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RELATIONSHIP AND IMPACT OF CLIMATIC FACTORS WITH COASTAL
ENVIRONMENTAL PARAMETERS (WATER TEMPERATURE, DISSOLVED
OXYGEN) DUE TO WARM WATER DISCHARGE FROM A PROPOSED

POWER PLANT
S N Jha' Dr R Manivanan® Dr P G Saptarishi’

Abstract : Climatic factors play a vital role in determining the temperature of coastal water
resources. The water temperature and salinity influences the dissolved oxygen
concentration, vegetation growth and oxygenation in the coastal environment. In the present
study, more than 30 years of climatic data near Jaitapur situated in the west coast of India,
where a nuclear power plant is proposed, is analyzed and its relationship with sea surface
temperature has been correlated. The relationship of warm water discharge and dissolved
oxygen concentration is discussed. It is observed that even if the regulatory standards are
met, the dissolved oxygen concentration may be reached at critical level due to high ambient
temperature and climatic factors. The climatic data of a specific site is to be considered
while studying thermal discharge in the coastal environment.

Keywords: sea surface temperature; ANN; correlation, saturated dissolved oxygen

INTRODUCTION

In India, currently, the share of nuclear power in terms of installed capacity is 3% which is
expected to rise by 3-5 times in the next 20-40 years period (Annual Report, NPCIL, 2009). India
has coastline of about 7550km with vast coastal area, which provides an inexhaustible source of
cooling water requirement, and also sink for warm water discharge from a power plant.
Moreover, if warm water discharges from the power station is very high in the coastal area, the
climatic condition of the area also boost the water temperature and decrease the dissolved
oxygen concentration in the area. There is a proposal to establish Nuclear Power Plant (NPP) at
Jaitapur which is located on the west coast of India about 10 km south of Ratnagiri in
Maharashtra (Fig.1). The cooling water required for the power station would be drawn from the
sea through intakes protected by a breakwater. The large volume of warm water discharges with
rise in temperature 7°C from the power plant would be let out through outfalls back to sea in
deeper region.

This artificial increase in temperature can influence both chemical and biological processes such
as dissolved oxygen concentrations, fish growth and even mortality. Many biological conditions
are linked to water body thermal regime. For instance, Hodgson and Quinn (2002) demonstrated
that the triggering of the spawning period for Sockeye salmon (Onchorhyncus nerka) on the
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northwest coast of the United States was strongly influenced by water temperature. Water
temperature simulations can also be done to investigate the potential impact of anthropogenic
effects on the thermal regime of sea coast. Water temperature models have been included in
decision support systems to assist managers in determining optimum outflows that maintain
adequate temperature ranges for biota (e.g., Gu et al., 1999; Krause et al., 2005)

The water temperature is required for various practical purposes and is frequently obtained by
calculating the heat budget. This method is tedious and yields rather inaccurate values of the
water temperature if meteorological data is not collected carefully. An alternative approach to
deterministic models in predicting or simulating water temperatures is the use of statistical or
stochastic models. In contrast to the deterministic models, the main advantage of the statistical
models is their relative simplicity and minimal data requirement.

Although stochastic models linking water to air temperatures offer a simple means of predicting
or simulating water temperature, other statistical models, such as parametric (e.g., Box Jenkins,
Auto regressive Moving Average Model, etc.) and non-parametric models like Artificial Neural
Networks (ANN) are "statistically faithful" to the type of time series and adequately represent
water temperature variability. Non-parametric models differ from parametric models in that the
model structure is not specified a priori, but is instead determined from data. (Loubna Benyahya
et. al. 2007)

In the present study, climatic data near Jaitapur situated in the west coast of India, where a NPP
is proposed, is analyzed and its relationship with sea surface temperature has been correlated
using ANN. The relationship of warm water discharge and saturated dissolved oxygen
concentration is discussed. It is observed that even if the regulatory standards are met, the
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dissolved oxygen concentration may reach at critical level due to high ambient temperature and
climatic factors.
METHODOLOGY

Fry and Watt (1955) did a study of the effects of weather on the bass populations in South Bay
and neighbouring waters in Manitoulin Island. These workers show that, for each month from
June to October, there is a linear relation between the thermal sum for the surface waters and the
monthly mean of the air temperatures. They also show that there is a linear relation between the
year class strength of the bass in South Bay and the year to year deviations from the monthly
mean air temperatures, when these deviations arc summed over the period from June to October.

However, the assumption that the water-air temperature relationship is linear has been
questioned. Indeed, Mohseni et al. (1998) also observed a non-linear behaviour between air and
water temperatures at weekly intervals. Accordingly, these authors developed a model based on
the logistic S-shaped function to predict average weekly stream temperatures at different
locations in the United States. The logistic function used by Mohseni et al. (1998) to determine
the air to water relation is given by

Tw=0/1[e"(B-Ta) (1)

where Ty, and T, represent water and air temperatures,

o is a coefficient which estimates the highest water temperature,
B is the air temperature at the inflexion point

Y represents the steepest slope of the logistic function.

The advantage of this model over the linear regression is that it can better represent the tendency
of water temperature in some water bodies to level off at higher air temperatures (Mohseni and
Stefan, 1999).

Considering the non-linear relationship between air temperature and water temperature and also
the fact that water temperature is not solely dependent on air temperature ANN models are
gaining more importance. In the field of hydrology, ANN modelling has been used for a variety
of purposes, particularly in water quality applications, Risley et al. (2003) estimated water
temperatures in small streams in western Oregon using an ANN model. More recently, Belanger
et al. (2005) compared two models of water temperature: artificial neural networks and multiple
linear regression using air temperature and discharge as independent variables. Of these two
models, results indicated that both approaches were equally good in predicting daily stream
water temperature with Root mean square of error (RMSE) of 1.06 °C for the regression model
and 1.15°C for the ANN model.

An Artificial Neural Network (ANN) model is a mathematical structure capable of describing
complex nonlinear relations between input and output data. The architecture of ANN model is
inspired by biological nervous systems As in nature, independent variables (or predictors) are fed
as inputs in the input layer through nodes used during neural network training. The hidden layer,
represented by the middle circles in Fig. 2, is the location where the neural network is "trained,"
i.e., all outputs from the input layer are fed to each node, and weights are assigned to non-linear
functions that combine the inputs (Ahmadi-Nedushan et al., 2007a). The network connection
weights are adjusted in order to minimize the error between the ANN outputs and the training set
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of the variable to be modelled. The weights of each node in the layers need to be adjusted. This
can be done using several learning algorithms. One of the most popular learning algorithms is
back propagation. In back propagation, a gradient descent is implemented to ensure that the
direction of learning and rate of learning is appropriate.
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Fig. 2 Network Diagram for Artificial Neural Network

In this paper an Artificial Neural Network model was used for prediction of sea surface
temperature variation at Jaitapur. Past 30 years data available from Indian Meteorological
Department of India for dry bulb temperature, wet bulb temperature, wind speed, sea surface
pressure and sea surface temperature were analyzed. As these data are collected by various ship
navigating in the Arabian Sea they are non continuous in nature. Apart from this meteorological
data which is collected at Ratnagiri station which is situated about 20 Km from Jaiatapur has also
been used.

To determine if there is any relation between the data of sea surface temperature and the climatic
variables observed at Ratnagiri station correlation analysis was done using monthly average data.
While for predicting daily temperature a model based on ANN was made which used air
temperature, previous available sea surface temperature and air pressure in hectopascal. To
account for non-continuous data another variable d was given as input which indicated gap in
data in no. of days.

RESULTS AND DISCUSSION

Air and water temperature correlations of varying degrees of sophistication have been employed
by Gameson et al. (1957 and1959) in England, Miyake and Takeuchi (1951) in Japan, Dingman
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(1972) in the U.S. and Cluis (1972) in Canada.

Based on the correlation coefficient analysis, it was found that there was maximum correlation of
0.73 between the monthly average air temperature observed at Ratnagiri meteorological station
and monthly average sea surface temperature at Jaitapur site as indiacted in Fig.3. This
correlation was better when compared with the correlation coefficient of air temperature
observed by the ship and sea surface temperature (r=0.68). The autocorrelation of sea surface
temperature was better with previous year SST (r=0.63) compared to autocorrelation with
previous month SST (r=0.52).
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Fig. 3 Correlation between Air Temperature at Ratnagiri and SST

—Prdited
—abrened

o
Y =
2

SR

o .2 =
& o

£ 3

=<2 1

Predicted
— Observed

2 L | | L .
a £ o L am .0 By

No. of Days

Fig. 4(a) Predicted and Observed SST using ANN
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ANN model which is capable of describing complex nonlinear relations between input and
output data is able to predict the sea surface temperature based on air temperature, previous SST
and pressure observed by the ship. For training purpose data from 1989 to 1999 was used while
validation was done using data from 2000-2005 (Fig. 4 (a)). The results obtained by the ANN
model are considered as satisfactory as there is no continuous monitoring station to measure
climatic variables at Jaitapur. A correlation of 0.781 was found between the predicted SST by
ANN and observed SST (Fig. 4 (b))
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Fig 4(b) Correlation between Predicted and Observed data of SST

Similarly, Conrads and Roehl (1999) have used ANN models to simulate salinity, temperature,
and dissolved oxygen.
Based on the temperature and salinity observation carried out by NIOT in 2008-09, the impact of
change in saturated dissolved oxygen level was analyzed using the following equation given in
APHA(1992)
InOg= In Oy — S(1.7674 X 10-2 — 10.754/Ta + 2140.7/Ta’) (2)
where Og= saturated DO in Sea water

og=saturated DO in fresh water

S= Salinity (in ppt)

T, = air temperature

It is seen that in case the NPP is established at Jaitapur and if the rise in temperature is at 7° C,
which is the maximum, as per the MoEF guidelines for warm water discharge. The fall in
saturated DO level will be about 1mg/l. The lowest level of 5.5 mg/l will be observed in the
month of May, June and November when the ambient water temperature is high. This decrease
may result in reduced availability of DO for marine animals causing significant impact on them.
Fig.5 shows expected annual decrease in saturated DO level due to setting up of NPP.
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CONCLUSIONS

The following conclusion are drawn from the study
(1) There is a significant correlation between average monthly air temperature and Sea
surface temperature.

(i1) ANN model can be used to predict SST using air temperature, previous SST and sea
surface level pressure.

(ii1))  Rise in temperature is likely to decrease saturated DO level upto 1 mg/l which may
cause considerable impact on marine flora and faunna.
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