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Abstract
Quality simulation along river system (QUASAR) is a water quality and flow model for river networks. This paper presents the study 

on the determination of the physicochemical parameters of the water sample in the Uppanar River, Cuddalore district of Tamil Nadu, 
India at 3 different points from November 2009 to July 2010 and application of QUASAR software modeling. From the analysis of various 
physicochemical parameters that exceeded the permissible limits of the Indian Council for Medical and Research, the river was said to 
be moderately polluted. In this paper, the measured data of dissolved oxygen (DO), biological oxygen demand (BOD) and pH along the 
three sampling stations was used for QUASAR modelling. The average percentage error values obtained for station I, II, and III regarding 
DO were 3.49%, 2.38%, and 2.26%, for BOD 1.2%, 5.9%, and 1.98%, and for pH 2.57%, 2.41%, and 1.51%, respectively. It was observed 
that there is a one to one correlation among the simulated and observed values for DO, BOD, and pH values. From these results, it is 
concluded that the QUASAR model can reliably be used as a simulation model for analyzing the water quality parameters in the river. 
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1. Introduction

Water is one of the essential requirements for human and in-
dustrial development [1]. It is referred to as the most important 
aspect of the environment. The increase in population and its 
necessities have led to the deterioration of surface water qual-
ity. Once the surface water is contaminated, its quality cannot 
be restored by stopping the pollutants from its source. Hence, 
continuous monitoring of the water quality becomes crucial in 
order to protect it [2]. Usually in near shore water and estuaries, 
environmental conditions such as topography, water movement 
and stratification, salinity, oxygen, temperature and nutrients 
exhibit considerable seasonal and spatial variations in rela-
tion to rainfall, tidal incursions, and various biotic and abiotic 
processes [3]. River water quality models need to represent the 
physical, chemical and biological transformations which occur 
within a river. Quality simulation along river systems (QUASAR) 
describes the time—varying transport and transformation of 
solutes in branched river systems [4]. QUASAR has then been 
able to predict well the overall changes in water quality due to 
hydrological changes and seasonal variation. Thus, QUASAR is 
a well-established water quality model and typical among the 
other water quality models used in the literature. QUASAR can 
be used to simulate flow and water quality in a complex Uppanar 

river system. In this paper, QUASAR modelling was applied for 
the measured data of dissolved oxygen (DO), biological oxygen 
demand (BOD), and pH along the three sampling stations I, II, 
and III to address the problems caused by these parameters.

Theory and development of the QUASAR model was found 
in the literatures of Whitehead et al. [4] and Cox [5]. QUASAR is a 
simple, dynamic and hydraulic model. It assumes that the densi-
ty of water does not change significantly during a time-step and 
so the rate of change of the volume in the reach is equal to the 
difference between the inflow and the outflow, i.e.,

dV Q′ Q
dt

= –                                       (1)

where Q is the flow in the reach and Q′ is the flow entering the 
reach. This is similar to the conventional Muskingum–Cunge 
method of flow routing [5], which relates the storage in a reach to 
the inflow minus the outflow. This can be expressed in terms of 
the rate of change regarding flow instead as:

dQ Q′ Q
dt

=
–

τ(1–c)                                     (2)

where τ is called the travel time or residence time and
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along with River Gadilam in the north, which drains into the Bay 
of Bengal. The Uppanar River is situated in Cuddalore (N11°43΄E; 
N79°46΄E) (Fig. 1). The river runs in parallel to the coast south 
of Cuddalore to a distance of about 20 km and the tidal influ-
ence extends to about 15 km. Its mean depth, mean width, mean 
velocity and dispersion coefficient are 1.626 m, 95 m, 0.49 m/
sec, and 132 m2/sec, respectively. The Uppanar River receives the 
treated and partially treated effluents from nearly 70 industries 
of State Industrial Promotion Corporation of Tamil Nadu Lim-
ited (SIPCOT) industrial complex. A large amount of waste from 
a thermal power plant also finds its way into the river through 
this body of water.

2.2. Sampling Stations

Three sampling stations were selected on the backside of the 
SIPCOT industrial complex along the river and the latitude and 
longitude for each of the stations was found out and marked. 

1) S1 (Sothikuppam): N11º42΄11.4˝ E079º46΄18.6˝
2) S2 (Thaikal Thonithurai): N11º39΄28.0˝ E079º44΄59.7˝
3) S3 (Near estuary): N11º42΄11.8˝ E079º46΄18.3˝ 

2.3. Sampling and Analysis

Water samples were collected from the sampling stations 
every month during high tide and low tide. Digital pH meter 
(Hanna Instruments, Navi Mumbai, India) was used for measur-
ing pH. DO and BOD were analyzed by the modified Winkler’s 
method according to the standard procedure of the American 
Public Health Association (APHA) [6].

3. Results and Discussion

3.1. Physicochemical Analysis

3.1.1. pH
The hydrogen ion concentration (pH) ranges from 6.3 to 7.6 

in all three stations (Fig. 2). The higher value of pH registered 

Lτ ν=                                          (3)

and

V = a + bQc                                                               (4)

where L is the reach length, v is the water velocity and a, b, and 
c are empirically derived constants for the reach. In a perfectly 
mixed reach the mass is equal to the concentration of the de-
terminant multiplied by the volume of water in the reach. Thus, 
it can be shown that for a conservative determinant a mass bal-
ance can be written as:

Q′ C′– QC=dM d(VC )
dt

=
dt

                            
(5)

where C is the concentration of the solute in the reach and C ′ is 
the concentration of the solute entering the reach. By incorpo-
rating Eq. (2) this leads to an equation for the rate of change of 
the concentration with respect to time, i.e.,

dC Q′(C ′ – C )
dt

=
Qτ

                                       
(6)

This is equivalent to the advection dispersion equation (ADE) 
with the dispersion term removed and integrated to assume 
complete mixing within the element. 

2. Materials and Methods

2.1. Study Area

River Uppanar is one of the rivers passing through the indus-
trial coastal town of Cuddalore in the southeast region of India 

11°46′

11°40′

11°36′

79°43′ 79°45′ 79°50′

Fig. 1. Study area of the Uppanar River, southeast coast of India.

Fig. 2. Physicochemical parameters of Uppanar River during the 
study period. DO: dissolved oxygen, BOD: biological oxygen de-
mand.
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3.3. Average Percentage Error

The APE is used to make a quantitative analysis on the simu-
lated results [22], defined as follows: 

during summer could be a result of CO2 uptake by photosynthe-
sizing organisms. The lower pH values recorded could be given 
to the influence of fresh water influx, dilution of sea water, low 
temperature and decomposition of organic matter [2, 7]. A simi-
lar trend in pH was reported in the Bebar River, Malaysia [8], Pi-
chavaram mangroves [9], Point Calimere coastal waters [10], and 
River Ganga [11]. 

3.1.2. Dissolved oxygen
DO concentration varied widely from 3.5 to 7.61 mg/L during 

the study period (Fig. 2). A little lower than the permissible DO 
concentration of 6 mg/L [12] recorded during the study period 
could be attributed to the consumption of oxygen by the aquatic 
animals due to the stress of effluents. The variation observed 
might also be due to irregular treatment of the industrial efflu-
ents released into the river which in turn accounted for higher 
amounts of organic matter. As that of the present work, fluctua-
tion in DO concentration was seen in the research work of many 
scientists [13-16].

3.1.3. Biological oxygen demand
BOD ranged from 2.7 to 7.9 mg/L during the study period 

(Fig. 2). It has been reported that the increase in BOD and bac-
terial levels is considered as an indicator of increasing pollu-
tion [13]. Similarly, high BOD values and BOD values within the 
permissible limits of the Indian Council of Medical Research (5 
mg/L) [17] were in the literature [18, 19].

3.2. Application of QUASAR Modelling

3.2.1. pH
The pH is an important ecological factor which determines 

the acidic or alkaline nature of water. The observed and simu-
lated values of pH at S1 are shown in Fig. 3. The calculated aver-
age percentage error (APE) values for all the three stations were 
2.57%, 2.41%, and 1.51%, respectively. The regression coefficient 
indicates that the QUASAR model is well suited for pH in the 
Uppanar River [4].

3.2.2. Dissolved oxygen
The change in DO concentration is modelled as a result of 

photosynthetic oxygen production, benthic oxygen demand, re-
aeration (natural or due to the presence of a weir), nitrification 
and loss due to BOD. The observed and simulated DO values es-
timated at S1, which showed one to one correlation, are shown in 
Fig. 4. The APE values recorded for the three stations were 3.49%, 
2.38%, and 2.26%, respectively. Lewis et al. [20] reported a similar 
trend for DO in the Yorkshire Ouse. 

3.2.3. Biological oxygen demand
The amount of oxygen consumed by the microorganism for 

the decay of organic matter is called BOD. The APE values for the 
three stations I, II, III were 1.2, 5.95, 1.98 %, respectively. Both the 
observed values and simulated values estimated along the three 
sampling stations were shown in Fig. 5.

This QUASAR model performed well in the simulation of 
BOD. From this we can infer that applying the QUASAR model 
for BOD along the Uppanar River is good. The simulated BOD 
values are increased very slightly during the summer seasons 
and an increase in BOD was seen beginning in spring and lasting 
through the summer months due to the death of algae [20, 21]. 
Loss of BOD can also occur through sedimentation.

Fig. 3. Observed and simulated pH values of water samples at S1.

Fig. 4. Observed and simulated dissolved oxygen (DO) values of wa-
ter samples at S1.

Fig. 5. Observed and simulated biological oxygen demand (BOD) 
values of water samples at S1.
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where X1 and X2 = observed and simulated result sets, n = number 
of observations.

According to Eq. (7), the average percentage error for pH, 
DO, and BOD concentration in the Uppanar River was shown in 
Table 1.

4. Conclusions

The water quality parameters of the Uppanar River were not 
good enough because of the discharges from the associated in-
dustry and domestic sewages. As the values of the parameters 
studied exceeded the permissible limits of the Indian Coun-
cil for Medical and Research it could be inferred that the river 
is moderately polluted. QUASAR modelling was applied to the 
parameters like pH, DO, and BOD. The APE values obtained for 
stations I, II, III regarding pH, DO, and BOD were 2.57%, 2.41%, 
and 1.51%; 3.49%, 2.38%, and 2.26%; and 1.2%, 5.9%, and 1.98%, 
respectively. It was observed that the simulated and observed 
values for DO, BOD, and pH exhibited a one to one correlation. 
It was concluded that the QUASAR model could be used as a 
simulation model for analyzing the water quality parameters in 
the river systems. The present investigation warrants measure to 
mitigate the pollution in the Uppanar River in order to save the 
associated flora and fauna for the welfare of humanity.
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