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Abstract

This study aims to investigate the monthly and annual variations in the water density of the Bushehr Gulf. The
study area is located along a section of the Bushehr coastline, extending from 28°52'N to 29°30’N latitude and
50°42'E to 50°52'E longitude, on the northern shores of the Persian Gulf. In this research, the COHERENS
model, a three-dimensional hydrodynamic model, was used to assess the physical parameters of the water
and the dispersion of pollutants in the Bushehr region. The model's inputs included ten years of monthly-
averaged meteorological data (precipitation, cloud cover, relative humidity, wind speed and direction, and air
temperature), along with boundary data. The model was run for five years, and data from the final year of the
simulation were extracted for analysis. The results showed that the minimum water density occurred in the
summer, particularly in August, with an average value ranging from 1025 to 1026 kg/m3, while the highest
density, averaging 1031 kg/m3, was observed in the winter. Generally, water density decreases with rising
temperature and decreasing salinity. Therefore, it can be expected that during the summer, due to the
significant increase in temperature and decrease in salinity compared to winter, the water density decreases,
whereas in the winter, the density increases.
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Finally, the model was compared to the Mike 21
flow model, which uses a regular square grid with
a cell size of 50 meters. The results of this study
demonstrated the accuracy and capability of
unstructured grid models in areas with complex
geometries and domains.

Bushehr province, covering an area of
approximately 27,653 square kilometers, s
located between 27°14'N and 30°16’N latitude and

Introduction

The spread of pollution in aquatic environments is
an increasing concern. The environmental and
economic impacts of pollution in water bodies
have prompted researchers to conduct extensive
studies and develop models to understand and
predict these effects. The primary goal of these
models is to analyze the dispersion process of
environmental impacts and determine the most

effective response strategies. Azadbakhsh and
colleagues (2006) [3], using a model with
unstructured  triangular grids, solved the
governing equations for shallow water flow using
the finite volume method and predicted tidal flow
patterns in the coastal area of Bushehr and its
access channel. They also developed and
implemented an equilibrium sediment transport
model based on the equilibrium sediment
transport equation to qualitatively study sediment
deposition in various regions of the study area.
The flow model was applied over two-time
intervals: one lasting fifteen days and the other
lasting three and a half days. It was executed at
two different scales—coarse and fine—with
dimensions ranging from 7.5 km to 200 meters
and from 7.5 km to 50 meters, respectively.

@

50°6'E and 52°58’E longitude in the southwest of
Iran, along the Persian Gulf. The province boasts
over 600 kilometers of coastline along the Persian
Gulf and holds significant strategic and economic
importance. This is reflected in the presence of
major oil companies and large-scale industrial
projects, including nuclear power plants, the
South and North Pars gas fields, maritime
industries, shipbuilding, and fisheries.

As shown in Figure 1, Bushehr Gulf is a small inlet
located along the northern shores of the Persian
Gulf, to the north of the Bushehr Peninsula. It
spans an area of approximately 16x25 square
kilometers, stretching from 50°40°E to 50°45'E
longitude and from 28°80'N to 28°85'27"N
latitude. The gulf is bordered to the east and north
by Shif Island, low-lying lands, and the
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waterlogged areas of Bushehr County. To the
southeast, it is connected to Bushehr Port via the
Lashgari and Sultani creeks, and to the west and
southwest, it opens into the sea.
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Figure 1: Location of Bushehr Gulf in the Persian
Gulf

Bushehr Port is located along a natural creek, with
part of its access channel formed by Sultan Creek,
while the rest was created through dredging. The
outer access channel to Bushehr Port, which is
9,300 meters long, allows ships to move from the
outer anchorage to the inner anchorage. From
there, they proceed through a 3,200-meter
internal channel to Sultan Creek, as well as the
subsidiary creeks of Lashkari and Powder. Before
any dredging, the natural depth of these creeks
was between 4 and 5 meters. This natural feature,
along with modifications carried out by the Dutch
company Nedeco in 1966 (which involved
dredging 2 million cubic meters in the inner
channel) and the Japanese company Penta Ocean
between 1971 and 1973 (which involved dredging
10 million cubic meters in the outer channel and
9.5 million cubic meters in the inner channel),
resulted in depths of 10 meters in the outer
channel and 9.5 meters in the inner channel. As a
result, Bushehr Port has benefited from these
modifications for over 35 years, allowing large
vessels to dock safely.

In April 2007, the dredging project for Bushehr
Port was initiated by the Dutch company Boskalis
Westminster. Over $40 million was spent to
remove 13.5 million cubic meters of silt from the
outer and inner channels, as well as the quay
areas. Upon completion of the dredging, the depth
of the port's access channel was increased from
6.5 meters to 10.3 meters in the inner channel and
10.8 meters in the outer channel. The width of the
outer channel was expanded to 150 meters, while
the inner channel was widened to 140 meters.
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Additionally, the new curve in the Bushehr
channel was widened to 250 meters at its
broadest point, with a minimum depth of 9.2
meters. Before the recent dredging, this section of
the channel, which connects the outer and inner
channels, had a width of less than 100 meters and
a depth of less than 7 meters.

Since marine accidents typically occur in large,
difficult-to-reach areas, local access to pollution at
the site is often uneconomical and time-
consuming. Numerical modeling is a method that
can significantly assist in predicting the movement
of pollutants and their cleanup. Approximately
90% of oil pollution results from activities within
the sea, such as ship traffic, ballast water
discharge, drilling, and oil exploration. Given the
significant role of Bushehr Gulf in goods
transportation, particularly oil transit, the
potential for pollution to spread in this region is
high. Therefore, having a model that can predict
the movement and dispersion of pollutants in the
marine environment of this region is crucial. Based
on the aforementioned factors, the objective of
this study is to examine the monthly and annual
variations in the water density of Bushehr Gulf.

Materials and Methods

To accurately investigate  oceanographic
parameters, both horizontal and vertical
variations are considered. Therefore, in numerical
models, the ocean is divided into multiple layers
along the vertical axis (multi-layer models). This
multi-layer approach indicates that at least one
oceanographic parameter in each layer differs
from its corresponding value in another layer,
meaning that the density of each layer varies from
the others. In this study, the COHERENS model,
along with the software tools Ferret, Surfer, and
Excel, was used.
The COHERENS model is a three-dimensional
hydrodynamic model widely used in coastal and
continental shelf regions. It is integrated with
biological and pollution models and is capable of
addressing processes ranging from mid-scale to
seasonal scales.

In the hydrodynamic part of the COHERENS model,
the Navier-Stokes equations are employed.
Oceanographic models originally used multi-
layered structures based on z-coordinates, which
were only suitable for idealized oceans with
rectangular shapes and uniform depths. In
contrast, real oceans have complex geometries,
with varying depths ranging from a few meters
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near the shore to several kilometers in deep
basins. Simulating the water column accurately
and effectively in both deep and shallow waters
within one domain presents a significant
challenge. The number of vertical layers in an
ocean model is constrained by economic factors,
and deep or near-surface regions also present
limitations. As a result, z-coordinate models are
not effective for varying topographies.

In this study, the transformation from the vertical
Cartesian coordinate system (x3 or z) to the non-
dimensional sigma coordinate system is defined as
follows:
x3+h
~ ao+h

(1)
In this transformation, sigma changes from zero
at the bottom to one at the surface.
The coordinate transformation is as follows:
(t,%1,%3,%3) = (t,x1,%2,Lf (0))

(2)
f(0) =0,f(1) = 1 will be such that the bottom
equations have a simple form X3 = 0, while as we

move towards the surface, they transform to X3 =
L.

The boundary conditions include surface
boundary conditions, seabed boundary
conditions, open ocean and river boundary
conditions, and land boundary conditions.

Surface boundary conditions for horizontal flows
are typically determined by specifying the surface
stress as a function of the wind components.
P05 (55 35) = (o1, Tsz) = paC5 Uy +
Va2 Uy, V1) (3)
Where Ujp and Vio are the components of the wind
vector at a reference height of 10 meters, and
pe = 1.2 kg/m3 is the air density.
The boundary conditions for the vertical velocity
transformation are as follows in the simple form
below:
Jw =0

(4)
The boundary conditions for sloped surfaces in
horizontal flows in the bed are as follows:
£oVl ( ou av) = (Tp1, Tp2)

J \ox;’ 05

(5)
a) Under conditions of zero stress:
(Tp1, Trz) = (0,0)
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b) Considering the law of quadratic friction:

(To1, Tpz) = poCh(up + Ug)l/z (up, vp)
p) Considering the law of linear friction:
(Ty1, Toz) = pokiin(up, vp)
The velocities U, and V,,_ at the bed are calculated
at the grid points close to the bed [6].

The square of the bed friction coefficient is a
function of the surface roughness length zo and the
vertical grid spacing, i.e.:

Cp = (c/In(3-/3,))?

(6)
3y is the reference height calculated at the center
of the grid for the bed cells, and z0z_0z0, which
may vary horizontally, depends on the geometry
and the constituent elements of the bed. This is
similar to the boundary conditions at the surface:
Jw=0

(7)
The vertical velocity at the bed is equal to zero.
The boundary conditions in the bed for
temperature, considering zero flux perpendicular
to the seabed, are as follows:
polr 0T _

] 0%y
(8)

Another assumption used for the absorption
terms in the temperature equations in the bed is
that | is considered zero in the bed.

Land or coastal boundaries are treated as
impermeable walls. This means that all fluxes,
including advective and diffusive fluxes, are zero.

At the western-eastern boundaries:
T=0,u=0Jup=0,1,2L=0
ax1
(9)
At the northern-southern boundaries:
V=0,v=0,Jup=0,1,2=0
0x,
(9)
Findings

The figures illustrate the predicted monthly and
annual changes in density in the studied area. As
shown, density decreases in the summer
compared to winter, with denser water masses
observed during the winter season.
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Figure 2: Monthly Average Density in Different Months of the Year in the Studied Area

The average surface density in spring is noticeably

lower, ranging from 1027 to 1028 kilograms per The average surface density in the summer is

cubic meter. significantly lower compared to spring. This
e ' o . e change is expected due to the decrease in salinity

and the increase in temperature.
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Figure 3: Average Density in the Spring Season
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Figure 4: Average Density in the Summer Season

In autumn, the average surface density increases
again, primarily due to the decrease in water
temperature and the increase in salinity. The
average surface density during this season is 1029
kilograms per cubic meter.

Figure 5: Average Density in the Autumn Season

The average surface density in winter represents
the highest value of the year, ranging from 1029 to
1030 kilograms per cubic meter during this season.

E.

Figure 6: Average Density in the Winter Season

According to the model outputs, the lowest
density occurs in the spring, while the highest
density is observed in the winter in the studied
area. Reynolds (1993) [4] suggests that the
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greatest influx of water from the Oman Sea into
the Persian Gulf occurs in late spring and early
summer. In addition to the temperature increase
in the summer, the inflow of low-salinity water
from the Oman Sea contributes to the decrease in
density during this season in the studied region.
Moreover, the rise in density during the winter is
attributed to the reduced influx of Oman Sea
water into the area and the decrease in water
temperature, which aligns with the findings of
Kampf and Sadrinasab (2006) [1].

Conclusion

The aim of this study was to investigate the
monthly and annual variations in the water
density of Bushehr Gulf. The results showed that
the lowest water density occurred in the summer,
particularly in August, with an average value
ranging from 1025 to 1026 kg per cubic meter. In
contrast, the highest density was observed in
winter, with an average value of 1031 kg per cubic
meter. Generally, water density decreases as
temperature increases and salinity decreases.
Therefore, during the summer, when
temperatures rise significantly and salinity
decreases, a decrease in density is expected. In
winter, when temperatures fall and salinity
increases, the density rises.

Based on these findings, it is recommended to
update bathymetric and hydrographic maps with
greater precision and a wider range. Accurate
depth measurements will directly improve
modeling accuracy. Additionally, it is suggested to
conduct long-term measurements of temperature
and salinity in Bushehr Gulf to support more
comprehensive studies in the region.
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