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ABSTRACT

Two water quality models, Water Quality Analysis Simulation Program (WASP) and
QUAL2K, were selected and applied to evaluate the performance variations of a river with
high ammonia and organic matters in southern Taiwan. Through the appraisal of fit levels
with the mean absolute percentage error method, the overall model results of WASP were
better than those of QUAL2K. Assimilative capacity of the concerned Tonggang River simu-
lated by WASP is 16.5% more than that by QUAL2K to achieve the Class B water quality
standards regulated by Taiwan EPA. The total invested capital for clean pig farming and
sewage interception estimated by WASP was $65,402 and $12,381,600 less by QUAL2K,
respectively. Levels of water quality improvement and respective costs of several proposed
pollutant reduction strategies including sewage interception and clean pig farming practice
were also evaluated. This study demonstrates that variations of the model results occurs as
using WASP and QUAL2K to estimate the improvement effects of water quality under vari-
ous reduction strategies. Therefore, more efforts are required to verify the robustness and
suitability of the proposed models.

Keywords: Water quality management; Pollutant reduction; Assimilative capacity; Clean pig
farming practice

1. Introduction

The Tonggang River located in southern Taiwan
maintains abundant flow all year round (Fig. 1). The
length and watershed area of the Tonggang River are
44.1 km and 472.2 km2, respectively. Annual average
water supplies for agricultural and industrial uses are
around 18.64 and 8.17millionm3, respectively [1]. Due

to the shortage of potable water supply during the dry
season in southern Taiwan, the abundant flow of the
Tonggang River is planned to be a prior candidate for
drinking water source by the authority. However, most
of the livestock and municipal sewage were not prop-
erly handled and were directly discharged into the
Tonggang River, resulting in the deterioration of its
water quality, especially triggering the problems of high
ammonia (NH3-N) and organic matters. Therefore,
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improving the water quality of the Tonggang River to
comply with the standards of drinking water source is
an urgent work to meet the demands of water supply.

According to the monthly monitoring data
released by the Environmental Protection Administra-
tion (EPA) of Taiwan from 2008 to 2011, the overall
water quality of the Tonggang River stood in the
range between lightly and moderately polluted in the
upstream reaches and slightly moved to moderately
and seriously polluted in the downstream reaches
based on the river pollution index evaluated by
dissolved oxygen (DO), biochemical oxygen demand
(BOD), NH3-N, and suspended solids (SS) [2].
Improperly handled wastewaters discharged from the
animal husbandry especially the pig farms are the
main pollution sources [3]. Table 1 displays that the
respective pollution contribution ratios of BOD and
NH3-N from the pig farms were 66.7–70.5% and
72.8–74.8% [3]. The concentrations of BOD5, NH3-N,
and DO stood in the range of 0.5–18.2 (3.9 ± 2.81,
n= 48), 0.08–10.3 (1.97 ± 2.21, n= 48), and 1.2–8.4 (5.5
± 1.53, n= 48) mgL�1, respectively [4]. Water quality
evaluated by BOD5, NH3-N, and DO still did not
conform to the Class B standards, that is, BOD and
NH3-N less than respective 2.0 and 0.3mgL�1, and
DO greater than 5.5mgL�1, regulated by Taiwan
EPA [3,4]. The existing states of water quality
prohibit its effective utilization for drinking water
source.

Recently, several methods such as the Enhanced
Stream Water Quality (QUAL2E/K) model, Water
Quality Analysis Simulation Program/Eutrophication
(WASP/EUTRO), and Watershed Hydrologic and
Water Quality Modeling (HSPF) have been developed
for modeling the water quality of rivers and basins
receiving pollutants, but they are frequently employed
individually [5–14]. In 2005, Pingtung County
Government of Taiwan stated that the allowable
influent BOD and NH3-N loadings into the main-
stream (24.2 km) of the Tonggang River were 2,365
and 314 kgd�1 using QUAL2K model [18]. While dur-
ing the dry season of 2008, Taiwan EPA (2008)
reported that the allowable influent BOD and NH3-N
loadings into the mainstream (44 km) of the Tonggang
River were 36,218.1 (57.4% of total discharge amounts)
and 1,395.8 kgd�1 (8.8% of total discharge amounts)
using WASP model [19]. As indicated in the literature,
model selection, reach segmentation, and model
length of the target river resulted in the variations of
assimilative capacity and improvement effectiveness
of water quality. Therefore, the present study selected
QUAL2K and WASP/EUTRO models to understand
their performances on simulation of the river water
quality.

The objective of this study is to evaluate the varia-
tions of model performance between QUAL2K and
WASP on simulation and prediction of the water
quality after implementation of various pollution con-
trol measures to achieve the restoration goals of Class
B water quality standards regulated for the Tonggang
River. Levels of water quality improvement and
respective costs of the proposed pollutant reduction
strategies are also investigated.

Table 1
Water quality and pollutant contribution of the Tonggang
River

BOD NH3-N DO

Concentration range
(mgL�1) (average
± standard deviation,
samples)

0.5–18.2
(3.9 ± 2.81,
n= 48)

0.08–10.3
(1.97 ± 2.21,
n= 48)

1.2–8.4
(5.5 ± 1.53,
n= 48)

Respective pollution
contribution ratio
from pig farmsa (%)

66.7–70.5 72.8–74.8 –

Class B standardb

(mgL�1)
<2.0 <0.3 >5.5

aRespective pollution contribution ratio from pig farms=pollutant

loadings from pig farms/total pollutant loadings.
bClass B standard regulated by Taiwan EPA.

Fig. 1. Sampling stations and influent drainages along the
Tonggang River.
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2. Materials and methods

2.1. Modeling tools

QUAL2K, one of the most frequently employed
water quality models, is applicable to a well-mixed
river and handles the major one-dimension (1-D) mass
transport mechanisms such as advection and disper-
sion that are significant only along the main flow direc-
tion [11–14]. For this model, a river is simulated as a
string of computational units with same hydro-geomet-
ric characteristics, hydraulic properties, as well as bio-
chemical rate constants. Thus, the above-mentioned
data are required to forecast the water quality and fur-
ther to develop the model of the river in concern.
Detailed illustrations and manipulations of this model
can be found in the literature [11–14]. QUAL2K is capa-
ble to simulate the transport of pollutants and to assess
the impacts of pollutant loadings including quantity,
quality, and location on the receiving water body.
Owing to the great flexibility for multiple applications,
user can have a combination of up to 16 water quality
variables. A 1-D configuration of QUAL2K is employed
to simulate the spatial distribution of water quality
variables including SS, BOD, DO, NH3-N, and TP. The
corresponding mass balance equation for a constituent
concentration (Ci) in a reach (i) can be written as

dCi

dt
¼ Qi�1

Vi

Ci�1 �Qi

Vi

Ci �Qab;i

Vi

Ci þ Ei�1

Vi

ðCi�1 � CiÞ

þ Ei

Vi
ðCiþ1 � CiÞ þWi

Vi
þ Si ð1Þ

where Ci, Vi, Qi, Ei, Wi represent the concentration
[ML�3], volume [L3], effluent [L3 T�1], dispersion coef-
ficient [L T�1], and external constituent loadings of
reach i [MT�1], respectively; Si represents the sources
and sinks of the constituent due to reactions and mass
transfer mechanisms in reach i [ML�1 T�1]; and Qab,i

represents the flow abstraction from element i
[L3 T�1].

WASP handles the mass transport (advection and
dispersion) and kinetics in separate modules, thereby
providing greater flexibility for applying the modeling
framework to systems with multiple segments [5,8].
EUTRO is a component of WASP that is capable to
model the transport kinetics between water column
and sediment bed of eight water quality variables.
The linear DO balance with nitrification module is the
complexity level of EUTRO model implemented for
this study, incorporating five water quality variables:
NH3-N, nitrite/nitrate (NO2-N/NO3-N), carbonaceous
BOD (CBOD), DO, and organic nitrogen
(org-N). A 1-D configuration of WASP is employed to

simulate the spatial distribution of water quality
variables including electrical conductivity (EC), BOD,
DO, and NH3-N. Detailed illustrations and manipula-
tions of this model can also be found in the literatures
[5,10,11]. The corresponding mass balance equation
can be written as follows:

@C

@t
¼ � @

@x
ðUxCÞ þ @

@x
Ex
@C

@x

� �
þ SL þ SB þ SK ð2Þ

where C= concentration of constituent [ML�3],
Ux= longitudinal advective velocity [ML�1], Ex= longi-
tudinal dispersion coefficient [L2 T�1], t = time [T],
SL=direct and diffuse loading rate [ML�3 T�1],
SB=boundary loading rate [M L�3 T�1], SK= total
kinetic transformation rate, positive is source, negative
is sink [ML�3 T�1].

2.2. Sampling program and model segmentation

The hydrological and water quality data on the
major pollutant sources along the Tonggang River were
surveyed at 23 sampling stations including 8 main-
stream stations (M1–M8 from upstream to downstream)
and 15 drainage stations (T23.3, T22.1, T21.0, T19.8, T19.1,
T15.7, T13.2, T12.1, T10.1, T9.5, T7.5, T7.3, T3.8, T2.2, T0.7 from
upstream to downstream) on 13 April 2008 and 9
October 2010 to support the model calibration and veri-
fication (Fig. 1). Receiving water quality parameters
such as temperature, pH, DO, EC, CBOD, NH3-N,
NO2-N/NO3-N, and org-N were analyzed with the
standard methods and their values were used for com-
parison with the model results. The results showed that
the water quality of influent drainages was worse than
that of mainstream, because they collected almost all
the livestock and municipal wastewater of the catch-
ment of Tonggang River [15–17]. The major influent
pollutant loadings affecting the receiving water quality
came from tributary M1, T21.1, T12.1, T7.5, T7.3, T0.7 for
CBOD and M1, T12.1, T7.5, T7.3, T3.8, T0.7 for NH3-N.
QUAL2K and WASP modeling framework require a
water body segmented into a number of completely
mixed cells. Based on the river characteristics and
model structure of WASP, a total length of 25 km from
the upstream boundary M1 to the downstream bound-
ary M8 was divided into 25 segments along the main-
stream, each of which was around 1.0 km. For
QUAL2K, a total length of 25 km from M1 to M8 was
segmented into 7 reaches and 50 computational units
along the mainstream, each of which was 0.5 km.
Because the vital kinetic coefficients adopted in WASP
and QUAL2K model might vary with river characteris-
tics and locations, pollutant sources, seasons, and
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management policies of local authority, this study per-
formed several field tests to obtain the biochemical
coefficients including deoxygenation (k1), reaeration
(k2), and nitrification (kn) rate coefficients as well as
sediment oxygen demand (SOD). Therefore, this study
adopted measured biochemical coefficients incorpo-
rated with influent pollutant loadings and boundary
conditions to calibrate and verify the developed model.

2.3. Mean absolute percentage error

A dimensionless index called the mean absolute
percentage error (MAPE) was used to assess the varia-
tions between the surveyed and modeled values. The
less the MAPE values are, the closeness the measured
and modeled values. DeLurgio (1998) proposed four
levels of goodness of fit according to the values of
MAPE such as excellent (MAPE <10%), good (10–
20%), reasonable (20–50%), and poor (>50%) [18].

3. Results and discussion

3.1. Mass transport modeling

Steady-state mass transport modeling is designed
to track the attenuation of a conservative tracer along
the Tonggang River prior to the BOD/DO modeling
[19,20]. The dispersion coefficients were obtained using
the conservative EC data collected on 13 April 2008 as
inputs to the QUAL2K and WASP/EUTRO model. The
calibration results showed that the dispersion coeffi-
cients ranged between 1 and 55m2 s�1 along the main-
stream. Fig. 2(a) and 2(b) reveals the EC variations
along the mainstream of model results and surveyed
data on 9 October 2010. The model results mainly fit
the measured spatial distribution of EC, certifying the
validity of mass transport under steady-state condi-
tions. The calibrated mass transport models were then
used to track the concentrations of water quality
parameters concerned in the receiving water. As shown
in Table 2, the modeling results evaluated by the

MAPE method showed that the fit levels of QUAL2K
(2.1–15.0%) were close to those of WASP (4.1–14.9%).

3.2. Model calibration and validation

The water quality models of QUAL2K and WASP/
EUTRO were first calibrated with the data obtained
from eight sampling stations (M1–M8) along the main-
stream on 13 April 2008 (Table 3) using the same mea-
sured biochemical coefficients, that is, 0.2–0.4 d�1 for
k1, 0.78–6 d

�1 for k2, 0.05–0.1 d
�1 for kn, and 0.37–3.2 g

O2m
�2 d�1 for SOD. Then, the data collected from 9

October 2010 (Table 3) were employed to verify the
models also using the measured biochemical and
other calibrated model coefficients. The boundary con-
ditions of the model include the loadings of CBOD5,
DO, NH3-N, NO3-N, NO2-N, org-N, and TP derived
from the data of each survey at the upstream and
downstream reaches and drainages.

As shown in Fig. 3, the model results of spatial
DO, CBOD5, and NH3-N matched the field data
reasonably well and both had the similar trend of
variations. In terms of MAPE analysis, the values lay
between 12.0–46.8% (good–reasonable) and 7.1–45.6%
(excellent–reasonable) simulated by QUAL2K and
WASP model, respectively (Table 2). Overall, the fit
levels of the concerned parameters using WASP were
better than those using QUAL2K.

3.3. Assimilative capacity and pollutant reduction amounts

The calibrated and verified model was used to
forecast the water quality associated with its improve-
ment schemes and to estimate the reduction amounts
of pollution sources from drainage discharges. In this
study, the minimal improvement goal is Class B (DO
>5.5mgL�1, BOD <2.0mgL�1, NH3-N <0.3mgL�1)
according to the standards of surface water quality
regulated by the Taiwan EPA. After the developed
model was calibrated and verified, adjusting the influ-
ent pollutant loads discharged into the mainstream
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from upstream to downstream reaches in sequence to
let the model results meet the regulated water
standards. Then, the modified influent pollutant loads
were accumulated to obtain the assimilative capacity
of the concerned river.

Based on the surveyed data of 9 October 2010,
the total pollutant loadings estimated were 15,349.5
and 4,018.7 kgd�1 for CBOD5 and NH3-N, respec-
tively. When the Class B water quality criteria was
adopted as the improvement goal, the assimilative
capacity obtained from the developed QUAL2K
model of receiving water to CBOD5 and NH3-N was
7,472.3 and 1,071.2 kgd�1; therefore, the total quanti-
ties of pollutant reduction must be greater than
7,877.2 kgd�1 for CBOD (51.3% reduction of total
pollutant discharge) and 2,947.5 kgd�1 for NH3-N
(73.3% reduction). For the case of WASP/EUTRO,
the assimilative capacity of CBOD5 and NH3-N was
9,139.7 and 1,103.2 kgd�1. Therefore, influent pollu-

tant loadings must be reduced at least 6,209.8 kgd�1

(40.5% reduction) and 2,915.5 kgd�1 (72.5% reduc-
tion) for CBOD5 and NH3-N, respectively. After
reducing the pollutant loadings, the forecast levels
of CBOD5, NH3-N, and DO via the developed
QUAL2K and WASP/EUTRO model showed that
the water quality of the Tonggang River above M8

station could reach the Class B requirements (Fig. 4
(a) and 4(b)).

The model results showed that the assimilative
capacity to CBOD5 and NH3-N simulated by WASP/
EUTRO was 13.2 and 3.3% more than that simulated
by QUAL2K to reach the Class B water quality stan-
dards of the Tonggang River.

3.4. Water quality improvement strategies

Based on the data released by Taiwan EPA in 2007
and 2008, the respective pollution contribution ratios
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of BOD and NH3-N produced by the pig farms along
the Tonggang River were 66.7–70.5% and 72.8–74.8%,
respectively [1]. Therefore, reduction of the pollutant
loadings from the pig farms is a crucial means to
improve the water quality. Several feasible preventive
measures such as promotion of clean pig farming as
well as sewage interception and then diversion to the
neighboring treatment plant were proposed to
improve the water quality of the Tonggang River.
Clean pig farming technology, a practice to train the
hogs to defecate and urinate at a designated location
called hog toilet, is promoted by Taiwan EPA as an
effective and economic measure to improve the water
quality of the target stream.

If a pig is assumed to produce 40 g CBOD per day,
the number of pigs raised in each tributary can be
computed according to the above-mentioned daily
pollutant contribution ratios. In addition, 60% of
pollutant loadings were expected to be removed by
the clean pig farming practice [21]. As shown in Figs. 5
and 6, for the case of the clean pig farming practice,
the pollutant loadings must at least reduce 82 and
81% modeled by respective QUAL2K and WASP to
reach the class B water quality regulation. If the

sewage interceptions at drainages of T0.7, T2.2, T3.8,
T7.3, T7.5, T10.1, T12.1, and T15.7 are adopted to reach the
regulated water quality of class B, the pollutant load-
ings must at least reduce 81 and 77% modeled by
QUAL2K and WASP, respectively.

3.5. Cost estimation

Two water quality improvement measures were
proposed to reduce the influent pollutants from drain-
ages into the mainstream. There were 545,045 pigs
raised within the catchment of Tonggang River [21].
For the case of clean pig farming practice, the unit
installation cost was estimated to be 12US$pig�1 [21].
Therefore, the total construction costs were around
$5,363,242 and $5,297,840 modeled by QUAL2K and
WASP, respectively (Table 4). The construction costs
per kg CBOD and per kg NH3-N reduction with
QUAL2K were slightly higher than those with WASP.
As for the case of sewage interception, the unit instal-
lation cost was computed to be 660 US$m�3 d of
interception flow that resulted in the total construction
costs around $250,727,400 and $238,345,800 simulated
by respective QUAL2K and WASP model (Table 4)
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[21]. The construction costs per kg CBOD and per kg
NH3-N reduction with QUAL2K were also higher
than those with WASP. The total invested capitals for
clean pig farming and sewage interception estimated
by WASP was $65,402 and $12,381,600 less by
QUAL2K, respectively. As shown in Table 4, the
investment cost for clean pig farming practice was
much lower than that for sewage interception to
improve the water quality of Tonggang River to the
Class B standards regulated. Therefore, promotion of
clean pig farming practice will be a prior alternative
and an efficient measure to improve the water quality
of river seriously polluted by the wastewater from
livestock industry.

4. Conclusions

In this study, QUAL2K and WASP are selected to
evaluate their model performances including fit levels,
assimilative capacity and pollutant reduction amounts,
and unit construction cost on a river with high
ammonia and organic matters. Through the appraisal
of fit levels with MAPE method, the overall model
results of WASP worked better than those of

QUAL2K. Assimilative capacity of the concerned river
simulated by WASP is 16.5% more than that by
QUAL2K to achieve Class B water quality regulated
by Taiwan EPA. The total invested capitals for clean
pig farming and sewage interception computed by
WASP was $65,402 and $12,381,600 less by QUAL2K,
respectively. Therefore, promotion of clean pig
farming practice is an effective and economic measure
to improve the water quality of river seriously
polluted by the wastewater from livestock industry.

Acknowledgments

This study is financially supported by the National
Science Council of Taiwan under Project NSC 99-2221-
E-020-010-MY3.

References

[1] Taiwan Environmental Protection Administration, Inspection
and Control of Water Pollution within the River Catchment of
Pingtung County, Environmental Protection Administration,
Taipei, 2009.

[2] Taiwan Environmental Protection Administration, Environ-
mental Quality Data Base (2012). Available from: http://edw.
epa.gov.tw/topicWater.aspx.

Distane to M
8 
station (km) Distane to M

8 
station (km)

C
B

O
D

(m
g 

L
-1
)

N
H

3-
N

 (
m

g 
L

-1
)

M1 M2M3 M5 M4M6M7M8
0 

1 

2 

3 

4 

0 5 10 15 20 25 0 5 10 15 20 25

81% redution(clean pig farning)

77% reduction(sewage interception)

Sampling data

(a)

Class B standard

M2 M1 M3 M4M5 M6M7M8

0.0 

0.2 

0.4 

0.6 81% reduction(clean pig farning)

77% reduction(sewage interception)

Sampling data

(b)

Class B standard

Fig. 6. Variations of (a) CBOD and (b) NH3-N after implementing the water quality improvement strategies simulated by
WASP.

Table 4
Cost analysis for proposed water quality improvement strategies

Model Improvement
measure

Pollutant
reduction

Total
construction cost

Daily reduction amounts Unit construction cost

(%) (US dollar, $) CBOD
(kg d�1)

NH3-N
(kg d�1)

CBOD
($ d kg�1)

NH3-N
($ d kg�1)

QUAL2K Clean pig farming 82 5,363,242a 12,167 3,050 441 1,758

Sewage interception 81 250,727,400b 12,223 3,466 20,513 72,340

WASP Clean pig farming 81 5,297,840 12,345 3,110 429 1,703

Sewage interception 77 238,345,800 12,383 3,513 19,248 67,847

aTotal construction cost = 12 $/pig� 545,045 pigs (total number of pigs)� 0.82 (pollutant reduction) = $5,363,242.
bTotal construction cost = 660 $/CMD� 469,000 CMD (total interception flow)� 0.81 (pollutant reduction) = $250,727,400.

1200 P.-K. Tang et al. / Desalination and Water Treatment 52 (2014) 1193–1201

http://edw.epa.gov.tw/topicWater.aspx,%202012
http://edw.epa.gov.tw/topicWater.aspx,%202012


[3] Taiwan Environmental Protection Administration, A Plan of
Pollution Control and its Effect Assessment for the Rivers in
Southern Taiwan, Environmental Protection Administration,
Taipei, 2010.

[4] S.J. Chen, Y.C. Huang, Water Quality Surveys for Rivers in
the Pingtung County, Taiwan, Environmental Protection
Bureau of Pingtung County Government, Pingtung, 2010.

[5] W.C. Liu, S.Y. Liu, M.H. Hsu, A.Y. Kuo, Water quality mod-
eling to determine minimum stream flow for fish survival in
tidal rivers, J. Environ. Manage. 76 (2005) 293–308.

[6] P.R. Kannela, S. Lee, Y.S. Lee, S.R. Kanelc, G.J. Pelletier,
Application of automated QUAL2Kw for water quality mod-
eling and management in the Bagmati River, Nepal, Ecol.
Model. 202 (2007) 503–517.

[7] T.A. Duc, G. Vachaud, M.P. Bonnet, N. Prieur, V.D. Loi, L.L.
Anh, Experimental investigation and modelling approach of the
impact of urban wastewater on a tropical river, a case study of
the Nhue River, Hanoi, Vietnam, J. Hydrol. 334 (2007) 347–358.

[8] E.C. Ani, S. Wallis, A. Kraslawski, P.S. Agachi, Development,
calibration and evaluation of two mathematical models for
pollutant transport in a small river, Environ. Model. Softw. 24
(2009) 1139–1152.

[9] D.T. Anh, M.P. Bonnet, G. Vachaud, C.V. Minh, N. Prieur, L.
V. Duc, L.L. Anh, Biochemical modeling of the Nhue River
(Hanoi, Vietnam): practical identifiability analysis and param-
eter estimation, Ecol. Model. 193 (2006) 182–204.

[10] C.P. Yang, W.S. Lung, J.T. Kuo, J.H. Liu, Water quality
modeling of a hypoxic stream, Pract. Period. Hazard. Toxic
Radioact. Waste Manage. 14 (2010) 115–123.

[11] Y.C. Huang, C.P. Yang, P.K. Tang, Water quality manage-
ment scenarios for the love river in Taiwan, 2010 Interna-
tional Conference on Challenges in Environmental Science
and Computer Engineering, IEEE 1 (2010) 487–490.

[12] P.K. Tang, Y.C. Huang, J.S. Huang, Y.J. Lin, Water quality
management strategies for various river flows with QUAL2K
model, Appl. Mech. Mater. 58–60 (2011) 2462–2467.

[13] X.B. Fang, J.Y. Zhang, W. Chen, Assimilative capacity of the
Qiantang river watershed based on a QUAL2K model, Acta
Sci. Circum. 27 (2007) 1402–1407.

[14] H.C. Jae, R.H. Sung, Parameter optimization of the QUAL2K
model for a multiple-reach river using an influence coefficient
algorithm, Sci. Total Environ. 408 (2010) 1985–1991.

[15] P.K. Tang, Y.C. Huang, Y.J. Lin, Sustainable management
strategies for an urban-type and low dissolved oxygen stream
using measured biochemical coefficients, Desalin. Water
Treat. 47 (2012) 69–77.

[16] Pingtung County Government, The Integral Plan and Design
for Improving the Water Quality of the Tonggang and
Kaoping River, Pingtung County Government, Pingtung,
2005.

[17] Taiwan Environmental Protection Administration, Integral
Management on Water Quality Maintenance and Improve-
ment, Environmental Protection Administration, Taipei, 2008.

[18] S. Delurio, Forecasting Principles and Application,
McGraw-Hill, New York, NY, 1998.

[19] E.C. Tsivoglou, L.A. Neal, Tracer measurements of reaeration:
III. Predicting the reaeration capacity of inland streams, J.
Water Pollut. Control Fed. 48 (1976) 2669–2689.

[20] R.V. Thomann, J.A. Mueller, Principles of Surface Water
Quality Modeling and Control, Harper & Row, New York,
NY, 1987.

[21] Taiwan Environmental Protection Administration, Review of
Water Quality Improvement and Integral Planning for the
Tonggang River, Environmental Protection Administration,
Taipei, 2010.

P.-K. Tang et al. / Desalination and Water Treatment 52 (2014) 1193–1201 1201




