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Abstract – During our research into how to determine the potential impact area of an oil spill event within the Chesapeake Bay area, we realized there is much more to oil and a spill than meets the eye.  In reviewing prior work, it is clear that oil type, volume, location of spill and environmental conditions are all significant factors in the spreading of oil over a body of water.  In addition to the variable factors listed above, researchers also use different types of models in their approach to estimating oil dispersion.  Oil weathering, deterministic/trajectory, stochastic, hind-cast, and 3-dimensional are types of models used by scientists in an attempt to evaluate and minimize the destruction caused by an oil spill (or chemical spill for that matter) event.  Each of these models requires a slightly different set of data depending on the location of the spill.  Several of these models have been used to create free or commercial spill analysis tools.  The intent of my project is to simulate an oil spill event using MPI/or CUDA programming to demonstrate that parallel processing can improve both the accuracy of the calculations and speed of processing the data set.

Index Terms— dispersion, impact, models, oil spill
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Introduction
A
s the BP Gulf Oil spill of 2010 enters its second month of existence, one can only wonder, “How does this happen? And what if something like that were to happen here in the Chesapeake?”  It may look like this:
[image: ]
Figure 1 - Cibro Savannah - Caught fire departing CITGO pier, Linden, NJ.
The Chesapeake Bay is the largest estuary in the United States and a waterway vital to the people in both Maryland and Virginia.  It supports the fishing and tourism industries of both states and an oil spill event could harm areas that have already been devastated by the effects of agriculture and man-made pollution to the Bay over the past 20-30 years. This paper details the potential impact of an oil spill event here in the national capital area.  

As stated in the Abstract above, there are many factors that come into play when attempting to determine the flow of oil after an instantaneous spill or continuous leak. Location, wind, current, air temperature, and water temperature are all variables that must be considered when building an oil spill model.  In addition, the properties of the oil type spilled play a significant factor as well.  Our model uses current data only in order to simplify the calculations and math involved for the authors.
Literature Review
In preparation for this paper, we have reviewed many sources for insight into the modeling of an oil spill.  Considering that oil appears in places all over the earth and is such an important ingredient in the functioning of the worlds factories and automobiles, papers have been written by authors in Sweden, Australia, Africa, Canada and the United States to name a few.  The authors themselves vary from Graduate student to University Professors to PhD’s working in the private sector and government organizations.
Just as there are many different people working on the problem, there seem to be as many different models considered when modeling the oil spill problem.  A major part of the problem when trying to lay down an approach to modeling the issue is that there are so many factors that affect an oil spill. The Trajectory Analysis Handbook provides an overview of the physical processes that affect oil movement and behavior. This analysis attempts to determine the fate (what happens) and transport(how it gets there) of the oil.  It must be stated that this analysis is a ‘best guess’. As a quick introduction, the guide outlines fate and transport as follows:
· Fate – What happens to the oil over time.
· Evaporation – conversion from liquid to gas.
· Emulsification – blending of water within the oil.
· Natural dispersion – the breakup of oil into droplets.
· Dissolution – oil mixing with the water.
· Biodegradation – breakdown of oil by microbes.
· Formation of tarballs – breakup of slicks of heavy and refined oils into small patches that persist over long distances.
· Sedimentation – adhesion of oil to solid particles in the water.
· Photo-oxidation – sunlight changes the chemical and physical properties of the oil.
· Transport – two major processes: spreading and advection.
· Oil spreading
· Oil thickness
· Winds
· effect oil weathering
· oil on the surface
· transport
· Beaufort wind speed scale
· drift
· Tide Patterns
· Seasonal
· Water depth
· Turbulent mixing
· Winds, current, heating, cooling
· Langmuir Circulation
· Wind-driven surface current  and waves.
· Tidal Convergences
· Freshwater-saltwater Interface

As you can see, the effects on oil in a marine environment are many.  Based on these many types of effects, there also many model types.  Again, as an introduction, the different models frequently used today are:

· Oil weathering – predicts the changes in oil characteristics that may occur over time. This process computes the reduction of the oil slick based on environmental factors.
· Deterministic or trajectory – predicts the route of an oil slick over time based on currents and weather.
· Stochastic – also known as probability models, show the probability of where an oil spill may impact at different times.  Historical wind records containing wind speed and direction are required data inputs.
· Hind-cast – also known as backtrack models, they reverse the trajectory modeling process. It is used to estimate where the spill originated when the source is unknown. 
· 3-dimensional – these models take into account the interaction of the oil attributes at different depths of the water.

These models are used in free and commercial software applications and mostly deal with spills on the water. Additional models also consider the factors associated with ‘blowouts’ in their analysis.  Fay (1971) developed a prediction equation for the spread of an oil slick on considering gravity, inertia, viscous and surface tension forces.  

A simplified estimate of the spread of oil on water can be made using the following equations[10]:	Comment by MK: This is the intial used equation 
Eq1: [image: ]
Eq2: [image: ]
Eq3: [image: ]

where: 
Amax    =          maximum area of spread (ft2)
rmax      =          maximum radius of a circular slick (ft)
t         =          time to reach maximum radius (minutes)
V        =          spill volume (gallons)
u        =          spreading coefficient (dynes/cm) 

This initial equation forms the basis of many models that have followed.  Other ‘on the surface’ models account for wind and currents instead of relying completely on the force of gravity and the underlying properties of the oil as it spreads and breaks down.  As the spill reaches its outer limit the effects of wind and current are most pronounced. 

Applied Science Associates, Inc. in South Kingston, RI has developed several applications in support of oil spill remediation.  A few are listed below:

· OILMAP – Oil Spill Model and Response System. Incorporates Trajectory, Weathering and Stochastic models.
[image: ]
Figure 2 - OILMAP application.

· SIMAP – Integrated Oil Spill Impact Model System.  Uses Stochastic and 3-D modeling.
[image: ]
Figure 3 - SIMAP application.
 (
Datastructure fields
previousX
previousY
windSpeed
currentSpeed
oilType
Sequential
for each gallonOfO
il in spill
    for each particle in gallonOfOil
process particle
-- here we must wait until a particle is processed before proceeding to next
-- this is an O(n
2
) operation
Parallel
foreach gallonOfOil in spill
processGallonOnGPU
-- here a gallon is sent to the GPU for processing. Each GPU handles its own set of gallons independent of other GPUs
)
Professor Poojitha Yapa of Clarkson University developed the CSOM (Clarkson Oil Spill Model) and has worked with NOAA on the current Deepwater Horizon spill within the Gulf of Mexico.  Dr Yapa’s model accounts for the ‘blowout’ scenario.
[image: ]
Figure 4 - COSM application.

NOAA has also created a free desktop application named GNOME for oil spill modeling. It uses current patterns specific to the spill area to determine the trajectory. 

The scientists within both of these organizations are leaders in their field and have consulted on oil spill incidents worldwide. 
Overview of the oil spill model algorithm and methodology
The model algorithm used for this project is based on the Deterministic/Trajectory model approach.  I chose this model due to the probability of currents having more of an effect on an oil spill event in the Chesapeake Bay than wind.  The model takes into consideration the oil type spilled, the current flow at the appropriate time of the year.  I intend to show an overall speed improvement in deriving the data from the input dataset from a single process scaled up to the full use of the cluster.  
Creating a model that uses a Markov Chain based on the Fay model that allows us to model the oil spill problem as a vast network of oil spill particles.  Each oil particle is independent of the others (for the most part) and its current state is only dependent on its previous state.  We intend to determine where a gallon of particles will end up in relation to where they started over a given set of time.  We feel that handling the spill in this manner enables us to feed many particles to the Node/GPU independently.  The gain from this approach outlined in the pseudo-code algorithm comparison below:
Methods – Hardware Architecture and Software tools 
Hardware
The following Hood College systems are used to build and exercise the simulation:
· Pluto – Intel Core Duo E4600, 2.4GHz, 8GB memory
· Design and development of the C/MPI code used to build the processes and model algorithm.
· MPI Cluster computers – Intel Pentium 4, 2.8GHz, 3GB memory.
· ht319-1
· ht319-2
· ht319-3
· ht319-4
· ht319-5
· ht319-6
· ht319-7
· ht319-8
Software
We use the applications GNOME and MARPLOT for comparison of our calculations and plotting of our spill. 
· General NOAA Oil Modeling Environment (GNOME)
[image: ]
Figure 5 - GNOME application.





· Mapping Application for Response, Planning and Local Operational Tasks (MARPLOT)

· NOAA Physical Oceanographic Real-Time System (PORTS)  - Baltimore

[image: ]
Figure 6 - PORTS application.
Results and discussion

Supplemental Information

A. Figures and Tables

[image: ] (
TABLE I
Oil categories and types
Oil Category
Oil Types Included
Crude Oils
Crude oil, crude, condensate
Heavy Oils
Heavy fuel oil, intermediate fuel oil, Bunker C, No. 6 fuel oil, No. 5 fuel oil, asphalt, wax
Light Oils
Diesel, mineral oil, motor oil, low-sulfur marine gas oil, lubricating oil, hydraulic oil, No. 2 fuel, home heating oil, bilge slops, waste oils, napthas, “chlorinated oil”, “other oil”*, “unknown”*
Gasoline
Various grades of gasoline
Jet Fuel
Kerosene
Non-petroleum oils
Biodiesel, animal fat, vegetable oil, volatile organic distillate
a
 “Other oil” and “unknown” are most likely light fuels. In cases in which the oil spilled is either not known or not accurately recorded in data, it is most likely to be a light oil since this is otherwise the largest and most common category.[9]
)
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