Abstract

Smuiation of dispersion of the effluent discharge has
been carried out using 2-D Model to verify the advection
and diffusion of the pollutant patch of the proposed
efivent disposal off Paradip. The simulation of
dspersion was performed for low wind speed conditions
when mixing is expected to be minimum in the region.
Based on the model results the pollutant patch moved
and diffused parallel to the coastline in the direction of
the along-shore current.

Introduction

The mode! study is carried out for the shallow water
kgion off Paradip, where the tides and local winds play
in important role in determining the advective
pocesses. The tides and wave action are moederately
bighin this region. The currents are parallel to the coast
ad relatively weak near the coast, however, a gradual
nmensification towards offshore is the conspicuous
keature of the structure of coastal currents in this area
(non, 98a). Based on the prevailing physico-chemical
ind gegomorphological features of the study area a point
keated at 1.2km distance from the landfall point has
been suggested suitable for the disposal of the effluent.
hthe present study, we made usge of a numerical model
binvestigate the advection arfd ditfusion of the effluent
dsposal at the proposed outfall point off Paradip.

Nodel

The governing equations are based on the conservation
pinciples of continuum mechanics {ACRi 1994) and
tmployed the shallow water approximation to the Navier
-Slokes equations. The horizontal plane is represented
by xy in the cartesian co-ordinate system. The initial
d boundary conditions, bathymetry, tides, wind fields,
¥mospheric pressure, bottom friction and values of
%urces and sinks are allowed to vary over the spatial
fid. The flow equations are solved using a modified
bm of the coupled Alternating Direction Implicit (AD1)
mthod (Leendertse, 1970). For water quality
frameters the method of Nodal Point Integration (NPI)
& employed to integrate the governing ditferential
uations by temporal and spatial discretization over
tch element of the physical domain.

Nithe state variables, except for velocity are defined at
te grid nodes, The velocity components, U and V (U—
WE Vo N-8) are provided at the centre of the grid
fodes in the x, y directions.

korder to carry out the simulation of concentration of
te effluent disposal, a model domain of 1.95km X 3.5km
W35 selected, the outfall location was kept at a distance
i 993m normal to the coast. The orientation of the
astline (62° with respect to the north in this region} is
Ben in to consideration while computing velocity
umpenents. The domain is divided into 70 X 40 square
Jids with a size of 50 m x 50 m_ A time step of 6sec is
Wen based on CFL criterion (Ramming and Kowalik,
1980).

The depth values obtained from the bathymetric survey
e assigned at the centre of every grid point. Water
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level varniation of Apnl 1998 at every 30 minutes are
given from the Tide Tables {(Anon, 1998b). Currents
measured in this region during April 1998 (Fig.1) are
used as boundary conditions along the three open
boundaries i.e. east, north and south (onshore
component, representing west nearly zero). An average
wind speed of 3m/s and direction 240° representing
southwesterlies are considered in the model.

The specifications of the effluents are as follows

The initial concentration T.Okgfm3 ; temperature
30°C; density = 1.08g/cm’ ; rate of discharge
13330m*/day.

Results

A continuous discharge of effluent is introduced at the
outfall after 5400 sec when the modet stabilised. The
results of the model are shown in Figs. 2-7. These
figures show the variation of effluent concentration after
30min, thr, 2hr, 6hr, 12hr and 24hr of discharge.

The marine outfall is kept 993m away from the sea wall
{coastline for the model). The patch of pollutant
advanced and diffused parallel to the coast. After 12hrs
the initial concentration of the effluent reduces up to
0.0020 kg/m3 and the patch moves towards east-north;
east direction following the along -shore current direction
which has a maximum speed of 31.3cm/s. The onshore
components are weak (0.039cmv's) during April in this
region.
Fig. 1 Observed currents on 20 April, 1998 used for
simulation of effluent dispersal
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The above model results of April 1998 show that the
poliutant patch moves parallel to the coastline and the
concentration of the pollutant reduces accordingly. This
condition is favourable to establish the outfall at the
propesed location. However, we have to consider the
behavioural aspects of the poliutant patch during other
months of the year. This model can be applied to verify
the dispersicn of pollutant paich during other seasons.



Fig. 3 Concentration of the etfluent after 1 hr (depth

Fig. 2 Concentration ot the effluent after 30 minutes
contours are in meters),

{depth contours are in meters)
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Fig. 4 Concentration of the effluent after 2 hrs - Fig. 5 Concentraticn of the effluent after 6 hrs
{depth contours are in meters). {depth contours are in metears).
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Fig. & Concentration of the effluent after 12 hrs
{depth contours are in meters).
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Fig. 7 Concentration of the effluent after 24 hrs
(Depth contours are in metres)
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