Using Weibull probability distribution
to calibrate prevailing wind applying in
oil spill simulation
In the Persian Gulf, the major source of oil pollution is related
to the transportation of tankers, offshore production and
discharges by coastal refineries. The water dynamical field has
M. A. Badri* been obtained using a new hydrodynamic model. Local wind is
Assistant Professor recognized as the principal driving force combining to the
water dynamic field to determine oil drift on the sea surface.
The Weibull probability distribution is considered to adjust the
prevailing wind obtaining by data from measurements and
compared with other data, displaying fairly good conformity.
To model the advection and dispersion in the Persian Gulf
which is a shallow water area, random walk technique has
been used. Comparison of the actual and simulated oil spill
trajectory based on real wind field was found acceptable in the
Iranian waters.
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1 Introduction
The control over properties and behavior of fluid flow and relative parameters are the
advantages offered by Computational Fluid Dynamics which makes it suitable for the
simulation of the applied engineering problems [1]. Over the past three decades simplified
empirical formulae contributed greatly in a rapid evaluation of the pollutant dynamics
spreading and drifting. Modern models can utilize more accurate and physically relevant
mathematical formulations. In the majority of cases, a mathematical modeling may be a
strong and available tool not only for a rapid computation of the pollutant fate but for
simulation of the various cleanup operations as well [2]. The computer simulation of
complicated marine environment problems has become one of the interesting areas of the
research works by development of efficient and accurate numerical methods suitable for the
complex flow domain. Numerical models are widely used as an important component of
contingency planning and coastal management. Such models act as a real time prediction tool
to support in combating and prediction of contaminant movement in order to preserve the
region's coastal resources.
The step of choosing the model is informed by experience, personal intuition and a degree of
explicit dynamical reasoning. It is important to emphasize that once the model is chosen, the
proper tests of its usefulness can come from the systematic, logical and precise working out
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of the dynamical predictions of the laws of motion applying to the model. Numerical solution
of the time-dependent advection/diffusion/decay equation may be obtained in two ways:
‐ By finite-difference or finite element approximations
‐ By the simulation of the continuum of dispersed contaminant by a cloud of discrete
particles or 'particle-tracking' method
Particle tracking technique is preferable in the cases of higher dimensions, relatively few
particles and where the contaminant cloud does not occupy the whole model. The particle
tracking technique offers an efficient alternative as the processes of diffusion and decay
generally require stochastic methods. Prediction of the motion of patches of surface oil and
prediction of a thermal discharge from a power plant are examples using in particle-tracking
technique [3]. This is because 'random-walk' method is selected here, as turbulent diffusion in
these processes is generally simulated by this method.
One of the important applications of using hydrodynamic models is to provide costeffective and reasonable estimates of oil surface drift and predict transport and fate of the oil
slicks. Therefore, this model is suggested for consideration a model of the real ocean whose
validity is examined for the Persian Gulf. The Persian Gulf region is well known as the most
active oil production region in the world. Although, some extensive studies related to the oil
spill have been published for the Persian Gulf [4-10], it still needs to some improvements and
modifications and speed up procedures as well. These researches for the Persian Gulf have
been included providing hydrodynamic Atlas, simulation and validation of some documented
events. Also providing oil spill hazard contour maps for the prediction of oil spill travel time
based on critical sea conditions are the outcomes [11-12].
In this work, the dynamical field is determined based on Kelvin propagation wave theory
as a new hydrodynamic model and calibrated by measurements. Wind data on each grid has
determined by synoptic stations and interpolated by Cressman analysis. Then, by using
Weibull probability distribution wind field, prevailing wind on whole region is determined
and calibrated. The advantages of the simple model are then applied for oil spill modeling.
The important short term processes in the mathematical expression of spreading, dispersion
and decay are considered. The Lagrangian approach has been used to describe the
transportation of spilled oil. The suggested procedure is an attempt to find a simple way
towards taking advantage of developments in environmental Modeling. Governing equations
are verified and applied in the Persian Gulf to provide the capability of simulating a
hypothetical oil spill accidents leading to oil spill hazard contour maps.

2 Governing equations
The kh parameter which is usually introduced to measure the strength of the depth, shows
that the Persian Gulf has the condition of shallow water considering its overall latitude at
  27 . Where, k is the wave number modulus and h is mean depth [13]. Therefore, shallow
water range kh  0 .7 is considered. The governing equations are provided by the shallow
water horizontal equations:
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Where f is coriolis factor ( f  2. sin  ),  is the angular velocity of earth and  is the
latitude, h  h0   ,   h0 and g is the acceleration of gravity. The linearized form which
ignores all quadratic terms in the dynamical variables is considered [14]. By manipulation of
the momentum equations and using mass conservation equation, the governing equation
becomes:


( 2 / t 2  f 2 )  C 02  2   0
(4)
t
where C0 is wave propagation velocity. Wave solution which is periodic in x and t can be
sought by  Re  ( y ) e i ( kx t ) . Where  (y) is the complex wave amplitude which varies with the
coordinate y. In rigid boundaries, velocity in y-direction must vanish, which implies
 2 / y.t  f . / x  0 (at y  0, L ). The eigen value relation using boundary conditions at y=0
& y=L yields ( 2  f 2 )( 2  C 02 k 2 ) sin L  0 . The solution plays the role of n=0 mode due to the
effects of the rotation, in case  2  C 02 k 2 it names Kelvin waves. Where   C0 k is wave
angular frequency. Consider a long straight coast line y=0 in the northern hemisphere with
water at its left side and a sample wave traveling along this boundary. Due to the rotation of
the earth, the water level builds up at the coast, which results in a greater wave amplitude
nearer the coast. Thus leads to a pressure gradient which balances the rotational force. The
wave resulting from this is called a Kelvin waves. Kelvin waves are special solutions of the
small amplitude linearized inviscid depth-averaged shallow water equations, i.e. [14]:
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Satisfying the boundary conditions v  0; at y  0 . It also satisfies the condition that the wave
amplitude is decaying away from the coast. In relations (5, 6 and 8)  denotes the surface
elevation with respect to the reference plane, u and v are the horizontal depth-averaged
velocity components. In order to determine the Kelvin wave, one may consider the trial
solution.
  f1 ( y ).e  i ( kx  t ) , u  f 2 ( y ).e  i ( kx  t ) , v  f3 ( y ).e  i ( kx  t )
(8)
The functions f1 , f 2 , f3 are determined such that this trial solution solves the differential
equations and satisfies the conditions put forward. Some lengthy computations show
f1 , f 2 , f 3  e  y and algebraic equations for the parameters imply f3  0,  2  C02 k 2 ,   f / C0
( C0  gH 0 ). As a result, the Kelvin wave, written in its most compact form, reads:
  0 e
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For a Rossby radius R  C0 / f from the coast line (y=0) the amplitude has fallen to 0.370
(Pugh-1996). In practice, Kelvin waves are most important for describing tidal amplitudes in
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presence of long coast lines. In the Persian Gulf, the open connection with the Indian Ocean
at the Strait of Hurmoz will basically travel into the Persian Gulf as Kelvin waves under
presence of the north-east coastal line. Fig.1 presents the approximate setting taken to
describe the Kelvin wave. In fact, the plane of the domain is rotated at   25.9 in order to fit
the domain to the new coordinate system ( x , y ) and setting the coastlines nearly parallel to
the new horizontal coordinate x  . Also this direction is nearly towards the prevailing wind
direction in the Persian Gulf. Without loss of generality it is possible to consider only one of
the modes from (12) and the Kelvin wave taken reads:
  0 e
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Here, x, y are coordinates in a rotated frame (Fig. 1) and u , v are the velocity
components with respect to the rotated frame. To accomplish expressions in the x, ycoordinate system it needs to be observed that:
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Figure 1 Rotation of plane of the domain

3 Kelvin wave expansions
The atmosphere and the ocean have so many fluid-dynamical properties in common that the
study of one often enriches our understanding of the other. Experience has also shown that
the recognition of the underlying dynamical concepts applicable to both the atmosphere and
the oceans is an excellent starting point for the study of either. Geophysical fluid dynamics is
the subject whose concerns are the fundamental dynamical concepts essential to
understanding of the atmosphere and the oceans. In principle, geophysical fluid dynamics
deals with all naturally occurring fluid motions. Such motions are present on an enormous
range of spatial and temporal scales. It is on large scales that the common character of
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atmosphere and oceanic dynamics is most evident, while at the same time the majestic nature
of currents due to tides, gulf streams makes such a focus of attention emotionally compelling
and satisfying. In practice, measurements extend over finite periods, often a year, a month or
even a few days and so the results from analyzing these finite lengths of data can only
approximate the true constants. Sea surface level, currents, atmospheric pressure and earth
movements are usually referred as periodic and regular motions. Any sequence of
measurements for sea-level or currents has a tidal and non-tidal component. In order to
describe tidal patterns without applying elaborate analysis procedure, it is possible to
determine tides as time series according to basic statistics. The general representation of the
observed level Z (t ) varying with time may be written as Z (t )  Z 0 (t )  T (t )  S (t ) . T (t ) is the tidal
part of the variation and S (t ) is the meteorological surge component. For tidal data analysis,
there are two sets of measurements called sea levels and currents which can be measured and
conveniently tabulated. A further extremely useful technique called Forier analysis represents
a time series in terms of the distribution of its variance at different frequencies. The basic
idea of Forier analysis is that any function which satisfies certain theoretical conditions may
be represented as the sum of a series of sines and cosines of frequencies which are multiples
of the fundamental frequency  M  2 . Where, M is the number of observations of the
M .t

variable Z ( x, y, t ) in the time interval. The theoretical conditions required of the function
Z ( x, y, t ) are satisfied by any series of observations of natural phenomena. Here, the function
Z ( x, y, t ) is satisfied by sea levels and currents using similar expansion. It may be written as
an application [15]:
M /2

Z ( x, y, t )  Z 0    j ( x, y ).cos( j M t   j ( x, y ))

(12)

j 1

where, Z 0 is the average value of Z0 ( x, y, t ) over the period of observations in each location
and  j ( x, y ) and  j ( x, y ) are the amplitude and phase of the jth harmonic constituents of
Z ( x, y, t ) . In this work, a similarity between Forier analysis as a time series and the tidal
potential term, which can be used for any region, is invoked. It is expressed as a series with
each term representing a tidal constituent.
In particular, it is known that the waves entering the Persian Gulf at the Strait of hurmoz
will carry the associated frequencies of which the data are given in table (1). In this table T
2
2
is the period and the wave number of each constituent respectively.
and k 

 T gH 0
Table 1 Specifying the periods and wave numbers of the main constituents

T [hr]

k 10 [m ]
6

1

M2

S2

K1

O1

12.42
7.58

12.00
7.85

23.93
3.94

25.85
3.64

According to shallow water equations for the Persian Gulf and by ignoring the quadratic
terms, Kelvin wave theory is invoked (section 2). Through this procedure, the geo-physical
effects and the domain constraints are considered as well. It can be mentioned that this
procedure can be used for any region, if main constituents for tidal motion are known. These
information named co-amplitude and co-phase lines are recorded in Admiralty tide tables and
up-dated annually.
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It is well-known that the main constituents for tidal motion are the principal semi-diurnal
lunar and solar tides M 2 , S2 and the principal diurnal tides K1 and O1 . The four main
constituents are numbered with j=1, 2, 3, 4. Here, j=1 corresponds with M 2 , j=2 with S2 , j=3
with K1 and j=4 with O1 . All four constituents introduce a Kelvin wave, traveling into the
Persian Gulf with elevation:
 j  0 j e



f
y
C0

cos  k j ( x  C0t )   j 

(13)

Taking all four together we obtain as an approximate flow model the following Kelvin wave
expansion:
4
C 4
  Z 0   j , u   0  j , v  0
(14)
H 0 j 1
j 1
With respect to the surface elevation, it has been found that the success of the expansion
hinges on the introduction of Z0 as an innovation can be used for any region. It contains a
mean constant level taking the main effects of other sources into account. The mean surface
level Z0 , is determined using the following relation for the Persian Gulf after some case
studies.
4

Z0  0.15  oj

(15)

j 1

The value 0.15 is taken by considering seasonal streams. oj is the value of the main
constituents before normalizing them. In order to finalize the expansion, the coefficient oj
and  j need to be determined and this has been done point wise using the data provided by
the admiralty tables. These parameters have been calculated for all grid points and are
compared with the available data at four reference locations i.e. Kish and Siri islands and
Bandar abbas and Bushehr ports for verification.
The admiralty tables contain charts of co-amplitude and co-phase lines based on timeaveraged data. Using the charts, we have determined the amplitudes and phases of each of the
main constituents in the grid points of the coarse grid, 0.25   0.25  . As an example, table (2)
specifies oj and  j for a grid point close to Kish Island. In the next step, values of oj are
normalized according to some trial and error procedures and for final flow estimation, oj is
picked up from the normalized table (table 3). The coarse grid is much coarser than grids
used for computational reasons later on. These finer grids are in general obtained by
refinement of the coarse grid ( 3  2.5 ). In order to obtain oj and  j on the fine grid as well,
a simple bilinear interpolation is employed. For completeness of the procedure, it is necessary
to present values of oj and  j in some of the land points of the coarse grid and we have just
taken zero values for this aim. This implies that our procedure, very close to the boundaries is
not accurate. However, against the background of the more global character of the present
study, this was found acceptable.
Table 2 Specifying the phase and amplitude of main constituents
for the Kish Island
constituents
M2
S2
K1
O1
99.070
 j : ph. [deg] 35.300 69.700 145.310

0 j : amp. [m]

0.350

0.140

0.333

0.200
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Table 3 Normalizing the amplitudes and phases for the Kish Island
S2
K1
O1
Normalized constituents
M2
1.000
1.991
4.152
2.831
 j : ph.[deg]

0 j : amp.[m]

1.000

0.400

0.951

0.571

4 Wind speed data
Table (4) includes the data used in the analysis. This table contains information about wind
speed with the corresponding probability (measured 10 meters above the sea level). These
data were analyzed by using the two-parameter Weibull distribution which adequately fit the
data.
Table 4 Wind speed data
Wind velocity
probability
[m/sec]
0-4
33%
5-9
50%
10-14
15%
>15
2%

Weibull distribution is more appropriate for survival analysis, extreme value theory,
weather forecasting, reliability engineering and failure analysis. However, both terminologies
have been used in researches in this area, the method used by authors is more applicable for
particle tracking and spill analysis. Here, the Weibull probability density function (pdf) of a
random variable V, with parameters Ap and C p is used mathematically. In this case V is a
wind speed expressed in [m/sec]:

f (V ; Ap , C p )  (C p / Ap ).V / Ap 

C p 1



exp  V / Ap 

Cp

 ,V  0, A , C
p

p

0

(16)

Ap is a scaling parameter also in [m/sec] and C p is a dimensionless shape parameter. The
cumulative distribution function (cdf) [16] is obtained by:



p (V ; AP , C p )  1  exp  V / A p 

Cp



(17)

To estimate the parameters of Weibull, the least-squares approach is used. In order to obtain a
linear problem, an expression of the below form is minimized:



1  p  exp  V / Ap 

Cp

k

In other words, it is required to minimize


j 1



(18)
k

( ) 2  
j 1

n( A

C p
p

)  C p n V j  b j

 ,
2

where b j  n{ ln[1  p(V j )]} and K is the number of points we use to fit the curve.
Because the data is not a vector of observations of wind speed, but is intervals with
probabilities, the definition of Weibull distribution is used to estimate the parameters Ap and
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C p . In other words, from the data it is possible to perform a set of probabilities which gives

R1 as the vector of probabilities:
R1   p(0  V  4)


The



measured

data

R  0.33 0.50 0.15 0.02



p ( 4  V  9)

provides

p (9  V  14)

another

vector

p (V  14)


of

T

(19)

probabilities

called

T

.

The parameters Ap and C p has been determined such that the difference between vector R
2

and vector R1 is minimum. In other words, the function g ( Ap , C p )  R  R1 has been
minimized. Therefore, Ap and C p obtained as C p  1.7243 , A p  6.8005 . To check if these
T

parameters are good enough, the vector R1  0.33 0.54723 0.16660 0.02 is calculated




once again in table (5). As it can be seen, the difference between vector R and R1 is quite
small and is in order of magnitude around 10 2 . Therefore, Weibull probability density
1.7243
function can be determined by f  0.06325V 0.7243 exp  V / 6.8005
. The mean and
standard deviation are:



V  A p (1  (1 / C p ))  6.8005 (1.57995)  6.06

 2  Ap 2 (1  (2 / C p ))   2 (1  (1 / C p )) 13.0882



(20)
(21)

Therefore, Mean = 6.06 and Standard Deviation = 3.618 has been considered for the wind
distribution.

Table 5 Deviation between calculation and
actual wind data
items
R
R1
Dev.
(%)
1
0.33
0.33
0.0
2
0.50
0.54723
9.4
3
0.15
0.1666
11.1
4
0.02
0.02
0.0

Figures (2) and (3) show the Weibull probability density time series and wind velocity
distribution respectively to be used in oil spill model. By using Weibull distribution, the
prevailing wind over the whole domain is calculated 5.196 [m/sec] which is very close to
5.26 [m/sec] from documented data with 1.2% deviation. Table (4) is shown the local
deviation in some sample locations.
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Figure 2 Weibull probability density time series

Figure 3 Weibull probability density function

5 Preparing a data base to be used to modeling

In this work, some of the important short-term processes have been considered and a portal
has been provided to be used in a developed numerical model. Weathering data in the interval
of the accident were prepared and imposed to the hydrodynamic model to simulate the
trajectory and to determine oil slick surface and thickness. An analytical wind field has been
generated by Weibull distribution and calibrated by means of data from the European Center
for Medium–Range Weather Forecast (ECMWF) and data from Iranian synoptic stations with
fairly good conformity (table 6). To compare the wind data on whole grid, Cressman analysis
has been used as well. The wind velocity has been extended to the grid points considering the
curvature of the earth and the value of wind velocity has been calculated for the grid points as
follows:
Fg  

n

m


i 1 j 1

(Wi , j  Fo ) /

n

m

 W 
i, j

Wi , j  max 0, ( R 2  ri2,j ) /( R 2  ri2,j )



i 1 j 1

(22)

where ri , j is the distance between two points s (synoptic stations) and g (grid points), Fo is
the data in m selected stations, Fg is the value of data determining in n grid points, R is
influence radius and Wi , j is a weight function of the stations related to the grid points.
Table 6 Comparison of wind velocity by Cressman, analytical wind field and NOAA data
Cressman
Deviation
Analytical
Deviation
Item
Lat.
Lon.
analysis
(%)
wind field
(%)
1
28.00
51.00
1.350
8.6
1.79
17.8
2
27.50
51.00
1.362
20.8
1.72
0.0
3
27.00
50.00
1.336
15.4
1.38
14.5
4
27.00
52.00
1.167
31.0
2.12
19.8
5
26.50
51.00
1.371
20.3
1.56
10.2

In the near-field region of an oil spill, tidal currents can be of considerable importance. The
tides in the Persian Gulf are complex, consisting of a variety of tidal types. The tide raising
forces constituents are included of some principal constituents. For the sun-earth-moon
system, there are so many tide-raising-force constituents. A number of 15 are related to lunar,
7 to solar and the rest are related to long-period and shallow water. Among these constituents
such as diurnal, semi-diurnal, third-diurnal, fourth-diurnal, sixth-diurnal and long-term, four
main constituents have been selected as below:
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- Semi-diurnal M 2 for the moon and S 2 for the sun, periods of 12.42 [hr] and 12.00 [hr]
respectively
- Diurnal K 1 and O1 both for the moon, periods of 23.93 [hr] and 25.85 [hr] respectively
Mostly, other constituents have small amplitudes and often are not considerable. The
weight of other constituents is about 1.5-2 % and is ignored here. In this work, four main
constituents have been considered by using Admiralty method of tidal prediction NP 1591969.
6 Oil transportation and decay

The total volume of the spilled oil as the pollutant is divided into discrete parcels. It is
assumed that these parcels advect with the surrounding water body and diffuse as a result of
random processes. The parcels are under the influence of the regular movement of the media
with the velocity components ( u , v, w ) and turbulent fluctuations ( u , v, w ). Therefore the
coordinates X k , Y k and Z k of particles in x, y, z directions are determined by:
X k  X k0  u.t  W1   0 . 2 Dh .t

(23)

Yk  Yk0  W2  0 . 2 Dh .t

(24)

Z k  Z k0  wt  [W3 ] 01 2 Dv .t  5.04 ( .g . w )1/ 3 /  w2 / 3  .t

(25)

 2 1

 1
2

2

where the initial coordinates of the kth parcel are X k0 , Yk0 , Z k0 . Velocity components (u, v)
are determined by the dynamical field resulting Kelvin wave for each time interval. W1  01 ,
2

 1
 1
W2  0 and W3  0 are three independent random variables following reduced centered
Gaussian distribution (i.e. of average zero and variance 1). Dh and Dv are horizontal and
vertical dispersion coefficients. Vertical velocity w in the z direction has been determined
by a Logarithmic profile:
2

2

w( z )  U f . ln30(h  z ) / k n  ,U f   Vmean . /ln(30h / k n )  1 z  h

(26)

where z is the vertical co-ordinate measured from the sea surface and w(z) is the logarithmic
current profile.  is von Kármán's constant, kn is Nikuradse roughness factor and U f is
friction velocity. V mean is the mean current velocity determined based on Kelvin wave theory.
Velocity fluctuations can be calculated based on the random walk technique. The component
of the oil drop emergence wb  g.d k2 . /(18 w ) and the droplet size dk  9.52w2 / 3 /( g.w . )1/ 3 are
estimated by assuming the particle to be spherical and rigid and applying the force balance
between the buoyancy and drag forces [17]. Where g is the gravity,  o and  w are oil and
water density respectively and  is density difference.  w is the water dynamic viscosity.
In this study, surface oil slick has been calculated due to gravitational-inertial-viscous and
surface tension forces and also due to wind field [18] and surface oil slick due to shear
dispersion has been calculated by [19]:
dAk
 Ck1 . Ak 0.33 .(hk )1.33
dt

(27)
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where Ak represents the oil slick area and hk stands for the oil slick thickness. The constant
Ck1 has been selected as 150 for the Persian Gulf.
Therefore, spreading, advection and dispersion are considered as oil transportation
components and evaporation and emulsification as decay components. Dissolution has not
been considered according to its order of magnitude was determined according to the method
of Cohen [20]. The volume fraction of the oil evaporated is determined by a single
component theory relation [21]. Under the influence of the wave action, water droplets may
become entrained into the oil slick to form water-in-oil emulsions [22-23]. So, the volume
fraction of evaporation ( Fev ) and the rate of the oil slick emulsification ( Fem ) has been
determined by:
Fev  ( ev / C ).ln P0  ln(C.K E .t  1 / P0 



Fem  1  e  k AkB (1U wind 10 m )

2

t

/ k

(28)
(29)

B

where, ev is a correction coefficient, P0 is initial vapor pressure at temperature TE . C has
0.78
been calculated based on oil Index (API). k E is 0.0025U wind
10 m A. /( R.T .V0 ) and T is the
temperature of oil.  is molar volume, R is gas constant. Also, K A and K B is constants and t
is time. It is worth mentioning that sedimentation is not considered. In the surface layer and
water column, decay can be expressed as the following respectively [24]:
Decay   Fev  Fem

(30)

Decay  Fem

(31)

7 Results

The water dynamical field has been obtained by two different hydrodynamic models. A
portal containing wind velocity and direction, tidal main constituents, water surface level and
water surface velocity is performed. Table (6), compares the wind velocities calculated by an
analytical wind field and Cressman analysis with NOAA data at the spillage interval
displaying fairly good conformity. The minimum error is in the northern part of the Persian
Gulf showing 8.6 % and the maximum error is in the southern part of the Gulf. The
maximum error is due to the lack of data near Arabian countries. Hence, an analytical wind
field has been used not only because of the smaller amount of mean deviations on the whole
grids, but also because of the possibility of time series generation. Table (7), compares the
calculations and measurements of the main tidal constituents and water surface level using in
Kelvin wave theory in four different locations such as Kish and Siri islands and Bandar-abbas
and Bushehr ports. To verify the hydrodynamic model, calculations for water surface level
and surface layer currents near Kish Island have been compared to the measured data. The
computed water surface level and water surface velocity at Kish Island is compared with
measured values [25]. It shows that the results present a successful speed-up procedure.
Table 7 Comparison of tidal constituents for 4 locations in the Persian Gulf
M2
S2
K1
O1
Tidal constituents
Ph
Amp.
Ph.
Amp.
Ph.
Amp.
Ph.
Amp.
Max. Error %
15.2
14.1
21.1
27.5
19.8
18.4
20.7
23.4
Min. Error %
0.6
0.0
1.3
3.6
0.9
1.8
2.9
2.9

Z0
18.9
1.3
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Applying the dynamical field, a semi stochastic oil spill model is built then. The model
employs surface spreading, advection, evaporation and emulsification algorithms to
determine transport and fate at the surface. Dissolution, as one of the decay components is
ignored based on compared order of magnitude to other decay phenomena. Horizontal and
vertical dispersions are simulated by random walk procedures. In Figure (4), oil slick
thickness for time periods of 36 hours is compared with Chao et al.'s work. This result shows
less oil slick thickness, due to the emulsification effects which have been considered in this
work. In fact, in considering emulsification, oil disperses to water column sub layers close to
surface and does not consider in surface layer. Figure (5) shows oil slick distribution in Z
direction. It has been determined by a Logarithmic profile to show the effects of stochastic
phenomena on vertical dispersion. Random numbers have been inserted in three positions
such as diffusion, direction and diameter. Based on this distribution which is generated by
two different methods i.e. prevailing wind by MIKE software and Weibull probability
distribution using in Kelvin expansion, comparison of buoyancy effect is considered. Figure
(6) shows a comparison of buoyancy effect for oil vertical dispersion. The results which have
been provided using prevailing wind by Lonin [26] and Weibull distribution generated by this
work are compared. It can be seen that, without buoyancy effect, oil droplets due to their
mean diameters, have about 2-2.5 times more vertical dispersion in the water column.
Therefore, regarding the buoyancy effect, calculations show a vertical dispersion in the water
column 60% more than Lonin's prediction, while without buoyancy effect, the vertical
dispersion is about 30% more than Lonin's. This difference is due to the consideration of
evaporation and emulsification in this work. Lonin only used evaporation in his researches.
The presence of emulsification effect causes more vertical dispersion due to the effect of
heavy components.

Figure 4 Comparison of oil slick thickness

Using Weibull probability distribution to …

Figure 5 Comparison of oil slick distribution in Z
direction by Weibull distribution
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Figure 6 Comparison of Buoyancy effect on vertical
dispersion by Weibull distribution

Figures (7a) and (7b) show the comparison of oil slick trajectory with actual data for Habash
and Nowruz oil spill event with fair agreement [5]. Therefore, as a final result in using Kelvin
wave theory towards the speed up procedure, it is possible to determine a large number of
results for prediction and providing risk assessment studies. In this regards, Figures (8), (9)
show the time series of oil slick thickness during 1.5 days after release. They are prepared to
show the effects of oil volume released on sea surface and oil type respectively. More initial
released oil and heavier oil type (smaller API index) is caused more oil slick thickness which
is predictable.

Figure 7-a Comparison of oil slick trajectory with
actual data for Habash oil spill event

Figure 7-b Comparison of oil slick trajectory with
actual data for Nowruz oil
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Figure 8 Oil volume effect on oil slick thickness
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Figure 9 Density effect on oil slick thickness

8 Conclusion

An analytical wind field by using Weibull probability distribution is used to cover the lack of
wind field time series. It is revealed that the region is located in shallow water range. The
dynamical field estimated by a new hydrodynamic model. This model is developed to
generate the dynamical field for the Persian Gulf. The model is presented to illustrate how the
geostrophic approximation can be systematically exploited to produce a deterministic
dynamical framework adequate for the calculation of motions of large time and space scales.
Also it helps to study motions of oceanic relevance. This model shares the essential
dynamical character of the geophysical system. By means of the Kelvin wave theory, it has
been revealed in our previous studies that this new hydrodynamic calibration approach
presents better results in short-term compared with an alternative hydrodynamic model in the
Persian Gulf. This improvement is not only towards an estimation of the flow pattern in a
simple manner, but also shows a successful speed-up procedure. This promotion is used as an
application, to predict the trajectory of spilled oil, oil slick thickness and slick surface area
along its trajectory. Therefore, capability of using an analytical wind field time series would
be the main outcome. It facilitates the possibility of applying a simple and speedy method to
provide oil spill hazard contour maps.
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Nomenclature
: a scaling parameter
Ap

Ak

: oil slick area

C
Cp

: calculated based on oil Index
: a dimensionless shape parameter

C0

d0

: wave velocity
: droplet size

Db

: dissipated breaking wave energy per unit surface area

Dh

: horizontal dispersion coefficient

Dv

: vertical dispersion coefficient

d

:
:
:
:

Decay

f (V )
Fg

droplet size interval
Oil decay fraction
Weibull probability density function
determined wind data in grid points
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Fo

Fwc
Fev
Fdis
Fem
g
H0
hk
k1 , k 2 , k 3

P0
p (V )
Q

R
R1

S cov
S 2 , K1 M 2 ,O1
T

u
u
v
v
Uf

U wind 10m

V
Vmean
W1 , W2 , W3

Wi , j

w(z )
x
x
Xk
X k0

y
y
Yk
Yk0

Z0
Zk
Z k0

: in selected synoptic stations
: fraction of sea surface by breaking waves
:
:
:
:
:
:
:
:
:
:
:
:
:

volume fraction of evaporation
rate of the oil slick dissolution
rate of the oil slick emulsification
Gravity acceleration
Basin depth-averaged
oil slick thickness
constants
initial vapor pressure
cumulative Weibull probability distribution function of wind velocity
entrained mass of oil droplets
real vector of probabilities
calculated vector of probabilities
fraction of surface covered by oil

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:

tidal constituents
water temperature
determinant x-flow-velocity component
stochastic x-velocity component
determinant y- flow-velocity component
stochastic y-velocity component
friction velocity
Wind velocity 10 meters above the sea level
mean value of wind field
mean current velocity
normal random numbers
weight function
z-velocity component
x-direction coordinate
rotated x-direction coordinate
slick position in x dir.
initial slick position in x dir.
y-direction coordinate
rotated y-direction coordinate
slick position in y dir.
initial slick position in y direction
mean water level
slick position in z dir.
initial slick position in z dir.

Greek symbols

 ev

j

:
:
:

a correction coefficient
least-squares function
phase lag of main tidal constituents
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 (y)




j

w
w
o


2
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:
:
:
:
:

Gamma function
water surface fluctuations
complex wave amplitude
water surface fluctuations after normalizing
water surface fluctuations of main tidal constituents

:
:
:
:
:
:

von Kármán's constant
water viscosity
water density
oil density
standard deviation of wind field
variance of wind field
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ﭼﻜﻴﺪه
ﻣﻬﻤﺘﺮﻳﻦ ﻣﻨﺒﻊ آﻟﻮدﮔﻲ ﻫﺎي ﻧﻔﺘﻲ در ﺧﻠﻴﺞ ﻓﺎرس ﺑﻪ ﺣﻤﻞ و ﻧﻘﻞ ﻧﻔﺖ ﺗﻮﺳﻂ ﺗﺎﻧﻜﺮﻫﺎ و اﺳﺘﺨﺮاج ،ﺗﺨﻠﻴﻪ و
اﻧﺘﻘﺎل ﻧﻔﺖ ﺑﻪ وﺳﻴﻠﻪ ﭘﺎﻻﻳﺸﮕﺎه ﻫﺎي ﻓﻌﺎل در ﺑﻨﺎدر ﻣﺮﺑﻮط ﻣﻲ ﺑﺎﺷﺪ .ﻣﻴﺪان دﻳﻨﺎﻣﻴﻜﻲ آب ﺗﻮﺳﻂ ﻳﻚ ﻣﺪل
ﻫﻴﺪرودﻳﻨﺎﻣﻴﻜﻲ ﺟﺪﻳﺪ ﺑﺪﺳﺖ آﻣﺪه اﺳﺖ .اﺛﺮ ﻣﻴﺪان ﺑﺎد ﺑﻪ ﻋﻨﻮان ﻧﻴﺮوي راﻧﺶ اﺻﻠﻲ در اﻧﺘﻘﺎل و اﻧﺘﺸﺎر
آﻟﻮدﮔﻲ ﻫﺎي ﻧﻔﺘﻲ ﺑﺮاي ﺗﻌﻴﻴﻦ ﻧﺤﻮه ﺣﺮﻛﺖ ﻟﻜﻪ ﻧﻔﺖ ﺑﺮ روي ﺳﻄﺢ آب ﺑﺎ اﻳﻦ ﻣﺪل ﻫﻴﺪرودﻳﻨﺎﻣﻴﻜﻲ ﺗﻠﻔﻴﻖ
ﺷﺪه اﺳﺖ .ﺗﻮزﻳﻊ ﭼﮕﺎﻟﻲ اﺣﺘﻤﺎﻟﻲ وي ﺑﻮل ﺑﺮاي ﻛﺎﻟﻴﺒﺮاﺳﻴﻮن ﺑﺎد ﻏﺎﻟﺐ از ﻃﺮﻳﻖ داده ﻫﺎي اﻧﺪازه ﮔﻴﺮي ﺑﺪﺳﺖ
آﻣﺪه و ﺑﺎ ﺳﺎﻳﺮ داده ﻫﺎي ﻣﻴﺪاﻧﻲ ﻣﻘﺎﻳﺴﻪ و اﻧﻄﺒﺎق ﺧﻮﺑﻲ ﻣﻼﺣﻈﻪ ﺷﺪه اﺳﺖ .ﺑﺮاي ﻣﺪﻟﺴﺎزي ﭘﺪﻳﺪه ﺟﺎﺑﻪ
ﺟﺎﻳﻲ و ﻧﻔﻮذ در آﺑﻬﺎي ﺧﻠﻴﺞ ﻓﺎرس ﺑﻪ ﻋﻨﻮان آﺑﻬﺎي ﻛﻢ ﻋﻤﻖ از روش ﭘﻴﻤﺎﻳﺶ اﺗﻔﺎﻗﻲ اﺳﺘﻔﺎده ﺷﺪه اﺳﺖ.
ﻣﻘﺎﻳﺴﻪ ﻣﺴﻴﺮ واﻗﻌﻲ و ﻣﺤﺎﺳﺒﺎﺗﻲ ﺑﺮ اﺳﺎس ﻣﻴﺪان ﺑﺎد ﮔﻔﺘﻪ ﺷﺪه ﻗﺎﺑﻞ ﻗﺒﻮل ارزﻳﺎﺑﻲ ﮔﺮدﻳﺪه اﺳﺖ.

