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A Study on Estimation of the Delivery Ratio by Flow Duration in a Smal-Scale
Test Bed for Managing TMDL in Nakdong River
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Abstract

The objective of this study is to construct the watershed management system with link of the non-point sources model and to
estimate delivery ratio duration curves for various pollutants. For the total water pollution load management system, non-point
source model should be performed with the study of the characteristic about non-point sources and loadings of non-point
source and the allotment of pollutant in each area. In this study, daily flow rates and delivered pollutant loads of Nakdong river
basin are simulated with modified TANK model and minimum variance unbiased estimator and SWAT model. Based on the
simulation results, flow duration curves, load duration curves, and delivery ratio duration curves have been established. Then
GIS analysis is performed to obtain several hydrological geomorphic characteristics such as watershed area, stream length,
watershed slope and runoff curve number. As a result, the SWAT simulation results show good agreements in terms of
discharge, BOD, TN, TP but for more exact simulation should be kept studying about variables and parameters which are
needed for simulation. And as a result of the characteristic discharges, pollutants loading with the runoff and delivery ratios,
non-point sources effects were higher than point sources effects in the small-scale test bed of Nakdong river basin.

keywords : Delivery Rate Duration Curve (DRDC), Deliverly ratio, Flow Duration Curve (FDC), Load Duration Curve
(LDC), Soil Water Assessment Tool (SWAT)
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Table 1. Characteristics of watershed and river
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32 Al 289 BLEY
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° Observation Point of
Water Quality and Quantity

Agricultural
Watershed

N Mountainous
Watershed

Urban
Watershed P

———— 0 3,305,600 13,200 19,800 26,400

(b) Milyang river basin

Watershed Area (km?) Slope (m/m) Length (km) CN Number
Urban watershed 17.66 0.0150 7.61 83.20
Agricultural watershed 49.36 0.0615 11.69 75.71
Mountainous watershed 76.62 0.0570 16.07 63.75
Unit watershed 883.24 0.0143 68.80 73.21
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Table 2. Waste loads of the small-scale test beds

Watershed Area (km?) BOD (kg/day) TN (kg/day) TP (kg/day)

Urban watershed 17.66 119.955 29.711 3.736
Agricultural watershed 49.36 549.506 323.833 29.148
Mountainous watershed 76.62 181.208 184.603 14.048

Unit watershed 883.24 7582.568 4722711 428.204
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Table 3. Estimation delivery ratio based on observation data
Watershed - BOD - .TN - - ™ Rank
Delivery ratio Rank Delivery ratio Rank Delivery ratio Rank
Urban watershed 0.240 1 0.468 1 0.286 1 1
Agricultural watershed 0.030 4 0.122 4 0.032 4 4
Mountainous watershed 0.203 2 0.332 3 0.177 3 3
Unit watershed 0.147 3 0.468 2 0.190 2 2
342 ZEI|H RES ME Aol FY=HE A5 Al f2&0] Frtste AR UE
EUEHPZAHAE ol &d B SWAT RYAHAE )& st 2o A3 F EA 2799 BODY AS FTE
s 47) AW el i IAEQ005-2007) BF & B, AFY, 25Tl dF 428 At 47 044,
=M (Flow Duration Curve, FDC)& AH3stth 470 A 0.23, 0.10, 0.0322 f#Fo] ZrAHA FLE T Fa
W 2899 39 BFAIIAL Fig. 29 Bk ste o vyt osh 2 ABE TN, TPY 350
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Fig. 2. Flow Duration Curve (FDC).
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Fig. 3. Load Duration Curve (LDC) (continued).
Table 4. Ddivery ratio considering flow duration for urban watershed
Pollutants Flow duration Flow (CMS) Waste loads (kg/day) Delivery loads (kg/day) Delivery ratio
Qos 0.36 119.995 53.150 0.44
Q15 0.17 119.995 27.788 0.23
BOD
Qurs 0.06 119.995 11.468 0.10
Qss5 0.02 119.995 4.046 0.03
Qos 0.36 29.711 105.334 3.55
™ Quss 0.17 29.711 45.268 1.52
Qurs 0.06 29.711 14.347 0.48
Qsss 0.02 29.711 3.594 0.12
Qus 0.36 3.736 3.37 0.90
1P Quss 0.17 3.736 1.93 0.52
Q15 0.06 3.736 0.90 0.24
Qa5 0.02 3.736 0.37 0.10
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Fig. 4. Delivery Rate Duration Curve (DRDC).

Percent of Days Flow Exceeded(%)

(d) agricultura watershed-BOD

Journal of Korean Society on Water Quality, Vol. 25, No. 5, 2009



800

AEhA - iR - MBI

DRODC(T-N)

0.00

0.50

DRDC(BOD)

120

DRDC

3.50

DRDC(T-N)

0.00

Fig. 4.

*os ® oms A oS
" g ——mean
10% 20% 30% a0% 50% 60% To% a0% 0% 100%
Percent of Days Flow Exceeded(%)
(e) agricultural watershed-TN
+ 0ms  ® s A 0ies

10% 20% 30% 40% 50% 0% Ton ao0% 0% 100%
Percent of Days Flow Exceeded(%)
(9) Mountainous watershed-BOD
* o¥ms  ® 0TS A ares
" a¥  ——mean
0% 20% 0% Ll B0% B0 T0% 80% a0% 100%
Percent of Days Flow Exceeded(%)
(i) Mountainous watershed-TP
* 0385 L] A ales
L
10% 20% 0% a0% 50% B0% To% a0% 0% 100%

Percent of Days Flow Exceeded(%)
(k) Unit weatershed-TN
Delivery Rate Duration Curve (DRDC) (continued).

ss | = observation data W QS5

% Q185 W Q275
31 = Q355
& 25
z
2
:
154 1
14
05 4
BOD ™ TP

(& Urban watershed
Comparison of each estimation methods.

sr=2Eatsts| x| w253 55, 2009

0.30
+ ams @ ams A oques
0.24
" g3 —mean
0.00 L L A i i i
0% 20% 30% a0 50% B0% T0% a0% 0% 100%
Percent of Days Flow Exceeded|%)
(f) agricultural watershed-TP
.00
* 035 ® o5 A ol
400 F

" g¥  —mean

DROC(T-N)

0% 20m 30% 40% 50% BO% To% 80% 0%

100%
Percent of Days Flow Exceeded(%)
(h) Mountainous watershed-TN
1.20
* oms  ® ozs A oows
:
:
10% 20% 0% a0% 50% 0% T 20% 0% 100%
Parcent of Days Flow Exceeded(%)
(i) Unit watershed-BOD
070
* 015 ®oans A s
" oass  ——mean
70% 0% 0% 100%

of Days Flow %)

() Unit watershed-TP

05 7
= observationdata ®Q95
0s | # Q185 = Q275
=Q355
5 03 -
= 02 -
01 .
BOD ™ TR

(b) Agricultura watershed



HUSUSA SHUSHSLEIE A AHLRY FUY RS MTUY oF 801

0s 08
= observation data ®(Q95 = observation data W Q95
% Q185 mQ275 05 #0185 m Q275
o4 =a3ss =Q3s55

Delivery Ratio

0

L1

™

A

(c) Mountainousous watershed
Fig. 5. Comparison of each estimation methods (continued).

Delivery Ratio

Table 5. Delivery ratio considering flow duration for agricultural watershed

/.

BOD ™

(d) Unit watershed

1

P

Pollutants Flow duration Flow (CMYS) Waste loads (kg/day) Delivery loads (kg/day) Delivery ratio

Qgs 0.30 549.506 33.751 0.06

BOD Quss 0.10 549.506 19.499 0.04

Qurs 0.05 549.506 13.977 0.03

Qass 0.04 549.506 12.701 0.02

Qos 0.30 323.833 90.552 0.28

™ Qiss 0.10 323.833 38.877 0.12

Qars 0.05 323.833 23.289 0.07

Qass 0.04 323.833 20.087 0.06

Qgs 0.30 29.148 1.99 0.07

P Quss 0.10 29.148 0.86 0.03

Qurs 0.05 29.148 0.51 0.02

Qass 0.04 29.148 0.44 0.02

Table 6. Ddivery retio considering flow duration for Mountainous watershed

Pollutants Flow duration Flow (CMS) Waste loads (kg/day) Delivery loads (kg/day) Delivery ratio

Qg 0.88 181.208 40.165 0.22

BOD Quss 0.18 181.208 20.458 0.11

Qars 0.02 181.208 7.689 0.04

Qass 0.00 181.208 2.782 0.02

Qos 0.88 184.603 81.713 0.44

- Quss 0.18 184.603 8.357 0.05

Qs 0.02 184.603 0.364 0.00

Qass 0.00 184.603 0.010 0.00

Qg 0.88 14.048 453 0.32

P Qiss 0.18 14.048 134 0.10

Qars 0.02 14.048 0.24 0.02

Qass 0.00 14.048 0.04 0.00

Table 7. Delivery ratio considering flow duration for unit watershed

Pollutants Flow duration Flow (CMYS) Waste loads (kg/day) Delivery loads (kg/day) Delivery ratio

Qos 8.114 7582.568 2234.076 0.295

BOD Quss 2.091 7582.568 670.973 0.088

Qurs 0.413 7582.568 157.865 0.021

Qass 0.064 7582.568 30.265 0.004

Qg 8.114 4722.711 2645.279 0.560

™ Quss 2.091 4722.711 481.603 0.102

Qars 0.413 4722.711 63.998 0.014

Qass 0.064 4722.711 6.150 0.001

Qgs 8.114 428.204 57.93 0.135

P Quss 2.091 428.204 13.58 0.032

Qurs 0.413 428.204 2.40 0.006

Qass 0.064 428.204 0.33 0.001
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