wt duri 4. Conclusion
E2 A 2/9E FEES AHFSATK(Table 6, 7).
ol &fAE JIERTH A 2 A wERES 33 B AP f2Rde EA4A AFL 9 42
B o35 FHE 394 7124 8(Gyeongsanbuk-do, 2015) TS AEST 237 AYS5de] HIe 9T
o #s e g e mHstel GEASA 23A B9 A8
BEA B9R9Y fEE gAY T HLRFA AAS AZ dBozn ZIP ALY A SIFRFT
I Qe FIA0l 279 AFRFS HRFHZE fAsd T8o| Huxslgoen 1 A= oo g
THHY VST T ATY A FTHFREEE BOD ) AZAgd 9% §LRFH 71eAAd wg AEH
0.040, T-N 0.168, T-P 0.0372 FAHJLoH, o]& vt WSR3 FS o] 83ld ZIA B89 U 12 B2
gg2 4stH BOD 0.157, T-N 0915, T-P 0.180¢] obd, AFA 2899 APAZAEE) 2FLLLS
o ES F5E 2U9A FERFEES BOD 0.141, T-N Agatgoen, 1 AFRE ASHFF 0.023~6.649 m/sec
0.569, T-P 0.1072 FAHAeH °o]F AurLEz At BN EFFEES BOD 0.002~0.683, T-N 0.009~

stH BOD 0.252, T-N 1.094, T-P 0.201¢] Ht}.

Table 6. Delivery ratios of standard flow (Qz75)

M9 vehie

Area Flow TPLC_DR DRy
Watershed ) 3

(km") (m’/s) BOD T-N T-P BOD T-N T-P
GH_A 01 146.05 0.492 0.040 0.168 0.037 0.157 0.915 0.180
GH_ A 02 8.26 0.028 0.029 0.003 0.058 0.104 0.017 0.275
GH_A 03 23.99 0.081 0.033 0.014 0.049 0.101 0.068 0.200
GH A 04 56.92 0.192 0.036 0.046 0.043 0.133 0.256 0.204
GH_A 05 31.24 0.053 0.016 0.010 0.026 0.044 0.038 0.079
GH_A 06 57.77 0.098 0.018 0.024 0.024 0.066 0.109 0.097
GH_A 07 119.14 0.203 0.019 0.064 0.021 0.068 0.273 0.083
GH_A 08 357.48 0.609 0.021 0.292 0.018 0.066 1.232 0.067
GH_A 09 99.52 0.169 0.019 0.050 0.022 0.062 0.127 0.077
GH A 10 32.15 0.055 0.017 0.011 0.026 0.047 0.041 0.094

Table 7. Delivery ratios of standard flow (Qiss)

Area Flow TPLC DR DRy
Watershed 2 3

(km”) (m’/s) BOD T-N T-P BOD T-N T-P
GH_A 01 146.05 1.670 0.141 0.569 0.107 0.252 1.094 0.201
GH_A 02 8.26 0.095 0.103 0.011 0.169 0.179 0.021 0.315
GH_A 03 23.99 0.274 0.116 0.047 0.143 0.193 0.088 0.256
GH_A 04 56.92 0.651 0.127 0.155 0.124 0.224 0.300 0.232
GH_A 05 31.24 0.261 0.086 0.049 0.104 0.136 0.087 0.172
GH_A 06 57.77 0.482 0.092 0.115 0.094 0.162 0.214 0.170
GH_A 07 119.14 0.994 0.099 0.313 0.084 0.172 0.569 0.150
GH_A 08 357.48 2.981 0.112 1.427 0.071 0.186 2.588 0.125
GH_A 09 99.52 0.830 0.097 0.244 0.087 0.166 0.380 0.150
GH A 10 32.15 0.268 0.086 0.051 0.103 0.140 0.091 0.180
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