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Chapter 1 : General Introduction
Introduction:
World dependence on oil as the major form of energy production has driven industries to develop new
technologies to locate and extract hydrocarbons from the offshore environment. One of the major centers
of hydrocarbon exploration is the Gulf of Mexico, where offshore oil platforms have been extracting oil
since 1936 (Bureau of Ocean Energy Management 2013). Historically, our dependence on oil has
increased since the very first oil extraction in the late 19th century. From the time of the first offshore oil
well in 1936, the number of wells and platforms has increased dramatically to about 57,000 as of July
2013 (Bureau of Ocean Energy Management 2013). 1 Not only has the number of wells and platforms
increased, but the spatial extent that oil can feasibly be extracted has also increased. Semisubmersible
offshore oil platforms can now drill to depths of 35,000 feet in water depth greater than two miles. The
push for deeper oil reservoirs in greater depths of water has increased the potential of uncontrolled release
events (Peterson 2012).
The United States has experienced two significant oil spill disasters, the 1989 Exxon Valdez oil spill in
Prince William Sound, Alaska and the 2010 British Petroleum (BP) Deepwater Horizon disaster in the
northern Gulf of Mexico. During the 1989 Exxon Valdez spill, an oil tanker ran aground on the Bligh
Reef in Prince William Sound (Skinner and Reilly 1989). About 11 million gallons of oil was spilled and
the effects of that spill can still be seen today (EVOSTC 2009). Although the Exxon Valdez spill and the
spill had significant environmental and economic effects on the areas surrounding the spill, the BP
Deepwater Horizon oil spill is of particular interest as it was unprecedented both in its depth and flow
rate. On April 20th, 2010 the Deepwater Horizon semisubmersible drilling platform experienced a
catastrophic failure at the well head. Because of the ultra-deepwater nature of the well (greater than 5000
feet of water depth), the release event lasted for nearly three months. The failure led to the deaths of
eleven workers and the eventual loss of about 4.5 million barrels of oil (Graham et al. 2011). The
Deepwater Horizon oil spill identified gaps in our knowledge concerning the risks and impacts associated
with ultra-deepwater hydrocarbon exploration and production.
Deepwater and ultra-deepwater drilling is characterized by drilling in water depths between 500-5000 feet
and 5000+ feet respectively. But exploration into these waters is incredibly expensive. The daily
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This includes both active and inactive wells.
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operating and maintenance cost for deepwater oil rigs fluctuates between $250,000 per day and $350,000
per day depending on the type of platform. The price for operating ultra-deepwater rigs is closer to
$500,000 per day (Rigzone 2013). But, as oil prices continue to increase, the economic feasibility of
exploration in the deepwater and ultra-deepwater offshore environment increases. More companies are
exploring areas that are greater than 1000 feet and some greater than 7,000 feet. Currently there are about
600 wells operating in water depths greater than 500 feet in the Gulf of Mexico (BOEM, 2013) with more
planned for the future.
Recent natural and anthropogenic uncontrolled releases of hydrocarbons from events such as Hurricane
Rita, Hurricane Katrina and the BP Deepwater Horizon oil spill have identified gaps in our ability to
accurately predict the potential vulnerability and impacts associated with offshore hydrocarbon
exploration and production. As new technologies in industry advance, a push to move further from shore
and drill deeper into offshore hydrocarbon reservoirs is becoming apparent. The Department of Energy
(DOE) has a central role in oil and gas research in the United States. With the occurrence of both
anthropogenic and naturally occurring uncontrolled release events within the past decade, the DOE has
initiated the Gulf of Mexico Impact and Assessment Model (GOMIAM) for offshore hydrocarbon
exploration in the Gulf of Mexico. To better understand potential future uncontrolled release events, a
system-wide assessment capable of analyzing such events is needed to provide baseline information on
the movement of oil and vulnerabilities and impacts that could follow. The GOMIAM is focused on
creating a scientific base for quantifying potential risks and impacts associated with deepwater and ultradeepwater exploration and production. A major part of the GOMIAM project is the Blowout and Spill
Occurrence Model (BLOSOM) created to simulate uncontrolled hydrocarbon release events. BLOSOM,
still in its infancy, will be tested to evaluate whether it can be leveraged for use in vulnerability analysis
and impact assessment.
As part of the DOE’s GOMIAM, this research begins to characterize simulated oil spills and develop
methods to assess the potential risks and impacts associated with deep and ultra-deepwater hydrocarbon
production in the Gulf of Mexico. A first step will be to identify the major locations of coastal
vulnerability and establish the degree in which those locations are vulnerable. If vulnerable areas are
established prior to a spill event, responders and policy makers can use that information to optimally
deploy the finite resources used in spill cleanup and remediation mitigation.
This thesis will present research exploring the vulnerabilities and impacts from oil spills in the Gulf of
Mexico. Chapter 2 will focus on assessing vulnerability and present a methodology and framework for
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vulnerability determination. Chapter 3 will present a methodology and framework for assessing impacts,
both qualitative and quantitative. Both chapters will use previous Department of Energy research
including BLOSOM and cumulative economic value estimations. By further understanding the potential
vulnerabilities and impacts from simulated oil spills, we can better understand the system as a whole and
be as prepared as possible for potential future oil spill disasters in the Gulf of Mexico.
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Chapter 2 : Oil Spill Vulnerability Analysis using Modeled Oil Spill
Simulations
Introduction:
Oil in the Gulf of Mexico (GOM) has become an integral part of United States energy in terms of
resources and infrastructure. The GOM provides 54% of all petroleum used in the United States (National
Ocean Service 2011). Because of oils exceptional importance in the US economy, it is no surprise that oil
exploration in the GOM has been increasing. As technologies advance and oil prices continue to rise, it is
economically feasible to push oil exploration further from shore and deeper in the water column. The
deep water (DW) and ultra-deep waters (UDW) of the GOM provide the next frontier in oil exploration.
But, as with any new frontier the known risks of exploration are minimal at best. According to the
Environmental Protection Agency’ (EPA) spill incident database, there has been a noticeable and steady
increase in the number of spills in the GOM since 1978 (Appendix A5). By alleviating the uncertainty and
characterizing risk surrounding oil exploration in the DW and UDW of the GOM, we can better
understand the in-situ system and be better prepared for potential disasters.
During the summer of 2010, the British Petroleum (BP) Deepwater Horizon semi-submersible oil
platform experienced a catastrophic failure at the well head. The spill was extensive and lasted for a
period of three months. The failure of the well led to the deaths of eleven workers and the dispersal of
nearly 4.9 million barrels of oil (Graham et al. 2011). At the height of the spill around 88,500 square
miles of federal waters were closed to fishing. In a news report in July of 2013, BP stated that it has
already paid out $25 billion in claims, settlement, and cleanup and remediation. That number does not
include the nearly $4.5 billion that BP is expected to pay in fines (Jacobson 2013). A complete catalog of
the damages caused by the spill is currently under review but the current damages make the Deepwater
Horizon one of the most expensive environmental disasters.
In a report to the President following the spill, an independent panel of experts noted that “regulators
failed to keep pace with the industrial expansion and new technology…the result was a serious shortfall in
supervision of offshore drilling” (Graham et al. 2011). An illustration of the lack of understanding came
from the flow rate estimates of the well. During the first days of the spill, the flow rate was estimated at
5,000 barrels per day. The final and most precise estimate of flow rate was recorded on July 12 at 53,000
barrels a day, an order of magnitude larger than the original estimates (McNutt, Camilli, Guthrie, et al.
2011). Additionally, the lack of knowledge following the Deepwater Horizon oil spill also resulted in the
failure of the United States government to accurately assign resources for the containment of the oil spill
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(Smith Jr, Smith, and Ashcroft 2010). There are methods, however, that can increase our understanding of
uncontrolled release events, particularly when estimating the likely landfall locations. Spatial
vulnerability assessments (SVA’s) offer useful insight to when, where, and the magnitude of the resulting
vulnerability. A SVA has been used in a number of contexts for a variety of conditions (Olita et al. 2012;
Carlon et al. 2008; Ahmad and Simonovic 2012) and an application in the GOM seems appropriate for the
purposes of this study. With an increase in DW and UDW hydrocarbon activities taking place, it is
imperative to understand the fate and transport of oil to accurately assess risk. Often included in risk
assessments is an understanding of the vulnerability of an area. By simulating oil spills at different
locations in space and time, a better understanding of the vulnerability associated with drilling can be
determined and this information can be used to inform future risk assessments for this region.

Objectives:
A SVA will be created and applied to the GOM to increase our understanding of the potential risks
associated with hydrocarbon exploration. The Blowout Spill and Occurrence Model (BLOSOM) will be
used for the simulation of DW and UDW hydrocarbon release events (Sim, 2013). Simulated oil plumes
will be tracked through time and space to gather insight on when and where oil is likely to make landfall.
The purpose of this study is: 1) To test the feasibility of BLOSOM for use in oil spill impact analysis with
an analysis of oil spill behavior through time and space, 2) to identify and gather spatial data layers for
use in vulnerability and risk assessment in the GOM, 3) create a methodology/framework for a SVA, and
4) an application of the SVA using simulated oil spills and Geographic Information System (GIS)
analysis to identify vulnerable following a simulated spill. By simulating oil spills we can enhance our
understanding of the behavior of potential future oil spills in the GOM.

Literature Review:
Past vulnerability and risk assessments offer unique insight to methodologies that can be leveraged for an
overall better understanding of potential negative effects following extreme events. The term risk
generally reflects the relation between the seriousness of undesirable incidents (consequences) and the
probability of occurrence (Zhang, Vouzis, and Sahinidis 2011). Vulnerability can be defined as
susceptibility to damage (Matisziw and Grubesic 2013). A spatial assessment of risk and vulnerability
incorporate the general definitions of each and give them a geographical context so that actual areas on
the ground can be classified as vulnerable or risky. With the increased recognition in the relevance of the
spatial aspects of these assessments, an increase in research in this area has occurred following the oil
spills of the Exxon Valdez, Hebei Spirit, Prestige, and the most recent, the BP Deepwater Horizon
(French-McCay et al. 2009; Jensen et al. 1990; Cheong 2012; Garza-Gil, Prada-Blanco, and Vázquez-
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Rodríguez 2006). Within the risk assessment field, a number of GIS methodologies have been presented
(Price et al. 2004; Fattal et al. 2010; Carlon et al. 2008). While there has been some work done in the
GOM on oil spill risk assessments (Price et al. 2003), it does not consider or incorporate the amplification
of risk caused by potential interactions with the complex, interconnected environmental, cultural and
economic systems that vulnerability analyses do. By taking methods from previous risk assessments and
applying that to vulnerability analyses, a more fully functional understanding of the system can be
achieved, allowing for more meaningful and accurate evaluations of potential hazardous events.
A vulnerability assessment requires balancing scientific findings with input from stakeholders that have
different values and objectives (Linkov et al. 2006). It is crucial that information about the stakeholders
involved is collected and used to accurately characterize vulnerability for a given area. In the “hazards of
place” model of vulnerability, Cutter (1996) includes risk as well as geographic context, biophysical
vulnerability, social fabric, hazard potential, and social vulnerability.

It is important to note that

vulnerability can be reduced by things such as policy changes and various infrastructure improvements.
For example, hurricanes are something that we cannot control through policy or infrastructure. Physical
processes on earth drive the formation of hurricanes. What we can control is the level of vulnerability a
certain area has to hurricanes by improving infrastructure, like levees, or policy changes such that people
cannot live in flood plains. Both the infrastructure improvements and policy changes will affect how
vulnerable a certain area is to hurricanes, or any disaster for that matter.
Risk assessments have not been limited to oil spill scenarios. Carlon et al. (2008) proposed a spatial risk
assessment methodology to support the remediation of contaminated lands using a four part process to
characterize risk. Hazard assessment, exposure assessment, toxicity assessment, and risk characterization
were included. The hazard assessment identified various risk pathways, the exposure assessment
identified which areas are likely to be exposed, the toxicity assessment compared toxic levels in the
environment to toxic threshold levels of the at risk areas, and finally the risk characterization used that
information to identify and characterize risk. Other risk assessment analyses have been performed for
environmental hazards such as floods and hurricanes and incorporate economic, social, and ecological
information (Ahmad and Simonovic 2012). (Cutter, Mitchell, and Scott 2000) assessed the vulnerability
of Georgetown County, South Carolina to a number of environmental hazards. The study examined the
spatial distribution of key data sets used in the estimation of vulnerability, including measures of
economics, demographics, and the environment.
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Whether the risk assessment is performed for floods, hurricanes, or contaminated lands, each one takes
care in incorporating data sets that represent resources with the potential to be affected by the hazard. To
date, risk assessment studies for oil spills have taken a number of different routes when considering how
to collect and use data relevant to the study area. Fattal et al (2010) uses two distinct categories,
environmental vulnerability (biologic, marine weather, coastal morphology, and exposure) and socioeconomic vulnerability (heritage site, human activities, infrastructure, and oil spill management), to
develop a risk index for coastal oil spill pollution. Kankara and Subramanian (2007) used two categories
of spatial data in their risk assessment, ecological and infrastructure, and (Wirtz and Liu 2006)
incorporated the economy and ecology of the study area into oil spill simulations. Data specific to oil spill
risk assessment have in some cases been divided into three categories including human, environmental,
and infrastructural components for analysis (Tena-Chollet et al. 2013).
Many approaches have been taken that incorporate spatial information about the environment into risk
assessments for oil spills. One of the pioneering approaches to shoreline risk classification was performed
by (Gundlach and Hayes 1978). Shorelines were classified based on the exposure to hydrodynamic
processes and substrate type. A classification scheme based on the characteristics of the shoreline was
developed and has since been adopted as the Environmental Sensitivity Index (ESI). Jensen et al. (1990,
1993) carried out ESI mapping for oil spills in a Florida bay using remote sensing techniques. In fact, a
number of studies have taken a similar approach to oil spill risk assessment by classifying ESI shoreline
zones (Adler and Inbar 2007; Wieczorek, Dias-Brito, and Milanelli 2007).
There has also been success in incorporating oil spill simulations into risk assessment. One of the most
well-known and well developed risk assessment models is the Oil Spill Risk Analysis (OSRA) created by
the United States Geological Survey (USGS) (Smith et al. 1982). Using historic wind and ocean currents,
the model works by simulating multiple spills at a number of locations across a given study area. Each
run uses Monte Carlo techniques and statistical modeling to simulate currents and winds for a given time
period. The model then analyzes spill trajectories to build probabilities of oil occurring for specific spatial
locations within a given time period. Simulation techniques have also been used to delineate risk zones in
Thailand (Singkran 2013). By dividing the coast into sections the risk assessment can be more specific to
that area. Kankara and Subramanian (2007) performed an oil spill risk assessment for the Gulf of
Kachchh, India with a heavy emphasis on oil spill simulations. Risks were analyzed by following the
track of a simulated oil spill, its thickness, the area that the hazardous material covered, and the time it
took for the slick to intersect with sensitive coastal environments. The extent of the spill was overlain
with the data layers representing the sensitive environments. The researchers then summed the number of
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activities effected by a given oil spill scenario. Each model spill scenario provided a qualitative estimate
of the number of environmentally sensitive areas affected by the scenario.
GIS has become a widely used tool for data analysis with respect to risk and vulnerability. Matisziw and
Grubesic (2011) offer a unique perspective on how geographical information is needed to better define
and understand the outcomes of extreme events through vulnerability analysis. The authors report on the
importance of incorporating the interconnected geographical information about a system to better
represent the spatial dimensions of vulnerability while incorporating the complex nature of independent
systems and infrastructure. In an effort to do so many studies have begun using geographical information
and analysis for more informative vulnerability and risk assessments. In a recent risk assessment on the
transportation of hydrocarbons, Tena-Chollet et al. (2013) incorporate spatial data into a risk analysis grid
using GIS. After the collection of relevant spatial data (human, environmental, and infrastructural), the
grid was overlaid via the GIS to divide the environment into sections. A territory assessment followed the
overlay by aggregating and associating the properties of each object to its spatially associated grid. Fattal
et al. (2010) use GIS to divide the Coast of Noirmoutier Island into discrete zones of sensitivity. Each
zone is evaluated for environmental and socioeconomic vulnerability to oiling based on a priori
knowledge of the system. Fattal et al. provide an excellent framework for assessing vulnerability but use a
spatial resolution that seems far too coarse for this type of assessment and only consider the threat of
surface spills.
Many methodologies have been proposed in the spatial risk assessment field. In all of the reviewed
studies, the researchers take great care in incorporating the spatial data necessary to accurately assess risk
for the disturbance in question. Creating a grid, either raster based or vector based, is been used in a
number of studies to provide the researchers with aggregated spatial data on which to perform an analysis
(Depellegrin and Blažauskas 2012; Kankara and Subramanian 2007). Another important component to oil
spill risk assessment is an accurate simulation of an oil spill. A number of spill simulations have been
created (Price et al. 2003; French-McCay and Payne 2001), this study uses the Blowout and Spill
Occurrence Model (BLOSOM), which is a spatially and temporally explicit oil spill simulation designed
for DW and UDW simulations (Sim 2013).
To date, a vulnerability analysis using the culmination of spatial data sets and current methodologies for
evaluation has yet to be done in the GOM. In addition, BLOSOM offers a new perspective on oil spill
blowout simulations. The incorporation of simulated oil spills with potential environmental receptors has
proven to be successful in a number of studies. By adding the spatial aspects of the anthropogenic and
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natural environment to identify vulnerability, higher accuracy risk assessments can follow that will be of
benefit to responders and policy makers.

Methods:
Study Area:
The Gulf of Mexico is an elliptical basin located in between Florida and Texas in the southern US. It has
roughly 1,631 miles of ocean shoreline covering a surface area of 600,000 square miles (Lugo-Fernández
et al. 2001; U.S. Environmental Protection Agency 2012). The coastal zone of the GOM is host to a wide
range of activities, such as human settlement, industries, ports, harbors, navigation, fishing and tourism
and features a number of coastal habitats, including salt and freshwater wetlands, mangroves, coral reefs,
beaches, tidal flats, and salt marshes (National Ocean Service 2011).

Figure 2.1: Gulf of Mexico study area showing the various blowout locations (red dots). In addition, the contours represent the
boundary for DW (green) and UDW (red) well depths.
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Data and preparation:
Data was collected from a wide range of sources and managed using Esri’s ArcGIS 10.2 GIS platform.
All batch processing on the BLOSOM outputs was performed with the WingWare 4.1 integrated
development environment using Python 2.7 and the ArcPy library. A list of the data sources and there
locations can be found in Appendix A1.

Blowout and Spill Occurrence Model (BLOSOM):
BLOSOM is an integrated simulation program written in the Java programming language (Sim 2013). It
has been designed to simulate offshore oil spills resulting from DW and UDW well blowouts. BLOSOM
has been constructed to incorporate a number of sub models including, the Jet/Plume model, Transport
model, conversion model, weathering model, crude oil model, gas/hydrates model, and finally the
incorporation of a hydrodynamic handler. These sub models come together as a comprehensive blowout
model that can be utilized in risk assessment and response planning (Sim 2013). BLOSOM is also flexible
enough to allow for the adjustment of a number of the input parameters. A list of the parameters, settings,
and overview of the BLOSOM model can be found in Appendix A2 and A3.

Risk Analysis Grid:
For the purposes of data integration and aggregation, a vector grid spanning the entirety of the GOM
shoreline was created (Appendix A7). The grid was extended out to sea by 5 km and extended inland 25
km for a total width of 30 km. At a width of 30 km, the barrier islands could be incorporated in the risk
assessment as well as the bays that sit further inland. With the total GOM coastline near 16,000 miles
(U.S. Environmental Protection Agency 2012) , a cell size of 2 km x 2 km was selected for the purposes
of spatial resolution and processing speed. In addition, the grid was created in vector format. 2 One of the
benefits of using a vector grid is that multiple attributes can be associated with only one grid cell allowing
for easy visualization and analysis. A vector grid can also contain multiple spatial resolutions which can
be extremely beneficial in illustrating data uncertainty (Bauer and Rose 2014). This is in contrast to raster
grid data formats in which each cell can only be associated with one value and the entire raster can only
be at one spatial resolution.
Economic data was collected for all available years from 2007 to 2013 from the National Oceanic and
Atmospheric Administration's (NOAA) Economics: National Ocean Watch (ENOW) viewer. The data
was collected at the county level and reflected only the activities that were involved with the ocean sector.
For each year, the number of establishments, number of employees, Gross Domestic Product (GDP), and
2

Vector data is spatial data that is in point, line, or polygon format.
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wages were collected as vulnerability proxies. These were then individually averaged over the available
years for each unique county surrounding the GOM. The averaged values were then spatially associated
to the counties based on county name.
Environmental Sensitivity Index (ESI) values were created by NOAA to reflect the sensitivity of
shorelines to oiling and thus were perfect for this analysis. ESI values are coded with both a number and a
letter and are disseminated as a polyline shapefile. Numbers ranged from 1 – 10 (least to most sensitive)
and could have an associated letter values of A – D (e.g. A1 or 10D). Both reflect the varying degree of
sensitivity to oil spills and work to reduce uncertainty by classifying using both numbers and letters. For
the purposes of this study only the numbered values were used to categorize the shorelines.
Because the range of values for each dataset was different normalization had to take place. Normalizing
the data will adjust the various scales of values in the data and apply a common scale for all data sets. An
optimized Jenks Natural Breaks method was used to find the optimal class breaks for each of the
continuous data sets (Jenks 1977). The Jenks method calculates the variance for each class in the data set
to find the smallest variance for each class identified. Data that contained a range of values (employees,
GDP, establishments, ESI) were reclassified into 5 or 6 classes (Appendix A6). The reclassified values
reflected the sensitivity of those features to oil. Data not containing a range of values (sensitive areas,
fishing grounds, public beaches, cities, etc.) were converted to a binary format of 1 for occurrence or 0 for
absence.
Each data set was aggregated to the vector analysis grid. Each grid cell within a specific county was
assigned the economic attributes of that county using their spatial relationships. To estimate the total
length of shoreline oiled, the shoreline shapefile was segmented into a number of smaller polylines using
the risk analysis grid cells as the "cookie cutter". Inherent with this operation is an identification field
reflecting the risk analysis grid cell that the shoreline was segmented by. The length of each shoreline
segment was calculated in the GIS and assigned as an attribute of the shoreline segments. At this point the
line segments could be rejoined to the risk analysis grid based on the identification field. Each grid cell
now contained the length of shoreline that it contained.
Assignment of ESI values was performed in a similar fashion to the shoreline distance. Because the ESI
data set contained a number of small and large line segments, it was often the case that more than one ESI
value occurred in a single risk analysis grid cell. Similar to the shoreline segment process noted above,
the ESI values were segmented using the risk analysis grid. The intersect operation provided the line
segments with the identification number of the risk analysis grid cell that it was contained within. As
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previously mentioned, a number of line segments were all associated with one grid cell. To solve this, a
dissolve operation was performed using the identification number of the vector grid cells. The dissolve
was based on the majority ESI value that was found within a risk analysis grid cell. In other words, the
ESI value that showed up most often in a risk analysis grid cell was the ESI value assigned to that specific
cell.
Each of the point location data sets were joined to their respective grid cells. By aggregating all of these
data sets into a specific grid cell, the number, type, and intensity of activities that occur in any given 2 km
x 2 km area along the shore of the GOM could be determined and used as a vulnerability proxy.

Spill scenarios:
BLOSOM was used for the simulation of oil spills. To begin understanding the risk involved with DW
and UDW water drilling in the offshore GOM, six locations were selected for simulation (Table 2-1).
Locations included the western GOM, central-west GOM, and central GOM where the majority of oil
extraction takes place. In each broad location, a DW and UDW well location was selected. Once selected,
BLOSOM ran a simulation for a minimum of one month beginning on March 1st with a blowout
occurring over a one week period. For the first few days of simulation, BLOSOM will run at a ratio of
572:1, modeled time to actual time. By the last simulated day, the computational speed decreases to a
ratio of 44:1 modeled time to actual time (Appendix A4). At this speed BLOSOM can process one month
of simulated spill in one day. Additionally, processing time will increase as additional oil parcels are
added to the environment. BLOSOM’s primary outputs are text files of the location, size, and
characteristics related to the individual oil parcels every 24 hours.3 After completion of one month, the
output was checked for beached and evaporated oil. The model then continued to run for the remainder of
the two month period to gather further information on the spatial distribution of oil over a two month
period.

3

Oil parcels refer to the individual oil slicks that make up the oil plume. Parcels are modeled as points in space.
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Table 2-1: The initial scenario settings with the locations and characteristics of each of the spill scenarios.

Run

Start
Date

End
Date

Lat

Lon

Depth
(ft.)

Lease Block

Blowout
Time

Location
Type

1

1-Mar

30-Apr

27.833

-94.566

933

East Breaks

1 week

DW

2

1-Mar

30-Apr

27.782

-92.768

945

Garden Banks

1 week

DW

3

1-Mar

30-Apr

27.966

-90.718

855

Ewing Bank

1 week

DW

4

1-Mar

30-Apr

26.905

-94.905

4852

1 week

UDW

5

1-Mar

30-Apr

28.722

-88.376

5225

1 week

UDW

6

1-Mar

30-Apr

27.374

-90.281

4170

Alaminos
Canyon
Mississippi
Canyon
Green Canyon

1 week

UDW

Spill analysis:
For each simulated blowouts, a text file is created containing a number of attributes related to the
characteristic makeup of the oil and the location of the oil. For two months of simulation, 60 text files are
generated. Each text file was iterated through to pull out the information regarding the spill. Area
calculations of the extent of the spill were done by creating convex hull polygons around distribution of
oil spill points. For the purposes of analysis in a GIS, each text file is then converted into shapefile
format.
The initial analysis of a scenario began by analyzing the path of the spill for each 24 hour time interval.
Using the unique ID for each spill droplet, the locations of spill points after two subsequent days were
taken from the BLOSOM output files and recorded in a separate text file. That text file was then used to
draw vector lines between the original position of the oil spill parcels and the subsequent location after 24
hours. This step also allowed for the determination of the average distance the plume moved as well as an
indication of the uncertainty in the movement. As the spill progressed through space and time,
characteristics of the spill were noted including days till first landfall, area extent, and rate of evaporation.
Once all days had been simulated, the final locations of the oil spill parcels were recorded (Figure 2.2,
2.3).
During the creation of the oil spill shapefile, a count attribute was added to each spill parcel and assigned
a value of 1. Using the count field, the number of points in a given 2 km x 2 km area could be summed to
create a raster. The counts of points within each grid cell was used in the oil spill vulnerability score and
also illustrated where the highest concentration of oil parcels was located. In addition the frequency of oil
was also recorded at the county level.
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Figure 2.2: Extent of the DW spills following the two month simulated spill scenario.

Figure 2.3: Extent of the UDW spills following the two month simulated spill scenario.
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Risk Calculation:

Figure 2.4: Processing framework used in calculating the vulnerability of an area given a specific spill scenario.

The data layers were spatially associated with the risk analysis grid. Once all relevant spatial layers were
assigned a grid cell, BLOSOM was used to determine the location of the individual oil spill parcels that
make up the oil plume. The locations of the spill points were transformed into a raster surface where each
cell in the raster had a value reflecting the number, or “count”, of spill parcels completely contained
within a cell. The count was then extracted to the risk analysis grid to be used in the SVA calculation.
Given the turbidity of the ocean and the rate of evaporation for oil, a blowout lasting one week is likely to
be almost entirely evaporated after a two month period. But, regardless of the amount of oil entering the
water column, the spatial distribution of oil following a blowout is likely to remain the same. For this
reason, the risk calculation did not take into account the amount of oil making landfall, only the
frequency. The total number of oil spill parcels occurring within each grid cell was divided by the total
number of oil parcels that made landfall to get an oil spill score.
⁄
Where

is the frequency of oil parcels in a grid cell,

is the total oil spill parcels making landfall, and

is the oil spill score. After the oil spill score was calculated it was combined with the reclassified
spatial data (

in an additive manner (Appendix A1). The values of the reclassified spatial data were

summed and then multiplied by the oil spill score for a final oil spill vulnerability score (

∑

).
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Results:
A basic summary of the simulation results is illustrated in Table 2-2. Results for these simulations
indicate a strong northward movement at each of the locations except Mississippi Canyon which began
with a southern movement. After the initial direction, the oil at all spill locations moved west towards
Texas. The spill scenario that made landfall first was East Breaks (17 days) followed closely by
Mississippi Canyon (20 days). The spill that took the longest time to make landfall was Green Canyon
(41 days). Figure 2.5 illustrates the steadily growing extent for each of the scenarios. Mississippi Canyon,
and Green Canyon had the largest extents and were UDW designations. The scenarios with the smaller
extents, East Breaks, and Ewing Bank were DW designations located on the GOM shelf. At no point in
any of the scenarios did the plume grow rapidly in size. Each of the scenarios expanded linearly with
time. For the first 11 days of simulation, each of the spill scenarios had roughly the same areal extent. By
day 17, there is a clear separation between the sizes of the spills. Alaminos Canyon and East Breaks
maintain a somewhat plateaued extent around 100,000 km^2. Ewing Bank had the largest extent of the
DW locations but was still 100,000 km^2 smaller than the smallest UDW spill extent.

Table 2-2: Characteristics describing the spill scenarios at the end of the simulated two month time period.
Lease
Block

Lat

Lon

Z (ft)

Plume
direction

933

Distance
to Shore
(km)
144

NWW

Days till
first oil
beached
17

East
Breaks
Garden
Bank
Ewing
Bank
Alaminos
Canyon
Mississippi
Canyon
Green
Canyon

27.8332

-94.566

27.7825

-92.768

945

198

NNW

27.9663

-90.718

855

118

26.9059

-94.905

4852

28.7226

-88.376

27.3748

-90.281

Days till
evap/beached

Total shoreline
oiled (KM)

27

499.018425

Max area
affected
(km^2)
8.8x10^4

29

41

629.64

5.1x10^5

NNW

35

45

846.757013

3.6x10^5

242

NWW

28

49

744.085845

5.5x10^5

5225

77

NWW

20

35

834.9952

6.3x10^5

4170

186

SNW

41

41

986.0238

1.1x10^5
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Figure 2.5: Oil extent as a function of simulated spill day. UDW wells have the largest extent at the end of the simulated two
month period.

Distribution of Oil:
To visualize the geographic distribution of the oil spill parcels the point files for each of the final days
were brought into the GIS and displayed (Figures 2.2, 2.3). The frequency of oil spill parcels by county
was also recorded and illustrates the distribution of oil following each of the spills (Figure 2.6). In both
the maps of the spill and the graphical representations, a strong clustering of oil occurs in Texas between
Nueces County and Jefferson County. The Ewing Bank scenario had the highest concentration of oil in
any one county as the currents and tides seemed to funnel the oil into Galveston Bay. East Breaks had
fairly significant clustering occurring in the three Texas counties of Aransas, Calhoun, and Matagorda
likely due to its close proximity to that coast line. Green Canyon affected the largest amount of shoreline
with oil occurring from Matagorda, Texas across to Baldwin, Alabama. Although Ewing Bank was highly
concentrated in Galveston County, Texas, it affected the second largest amount of shoreline.
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Frequency of Oil Spill Parcels by County
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Figure 2.6: Histogram of oil spill parcels by county. Each bar represents the total number of oil parcels making landfall within the
specific counties surrounding the GOM. A high clustering of oil is occurring in the State of Texas.

Oil Spill Vulnerability:
The most vulnerable areas following the modeled spill scenarios occurred along the Texas coastline
(Figures 2.7 – 2.12). East Breaks, Alaminos Canyon and Garden Bank had the most concentrated area of
vulnerability. Those three scenarios were the most westerly located scenarios and the high concentration
along the coastline is likely due to the western locations. Ewing Bank, Green Canyon, and Mississippi
Canyon had the widest spread vulnerability and located in the central and eastern parts of the GOM. The
Garden Bank scenario had the most cells designated as high vulnerability but the magnitudes of the
vulnerability was low in comparison to the other scenarios. The most vulnerable areas were located closer
to major cities and bays along the Texas coast line with the most significant and vulnerable area occurring
around Galveston Bay during the Ewing Bank scenario (Figure 2.8). The Louisiana coast line that did
come into contact with oil was mainly composed of swamps and generally low lying, wet areas. The
population and infrastructure in this area is less intense and therefore not as vulnerable to damage from
oil.
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Figure 2.7: East breaks vulnerability scenario (DW).

Figure 2.8: Ewing Bank vulnerability scenario (DW).
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Figure 2.9: Garden Banks vulnerability scenario (DW).

Figure 2.10: Alaminos Canyon vulnerability scenario (UDW).
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Figure 2.11: Green Canyon vulnerability scenario (UDW).

Figure 2.12: Mississippi Canyon vulnerability scenario (UDW). Figures 2.7 – 2.12 illustrate the vulnerability as calculated by the
vulnerability equation. The colors rank vulnerability from low (yellow) to high (red). The height of the bars represent the
magnitude of vulnerability within each color ranking.
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Discussion:
In this study, a SVA methodology was developed and applied in the GOM. The methodology used is one
that can be utilized for a variety of locations and various events. Here it has been used to model
vulnerability from potential oil spills in the GOM. This methodology seeks to incorporate the spatial data
in an area of interest and provide a meaningful assessment of the vulnerability based on that data. Caveats
of the study should be recognized and considered before applying this framework to other locations. First
and foremost the study was partially limited by the computational requirements of BLOSOM. Modeling
at the particle level is computationally intensive and as such limited the length of time a blowout could be
simulated. In addition, the model also runs on the data provided by the Northern Gulf Institute’s current
and tide data. The resolution of the data set (~3 km) must be considered when assessing risk for barrier
islands along Texas. In most areas along the GOM coast the actual shoreline and current data match.
However, the barrier islands along Texas are too small to be incorporated into the current data. As such a
fairly high degree of uncertainty is added along the Bays of Texas. At this point we cannot predict
whether the barrier islands would complete stop the oil from getting into the bays.
In regards to sensitivity of BLOSOM to changes in location and depth, the results are what was to be
expected. Each location modeled had a different set of environmental conditions and each of the locations
resulted in varying degrees of coastal vulnerability. The characteristics of each of the spills also changed
when modeled in different locations. This was the expected result and proves to some degree that
BLOSOM is modeling a stochastic, natural system.
The modeled spill scenarios shed light on how oil spills from DW and UDW behave in the GOM. It
seems that regardless the location or the depth of the spill, the plume has a very dominant westward
direction due to the prevailing currents, tides, and winds during the time period modeled here. This has
important implications, especially for the Texas coast as even the Mississippi Canyon spill, off the south
east coast of Louisiana and furthest from Texas, had a presence in Texas. The highest risk areas occurred
in Texas, likely due to its dependence on the coastal communities of the GOM for economic success and
the frequency of oil making landfall. Distance to the nearest shore did not seem to play a role in where
and when oil first made landfall. The East breaks scenario, one of the furthest away from shore, ended up
making landfall the earliest. While it may have been furthest from shore it was also the most western spill
location. Given the strong westward influence of the currents and tides the more western spill locations
will make landfall first.
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Another important finding is that the two largest extents were UDW locations after 60 days of simulation.
Because oil from the UDW scenarios was spread over such a large area, the amount of oil that made
landfall was not overwhelming in any areas of the GOM. This can explain the high concentration of high
vulnerability areas resulting from DW spills and the generally low, but far reaching vulnerable areas
associated with UDW spills. Further investigation into the scenarios is needed to understand why this is
but with DW locations being closer to shore, the consequences of such a spill event may be greater than
expected. Based on the scenarios modeled here, a spill occurring in March will likely have some sort of
implications for the coast of Texas. Therefore, given a spill, Texas responders should make quick
preparations to help alleviate the damages that it may cause, especially between the counties of Aransas
and Jefferson.
Findings from this work also suggest that the incorporation of both relevant spatial data and oil spill
simulations increases the effectiveness of the assessment. It was not always the case that the area with the
highest frequency of oil was also the most at risk location. When leaving out either the underlying spatial
data representing the at-risk areas, or the predicted areas of oil spill impact, the results would be different.
An area that receives a high frequency of oil spill parcels but lacks important economic and ecological
aspects may not need as much protection as an area that is affected by fewer oil spill parcels but has more
sensitive economic and ecologic resources in the event of a spill. The methodology proposed here of
combining simulated spills with spatial data is flexible enough to model a number of hazards. While this
methodology is not new, it has not been performed in the GOM or with BLOSOM. This study illustrates
our ability to simulate and identify areas in the GOM that should be carefully considered given a certain
spill scenario.
Furthermore from this study and others like it, decision makers can be better informed regarding energy
and the environment. Performing a SVA prior to developing policies or regulations can help drive better
and safer decisions. In addition, if a spill were to occur, the SVA could inform responders of the locations
where additional protection may be needed. One of the biggest problems responders have is deciding how
to allocate finite resources during emergency situations. This type of methodology and study may be able
to help determine where cleanup and response resources should be allocated to offer the greatest
protection. With the increasing oil exploration and extraction in the DW and UDW’s of the GOM, we
may begin to see an increase in the number of spills. This study shows that spills, regardless of depth and
distance to shore, will make landfall within two months of a blowout event for the locations and time
modeled here.
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Conclusion:
This study highlights the areas surrounding the GOM that are vulnerable to oil given the specific scenario
modeled. It showed that BLOSOM, in combination with a vulnerability assessment, can successfully
model varying degrees of vulnerability around the GOM. By taking into account the spatial information
and combining it with a simulation, more beneficial results can be found. Given the oil spill scenarios
modeled here, the Texas coastline has the highest measures of vulnerability. DW and UDW scenarios
only differed in extent. In fact, Texas seems to be less vulnerable to UDW scenarios and more vulnerable
to DW scenarios. Due to the extreme depths of UDW wells, the oil remains in the water column longer
and undergoes degradation processes for a longer duration.
The distribution of oil and the locations where oil made landfall seems to be driven more by the
underlying currents, tides, and winds rather than depth and distance to shore. The closest scenarios to
shore were not the first to make landfall and the scenarios furthest from shore were not the last make
landfall. In this study, vulnerability is determined not only by the frequency of oiling but also by the
activities in the study area that could be negatively impacted by oil spills. The difference in extents
between the spills occurs after about 15 days of spill time. This means that regardless of depth
designation, if something can be done to slow the spill within the first 15 days (booming, dispersants,
controlled burning, etc...) it is likely that areas around the GOM will be much less vulnerable to spill
effects.
The Deepwater Horizon was an unprecedented disaster in the United States. Never before had a spill of
that magnitude been experienced in United States waters. The nearly five million barrels of oil that were
released affected over 1000 miles of coastline where important economic, ecologic, and biotic areas exist.
If vulnerability analyses had been in place prior to the spill, the most vulnerable areas could have been
identified and protected as such. It is important to know the characteristics of the spill and what the spill
might impact. Characterizing spill events across the GOM can further our understanding of the in-situ
system and better prepare us for potential future disasters.
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Chapter 3 : Evaluating the Impacts of Deepwater and Ultra-Deepwater Oil
Spills in the Gulf of Mexico
Introduction:
As a world, we have become increasingly dependent on oil and petroleum products for our everyday
lives. This includes most items made of plastic but also includes items like cough syrup, dentures,
crayons, nail polish, and aspirin (ANWR 2013). The United States is no exception. In the United States,
94% of the energy used in transportation is derived from oil and 40% of energy used in the industrial
sector is derived from oil (Nerurkar 2012). The United States became a net oil importer in the late 1940’s
and has continued to do so until recently when in October of 2013, the average daily production of oil in
the United States was higher than the average daily import of oil (Koch 2013). Helping drive the increase
in production is the Gulf of Mexico, the largest area of crude oil extraction in the United States. As the oil
market continues to grow, so too does the technology. The progression of technology along with
increasing oil prices has made deepwater (DW, 500-5000 feet) and ultra-deepwater (UDW, 5000+ feet)
oil exploration more economically feasible. Many uncertainties surround DW and UDW drilling and as
the quest for oil continues to push further from shore and deeper into the water column, a way to assess
potential impacts must be in place to help alleviate some of the uncertainties surrounding DW and UDW
exploration and production.
The largest oil spill in United States waters and perhaps the second largest in the world occurred in the
Gulf of Mexico on April 20th, 2010 when British Petroleum's (BP) Deepwater Horizon oil platform
experienced a catastrophic failure at the well head (Graham et al. 2011; Cleveland, Hogan, and Saundry
2010). The failure of the well led to the eventual dispersal of 4.5 million barrels of oil and took the lives
of eleven workers (McNutt, Camilli, Crone, et al. 2011). The spill lasted nearly three months and at its
peak almost 87,000 square miles of fishing ground were closed. The spill had devastating effects on the
people surrounding the Gulf of Mexico that rely heavily on the fruitful waters for their livelihood. The
Gulf of Mexico ocean sector employs nearly 537,000 people who, in 2010, contributed $98 billion to the
Gross Domestic Product (GDP) of the Gulf of Mexico states (NOAA 2010).

Many industries

surrounding the Gulf of Mexico rely heavily on its productivity and accessibility. Some of the larger
industries include marine transportation, recreational and commercial fishing, tourism, and entertainment
(Upton 2011). Because of the large dependence on the Gulf of Mexico as a means of economic
prosperity, it is imperative to know where oil may impact and to what extent it may be impacted.
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The main economic industries that are impacted during the course of an oil spill are the coastal towns
surrounding the affected water body (Cheong 2012). The ocean sector tourism industry in the Gulf of
Mexico contributed 11% or $10.9 billion to the overall GDP in 2010. In addition, the tourism industry
employs 50.6% of the people (271,000) working in the ocean sectors of the Gulf of Mexico (NOAA
2010). Recreational fishing also contributes significantly to the economy and is closely tied to the tourism
industry. In a report following the spill, Gentner (2010) reported an average of 106,703 recreational
fishing trips are taken per day in the Gulf of Mexico worth over nine million dollars. In the same report it
was estimated that the closures following the Deepwater Horizon spill resulted in a loss to recreational
fishing of $229.1 million. The combination of closures and oiled beaches contributed to an estimated total
economic impact well over $10 billion (Smith Jr, Smith, and Ashcroft 2010) and that was only the year
following the spill. As of 2013, it is estimated that BP has paid out close to $25 billion in claims,
settlement, cleanup, and remediation of the spill (Jacobson 2013).
With a steady increase in the number of oil rigs in the Gulf of Mexico, there is an increase in the potential
for oil spills similar to the Deepwater Horizon. Simulating oil spills in areas of current oil drilling and
exploration can aid in the identification of locations where the largest impact to the ocean sector
businesses may occur. Identification of those areas can help better prepare responders and policy makers
to the potential loss and impact following a spill event. Oil spill impact modeling, particularly in
conjunction with oil spill simulations, can help answer the question of where and when oil spills may
occur, and the potential economic impact it might have.

Literature review:
Oil spill impact analyses can provide valuable insight into the impacts of oil spills on the environment and
economy (Peterson 2012). Many of the current oil spill impact models have been created as a result of the
Comprehensive Environmental Response Compensation and Liability Act of 1980 (CERCLA) or what is
often referred to as Superfund. CERCLA allowed the Department of Interior (DOI) to develop regulations
for the assessment of damage following an oil or chemical spill. The first model developed under the DOI
regulations was the Natural Resource Damage Assessment Model for Coastal and Marine Resources
(NRDAM/CMR) (French et al. 1996). A number of other impact models have been developed since then
but none specifically for the Gulf of Mexico.
Oil spill impact models, commonly referred to as natural resource damage assessment (NRDA) models,
have been in development since 1982 (McCay 2003; Smith et al. 1982). A large majority of the models
are created by consulting and governmental groups. Few of them consider the spatial aspect of impact
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modeling and most are proprietary (Etkin 2004; McCay et al. 2004; Etkin and Welch 2005). Many of the
current dynamic spill models require user inputs of pre-defined spill characteristics rather than evaluating
the in situ spatial and environmental conditions at the spill location (Price et al. 2003). This not only
introduces uncertainty to the models, but removes the stochasticity of a natural environment and the
changes that can occur because of it.
There is a large body of literature on impact assessments that specifically target the economic loss
associated with the spills. These impact assessments are useful but do not take into account the spatial
dimensions that are inherent to spill modeling. Grigalunas et al. (1986) did a post spill impact study on
the Amoco Cadiz spill that occurred off the coast of France. The study used a number of tour operation
companies and establishments primarily created for tourists (hotels) as proxies for the economic loss
resulting from the spill. The data used from the tour operation companies showed a loss between $10 - 40
million and a loss from foregone hotel rents at $27.5 million. A similar study was done by Restrepo
(1982) who had success quantifying the impacts to tourism, recreation, and fishery industries following
the Ixtoc I oil blowout. In this study, the numbers of establishments in the impacted regions are quantified
to find an overall impact value. The authors found that during the course of the Ixtoc I blowout, the south
Texas coast would see a decrease in tourism in the amount of $4 million.
Studies that do emphasize the spatial dimensions of oil spill impact modeling rely heavily on the use of
Geographic Information Systems (GIS). The power of GIS lies in the ability to incorporate a large amount
of spatial data to more accurately assess the sensitivity of a particular environment to impacts from oil
spills. An early example of this was the development of Environmental Sensitivity Index (ESI) values
which reflect specific environmental sensitivities to oil spills (Gundlach and Hayes 1978; Jensen et al.
1990). In the analysis, landscapes were categorized with values ranging from 1 – 10 with 10 being the
most likely to have a significant impact. Along with the number classes, further classification was
performed using the letters A – D (e.g. 1A or 10D). The ESI value system has been built upon and
incorporated into other spatial studies that assess potential impacts from oil spills (Scott et al. 2013; Adler
and Inbar 2007). Not only have ESI values been incorporated into the models but also a number of other
metrics that can be used to assess impact. Kankara and Subramanian (2007) used the known locations of
mangroves, sea birds, marine mammals, coral reefs and other environments for impact quantification.
Olita et al. (2011) took into account the coastal morphology and the level of protection along a coast line.
Singkran (2013) identified locations of marine conservation areas, marine parks, sea turtles, dolphins,
whales, and a number of other environmental receptors in relation to simulated oil spill extents.
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One of the more well-known impact models is the Spill Impact Model Application Package (SIMAP)
built by Applied Science Associates (McCay et al. 2004). SIMAP illustrates the power of using simulated
oil spills and has been successfully used in a number of locations in the United Sates to model the fate
and transport of oil in the environment. Unique to each of the locations, however, is the underlying
geographic data. While SIMAP is very technical in its processes, it still relies on external geographical
data sources to estimate impacts. For example SIMAP uses the ESI values previously mentioned that are
provided by the National Oceanic and Atmospheric Association (NOAA) for many locations around the
United Sates. Additionally, SIMAP uses a rectilinear grid to designate the location of the shoreline, water
depth, and habitat type. The grid is also used to determine impact under the assumption that recreational,
tourism, boating/shipping, and other socioeconomic impacts are functionally related to the length, area,
and duration of the oiled area. In addition to SIMAP, other studies have made use of gridded data. Grids
covering the study area act as a way to aggregate spatial data related to oil spill impacts (Olita et al. 2012;
Singkran 2013).
Qualitative approaches to impact assessments related to oil spills and rely heavily on accurate oil spilland-transport models to track the oil plume through time and space. In an effort to characterize risk and
impacts in the Gulf of Kachchh, India three oil spill simulations were performed in the near-shore
environment with varying spill parameters (Kankara and Subramanian 2007). For each spill simulation,
the extent, direction, and final location of the spill were recorded. Using a GIS, the researchers quantified
the impact of the spill by the number and type of activities that overlapped with the spill extent after a
simulated 48 hours. The study found that small changes in the spill parameters (location, wind, depth)
produced greatly varying effects to the surrounding environment. In the study by Olita et al. (2011) an oil
spill and transport model was used in the Strait of Bonifacio located in Sardinia, Italy, to estimate
impacts. After a simulated spill, the distributions of discrete oil spill quantities were recorded along the
coast. The quantities of oil were used to create a dimensionless hazard index between 0 and 1. Impacts
were then calculated by factoring in the level of protection that the shore had along with the beach
geomorphology.
The purpose of this study is to test the applicability of a new oil spill simulation model, the Blowout and
Spill Occurrence Model (BLOSOM) (Sim 2013) to identify areas where the largest impacts from potential
oil spills may occur. Because BLOSOM is still a model in progress, this analysis provides a first look at
utilizing BLOSOM for impact assessments. BLOSOM is tested with an application in the Gulf of
Mexico, but is not limited to only this region. The results of these impact studies can help progress public
and private policy decisions surrounding oil exploration in the Gulf of Mexico and throughout the world.
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Objectives for this study are 1) create a methodology to be used in oil spill impact modeling, 2) evaluate
BLOSOM as a viable way of identifying where the largest impacts will be given unique oil spill
scenarios, and 3) test what effect of varying spatio-temporal characteristics has on the final impacts of a
an oil spill. The final results of this study identify the major impacts from spill scenarios and quantify the
impacts of the spill economically.

Methods
Study Area:
The Gulf of Mexico is an elliptical basin located in the southeast United States. It has roughly 1,631 miles
of shoreline not including the numerous bays that line the coast (Lugo-Fernández et al. 2001). The coastal
zone is host to a wide range of activities and includes human settlement, industries, ports, harbors,
navigation, fishing and tourism and features a number of coastal habitats (National Ocean Service 2011).
The presence of such diverse and sensitive ecosystems makes the GOM an area of particular concern in
regards to hydrocarbon exploration.

Figure 3.1: Gulf of Mexico study area. Spill Scenario sites are represented by red dots. Labels reflect the lease block that the spill
site occurs within. The Green Canyon location will be simulated twice for a one and two week blowout duration.

30

Data and Preparation:
Data was retrieved from a number of local, state, federal, and private data repositories. ArcGIS 10.2
provided by Esri, was used for data management and spatial analysis. Batch process on the data was done
with Python 2.7 using the WingWare 4.1 integrated development environment. Data providers include
NOAA, USGS, NLCD, and Esri. A complete description of the data sources can be found in Appendix
A1.

Blowout and Spill Occurrence Model (BLOSOM):
BLOSOM is an integrated simulation program written in the Java programming language (Sim 2013). It
has been designed to simulate offshore oil spills resulting from DW and UDW well blowouts. BLOSOM
has been constructed to incorporate a number of sub models including, the Jet/Plume model, transport
model, conversion model, weathering model, crude oil model, gas/hydrates model, and finally the
incorporation of a hydrodynamic handler. The hydrodynamic handler can use either Geotiff raster formats
or NetCDF. For the purposes of this study, the Navy Coastal Ocean Model (NCOM) was used. These sub
models come together to form a comprehensive oil spill model that can be utilized in risk assessment and
response planning (Sim 2013). A list of the settings and overview of the BLOSOM model can be found in
Appendix A2, A3.

Spill Scenarios:
BLOSOM was used for the simulation of five spill scenarios to test the effect that varying the blowout
duration, depth, and location would have on overall impact in the Gulf of Mexico. The blowout sites were
selected from known lease blocks in the Gulf of Mexico and labeled as such (Figure 3.1). Green Canyon
and Alaminos Canyon are UDW wells at depths of 4,670 feet and 4,852 feet respectively. The Ewing
Bank and East Breaks locations are DW wells at depths of 855 feet and 933 feet respectively. Each of
those scenarios is modeled with one week blowout durations. A second Green Canyon spill (Green
Canyon 2) is modeled with a blowout time of two weeks. The start date for all scenarios is set at March 1,
2013. After the initial blowout, the spills are tracked for a total of two simulated months. The
computational speed of BLOSOM is currently being enhanced for more rapid assessments. In its current
state, BLOSOM can simulate a 60 day oil spill in 32 hours or 1.36 days. As more oil parcels are
introduced to the modeled area, (e.g. extending the initial blowout time) the speed decreases, limiting our
ability to model oil blowouts of more than a few weeks. Computational time limits were considered and
were a factor in determining the temporal extent of the spill scenarios.
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Table 3-1: Start settings for the oil spill simulations. Two locations are DW and two locations are UDW. The Green Canyon
location will be run twice for a 1 week blowout duration and a 2 week blowout duration.

Run

Start
Date

End
Date

Lat

Lon

Depth
(ft.)

Lease Block

Blowout
Time

Location
Type

1

1-Mar

30-Apr

27.833

-94.566

933

East Breaks

1 week

DW

2

1-Mar

30-Apr

27.966

-90.718

855

Ewing Bank

1 week

DW

3

1-Mar

30-Apr

26.905

-94.905

4852

Alaminos
Canyon

1 week

UDW

4

1-Mar

30-Apr

27.374

-90.281

4170

Green Canyon 1

1 week

UDW

5

1-Mar

30-Apr

27.374

-90.281

4170

Green Canyon 2

2 weeks

UDW

The blowout conditions, although arbitrarily selected, reflect a realistic blowout scenario (Appendix A2).
The BLOSOM parameters, except the initial blowout time, remained the same for all spill scenarios. The
BLOSOM transport model is set to five second time intervals and creates an updated spill table every 24
simulated hours. Therefore, each simulated month resulted in the same number of output files as there are
days in the month.

Economic Data:
Economic raster data was created by the Spatial Environmental Energy Research (SEER) lab in
partnership with the Department of Energy’s National Energy Technology Laboratory (NETL), Albany,
Oregon for the purposes of modeling the economic value of the Gulf of Mexico basin. Economic data
used in the creation spanned a number of industries including, recreational fishing, tourism (hotels),
commercial fishing, and oil and gas infrastructure (Bauer et al. In review). The economic data reflects the
intersection of multiple high-importance industries that line the Gulf of Mexico shore and will utilized to
estimate the potential economic impacts from a spill scenario (Appendix A9).

Vector Impact Grid:
Similar to other impact studies, a vector grid was created to concatenate the spatial data and assess the oil
spill quantities (Appendix A7). Each individual grid cell was a uniform 2 km x 2 km spatial resolution.
The resolution of the grid was based on rendering speed, data processing time, and worked to minimize
the spatial uncertainty inherent with aggregating data into a grid. The vector grid format offers a unique
way of aggregating spatial data in that each grid cell is treated as an individual polygon. Each polygon
grid cell is able to retain multiple impact attributes including but not limited to the oil spill quantities
resulting from a simulated blowout. Inherent with vector grids is also the ability to have multiple spatial
resolutions contained within one continuous grid. This can be advantageous when illustrating data
uncertainty or accuracy (Bauer and Rose 2014). The vector grid was positioned over the coast line and
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extended out to sea by 5 km and inland 25 km for a total grid width of 30 km. At this width, the grid can
incorporate the numerous bays and island barriers lining the coast of the Gulf of Mexico.

Impact Determination:
Once the impact grid is created, the impact determination can begin with a cross-analysis, iterating over
each cell in the impact grid and aggregating the underlying spatial data layers to the cells. Additionally,
the economic raster values were also spatially associated with the impact grid. The economic raster data
used for this analysis was originally created at a cell size of 4.7 km x 4.7 km. For spatial data consistency
the economic raster was resampled to 2 km x 2 km and aligned with the impact grid. Resampling is a
process for dividing one large square pixel into equally sized smaller pixels. The same iterative process
was then performed on the. Once the economic values were extracted, the economic values were divided
by four so as to not introduce data redundancy. Each cell within the economic impact grid then had an
attribute of annual economic dollar value.
After each modeled 24 hour period, BLOSOM creates a text file containing information regarding the
characteristics of the oil plume. Once the simulated blowout reaches a terminal depth, the BLOSOM
conversion model converts the cylindrical control volumes into points in space referred to as oil parcels
and referenced in tab delimited text files. The text files associated with each day of the simulated spill
were iterated through and converted into point shapefiles that could be spatially referenced and
visualized. The points are treated as locations of discrete oil parcels in the environment. Rasters were then
created using the spatial distribution and characteristics describing each unique oil spill parcel. The mass
and density rasters were created first by using the crude mass and crude density values of the oil parcels.
The mass from each oil parcel contained within a 2 km x 2 km area were summed to get the total oil mass
for that area. The values for the density of oil parcels were used in the same fashion. The oil parcels
contained within the same 2 km x 2 km areas across the spill extent were averaged. The mass and density
rasters were then divided to get the total volume (m^3) for each 2 km x 2 km area using the relationship
of:
⁄
Where Mr is the mass raster, Dr is the density raster, and Vr is the resulting volume raster. After the
volume was calculated, a raster describing the total amount of oil in barrels (

) was created using:
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Barrels (Bbl) was selected, as opposed to other measures, because it is the standard for reporting
quantities of oil in the United States. Internationally quantities of oil are most often reported in cubic
meters. Here we derive barrels from cubic meters so that either may be used. Another useful characteristic
for determining impacts is to quantify how many days any given grid cell was oiled. To do so, the barrels
of oil rasters were converted into a binary raster (C1). Any cell that contained some amount of oil was
reclassified to a value of 1; all other cells were reclassified to 0. Summing the resulting rasters created a
raster surface with values from 0 – 60 depending on the number of days oil occupied that cell (Dor).
∑

A "snap raster" was used during all calculations to ensure proper cell alignment with the impact grid.
Once each raster describing the spill was created the values for the cells could be extracted to the impact
grid to determine the relative impacts. A measure for qualitative impacts was performed by identifying
the extent of the oil plume and the overlap with the qualitative spatial data layers. A quantitative measure
of oil spill impact was determined by combining the number of days oil was present in a grid cell and the
annual value of that grid cell. The relationship between amount of oil in a grid cell and the impact that
results was assumed linear. As such the impact was scaled by a number between 0 and 1 based on the
total amount of oil within a cell.
(( ⁄

)

Where Er is the annual economic value of a grid cell and Omod is the impact modifier based on oil amount.
As reported by other impact studies and observations, the relative impacts from an oil spill are
functionally related to the duration of oiling and quantity of oil in the environment. Both are considered
when using the above impact equation. For each cell that contained some quantity of oil the economic
impact was calculated. Those values were then summed to get the total economic impact for the spill
scenario along with the average and standard deviation for each impact grid cell.

Results:
Spill Characteristics:
After the first day of simulation, upwards of 30% of the initial oil mass was evaporated on average for
each of the scenarios except for Green Canyon 2 (Figure 3.2). There were slight dips in the evaporation
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rates on day 2 and day 6 for all scenarios. On the final blowout day (day 7 or 14), the amount of oil in the
environment was at its peak for each of the scenarios (Figure 3.3). On the same day as the peak oil
amount, between 40% and 50% of the initial oil mass had already evaporated for each scenario.
Evaporation had a surprisingly large effect on the total amount of oil in the environment following the
day of peak oil. The two Green Canyon scenarios had very different evaporation rates even though the
location was the same for each. 4 Evaporation over the 2 month period followed a negative exponential
distribution and peaked at day 49 for Ewing Bank, Green Canyon 1, and Alaminos Canyon when the
average evaporation of the initial mass was between 96% and 98%. East Breaks reached peak evaporation
by day 22 with only 78% of the initial mass evaporated and Green Canyon 2 reached peak evaporation on
day 56 with only 75% of the initial mass having been evaporated, the least of all the scenarios.

Total Evaporation per Day
Ewing Bank (1 week)

Green Canyon 1 (1 week)

East Breaks (1 week)

Green Canyon (2 weeks)

Alaminos Canyon (1 week)

1.2
1
0.8
0.6
0.4
0.2
0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
Figure 3.2: Evaporation as a function of the spill day. Evaporation is a reflection of the percentage of the initial mass that has
been evaporated on a given day.

The amount of oil in the environment peaked between 60,000 and 71,000 Bbl on day seven for each of
the one week blowout spill scenarios and on day 14 at 160,000 Bbl for the two week Green Canyon 2
scenario (Figure 3.3). At the time of peak oil in the environment, the largest one week blowout was
Alaminos Canyon. As time continued, the total amount of oil in the environment for all spills decreased
following a somewhat exponential decline. After the two months of simulation, the East Breaks scenario
had the largest quantity of oil remaining in the environment, nearly 30,000 Bbl, followed by Alaminos

4

Evaporation rates are a function of oil boiling point, vapor pressure, molar mass, mass per area, and a mass transfer
coefficient based on wind speed that is always at least .0005.
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Canyon (13,940 Bbl), Ewing Bank (7,819 Bbl), and Green Canyon 1 (3,066 Bbl). At the end of the two
month simulation 64,000 Bbl’s remained in the environment following the Green Canyon 2 scenario.
That number is by no means trivial for that amount of oil could supply 10,100 tanks of gasoline and was
not far from the total amount of oil spilled during the Hebei Spirit oil spill in 2007.5 The peak oil in the
environment from Green Canyon 2 was more than double that of the next highest spill scenario.

Total barrels of oil per Day
Ewing Bank (1 week)

Green Canyon 1 (1 week)

East Breaks (1 week)

Green Canyon (2 weeks)

Alaminos Canyon (1 week)

180000
160000
140000

Bbl

120000
100000
80000
60000
40000
20000
0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
Day

Figure 3.3: Total barrels of oil per simulated day. Barrels were calculated from total volume.

Qualitative Impacts
The Ewing Bank and Alaminos Canyon scenarios had the widest reaching impacts based off the length of
oiled shoreline at 847 km and 993 km respectively. The large spill extents resulted in a large number of
public beaches and hotels affected. The Ewing Bank scenario had the largest effect on the number of
establishments, employees, and hotels explained by the high concentration of oil in the Galveston Bay
area, an area of high recreation and commercial activity. Ewing Bank also resulted in the overall largest
qualitative impact at 1,921 (Table 3-2). Green Canyon 1 affected the second largest number of
establishments and employees while covering the smallest amount of shoreline meaning areas of high
socio-economic use were impacted. East Breaks covered nearly 500 km of shoreline but affected only a
5

This is assuming an average gas tank size of 14 gallons and the production of 19 gallons of gasoline/ oil barrel
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modest number of activities compared to the other scenarios. The Green Canyon 2 scenario was persistent
for the same number of days as Green Canyon 1 but had a much larger overall extent. Green Canyon 2
did not have the largest qualitative impacts but did impact the most hotels.
Table 3-2: qualitative impacts found by identifying the overlap between the activities on land and the spill extent. The final
column "total" is a summation across rows, not including days oiled or shoreline length.
Spill
Scenario

Max Days
Oiled

Shoreline
Length
oiled (Km)

Public
Beaches

Hotels

Campgrounds

Establishments
(Avg)

Employees
(Avg)

Total

East
Breaks
Ewing
Bank
Alaminos
Canyon
Green
Canyon 1
Green
Canyon 2

45

499

43

9

1

26

374

453

27

847

39

28

0

85

1769

1921

34

993

87

17

7

54

914

1079

21

315

33

8

0

72

1417

1530

21

673

74

30

3

44

796

947

Economic Impacts:
The largest economic impact out of all scenarios was the two week Green Canyon 2 scenario at nearly $4
million dollars. The next largest were Ewing Bank, Green Canyon 1, Alaminos Canyon, and finally East
Breaks (Table 3-3). Considering that the cost of reducing pollution (clean-up) is up to five times greater
than the damage costs, expected total cost from these spills would near the $10 million range. The total
economic impact was comparable between the Ewing Bank and Green Canyon 1 with only $18,086
difference. This is an interesting result considering that Ewing Bank had the largest economic impact on
average per cell. East Breaks and Alaminos Canyon had a lower impact on a per cell basis as well as total
economic impact overall. Shifting the attention to the total oil and average oil per cell it seems that there
is almost an inverse relationship with economic impact (Appendix A8). What is not considered here is the
total residence time that oil has in the environment. More oil means a longer and more tedious clean-up
effort that could affect the economics in the region for much longer than the initial blowout. The oil from
East Breaks mainly occurred in areas of lower socioeconomic use and had the lowest economic impact
because of that. Alaminos Canyon had the second largest amount of total oil in the environment but only
the third largest total economic impact.
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Table 3-3: The economic impact along with the total barrels in the environment and average barrels per cell.
Spill Scenario

Average
Impact/cell
$253.00

St. Dev Impact/cell

Total Oil (Bbl)

East Breaks

Total Economic
Impact
$125,338.00

$1,434.00

29,147

Average
Bbl/cell
59

Ewing Bank

$2,478,438.00

$14,840.00

$68,232.00

6,672

12

Alaminos
Canyon
Green Canyon 1

$792,590.00

$1,704.00

$18,360.00

13,020

28

$2,496,524.00

$13,568.00

$87,257.00

2,694

4

Green Canyon 2

$3,972,620.00

$8,711.00

$69,276.00

37,193

81

Discussion:
This study, while somewhat limited in the number of scenarios, demonstrates the use of BLOSOM in
conjunction with a methodology to assess potential impacts following oil spills in the Gulf of Mexico.
The number of activities and the estimated economic impact is recorded for all spill scenarios. In that
sense, this model provides a robust framework for measuring potential impacts prior to or closely
following an oil spill event. After relevant spatial data is collected for the model, it is easy to run many
permutations and monitor the potential impacts and the locations. A consideration should be made for the
caveats, assumptions, and uncertainties involved with this study. One major caveat is the oil degradation
process stops once an oil parcel becomes beached. From previous studies we know that evaporation and
degradation both continue even after oil has been beached. However, evaporation continues at a much
slower rate on land than it does in the open ocean. It would take longer than the two month simulations
modeled here for the oil to completely evaporate from the terrestrial environment.

6

Therefore the

assumption of no evaporation once oil is beached is appropriate for the scope of this study. Another
caveat that increases uncertainty is that the current and tide data provided by the Northern Gulf Institute.
That data has a resolution of about 3 km x 3 km. The more coarse resolution of the current and tide data
introduce close to a 1 km uncertainty of the final locations of the oil spill parcels. But, given the
enormous extent of the Gulf of Mexico, a 1 km uncertainty is deemed acceptable. Additionally, the
current and tide data does not match up exactly with the shoreline of the Gulf of Mexico in some areas. In
some locations the tide data does not take into account barrier islands. During the simulations, the oil spill
parcels that do make it further into the bays and over the barrier islands are assumed to be beached but
with a high degree of uncertainty. An area of future research could be the incorporation of barrier islands
into the current and tide data or to develop high resolution current and tide data for the bays and nearshore Texas environment. After visually comparing the extents of the current and tide data with the
6

The oil released from the Exxon Valdez spill is still apparent in some locations in Prince William Sound, over 20
years after the initial release of oil into the environment (Guterman and Pasotti 2009)
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boundaries of the coastlines, the mismatch does not seem to be a factor for all locations. Additionally, the
oil parcels that beach directly on the coast line are accurate. The uncertainty is mainly seen along the
barrier islands and into the bays of Texas.
Peak barrels of oil occurred on day 7 for all one week blowout scenarios and on day 14 for a two week
blowout simulated by Green Canyon 2. For all spill scenarios, the rate of evaporation follows similar
distributions with minor fluctuations. Once oil was no longer being added to the system, evaporation has
a significant effect on total oil. Evaporation is calculated with a pseudo-components approach and uses
volumetric evaporation rates with wind as a driving factor. Evaporation is the most important change that
oil spills undergo and can be up to 70% of the initial mass in the first few days (Reijnhart and Rose 1982).
At the end of the simulated two months between 96% and 98% evaporation of the initial mass had taken
place except for Green Canyon 2 and Ewing Banks. Ewing Bank and Green Canyon 2 were reasonable
outliers with only 78% and 75% of the initial mass evaporated at the end of the simulated two months.
Both of these cases may be explained by oil that had beached. Once an oil parcel has been beached it no
longer undergoes evaporation or other degradation processes causing beached oil to have a slightly
skewed lower evaporation rate. With more simulations planned in the future, this is an area where
research could be focused.
As expected, a higher amount of evaporation at the end of the scenarios corresponded with smaller total
amounts of oil remaining in the environment. This relationship held true for each of the spills. The higher
rate of evaporation during Green Canyon 1 could potentially be attributed to the UDW well depth except
that the next most evaporated spill was Ewing Bank, a DW well. In addition Green Canyon 2 was the
least evaporated and was simulated in the same location as Green Canyon 1. The other UDW well,
Alaminos Canyon, had the third highest evaporation rate. From this result it does not seem like depth
plays a strong role in evaporation rates and subsequent impact. Ewing Bank and Green Canyon are very
different in depth but relatively close in distance. The location of the wells and the underlying current and
tides could have had a similar effect on these two scenarios. The low evaporation of Green Canyon 2
could be a result of more oil occurring in the water column and not at the surface of the water, although
further investigation is required.
A comparison between DW and UDW wells provides some insight into the differences in impact
stemming from depth as well as location. Ewing bank and East Breaks, the two DW wells, are located
closest to the shoreline but had drastically differing impacts, both qualitatively and economically. The
prevailing currents and tides of the area forced the East Breaks spill to an area of low activity while
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Ewing Bank was almost funneled into Galveston Bay. In each of the qualitative measures, Ewing Bank,
Alaminos Canyon, Green Canyon 1 and 2 are consistently higher than East Breaks except for number of
hotels affected. East Breaks did have the longest on-land residence time and consequently had less time to
impact areas of high activity which could explain the low impact. Alaminos Canyon and Green Canyon 1
are both UDW wells and Ewing Bank is a DW well. It seems that qualitative impacts will be more a
reflection of final oil location, driven by currents and tides, rather than depth and the location of the
blowout site.
Economically there are large differences in impact between the spill scenarios. Location, depth, and
distance to shore do not seem to have a distinct effect on the final economic impacts. What is also
interesting is the seemingly inverse relationship between total oil in the environment and total economic
impact (Appendix A8) between the one week blowout scenarios. The spills that end up closest to major
bays around the Gulf of Mexico have the largest impact which is likely due to the intense fishing activity
in those areas. The majority of the oil from the East Breaks scenario, the smallest economic impact,
occurs between Galveston and Corpus Christi which is an area of less intense ocean activity. If all the oil
from a scenario beaches, it no longer affects those high value fishing locations and will thus result in a
smaller impact. The presence of oil immediately off the coast following a two month simulation will
significantly increase the economic impact of the spill because it is likely that those waters will be closed
to fishing activity.
A comparison of initial blowout times shows that qualitatively, the impacts may be similar but
economically they are rather different, most likely due to the increased amount of oil making landfall.
Extending the initial blowout time at the Green Canyon site produces impacts that were almost $1.5
million more than Green Canyon 1. Total oil in the environment is more than double following the two
week blowout and total mass evaporated was almost half when doing a day by day comparison. This is
further reassurance that BLOSOM behaves as expected when compared to observations of actual spills as
a two week blowout should have larger impacts than a one week blowout. At the same time, the
evaporation seems to be a bit low. One would expect that evaporation rates would be similar to Green
Canyon 1 given the same temporal and spatial extent but further investigation is required to qualify this
result.
The economic impacts calculated for the spills simulated is a first step in characterizing the impacts from
oil spills and will need to be revisited in the future. This method did prove to be useful but small revisions
and additional economic measures would improve the accuracy. Currently, only commercial fishing,
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recreational fishing, tourism (hotels), and infrastructure costs are considered. The impacts reported here
are slightly skewed to spills that had a larger presence in the open ocean following the two month
simulated period. More work on economic impact in the terrestrial environment needs to be done and
incorporated into this model. Based on the impacts found here, it was Ewing Bank and Green Canyon 1
and 2 that were associated with the largest impact overall.
Validation is still required and is necessary if this methodology is to be used to help aid responders in the
event of another oil spill. Some studies have been done that provide some basis for economic validation
but will require performing a rather in depth comparative analysis. The plume component of BLOSOM
has been validated against real world blowouts with great success but the transport model has not. This
study shows that each location simulated has varying effects, which is a good indication that the model is
acting, at least in part, like a natural, unpredictable system. The Deepwater Horizon incident may also
provide an opportunity to validate both models. Penalties, impacts, and clean-up costs are still being
determined but will eventually provide a baseline to model against.
This methodology and framework provide a foundation for the next steps in impact modeling of oil spills.
Further exploration is needed into the varying effect of oil based on residence time and total amounts of
oil. For this study it is assumed linear but in reality a lot of different factors play a role in final oil impact.
In addition, much of the financial cost of a spill comes from the cleanup. It has been reported that cleanup following the spill is five times as much as the initial damage (Fattal et al. 2010). Knowing what the
cleanup costs of various oil types and biological systems would greatly improve economic cost estimates.
In terms of rapid response following a spill, fully automating this method would make analyzing the spills
much faster. Another benefit of automating this method would be the packaging of the processing steps
into one impact tool allowing for easy dissemination of the results and tool. Results from this analysis
will be beneficial to policy makers, responders, fisheries managers, and the general public.

Conclusion:
In general, the use of simulations in impact modeling drastically increases our ability to understand how a
system such as the Gulf of Mexico may be impacted in the event of an oil spill. The results from this
study suggest the largest economic impact from a week long oil spill would be nearly $2.5 million and the
two week long oil spill almost $4 million. Increasing the blowout time by only one week results in a 37%
increase in economic impact. In addition, tens of thousands of barrels of oil remains in the environment
even though up to 98% of the initial oil mass had evaporated at the end of some scenarios. This
demonstrates that even a spill contained within a week or two of experiencing a blowout, as modeled
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here, has the potential to do many million dollars-worth of damage. These results really illustrate the need
for rapid response and the effectiveness of predictive impact modeling. Additionally, depth designation
(DW vs. UDW) does not have a noticeable effect on the total impact. In fact, oil resulting from UDW
spills may remain in the water column longer than DW spills allowing more time for evaporation and
degradation prior to making landfall. It seemed that proximity to high economic activity with respect to
the prevailing currents and tides was the primary determinant for the timing, location, and magnitude of
impact.
The Deepwater Horizon oil spill was an unprecedented event for the United States. The 4.5 million
barrels of oil released over the four month spill spanned thousands of miles of coast line and impacted a
large number of communities. If a simulation study was in place such as this, we could predict the
locations of the largest impacts and the number and types of activities likely to be affected. Responders
would be a step ahead of the spill and could reduce some of those impacts.
Oil exploration and extraction has continued to increase to the point where we now produce more oil per
month than import, something that hasn’t been done in nearly two decades. The Gulf of Mexico was an
essential part in making that happen and will continue to do so as new offshore oil frontiers are exploited.
The new oil frontiers offer a chance at energy independence but that comes with a need to better
understand the system to avoid future scenarios similar to the Deepwater Horizon. Continued work in
modeling the economic, and socio-economic implications resulting from oil spills is a necessary step to
further our understanding of how the in situ system responds to an oil spill event.
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Chapter 4 : Conclusion and Final Thoughts
The two studies presented in this thesis provide an examination of the vulnerability and impacts resulting
from simulated DW and UDW oil spills in the Gulf of Mexico. Chapter 1 provided a vulnerability
analysis that identified a number of areas along the coast that were vulnerable to spills as a reflection of
the activities that occur on land. Chapter 2 presented an impact analysis that identified the qualitative and
economic impacts.

Both studies can be used to make better decisions regarding the allocation of

resources necessary for cleanup and response. In short, these studies provide a good first step in assessing
and characterizing the risk to a particular blowout with regards to the spills modeled here. This is also the
first time that an oil spill vulnerability analysis has been performed in the Gulf of Mexico using simulated
oil spills. To further inform stake holders, many more simulations are needed at various spatial and
temporal extents. Vulnerability is a first step in assessing risk. With more model runs spanning the entire
Gulf and a broad temporal range, probabilities of occurrence can be generated. If current and tide forecast
modeling takes place at the same time the ability of the model to forecast oil spill landfall will be the first
of its kind and critical to responders, policy makers, and anyone else potentially effected by an oil spill.
Including the probability of occurrence will allow for the determination of risk from any given location in
the Gulf of Mexico.

A Review of BLOSOM:
BLOSOM is used for the simulation of oil spills in both studies. This is the first time that BLOSOM is
used for an application outside of purely characterizing the blowout, plume, and transport model. The
sensitivity of BLOSOM to different environmental blowout characteristics such as depth, location, and
distance to shore, is considered. Each of the scenarios modeled here offer a unique look at the how
BLOSOM reflects a blowout occurring in a natural system. Neither the vulnerability nor impacts between
the different scenarios were the same, lending to the natural variability in a system such as the Gulf of
Mexico. While performing these analyses, a number of bugs in the model were also identified and
corrected. BLOSOM will continue to be improved in the governing equations, processing speed, and its
ability to simulate reality. As improvements are made, BLOSOM can simulate more scenarios in the Gulf
of Mexico and elsewhere in the world. This would greatly benefit a number of authoritative bodies who
are interested in and manage oil spill pollution and impacts in the environment.
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A Review of Vulnerability:
The vulnerability analysis is based off of methodologies from a number of different studies that assess
risk, vulnerability, and impacts. Vulnerability is something that can be changed with policy decisions and
infrastructure improvements and is most beneficial if modeled before a spill occurs. Identifying the most
vulnerable coastal areas in the Gulf of Mexico can provide valuable foresight regarding the locations and
degree of vulnerability faced by responders, policy makers, and the general public. The vector grid
approach performs well and allows for the three dimensional visualization of areas with high and low
vulnerability. Given the circumstances modeled here, Texas is the most vulnerable location regardless of
spill location. Oil is present in Texas following each of the simulated oil spills. This result confirms that
depth and distance to shore do not play a significant role in vulnerability distribution. Within the
vulnerability analysis a small distinction between DW and UDW blowouts appears in the form of spatial
extent. Two UDW blowout scenarios had the largest areal extent, but only after the first 15 days. Prior to
day 15 all the spills had similar spatial extents. It seems however, that the final locations of parcels
modeled in this environment are strongly affected by the current, tide, and wind data used in the model.
These two studies used currents and tides data from March, 2013. Currently the spill model can only use
data that has already been collected but work on forecast models of ocean currents is underway which
would further improve the ability of BLOSOM to forecast the vulnerable locations in the event of an oil
spill.

A Review of Impacts:
The impact scenarios modeled shows a varying degree of impacts. The greatest impact expected from a
one week blowout is $2.5 million and impact from a two week blowout is $3.9 million. The economic
impact only reflects the loss of foregone activities due to the potential closure of affected waters and does
not take into account the activities that occur on the shoreline except for hotels. Because of this, the
impacts calculated here are skewed to lesser impact. Still, given that 96 - 98% of the initial mass of oil is
lost by the end of a two month period, the impacts resulting are not trivial. Tens of thousands of barrels of
oil remain in the environment and that was only taking into account the oil that was within a 5 km
distance of the shore. In addition, the spills modeled here were only followed for a two month period. If
spills are followed from the initial release until all oil has been beached or evaporated, we could expect an
oil residence time of three or four months, from only one week of discharge. The actual residence time of
oil is also highly dependent on the response efforts on water and on land. This study assumes that no
interaction from responders occurred during the blowout scenarios. However, this assumption may not be
far from the truth. During the Deepwater Horizon incident, it was hard to dispatch responders to areas for
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cleanup because the path of the oil plume was not fully understood. To try and minimize the effects of the
oil on land the EPA allowed dispersants to be injected at the site of the blowout. Even with millions of
gallons of dispersants and thousands of emergency responders and cleanup crews, oil was still extremely
prevalent along the coast of the Gulf of Mexico, even after the blowout was finally stopped. Therefore
the assumption of oil residence time as it is used for impact calculations here may be an accurate
depiction.

Lessons Learned:
Both vulnerability and impacts are analyzed using similar methodologies and frameworks. The grid
approach allows for the comparison of vulnerability and impact in a spatially cohesive manner as both the
vulnerability assessment and economic impact assessment can be modeled using the grid approach. This
makes for comparison between the two much easier. Findings from this study shows that some UDW
wells might have a much larger extent after two months than DW wells. Vulnerability is highest in Texas
during the times modeled here but multiple states shows some amount of vulnerability for the UDW
blowout simulations. Texas is the only state that is vulnerable following the DW blowout simulations
modeled here. The impact study does show that impact increases with blowout time but impacts were not
significantly different when comparing well location, depth, and distance to shore. Each spill is also
unique in its characteristics, vulnerability, and impacts. If a spill was to occur again it should be analyzed
first by looking at the dominant currents and tides in the study area as that seemed to be the most
significant determinant of final vulnerability and impact locations. Given a different temporal set of
current and tide data, it is likely that the same areas will not be identified as vulnerable. Because of this, a
temporal analysis needs to be completed to characterize the seasonality of the vulnerability and impacts.
Aggregating spatial information to a grid offered some unique capabilities and the option to use multiple
spatial resolutions.
To really get a handle on the likely impacts, more qualitative and quantitative research is needed.
Speaking in person or over the phone to community members that reside along the shores of the study
area would greatly improve the validity of this study and offer a way of comparing these findings with
those that actually occur following a spill. In addition, knowing the valuable species ranges that
communities rely heavily on, both recreationally and commercially, would improve impact estimates.
Some work has been done with regards to species distributions and economic value, but much more
rigorous research is needed for future spill studies. When estimating vulnerability, impacts, and ultimately
risk, many levels of stakeholder involvement should be considered. From the mom and pop fishing shops
to the governments regulating catch, all views and opinions should be taken into account. The nature of
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offshore oil spills gives them the ability to affect a massive amount of valuable economic ocean and
terrestrial resources. Through regulation and foresight derived from these types of simulations we can
better protect our oceans and coastal environment and continue the goal of energy independence in the
United States.
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A 1: The list of data used in assessing vulnerability and the locations where they were downloaded from.

Data Set

Data
Source

URL

Beaches

EPA

Hotel
Locations
Hotel
Locations
NLCD
ESI
Shoreline
State
Boundaries
Economic
Data
Cities
(Major)
Campground
s

HotelBase

http://water.epa.gov/scitech/datait/tools/waters/data/downloads.cfm#BEACH
Datasets
http://www.hotelsbase.org/

Google
Places
MRLC

http://places.google.com

NOAA

http://response.restoration.noaa.gov/esi

NOAA

http://shoreline.noaa.gov/index.html

USGS

http://sdms.cr.usgs.gov/pub/ngom/ngom.html

NOAA/US
Census
ESRI

http://www.csc.noaa.gov/enow/explorer/

US
Campground
s

http://www.mrlc.gov/nlcd2006.php

http://www.arcgis.com/home/item.html?id=4e02a13f5ec6412bb56bd8d3dadd59
dd
http://www.uscampgrounds.info/
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A 2: BLOSOM start settings for each of the simulated oil spill scenarios.

BLOSOM Settings
Start Date:
Blowout Time:
Jet/Plume Timestep:
Blowout Diameter:
Blowout Temp:
Blowout Velocity:
Crude Flowrate:
Gas Flowrate:

Transport Time Step:
Min Droplet Size:
Advection Coefficient:
Wind advection coefficient:
Min crude mass:
Min wave height:

March 1st 2013
1 week - 2 weeks
5 seconds
.3 m
150 C
2 m/s upwards
34.5 kg/s (~21,000 Bbl/day)
kg/s
Methane:
Ethane:
Propane:
Butane:
Pentane:
Hexane:
Heptane:
CO2:
Nitrogen:
300 s
20 mc
1
0.03
.05 kg
.05 m

6.16
0.5194
0.2982
0.1777
0.09474
0.0611
0.0519
0.006
0.0298
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A 3: The BLOSOM work flow. Seven sub-models make up BLOSOM, starting from the sea floor and ending at the ocean surface.
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BLOSOM Runtime
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A 4: BLOSOM speed, comparing the simulated runtime (y-axis) to the actual runtime (x-axis).
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Spill Frequency in Gulf of Mexico
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A 5: Spill frequency in the Gulf of Mexico. Data was gathered from the EPA data base that records EPA reported spills in the
United Sates.
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A 6: Values used for vulnerability calculation. Groupings are based on an optimal Jenks-Breaks method that finds the lowest
variance between groups of numbers. Once the breaks in the data were found, they were reclassified to normalize all data sets
to a common scale. The reclassified values are displayed in the far left column.

Original Values
(GDP, $)

Original
Values (ESI)

Original Values
(Employees)

Original Values
(Wages, $)

Original Values
(Establishments)

Reclass
Value

1 – 24,556,600
24,556,601
113,924,000
113,924,001
204,308,992
204,308,993
305,966,016
305,966,017
544,979,008
>= 544,979,008

–

1abcd – 2abcd
3abcd – 4abcd

1 – 1,576
1,577 – 4,187

–

1 – 61
62 – 176

1
2

–

5abcd – 6abcd

4,188 – 6,811

–

177 – 277

3

–

7abcd – 8abcd

6,812 – 10,726

–

278 – 405

4

–

9abcd
10abcd

1 – 20,837,400
20,837,401
58,561,700
58,561,701
97,390,304
97,390,305
154,392,000
154,392,001
245,171,008
>= 245,171,009

–

>= 406

5

–

>= 10,727

6
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A 7: A subset of the larger vector impact grid used to concatenate spatial data sets and discrete oil quantities. Each cell is 2km x
2km.
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Oil Remaining vs. Total Economic Impact
Total Economic Impact

Total Oil Remaining
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A 8: Total oil remaining in the environment compared to total economic impact.
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A 9: The raster represents the cumulative economic cost of the waters in the Gulf of Mexico. The surface was created using
recreational fishing, commercial fishing, hotel, and oil infrastructure data. Commercial fishing was based on monthly ex-vessel
prices reported by NOAA. Recreational fishing was calculated using the number of fishing trips taken in the Gulf of Mexico as
well as the total estimated value of recreational fishing trips per two month period as reported by NOAA. Hotel data was found
using an open- source hotel data base along with making phone calls to hotels in the Gulf of Mexico. Infrastructure costs were
based on daily operating and maintenance costs for the various drilling rigs operating at specific depths.

