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ABSTRACT 
 

Oil tanker accidents are becoming more frequent worldwide as a result of more increasing traffic. Oil spill 
in seas causes serious problems to marine environment, especially when these accidents occur close to coastlines. 
The nuclear power plant situated near by are drawing water for condenser cooling which may be imparted 
depending upon the severity, location and geometry of the accident.  To minimize the impact of tanker accidents on 
marine environment and particularly warn the NPPs for necessary measures might be taken if oil slick movement 
could be predicted in advance. Oil spill trajectory and fate models have been developed since the early 1960’s to 
simulate oil movement on the water surface in order to take immediate action and some necessary measures after 
such accidents. An oil spill occurred off Goa, west coast of India, on 23 March 2005 due to collision of 2 vessels 
even before Mumbai oil spill 2010. One more oil spill has been reported in the coastal waters off Goa due to 
grounding of a vessel and “Sea Transporter” off Aguada on 5 June 1994 (1025 tones of diesel). 

Along with oceanic, bathymetry and weathering processes, gravitational, viscous and surface tension 
decide the spread of oil spill. Most of the numerical model reported so far are based on simple analytical simulation 
Numerical modeling based on reduced physical phenomenon, with reduced dimension, applying particle dispersion 
model used in atmospheric dispersion for oil spill and much widely used shallow wave propagation model. Some of 
these simple models by Fays have been used to find out the oil movement. A simple correction is suggested by RSD 
to improvise these calculations. However none of these models can truly incorporate the multiphase effects along 
with effect of surface tension, wind along with free surface modeling etc. A complex three dimensional oil spill 
model development has been initiated for the Trombay site using a commercial CFD package. The model is based 
on the 3-D VOF based NS equation. Horizontal and vertical turbulent diffusion are taken into account using k-ε 
model in CFD simulation. The model simulates the most significant processes which affect the motion of oil, such 
as advection, surface spreading, and turbulent diffusion, the interaction of the oil with the shoreline, oil viscosity, 
density and surface tension. Evaporation process and shoreline deposition have been neglected as the modeling 
gives emphasis on short terms assessment of oil spill near to Trombay jetty. 
 
INTRODUCTION 
 

Over the past three decades simplified empirical formulae contributed greatly in a rapid evaluation of the 
oil slick spreading and drifting. Modern oil spill models can utilise more accurate and physically relevant 
mathematical formulations. The current state of art Multiphase Oil Spill Model is an attempt to take advantage of 
recent developments in areas of Computational Fluid Dynamics (CFD) and Environmental Modeling. A consistent 
Eulerian approach is applied across the model, the slick thickness is computed using layer-averaged Navier–Stokes 
equations, and the advection–diffusion equation is employed to simulate oil dynamics in the water column [1]. 
However based on a reasonable literature authors have not come across any Volume of Fluid based studies on oil 
spill although theoretical framework available commercially in last decade authors have tried to use VOF based oil 
spill simulation which are an improvement over the current methods. However the further theoretical requirements 
is three phase (oil, water and air) along with free surface modeling is not appear to be either developed or available 
for use now or in near future. The paper presents the numerical results obtained by CFD-ACE for a 3D oil spill 
simulation. The free surface modeling capabilities of CFD-ACE was used. The high Re number k-ε turbulence 
model was used for modeling turbulence. Spread of the oil over water surface after oil spill from an oil carrying ship 
was predicted using this analysis. Before explaining the oil spill simulation the CFD free surface modeling is 
discussed. The mixture model solves the continuity, momentum equation for the mixture and volume fraction 
equation for phases as well as algebraic equations for relative velocities. Standard governing equations in the 
mixture model and the mixture turbulence model describe the flow and account for the effects of turbulence. A 
single momentum equation is solved throughout the domain, and the resulting velocity field is shared among the 
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phases. The momentum equation, shown below, is dependent on the volume fractions of all phases through the 
properties ρ and μ. 
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Free surface modeling methods for the simulation of the free surface and the computational fluid interface 
are classified into two groups [2], namely - surface methods (surface fitting) and volume methods (surface 
capturing). With surface fitting methods only two phases are calculated. The phases are represented by marking with 
special marker points as shown in Fig 1 or by attaching it to a mesh surface which is forced to move with the 
interface. A detailed description of the implementation of these methods is given in [3]. With surface capturing 
methods the free surface is marked by either massless particles (Marker and Cell MAC) [4] or an indicator function 
VOF. In this investigation the VOF method is applied for the simulation of the free surface. The VOF method 
introduces a scalar indicator function between zero and one as shown in Fig. 2. Partial filling is characterized by 
intermediate values [5]. Some interesting application of free surface methods and other details are available in [6]. 
CFD-ACE solves a free-surface flow problem using the VOF methodology. According to this, the interface between 
the heavy and light fluid is ‘captured’ at successive time steps and is represented by the distribution of a passive 
scalar αl. The latter is defined as the ratio of heavy fluid volume over the total fluid volume in a computational cell. 
For incompressible flow, it is also assumed that the densities of the heavy and light fluids do not change. αl is 
obtained from the following transport equation 
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In order to maintain the flow interface sharpness the above equation is solved using a higher-order 
compressive scheme, the Compressive Interface Capturing Scheme for Arbitrary Meshes (CICSAM). The physical 
properties of the mixture (density ρ, laminar viscosity µ) are expressed as functions of the phase properties as 
follows 

lllg αραρρ +−= )1(                                                          (3) 

lllg αμαμμ +−= )1(                                                          (4) 

 

  
Fig. 1: Representation in MAC method for free surface Fig. 2: Representation in VOF method for free surface 

 
 
SIMPLIFIED CALCULATIONS FOR MUMBAI OIL SPILL 

The distance from ship accident oil spill to Trombay jetty is assumed to be 10 Km which has been derived 
from News reports and Google earth images as shown in Fig 3. The movement of the oil on water is estimated by 
Fays suggestion (stagnated water) but for gravity wave induced initial spill region, modified fays suggestion which 
takes care of effect of wind (but no effect of sea current) , RSD's correction of sea current on Modified Fay's 
approach and an empirical oil movement velocity approach. The oil movements predicted by all the simplified 
approaches are summarized in Fig 4. The 10 Km distance is typically depicting the Trombay jetty from the oil spill 
location. The gravity wave induced oil movement is only applicable for initial oil spill phase so assumption of using 
the same for the long duration is showing much faster oil movement. The traditional modified fays approach is 
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showing much slower oil movement. Some earlier studies have shown oil slick advected with underlying surface 
current plus 3% of wind speed (~10% deflection to right). The authors have modified the fays equation by adding 
the sea current movement (0.15 m/s in present case) by assuming that the 50% contribution goes towards the upwind 
oil spread. This 50% value is at the moment has come out from a representative 2D CFD oil spill simulation, 
however more parametric studies are underway to find out the upwind contribution in oil spill to wind and sea 
current. The movement predicted by this modification was close to the one reported empirical oil spill movement 
results [7]. 
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Fig. 3: The schematic of the Trombay oil spill Fig. 4 The results from simplified calculations of the 
Trombay oil spill 

 
3D SIMULATION OF OIL SPILL IN TROMBAY FOR A HYPOTHETICAL WORST CASE HIGH WIND 
AND SEA CURRENT SCENARIO 
 

The objective of this study was to assess the use of VOF based approach in 3D and also to have a quick 
assessment of time for oil to reach to a specified place in a very conservative manner i.e. relatively possible high 
wind in the Trombay region (5 m/s) and a unity wind drift factored was modeled as a moving wall boundary 
condition at the top. The basis of taking a high wind drift factor is the earlier observation by [8] which observer from 
data of Nov 2002 prestige oil tanker 77,000 tones heavy oil spill in Spain that the wind was the most important 
mechanism controlling the oil dispersion; it accounted for more than 95% of the drift speed and direction. Another 
such study on Goa 2005 oil spill by [9] concluded that the maximum flow was due to winds rather than currents (in 
low sea current values). In absence of initial reliable measurement of sea current values a current of 2 m/s was 
assumed and modeled as a constant inlet normal. Total domain simulated is 22.5 Km X 15.5 Km X 100 m encircled 
by the yellow lines in Fig. 3. The yellow arrows show the outlet plane. The white region at bottom depicts the 
tentative location of the ship where oil spill from the ship initiated and top white portion depicts the monitoriing 
location of trombay jetty near to plant. In first simulation a typical oil release 500 tons in 2 days was simulated as a 
constant mass flow boundary condition. Approximately 10 lakhs grid points were used to solve the present 
simulation with a time step of 10 sec on a single Xeon 2.3 GHz based windows based PC.  A problem time of 2 
hours it took about 100 hrs of computation time. Fig. 5 depicts the volume fraction of oil and show the spread of oil 
in the affected region. The Fig. 6 shows a receptor location which is about 10 Km away from the accident and shows 
the VOF solution based fractions. This Fig. tells when oil reaches first to this location. Assuming a liner assumption 
for this distance of 10 km the present calculations depicts and average velocity of 2.8 m/sec which seems to be 
reasonable for the a sea currents of  2.5 m/s with a 5 m/s helping wind in the same direction. 

 
3D SIMULATION OF OIL SPILL IN TROMBAY FOR A REALISTIC LOW SEA CURRENT AND WIND 
VELOCITY WITH A REALISTIC WIND DRIFT FACTOR 
 

The objective of this study was to assess the use of VOF based approach in 3D in low sea current and with 
realistic wind drift values as a common benchmark problem. The concern is the convergence in upwind scheme for 
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very low velocity value with VOF simulation. Commonly prevailing average wind in the Trombay region which 
assume a wind velocity of 2 m/s and a wind drift factor of 0.03 as suggested by EAD, BARC, wind drift factor was 
modeled as a moving wall boundary condition at the top moving with a velocity of 0.06 m/s. Based on experimental 
observations sea current values 0.15 m/s was assumed and modeled as a constant inlet.  Domain 19.37 Km X 10.90 
Km X 0.001 Km divided in 1664040 unstructured tetrahedral cells 40 cells in vertical direction shown in Fig. 7. The 
outlet plane is same as that of previous simulation. The number of grid sizes were reduced as the expected run time 
is in month. In second simulation a typical oil release 500 tons in 2 days was simulated as a constant mass flow 
boundary condition. A time step of 200 sec was used on a single Xeon 2.3 GHz based windows based PC.  For a 
problem time of 20 hours it took about 400 hrs of computation time. The typical oil spread is shown in Figs. 7-8. 
The slow wind and sea current simulation have shown less oil spread rate and even after 20 hours the receptor at 10 
Km has not seen any oil. Unfortunately after this the solutions diverge probably due to coarse grid and high time 
step. On a sequential version of the CFD code presently partial success has been achieved as with more number of 
grid and with smaller time step it would not be possible to run a transient in 5-6 months duration. However efforts 
are underway to found out a strategy in long terms to resolve this problem. 
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Fig. 5: Volume fraction at 1000 sec Fig. 6: Volume fraction with time at receptor location 

  
Fig. 7: Contour of oil volume fraction at 4 hr 2nd Scenario Fig. 8: : Contour of oil volume fraction at 16 hr 2nd 

Scenario 
 

CONCLUSION 
 

Initial assessment of Mumbai spill in Trombay has been carried out. A simplified set of calculations were 
used to get a quick estimate of oil travel time for a specified duration based on literature and some in-house 
corrections were also suggested. 3D volumes of fluid based calculation were carried out. The long terms objective of 
these kind of calculations are to devise a) in-house correlation of oil spread b) Simple validation studies c) Develop 
the wind drift factor for oil spill by use of CFD calculation. The 3D high wind and high sea fine grid current 
simulation was successful in predicting the time to reach Trombay jetty and associated oil spread However the slow 
wind and slow sea current based simulation has yielded results up to 20 hours and simulation could not be advanced 
further due to convergence issues.  
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