
Abstract—Numerical modeling is carried out to investigate the
spreading pattern of industrial wastewater released from coastal
refineries and power plant into the Persian Gulf. The pollutant
sources due to the wastewater outfall of the coastal industrial plants
are completely considered in the model. The effects of sources are
inspected on the adjacent marine environment. The numerical model
is developed using finite difference method in two horizontal
dimensions in plane. The model is applied in several planes along the
depth and the effect of depth variation is considered in a depth
integrated manner. The pattern of pollution spreading in the water is
accurately investigated in various conditions due to spring and neap
tides. The various conditions of wind are also considered in the study
including various direction and speed based on the available
meteorological data. It was concluded that the locations of
wastewater outfall and the discharge, temperature, velocity and
direction of outfall jet are appropriate to satisfy all of the
environmental rules.
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I. INTRODUCTION
ARINE surface water bodies are generally an applicable
potential for using in cooling water system of adjacent

industrial plants.
It shall be concerned that the water quality control of

surface water bodies needs special technical concerns due to
their restriction and water exchange pattern along the
boundaries [1]. Pollution control in marine environment
usually requires field investigation about wind pattern [2] and
evaluation the spreading pattern of pollution during the
operational period of wastewater runoff [4, 5, 6, and 7]. In
numerical modeling of pollution spreading in surface water
bodies, the effects of advection due to wind-forced water
current and also tide-induced marine currents are usually
dominated [8, and 9]. The effects of waves on the pollutant
spreading pattern are usually in a lower order than the effects
of water current induced by wind or tide [10].
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In this work, the thermal pollution distribution and also
Chlorine and sewage dissipation released from an industrial
plant into the Persian Gulf have been numerically investigated.
Three sources of industrial wastewater are as follow: an
existing oil refinery, a new gas condensate refinery, and an
existing thermal power plant. The main aim of the modeling is
to minimize the environmental impacts on the marine water
body and to satisfy the sustainable development rules based on
the environmental considerations at the outfall and safe
operation of intake.

II. INDUSTRIAL WASTEWATER
The main specifications of outfall including discharge, jet

velocity and temperature are listed in table 1. The general
locations of existing and new intakes and existing outfall of oil
refinery are presented in Figure 1. The numerical modeling
and checking of environmental conditions is carried out based
on the environmental satisfaction and safe watering at the
intake. Different scenarios are considered and evaluated.
Outfall jet velocities are calculated with dividing discharge on
risers diameters. (See Figures 2 and 3).

Fig. 1 Industrial wastewater intakes and outfalls in study area
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I. ENVIRONMENTAL CRITERIA
The main environmental criteria for thermal pollution at

the outfalls are considered based on the valid specifications
and standards such as "Pollution Prevention and Abatement
Handbook 1998". Table 2 expresses some of the limitations
from the above-mentioned reference.  The effluent should
result in a temperature increase of no more than 3 oC at the
edge of the zone where initial mixing and dilution take place.
The distance of 200 meters from the point of discharge is
considered for definition of edge. The units are milligrams per
liter, except that pH, bacteria (MPN) and temperature (°C).

Fig. 2 Typical arrangement of outfall risers for new gas
condensate refinery, plan view

Fig. 3 Typical arrangement of outfall risers for new gas
condensate refinery, 3D view

II. NUMERICAL MODELING
Numerical modeling of thermal pollution carried out based

on the several scenarios. The main variations in the scenarios
are as follow: general area located for outfalls, the outfall
velocity and the specifications of the outfall devices. The
outfall system includes eight parallel pipes with 1.5 diameter
which is located in a 16 m length besides together. The outfall
discharge is equal to 200,000 cubic meters per hour and the
outfall velocity is exactly 4 meter per second.

TABLE II LIMITS FOR INDUSTRIAL WASTEWATER

As it can be seen in the figure 4, the decreasing of
temperature is mainly occurred at the first 100m. After it, the
effect of near field condition can be neglected. So the results
of near field model selected at 80m far from source point,
where the increasing water temperature diminished into 3.8
centigrade and the dilution factor as 2.6. These data
transferred from near field to far field numerical model. The
essential considerations for mass balancing in the far field
model indicated. The similar near field model applied for
existing out fall of refinery. The variation of increasing
temperature at the centerline of thermal plume for refinery
with 40,000 cu.m/hr illustrated in Figure 5.

The results at near field boundary that transferred into far
field model selected at 40 far from source point with about 2.6
dilution factor. The results of near field model for existing
outfall of power plant with 200,000 cu.m/hr similarly
illustrated in Figure 6. The near field boundaries are assigned
at 200m far from the source point where the dilution factor is
1.7. The near field modeling data and the main results can be
summarized as listed in Table 3. A new mesh generated for
study area in which, the new boundaries and the location of
intakes and outfalls are considered. The view of mesh
generation is shown in Figure 7. Eleven vertical layers are
considered in the near and far field model. Equal thickness is
considered for the layers in each model i.e. the depth in each
location is divided to eleven.  Near the outfalls, mesh spacing
is equal on plume width. More details of mesh generation
procedure and overall set up of the model are illustrated in
Figure 7.
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Fig. 4 Near field modeling results

Fig. 5 Near field modeling results at the centerline of plume

Fig. 6 Near field modeling results; variation of increasing
temperature at the centerline of plume for power plant outfall

Water quality modeling for investigation of the effects of
industrial thermal pollution carried out in seven critical
conditions listed in table 4. The scenarios consist of two tide
and various wind directions and outfall depths. The wind
directions considered in the study are North-West and South-
East in the directions, which cease the dispersion of outfall
discharges toward the coast and intake, could make a critical
condition. For each scenario, a 24 hr warm up period

considered for hydrodynamic and then the inputs from intakes
inserted into the domain. Furthermore, re-circulation between
intakes and outfalls considered in the model i.e. the effects of
hot water from outfalls taken into account when it reached the
intakes. On the other hand, model ran for different positions of
new outfall, have been considered. The Chlorine and sewage
dissipation studied for the final scenario. In modeling Chlorine
dispersion, for the sake of safety, the decay factor assumed
zero.

TABLE III THE NEAR FIELD MODELING DATA AND THE MAIN RESULTS

Fig. 7 Numerical mesh pattern in near and far field

TABLE IV DETAILS OF METEOROLOGICAL AND TIDE CONDITIONS
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III. RESULTS AND DISCUSSION
The numerical results of thermal modeling firstly verified

comparing with data captured from existing conditions. The
results illustrated in Figures 8 and 9. The comparison is
mainly done between the dimensions and pattern of thermal
pollution in numerical results and satellite images from
existing conditions and a good correlation is obtained. The
connection of sink and sources is also considered to simulate
real conditions of water domain induced by cooling water
system.

As mentioned before, the model ran for the several
different tide and wind combinations. These conditions
represent critical situations for the impact of temperature
distribution on environment as well as on cooling water
operation. The model ran for 11-days period for neap and
spring tide condition containing more than ten cycles of neap
and spring tide are considered. The reason behind the eleven
days run of model is to make sure that the residual of
temperature in the field is fully considered. In the scenarios
the summer condition of initial temperature i.e. 35 deg. of
centigrade are considered and the gradient i.e. the difference
between the outfall flow and ambient temperature is 10 deg.
The initial temperature runs as shown that the critical
condition of temperature occurred to maximum air
temperature and without wind effects. Following the results of
the model for different scenarios illustrated.

IV. CONCLUSION
In this research, the effects of industrial wastewater

released into the adjacent marine water body are numerically
investigated. The main sources of thermal wastewater are due
to two coastal refineries and one powerhouse. The finite
difference method is applied for numerical modeling in two
horizontal dimensions. The model is developed in several
planes along the depth and the effect of depth variation is
considered in a depth integrated manner. The pattern of
pollution spreading in the water is accurately investigated in
various conditions due to spring and neap tides.

The various conditions of wind are also considered in the
study including various direction and speed based on the
available meteorological data. It was concluded that the
locations of wastewater outfall and the velocity and direction
of outfall jet are appropriate to satisfy all of the environmental
rules.
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Fig. 8 Thermal plume distribution in different neap tide situation for
existing condition
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