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Abstract
수질오염총량관리제 시행 하천에 대해서는 객관적이고 과학적 방법으로 유역내 각 지역의 오염
부하량을 할당할 필요가 있다. 본 연구에서는 대도시에서 배출되는 오염부하의 영향을 크게 받는
영산강수계의 중상류부를 대상으로 오염부하량 할당 방법에 대해 검토하였다. 오염부하량 할당을
위한 수질모델링은, 수질관리에 흔히 적용되어온 QUAL2E의 최근 판인, QUAL2Kw를 이용해서
수행하였다. 모델 적용 대상 지역의 각 reach의 수질매개변수는 QUAL2Kw의 자동보정 기능을 이
용해서 추정하였다. 오염부하량 할당의 최적화는 유전알고리즘(genetic algorithm)을 이용하였
고, 최소부하량 삭감법(least waste load removal allocation), 일정 부하량 이상 최소부하량 삭
감법(least waste load removal over a certain value), 동일삭감률 할당법(equal removal
rate)의 세가지 방법을 적용하고 비교 검토하였다. 동일삭감률 할당법은 다른 방법보다 유역 전체
부하량 삭감량이 훨씬 크기 때문에 효과적이지 않았고, 이 방법을 쓰기 위해서는 부하량 삭감대상
인 각 소유역과 하수처리장을 그 규모와 특성에 따라 세분화할 필요가 있다. 동일삭감률 할당법의
적용시 세가지 범주로 나누어서 삭감률을 적용하였다. 오염부하량 삭감의 효율성을 감안할 때 최소
부하량 삭감법보다 일정 부하량 이상 최소부하량 삭감법이 더 적절한 것으로 검토되었다.
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Ⅰ. Introduction
For the four rivers of Korea (Han River,

Nakdong River, Yeongsan River, and Geum
River), the total maximum daily load (TMDL) has
been conducted for water quality management.
The TMDL is utilized in Korea based on scientific
grounds to achieve water quality goals by setting
the water quality goal of each stream and esti-
mating the allowable waste load and to manage
total pollution loads within the sub-basin. The
first design period of the TMDL was 2004-2010,
and the target water quality item was biochemi-
cal oxygen demand (BOD). The second design
period is 2011-2015, and the target water quality
items are BOD and total phosphorus (TP)
(Gwangju Metropolitan City, 2010; Jeollanam-do,
2010). One of the most important factors of the
TMDL is the allocation of waste load to each
local government and sub-basin. In the technical
guidelines for the TMDL in Korea (National
Institute of Environmental Research, 2008), the
waste load is to be allocated after analyzing the
impact of pollution sources on the water quality
of target points and considering both the efficien-
cy of the pollution load removal and the equity
between pollution sources and local areas. The
water quality goals are established through water
quality modeling. As for the waste load allocation
method, it is necessary to apply the most reason-
able method considering the interests of each
local government. Various methods including
equal removal rate, equal concentration discharge,
least treatment cost allocation, and allocation pro-
portional to waste load contribution, are suggest-
ed in the technical guidelines.

Waste load allocation problems in some river
basins have been solved using various conven-
tional optimization techniques, such as linear pro-

gramming (Arbabi and Elzinga, 1975; Revelle et
al., 1968), integer programming (Bishop and
Grenny, 1976; Burn, 1989), mixed integer pro-
gramming Downey Brill and Nakamura, 1978;
Phillips et al., 1982), nonlinear programming
(Fujiwara, 1990; McNamara, 1976), and dynamic
programming (Klemetson and Grenny, 1985;
Liebman and Lynn, 1966). Most of aforemen-
tioned reseaches used least waste load removal
allocation. Kim et al. (2006) applied three alloca-
tion methods, such as equal removal rate and
equal effluent concentration allocation and
removal rate allocation proportionate to effluent
load, to Mangyeong River. Genetic Algorithms
(GAs) (Gen and Cheng, 1997; Goldberg, 1989)
have been applied to waste load allocation in
river basins (Burn and Yulianti, 2001; Cho et al.,
2004; Kerrachian and Karamouz, 2007). GAs are
ideally suited for the solution of multiobjective
problems and can readily handle discrete decision
variables, such as those that occur for the waste-
load allocation problem in which one of a finite
number of treatment options must be selected for
each source (Burn and Yulianti, 2001).

The water quality model used in this research
is QUAL2Kw (Pelletier and Chapra, 2008).
QUAL2Kw is the modified version of QUAL2K
(Chapra et al., 2007), which is a modernized ver-
sion of QUAL2E (Brown and Barnwell, 1987) and
has the newly added auto-calibration function of
QUAL2K parameters using the GA of the PIKA-
IA algorithm (Charbonneau and Knapp, 1995).
QUAL2kw has been applied to parameter estima-
tion and water quality modeling for various types
of streams (Pelletier et al., 2006; Kannel et al.,
2007; Cho and Ha, 2010). This model is applied
to the Yeongsan River, where water pollution is
severe and the TMDL is conducted, and water
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quality parameters for the river are auto-calibrat-
ed. Using these estimated water quality parame-
ters, the waste loads are allocated in the
Yeongsan River. Among the various allocation
methods, three allocation methods were imple-
mented: least waste load removal allocation
(Scenario 1), least waste load removal over a cer-
tain value (Scenario 2), and equal removal rate
(Scenario 3). The waste loads were allocated for
each wastewater treatment plant (WWTP) of the
Yeongsan River and each sub-basin.

Ⅱ. Methods

1. Study Area and Calibration of Water Quality
Model
The study area for this research comprised the

upper and middle parts of the Yeongsan River,
where the base flow is low and the discharged
effluents of the WWTP from Gwangju City have

a significant effect on the river quality and flow.
The present water pollution of the river is severe,
and the river is one of the target areas of the
government’s TMDL. The modeled area covers
the entire basin, ranging to Yeongbon B, and the
target points of the TMDL in the study area are
Yeongbon A, Yeongbon B, and Whangyong A.
The river basin map of the study area is shown
in Figure 1, and the schematic diagram for water
quality modeling is shown in Figure 2. Figure 2
shows 9 reaches and 92 computational elements in
the main stream of Yeongsan River, Whangyonggang,
and Gwangjucheon used in the application of
QUAL2Kw. There are 44 point and non-point
sources discharging pollutants into the study
area.

The average of 12 measurements from the low-
flow season of survey data at eight-day intervals
for the TMDL in 2010 was used as the water
quality datum for the calibration of the Yeongbon
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Fig. 1.  Study area of the Yeongsan River.



A and Yeongbon B points. For Whangyong A
and non-target points, the average of monthly
regular survey data of the low-flow season meas-
ured by the Ministry of Environment was used.
For verification purposes, the regular survey data
and water quality data measured in February
2011 for the TMDL were used. For calibration
and verification, the flow of the tributaries was
distributed by sub-basin area with Q275 low flow
(stream flows of 275 days are not less than this
flow) from the second stage of the master plan
for the TMDL (Gwangju Metropolitan City, 2010;
Jeollanam-do, 2010). The Q275 low flows of
Yeongbon A, Yeongbon B, and Whangyong A
are 1.928 m3/sec,12.845 m3/sec,and1.645
m3/sec,respectively.

In this research, the optimum parameters of

multi-reaches of the Yeongsan River were deter-
mined by the QUAL2Kw Model, which uses a
user-defined auto-calibration function of the rates
worksheet. The parameters that are calibrated by
this function include a slow CBOD (carbonaceous
BOD) hydrolysis rate, slow CBOD oxidation rate,
fast CBOD oxidation rate, organic N hydrolysis
rate, organic N settling velocity, ammonium nitri-
fication rate, nitrate denitrification rate, nitrate
sediment denitrification transfer coefficient, organ-
ic P hydrolysis rate, organic Psettling velocity,
inorganic P settling velocity, detritus (POM) dis-
solution rate, and detritus (POM) settling velocity.
The parameters were estimated through auto-cali-
bration at nine reaches. However, such parame-
ters as inorganic suspended solids settling veloci-
ty, sediment P oxygen attenuation half saturation
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Fig. 2.  Schematic diagram of the water-quality modeling in this study



constant were applied as constant values for all
reaches and were calculated through the auto-cal-
ibration function in the rates worksheet.
QUAL2Kw has an auto-calibration function to
determine the combination of parameters with
the best fitness. The fitness in this research was
calculated as the inverse of the weighted average
of the total water quality items with the
CV(RMSE) of measured water quality and the
calculated water quality of each water quality
item. Of the water quality items, high weighting
factors were given to CBODu (ultimate carbona-
ceous BOD) and TP and to the target points of
the TMDL, including Yeongbon A, Yeongbon B,
and Whangyong A.

2. Waste load Allocation Model Using a Genetic
Algorithm
The pollution loads of the Yeongsan River

were allocated through the three allocation meth-
ods: least waste load removal allocation (Scenario
1), least waste load removal over a certain value
(Scenario 2), and equal removal rate (Scenario 3)
by using an optimization technique. The mini-
mization of pollution load abatement was set as
the objective function of the optimization prob-
lem. Constraints were established to enable the
calculation of water quality results by pollution
load abatement to determine whether the water
quality goal was achieved.

The water quality variations at Yeongbon A,
Yeongbon B, and Whangyong A according to the
level of pollution load abatement in each sub-
basin of the target points were assessed through
the transfer coefficient (Bishop and Grenny, 1976;
Burn, 1989; Cho et al., 2003). The constraints of
the optimization problem were constructed using
the transfer coefficient to reach the water quality
goal. The optimization problem is as follows:

Minimize   Xi                                                            (1)

Subject to Tij Xi ≤ Δcj j = 1, 2, 3, . . . , n        (2)

여기서 Umini ≦ Xi ≦ Umaxi i = 1, 2, . . . , m          (3)

m = No. of sub-basins, WWTPs, and tributaries to abate
the pollution loads

n = No. of target points for TMDL
l = No. of sub-basins, WWTPs, and tributaries until point j
Xi = pollution load abatement of pollution source i, kg/d
Tij = transfer coefficient (water quality variation of point
caused by the pollution source), (mg/L)/(kg/d)
Δcj = difference between water quality goal and present

water quality at point j, mg/L
Umaxi, Umini = maximum and minimum pollution load

abatements at pollution source i, kg/d

The maximum treatment efficiencies of BOD
and TP at large-scale facilities, such as the
Gwangju 1, Gwangju 2, Damyang, and Janseong
WWTPs, were set to BOD 98% and TP 93%. In
these facilities, the advanced treatments are exe-
cuted with such processes as activated sludge,
coagulant addition, sand filtration, and activated
carbon adsorption (Cho et al., 2004; Metcalf and
Eddy, Inc. et al., 1991). However, for the Gwangju
2, Damyang, and Janseong WWTPs, the mini-
mum effluent concentration of BOD5 (5-day
BOD) was set to 2.0 mg/L because either the
effluent concentration or influent wastewater con-

mΣ
i = 1

lΣ
i = 1
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Table 1.  Delivery ratios of the Yeongsan River tributaries

Tributaries
Delivery ratio (%)
BOD TP

Yongcheon 78 48
Subukcheon 36 11
Orecheon 82 94

Jeongamgang 87 59
Dejeoncheon 11 10
Yongjeoncheon 11 11

Yongsancheon, Hakrimcheon, Jinwoncheon 66 23
Pyungdongcheon 10 7



centration was too low. For small-scale waste-
water treatment facilities, the present efficiency
and effluent concentration of the Janseong
WWTP were used as the maximum treatment
efficiency and minimum effluent concentration,
respectively. For diffuse pollution treatment facili-
ties, a treatment efficiency of BOD and TP of 25%
was applied, with dry pond used as the standard
treatment facility (Novotny, 2003). For BOD5, the
water quality goals of Yeongbon A, Yeongbon B,
and Whangyong A in the low flow season are 2.1
mg/L, 5.6 mg/L, and 2.2 mg/L, respectively. For
TP, the water quality goals of Yeongbon A,
Yeongbon B, and Whangyong A in the low flow
season are 0.151 mg/L, 0.620 mg/L, and 0.130
mg/L, respectively. Because the TP concentration
of the low-flow season of 2010 at Yeongbon A,
Yeongbon B, and Whangyong A is lower than
the concentration of the water quality goal of the
TMDL, the waste load allocation method was
applied only to BOD of the two water quality
items of the TMDL.

The optimization problem above was calculat-
ed with a GA, which can easily solve the opti-
mization problem and is easy to program. The
inverse of the total abatement load in the basin
was used for the fitness calculation of this GA.

Ⅲ. Results and Discussion

1. Application of QUAL2Kw and Auto-Calibration
Results
The flow and water quality of the tributaries

flowing into the study area of the main stream of
the Yeongsan River were measured four times
during the low-flow season: November 2010 and
February, April, and November 2011. The sur-
veyed streams included Yongcheon, Subukcheon,
Orecheon, Jeongamgang, Dejeoncheon,
Yongjeoncheon, Yongsancheon, Hakrimcheon,
and Jinwoncheon. From the results and discharge
load data of the master plan of the Yeongsan
River TMDL, the delivery ratios of each tributary
were estimated (Table 1). The average of the sur-
veyed delivery ratios in the Yeongbon A area
was used as the delivery ratio that was applied
to other sub-basins that had not been surveyed in
the Yeongbon A area, and the delivery ratio of
Pungyoungjeongcheon was calculated from the
regular survey data of the low-flow seasons of
2010 and 2011 by the Ministry of Environment.
For the Yeongbon B and Whangyong A areas,
the delivery ratios of the low-flow seasons that
were estimated from surveyed data by the
Ministry of Environment at eight-day intervals for
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Table 2.  Estimated parameters for QUAL2Kw and their application ranges
Parameters Ranges of calibrated values Min. Max.

O2 reaeration model Internal

Slow CBOD hydrolysis rate (/d) 0.024 - 4.891 0 5

Slow CBOD oxidation rate (/d) 0.005- 3.971 0 5

Fast CBOD oxidation rate (/d) 0.0007 - 4.473 0 5

Organic P hydrolysis (/d) 0.0079 - 3.438 0 5

Organic P settling velocity (m/d) 0.0004 - 1.828 0 2

Inorganic P settling velocity (m/d) 0.0011 - 1.789 0 2

Detritus dissolution rate (/d) 0.288 - 4.783 0 5

Detritus settling velocity (m/d) 0.0047 - 4.971 0 5



the TMDL were applied to the water quality
modeling.

Within the GA, the population size was set to
100, the generation number was set to 150, and
the crossover probability was set to 0.6. Uniform
crossover was used as the crossover mode. One-
point, fixed-rate mutation was used as the muta-
tion mode, and steady-state-replace-worst was
used as the reproduction plan.

The ranges of water quality parameters in the
main stream of the Yeongsan River, Whangyonggang,
and in Gwangjucheon, which were estimated by
QUAL2Kw using the GA, are shown in Table 2.
In this table, the estimated values are shown for
BOD and TP, which are the water quality items
of the TMDL. The ranges of each parameter are
distributed from small to high values. The slow
CBOD hydrolysis rate was 0.024 /day at
Gwangjucheon, 1.28-4.89 /day at Whangyonggang,
and 0.45-3.57 /day at the main stream of the
Yeongsan River. Additionally, the slow CBOD
hydrolysis rates of the upper reaches of the main
stream and Gwangjucheon were low. The slow
CBOD oxidation rate was 0.015 /day at
Gwangjucheon, 0.005-3.97 /day at Whangyonggang,
and 0.22-1.59 /day at the main stream of the
Yeongsan River. At most reaches of Whangyonggang,
with the exception of the uppermost reach and
Gwangjucheon, low values were estimated.
However, the slow CBOD oxidation rates of the
main stream of the Yeongsan River were mostly
high values. The fast CBOD oxidation rate was
0.024 /day at Gwangjucheon, 0.0007-4.47 /day at
Whangyonggang, and 0.027-2.37 /day at the
main stream of the Yeongsan River. The fast
CBOD oxidation rate and slow CBOD oxidation
rate of Whangyonggang are high in reach 6,
which is the uppermost reach. The fast CBOD

oxidation rate of the main stream of the
Yeongsan River was generally high except in
reach 9, which is the lowest reach. Based on this
finding, in general, CBOD oxidation in the main
stream of the Yeongsan River progresses rapidly,
and the self-purification capacity is high.
However, Gwangjucheon is an urban stream, and
the water from tributaries flowing into the
Gwangjucheon are intercepted for wastewater
treatment and transported to the Gwangju 1
WWTP. Therefore, the base flow of the
Gwangjucheon is very low, and water pollution
is severe. To solve this problem, treated effluent
of the Gwangju 1 WWTP is transported and dis-
charged to the Gwangjucheon; consequently, the
flow of the stream increases and water quality
improves. Most of the flow of the Gwangjucheon
during the low-flow season is WWTP effluent,
and the CBOD oxidation rate is low. The effluent
of the Jangseong WWTP is also discharged at the
mid-point of the Whangyonggang, and therefore,
the CBOD oxidation rate at the mid and lower
parts of the Whangyonggang is low. The organic
P hydrolysis rate was 0.0079-3.438 /day, the
organic P settling velocity was 0.0004-1.828 /day,
and the inorganic P settling velocity was 0.0011-
1.789 /day, and these three parameters generally
showed high values in the main stream of the
Yeongsan River. The CV (RMSE) of the measured
and calculated values after calibration of
QUAL2Kw showed satisfactory results, which are
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Table 3.  The CV(RMSE) of the measured and calculated
values after the calibration of QUAL2Kw

Water quality
variables

CV(RMSE)
Main stream of
Yeongsan River Whangyonggang

CBODu(mg/L) 0.064 0.110

TP (mg/L) 0.117 0.096

DO (mg/L) 0.055 0.082



reported in Table 3.
The calibration and verification results are

shown in Figs. 3-6. The square points on the fig-
ures indicate the concentration at the target
points of the TMDL of Yeongbon A, Yeongbon B,
and Whangyong A. As shown in Figs 3-6, the
average of the measured values (square points on
the figures) and calculated values of CBODu and
TP at the target points of the TMD were identical
because CBODu and TP, the water quality items
of TMDL, and the three TMDL target points
(Yeongbon A, Yeongbon B, and Whangyong A)
were weighted highly in the estimation of fitness
during the calibration process. The water quality
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Fig. 3.  Calibration results for the main stream of the Yeongsan
River

Fig. 5.  Verification results for the main stream of the Yeongsan
River

Fig. 4.  Calibration results for the Whangyonggang Stream



model was calibrated with mean water quality
data from the low-flow season of 2010, and the
verification was performed with water quality
data from February 2011.

In the calibration results of CBODu for the
main stream of the Yeongsan River shown in Fig.
3, the concentration of the main stream increased
immediately after mixing with discharge from the
Yongcheon (5.9 km point from the upstream
boundary), after mixing with the Orecheon (10.3
km point), after mixing with the Jeongamgang
(13.3 km point), etc. Mid-stream, the CBODu con-
centration increased because of pollution loads
from Gwangju 1 WWTP (30.8 km), Gwangjucheon
(31 km point), and adjacent small streams. The
CBODu then slowly decreased following the
inflow of the Whangyonggang (38.1 km point).
TP also shows a similar trend as in the distribu-
tion of CBODu.

2. Waste Load Allocation Results
The calculated transfer coefficients of CBODu

for waste load allocation at the target points

(Yeongbon A, Yeongbon B, and Whangyong A)
that were caused by pollution sources in the
study area are shown in Table 4. In the
Whangyonggang area, the pollution source that
had the greatest impact on the abatement of pol-
lution loads at the Whangyong A point was the
Jangseong WWTP. For the Yeongbon A point, the
sensitivity of the uppermost sub-basin of the
main stream of the Yeongbon headwater and
Jeongamgang had the greatest impact.
Pyungdongcheon, Gwangju 2 WWTP, Gwangju 1
WWTP, and small sub-basins (Mareukcheon,
Seochangcheon, and Sehacheon), which are close
to the confluence of the Gwangjucheon, have
large sensitivities and have a significant impact
on the CBOD of the Yeongbon B point.

There are 44 point and non-point sources dis-
charging pollutants into the study area. Among
these, 37 are pollution sources of considerable
size and are the subjects of pollution load abate-
ment. The least waste load removal allocation
(Scenario 1) minimizes the abatement of total pol-
lution loads of 37 pollution sources in the study
area and simultaneously achieves the water quali-
ty goal of the TMDL target points. The least
waste load removal greater than a certain value
(Scenario 2) is similar to Scenario 1. Nonetheless,
in places where the removal is executed, at least
10 kg/day is removed for efficiency purposes,
but WWTPs are exceptions. The loads of the pol-
lution sources for which allocated loads are
under 10 kg/day are removed at the adjacent
WWTPs and at pollution sources for which the
transfer coefficients and pollution loads are large.
The equal removal rate (Scenario 3) removes pol-
lution loads by equal rates in all pollution sources
of the study area. In this research, three cate-
gories were set for Scenario 3. The first category
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Fig. 6.  Verification results for the Whangyonggang Stream



includes large-scale WWTPs, such as the
Gwangju 1, Gwangju 2, Damyang, and Janseong
WWTPs. The second category includes discharge
loads of the tributary sub-basin in which other
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Table 4.  Transfer coefficients of CBODu for waste load allocation
at three target points

Pollution
source

Transfer coefficient (mg/L)/(kg/day)
Whangyong A Yeongbon A Yeongbon B

W1 -1.434E-03 -2.792E-06
W2 0.000E+00 0.000E+00
W3 0.000E+00 0.000E+00
W4 -2.577E-03 -2.439E-06
W5 0.000E+00 0.000E+00
W6 -2.578E-03 -2.482E-06
W7 -2.578E-03 -2.482E-06
W8 -1.115E-02 -1.127E-05
W9 -3.601E-03 -3.705E-06
W10 0.000E+00
W11 -9.752E-06
W12 -2.279E-05
W13 -3.473E-04
G1 -3.133E-04
G2 -3.076E-04
G3 -3.080E-04
G4 -4.833E-04
G5 -3.093E-04
Y1 -8.433E-03 0.000E+00
Y2 -3.217E-05 -1.789E-08
Y3 -1.427E-03 0.000E+00
Y4 -1.120E-04 -1.203E-07
Y5 -5.835E-04 -5.432E-08
Y6 -1.547E-03 -4.055E-07
Y7 -6.385E-04 -6.952E-07
Y8 -3.786E-03 -1.015E-06
Y9 -1.019E-03 -1.646E-07
Y10 -1.596E-03 -9.208E-07
Y11 -6.327E-04 -3.868E-07
Y12 -6.903E-07
Y13 -1.081E-05
Y14 -5.545E-05
Y15 -1.715E-04
Y16 0.000E+00
Y17 -1.112E-04
Y18 -1.162E-03
Y19 0.000E+00
Y20 -1.375E-03
Y21 -1.396E-03
Y22 -1.463E-03
Y23 -1.388E-03
Y24 -1.485E-03
Y25 -1.497E-03
Y26 0.000E+00

Table 5.  Waste load allocation results for sub-basins and WWTPs

Pollution
source

Allocated BOD loads (kg/day)
Least waste load
removal allocation
(Scenario 1) 

Least waste load
removal over a certain
value (Scenario 2) 

Equal removal
rate (Scenario 3)

W1 2.95 - 59.03
W4 188.36 188.36 154.53
W6 1.38 - 43.23
W7 0.74 - 33.89
W8 19.02 19.02 4.43
W9 77.07 82.15 69.74
W11 0.95 - 102.81
W12 2.18 - 204.78
W13 10.82 10.82 217.35
G1 2.38 - 41.82
G2 0.25 - 0.07
G3 0.16 - 0.11
G4 2.00 - 0.25
G5 3.31 - 272.24
Y1 29.80 29.80 55.07
Y2 3.13 - 47.97
Y3 12.09 - 93.29
Y4 2.83 2.83 1.78
Y5 0.86 - 63.22
Y6 4.22 - 127.02
Y7 6.93 - 43.21
Y8 396.67 415.75 284.10
Y9 16.68 16.68 20.86
Y10 13.29 13.29 41.01
Y11 3.93 - 102.08
Y12 0.46 - 43.52
Y13 1.87 - 133.69
Y14 9.04 - 0.08
Y15 10.92 10.92 157.93
Y17 1.50 - 610.16
Y18 45.52 66.50 204.96
Y20 51.06 51.06 413.77
Y21 8.55 - 286.93
Y22 19.91 19.91 19.67
Y23 5.42 17.10 24.03
Y24 87.57 87.57 96.34
Y25 20.96 20.96 21.21
Total 1064.8 1064.8 4096.1



point source pollutants except WWTPs are the
main source of pollution. The third category
includes the sub-basins that mostly have non-
point source pollutants. The same removal rate
was applied to each category.

The allocation results of the application of opti-
mization methods are provided in Table 5. As
shown in the table, the total removal amounts of
Scenarios 1 and 2 are same. Considering the effi-
ciency of the pollution load abatement, Scenario 2
is thought to be the method that optimizes both
the total removal amount and removal efficiency.
Combining the two methods for the Whangyonggang
watershed, it would be very efficient to abate pol-
lution loads at the Gaecheon (W4), Dongwhacheon
and Dangwangcheon (W9) catchments. In the
main stream of the Yeongsan River, it is neces-
sary to abate pollution loads at the Jeongamgang
(Y8), Pyungdongcheon (Y24), and Gwangju
WWTP1 (Y18). The results of Scenario 3 show
that the optimal calculation of the removal rate
was 10.7% in WWTPs from the first category,
42.9% in the sub-basins from the second category,
and 0.05% from the third category, which mostly
consist of non-point pollution sources. The total
removal amount of Scenario 3 was determined to
be 3.8 times higher than that of Scenario 2, which

means that the efficiency of water quality
improvement was low compared with the total
amount of pollution removed. To apply an equal
removal rate method, the entire sub-basin must
be divided into many categories to realize effi-
cient water quality improvement considering the
removal amount.

The CBOD distribution of the mainstream of
the Yeongsan River and Whangyonggang using
the results of three allocation methods are shown
in Figs. 7, 8. In the main stream of the Yeongsan
River, Scenario 3, the equal removal rate method,
shows CBOD concentration distributions that are
markedly lower than the water quality goal,
which means that the removal amount was over-
estimated. The differences of BOD concentration
between Scenario 2 and Scenario 3 at Yeongbon
A and Yeongbon B are 0.19 mg/L and 1.36
mg/L, respectively. The square points in the fig-
ures indicate water quality concentrations at the
target points of the TMDLs of Yeongbon A and
Yeongbon B (Fig. 7) and Whangyong A (Fig. 8).

This study introduced an allocation method to
optimize the removal of pollution loads at each
sub-basin using 2010 discharge load data. Future
discharge loads will be estimated considering
future population variation and regional develop-
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Fig. 7.  Water quality distribution in the main stream of the
Yeongsan River derived from three waste load
allocation methods

Fig. 8.  Water quality distribution in the Whangyonggang
Stream derived from three waste load allocation
methods



ment plans. Development plans includes apart-
ment housing, facility, district unit, housing site
development, and traffic network plans. Based on
the discharge load of the target year, TMDL pro-
gram allocate pollution loads to achieve the water
quality goal of the target year at the target points
of the TMDL.

Ⅳ. Conclusions
For the Yeongsan River, in which pollution is

severe and TMDL program is applied, the water
quality parameter is estimated through
QUAl2Kw’s auto-calibration function. The calibra-
tion results of water quality parameters for the
Yeongsan River using QUAL2Kw indicate that, in
general, CBOD oxidation at the main stream of
the Yeongsan River progresses quickly and that
the self-purification capacity is high. Because
treated effluent of the Gwangju 1 WWTP is
pumped and discharged to the Gwangjucheon,
most of the flow out of the Gwangjucheon dur-
ing the low-flow season is WWTP effluent, and
the CBOD oxidation rate of the Gwangjucheon is
low. The organic P hydrolysis rate, organic P set-
tling velocity, and inorganic P settling velocity
generally showed high values in the main stream
of the Yeongsan River. After QUAL2Kw was cali-
brated, the CV(RMSE) of the calculated and
measured values showed satisfactory results.

CBODu and TP, the water quality components
of the TMDL, and three target points of the
TMDL (Yeongbon A, Yeongbon B, and
Whangyong A), were weighted heavily in the
estimation of fitness during the calibration
process. Consequently, the average measurements
and calculated values after the calibration of
CBODu and TP in Yeongbon A, Yeongbon B,

and Whangyong A were identical. The pollution
loads of the Yeongsan River were allocated
through the three allocation methods by using an
optimization technique. Between least waste load
removal allocation and least waste load removal
more than a certain value, the latter method was
determined to be the method that optimizes the
total removal amount and removal efficiency.
According to both methods, a large amount of
removal is needed in the Gaecheon (W4),
Dongwhacheon and Dangwangcheon (W9) sub-
basins of the Whangyonggang watershed. In the
main stream of the Yeongsan River, it would be
effective to remove a significant amount of pollu-
tion from the Jeongamgang (Y8),
Pyungdongcheon (Y24), and Gwangju WWTP1
(Y18). The total abatement load of the equal
removal rate was determined to be approximately
3.8 times that of the least waste load removal
greater than a certain value; therefore, the effi-
ciency of water quality improvement is very low
considering the removal amount. To apply the
same removal rate, the entire sub-basins must be
divided into many categories in order to obtain
satisfactory efficiency of water quality improve-
ment considering the removal amount. The pres-
ent pollutant allocation method uses a trial and
error method, but this method cannot optimize
the waste loads removal amounts and cost.
Furthermore, the calculations required in this
method are time consuming. To mitigate these
problems, the waste load allocation method must
be developed using an optimization technique
such as the one described in this study.
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