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ABSTRACT

River Kshipra is receiving a large volume of untreated sewage daily in its stretch of Ujjain city and the status

of water is pathetic during low flow season. A stream water quality model QUAL-2Kw was used in the

present study to simulate the contributions from different sources and sinks of dissolved oxygen and to

understand the interactions among them. The model was calibrated and validated and the simulated results

are in general agreement with measured water quality in River Kshipra. It was established through this study

that the QUAL-2Kw model can be used for future river water quality management options for River Kshipra

with reasonable accuracy.
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INTRODUCTION

The water quality situation in developing countries is highly

variable, reflecting social economic and physical factors as

well as state of development. While all of countries are not

facing a crisis of water shortage, all of them have serious

problems associated with degraded water quality (Saremi et

al. 2010). The ever increasing population and industrializa-

tion have ruined the rivers to suit for the discharge of efflu-

ents and waste loads for dissimilation. Most of the Indian

rivers and their tributaries viz., Ganges, Yamuna, Godavari,

Krishna, Cauvery, Damodar and Bramhaputra are reported

to be grossly polluted due to discharge of untreated sewage

and industrial effluents directly into the rivers. The concen-

tration of DO is an indicator of general health of rivers, which

is a function of various parameters that describe the natural

and physical processes taking place in the river.

As to protect and save human life and the life of others,

water quality management would be considered as one of

the most important activities of mankind. The management

of water quality describes and predicts the observed and fu-

ture effects of a water quality change in the river system

which needs modelling the quality of water (Sasikumar et

al. 1998, Subbarao et al. 2004).

 The River Kshipra flows through the holy city Ujjain.

Now-a-days its water is primarily used for bathing purposes

on all days and especially on festive occasions. Its water is

being contaminated by its tributary River Khan carrying

domestic and industrial wastewater from Indore and eight

drains carrying domestic wastewater of Ujjain city. Realiz-

ing the implications of water pollution on aquatic and hu-

man health, the judiciary also directed the state authorities

to take initiatives to improve the river water quality. Effec-

tive management of this polluted segment of the river is of

prime importance. In this context, computer aided models

have gained wide acceptance as tools to predict and improve

the quality of water. A one dimensional steady state water

quality model QUAL-2Kw, a modified version of QUAL-

2K was used in the present study. The main objective of the

study is to test the suitability of the QUAL-2Kw model for

River Kshipra in view of the bathing water quality as pre-

scribed by CPCB ( pH = 6-8.5, DO ≥ 5 mg/L, BOD ≤ 3

mg/L and MPN/100 mL ≤ 500).

MATERIALS AND METHODS

Study Area

River Kshipra originates from Kokri Bardi hills (747 meters

above MSL) about 11 km south east of Indore, a major  town

of Malwa region. River Kshipra flows  through the city of

Ujjain in western part of Madhya Pradesh and is considered

holy. Pilgrims bathe at its many ghats with great devotion.

The quality of river water is medium from origin up to

Triveni ghat. River enters the city at Triveni ghat where River

Khan also joins it. Three other important ghats namely

Gaughat, Ramghat and Siddhvat ghat are situated on the river

before it leaves the city at Kaliyadeh stop dam (Fig. 1). Af-

ter Kaliyadeh stop dam there are no major inputs of
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wastewater. River Khan carries domestic as well as indus-
trial wastewater of Indore city, a major town of the region.
River khan is the main source of pollution to the River
Kshipra. Eleven drains (single/combined) carrying domes-
tic wastewater of Ujjain city also join it at various locations
in this stretch. This stretch, which is 19.79 km in length, is
most critical from pollution point of view and needs to be
addressed properly. During non monsoon months discharge
in the river is very small and sometimes becomes zero and
this situation gets particularly aggravated during bathing
festivals.

Model Selection and Description

The selection of a model to predict the behaviour of a sys-
tem is based on the number of parameters it can model and
the level of accuracy achieved, based on the available data
source (Chapra 1997). The widely used mathematical model
for conventional pollutant impact evaluation is QUAL-2E
(Brown & Barnwell 1987, Drolc & Konkan 1996). How-
ever, several limitations of QUAL2E/QUAL2EU have been
reported (Park & Uchrin 1990, Park & Lee 1996). One of
the major inadequacies is the lack of provision of conver-
sion of algal death to carbonaceous BOD (Ambrose et al.
1987, 1988, Park & Uchrin 1996, 1997). QUAL2EU ignores
the role of macrophytes in water quality calculations and
differs from other available models which do so by express-
ing macrophytes as dry weight biomass; which is then re-
lated to other water quality constituents through stoichio-
metric relationships (Park et al. 2003). Also QUAL2EU does
not actively integrate the impacts of sediments into the model
structure as a biological conversion. As a consequence, the
material cycles are not closed (Anh et al. 2006). The others
include inability of reduction of CBOD due to de-nitrifica-
tion and no DO interaction with fixed plants.

Park & Lee (2002) developed QUAL2K, 2002 after modi-
fication of QUAL2E, which included the addition of new
water quality interactions, such as conversion of algal death
to BOD, de-nitrification and a DO change caused by fixed
plants. Pelletier et al. (2006) developed a model QUAL2Kw,
by modifying QUAL2K, 2003 originally developed by
Chapra & Pelletier (2003), which was intended to represent
a modernized version of QUAL2E/QUAL2EU.

The Kshipra river reach being simulated is long with re-
spect to the mixing length over the cross section and the
transport is dominated by longitudinal changes. Thus, the
assumption of 1D process is valid. Moreover, this is the data
limited study with modest management objectives and hence
QUAL2Kw was chosen as a framework of water quality
modelling.

QUAL2Kw is a one dimensional, stream water quality

model and thus its application is limited to steady state flow
conditions. It has many new elements (Pelletier & Chapra
2005). It includes DO interaction with fixed plants, conver-
sion of algal death to CBOD and reduction of CBOD due to
de-nitrification. Additionally, it has auto calibration system.
It is useful in data limited conditions and is freely available.
Applications of QUAL2Kw are found in various literatures
such as Carroll et al. (2006), Kannel et al. (2007), Pelletier
& Bilhimer (2004). QUAL2Kw can simulate a number of
constituents including temperature, pH, carbonaceous BOD,
SOD, DO, organic nitrogen , ammonia nitrogen, nitrite and
nitrate nitrogen, organic phosphorus, inorganic phosphorus,
total nitrogen, total phosphorus, phytoplankton and bottom
algae.

For auto-calibration, the model uses genetic algorithm
(GA) to maximize the goodness of fit of the model results
compared with measured data by adjusting a large number
of parameters. The fitness is determined as the reciprocal of
the weighted average of the normalized root mean square
error (RMSE) of the difference between the model predic-
tions and the observed data for water quality constituents.

Model Calibration and Validation

Reach segmentation: The selected 19.79 km reach of the
Kshipra River was divided into 20 reaches with first 19
reaches of 1 km length and the last reach of 0.79 km length.
The headwater boundary starts from 100 meter u/s of Triveni
ghat. Fig. 3 shows the stream segmentation along with loca-
tion of tributary, drains and monitoring stations.
Data procurement: The input data regarding river hydrau-
lics and water quality were either measured or procured from
other agencies. Assuming the river cross section as
trapezoidal and uniform throughout the reach, the wetted
width and depth was measured with the help of survey in-
struments and measuring rod. The slope of the river bed and
slope of the river banks in the stretch of Ujjain city were
adopted from the records of Water Resources Engineering
Department of Govt. of Madhya Pradesh. In the model, Man-
ning’s equation was adopted for calculation of river veloc-
ity. The discharge of drains was measured with the help of a
V-notch.

The headwater DO, BOD, faecal coliform and pH were
measured in the laboratory. The DO at the headwater station
was measured by titration of preserved water samples (with
the addition of divalent manganese and alkali iodide-azide
reagent) collected from the field using standard methods
(APHA 1985). BOD, F.C. and pH were also measured at the
same location using standard methods. The values of these
parameters at four important bathing ghats were also pro-
cured from M.P. Pollution Control Board. The same water
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quality parameters were also measured for the drains. The
flow data for River Kshipra and Khan were procured from
Central Water Commission, Jaipur. The water quality data
for River Khan were procured from M.P. Pollution Control
Board, Indore. Table 1 shows the headwater, point sources
and observation data for calibration.
Input variables: Hydraulic constants simulate the transport
of constituents, i. e., pollutants, in the water system. The River
Kshipra is a natural stream channel with weeds, pools and
windings. For such a stream, Manning’s coefficient is taken
as 0.07 (Chapra 1997). The reaeration model selected was
the internal model. The solution of integration was done with
Euler’s method, and Newton-Raphson method was adopted

Fig. 1: Location of tributary, drains and important ghats in Khipra river in Ujjain.

Fig 2: Reach segmentation along with tributary, point sources and monitoring stations.

for pH modelling. The sediment oxygen demand and bot-
tom algae were assumed as 25%. All other variables and rate
constants were adopted as default values of the model.
Calibration: As per CPCB, the bathing water quality (class
B) is described by four water quality parameters namely pH,
DO, BOD, and faecal coliforms. Accordingly, the simula-
tion was done for these four parameters. Except for the
monsoon months (July-September), when the catchment area
receives 80% of the annual rainfall, the low flow conditions
of the non monsoon period prevail for most of the year and
are critical from the viewpoint of water pollution. Thus, in
this study, average river flow in the dry season is considered
to apply across scenarios. For this study, QUAL-2Kw was
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Fig. 3: Calibration for dissolved oxygen.

Fig 5: Validation for dissolved oxygen.

Fig 6: Validation for biochemical oxygen demand.

Fig. 4: Calibration for biochemical oxygen demand.
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calibrated for the months of April-June 2010 representing a
low flow period. The model was operated as a one dimen-
sional steady state and completely mixed system.

The model was run until the system parameters were ap-
propriately adjusted and the reasonable agreement between
model results and field measurements were achieved. Model
was run for a population size of 100 with 50 generations in
the evolution. This is because a population size of 100 per-
forms better than smaller numbers and as nearly as a popula-
tion size of 500 (Pelletier et al. 2006).
Model validation: In order to test the ability of the cali-
brated model to predict water quality conditions under dif-
ferent ambient weather and flow conditions, model verifica-
tion studies were performed using average fall conditions.
The model was validated for the data procured during Octo-
ber-December 2010. The system coefficients were kept iden-
tical to those values determined during model calibration.
Then the model was used to simulate water quality condi-
tions during the critical period. The model was run for the
validation of the data and the results are obtained in the form
of comparison plots between observed data and predicted
data.

RESULTS AND DISCUSSION

The calibration and validation was done for the data procured
in the year 2010. The deoxygenation constant was found to
be 0.4123/day and reaeration constant was found to in the
range of 1.00/day to 1.39/day. Fig. 3 and 4 shows the
calibration graphs for the two important parameters DO and
BOD, while Figs. 5 and 6 show the validation graphs for the
same parameters. The validation graphs show that
discrepancy between observed and predicted data is

maximum up to 10%. Hence, there is a reasonable agreement
between the observed and predicted data and the model is
said to be validated.

CONCLUSIONS

The QUAL-2Kw model was calibrated and subsequently
validated for low flow conditions to simulate water quality
parameters namely DO, BOD, pathogens and pH for the data
procured. The model is able to capture the scenario of the
river system conceptually almost correctly with some sim-
plifying assumptions. The QUAL-2Kw can be effectively
applied for River Kshipra to simulate various management
scenarios with reduced waste loadings so that the stated pa-
rameters of the river water can be brought up to permissible
limit with constant efforts. The scenarios with different waste
loadings could help planners to evaluate the effectiveness of
the actions intended to prevent pollution before they are ac-
tually implemented.
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