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1.Management review
This report is about oil containment and the cleaning of an oil spill in Arctic waters. The subject has
been chosen because of the currently inefficient ways of cleaning in the arctic areas. The Arctic
environment is rough which makes the cleaning and containing very hard. The presence of icebergs,
a lack of infrastructure and bad weather form a constant threat. Therefore the necessity of a super
ship became clear. This ship should be able to sail to the distress location with its cleaning and
containing equipment.
To gain knowledge on Arctic offshore drilling a desk research was executed. The following questions
provided the general knowledge which helps to understand the problem:
How does offshore oil drilling cause oil spills?
What are the current methods and materials to contain an oil spill?
What are non-Arctic oil drilling procedures to prevent major oil spills regarding, cleaning up,
containment and response?
What are Arctic oil drilling procedures to prevent major oil spills regarding, cleaning up, containment
and response?
The problem therefore is:
Arctic offshore oil drilling causes oil spills which cause severe pollution.
The question this report is about is the following main question:
How can oil spills in the Arctic be contained and cleaned up effectively?
After the familiarisation with the subject what has been done in the desk research the project
required more depth. This depth was found in the various interviews and company visits.
The desk- and field research concluded in the idea of designing a ship which can sail directly to the
accident and can clean and contain the oil spill. This ship will have a mono-hull on the bow to be able
to operate as an icebreaker and have a catamaran shape at the stern. While operating as a clean-up
vessel she will be sailing backwards. This is made possible by the azimuth propeller. The oil in the
middle of the catamaran bow will be collected on board of the vessel. All the equipment necessary to
prevent an oil spill from becoming an oil disaster, will be on board this vessel.
One of the conclusions of this project is that it is very hard to clean and contain oil in the arctic areas.
Nowadays the equipment used in the event of an oil spill are stored far away from the drilling sites. A
patrolling vessel in the vicinity of these sites will always have a faster response than the equipment
stored ashore.
For this reason the idea to design a superb cleaning vessel came to mind.
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2.Preface
The conditions in the arctic areas are very rough. A couple of years ago the drilling for oil in these
areas was not considered profitable. But due to the ever growing oil consumption all over the world
the drilling in these, often dangerous, conditions proved more and more interesting, and eventually
became profitable.
This meant that oil companies moved their oilrigs to the Arctic. Most of these areas are very remote,
there is little infrastructure and bad weather can be challenging. Therefore it would be an even
bigger disaster if a blowout would occur on one of these oilrigs. It will not be possible to enhance a
quick containment nor clean-up process because of the remoteness. The necessary equipment is
often stored several miles away from the site, and this causes the response time to be too long.
Therefore a new idea was launched during this project, the design of a super vessel which can sail to
the site where the disaster has occurred.
The reason this project was chosen by this project group was because of the affinity with the
offshore. The offshore seems to be a very interesting specialty in the seafaring world. Maybe a few of
us will be working in the offshore sector in a couple of years.
Besides that, the arctic is a very challenging area to work in. This area challenges us to think twice
before shouting out a solution or idea.
We enjoyed working on this project and are very satisfied with the result. A special thanks to mister
Jolles and the information provided by Koseq, without them we would not have been able to make
this report so detailed.
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3.Introduction
During offshore oil drilling there is always a chance things go wrong and a spill occurs. The reason
why this is an interesting topic to research is because of the following facts: oil drilling (especially in
Arctic conditions) is a hot topic, an oil spill can cause serious damage to the environment, there is a
huge possibility to get involved with oil spills as a seafarer, there is a possibility to meet professionals
regarding the offshore sector and the chance to create overlaps between the offshore and the
Maritime Officer study.
Problem description:
The damage to the marine and coastal environment is the biggest problem of an oil spill. The
environment is mostly inflicted by the poisonous chemicals oil contains, such as sulphur, nitrogen,
oxygen and other hazardous elements. But there are also many other factors in play, such as: the
spreading of the oil by the wind and the fact that oil floats on water due to its high viscosity . After an
oil spill has taken place it has to be contained and cleaned up. The current materials and methods for
this response have a number of big disadvantages. Support ships are not always available in every
place of the world and do not have enough equipment on board to contain a big oil spill. Because of
this it is impossible to establish an oil reaction force around every oilrig, which leads to a long
reaction time.
In Arctic conditions the response to an oil spill brings forth a lot of challenges, such as: accessibility,
oil will stick under the ice, oil will have higher viscosity and skimmers do not work as well as in
“normal” conditions, the lack of infrastructure, the areas accessibility is limited due to the weather
conditions and seasons.
In offshore oil drilling many parties are involved. The parties concerned:
-Oil drilling companies (Shell, BP, Gazprom Neft, etc.)
-Oil exploiting companies (Petronas, Petrobas, etc.)
-Neighbouring countries
-Civilians
-Environmentalists (Greenpeace, etc.)
-The users of oil
-Seafarers
Problem definition:
Arctic offshore oil drilling causes oil spills which cause severe pollution.
Main question:
How can oil spills in the Arctic be contained and cleaned up effectively?
Sub questions:
How does offshore oil drilling cause oil spills?
What are the current methods and materials to contain an oil spill?
What are non-Arctic oil drilling procedures to prevent major oil spills regarding, cleaning up,
containment and response?
What are Arctic oil drilling procedures to prevent major oil spills regarding, cleaning up, containment
and response?
Which cleaning methods work in Arctic conditions?
What are the advantages and disadvantages of existing ways of cleaning spilled oil in the Arctic ?
How do sub-zero ambient temperatures affect the spilled crude oil and the clean-up of spilled oil?
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Objective
The final objective is to improve the response to an oil spill in Arctic conditions to prevent
environmental pollution. This response will involve containing and cleaning up the oil spill.
Boarders
The offshore drilling topic is a major topic to discuss. In this paragraph the borders will be set and
show what will and will not be investigated.
Minor leakages, such as: lube oil leaking from a gas installation, fuel/ lube oil leaking from small
vessels, will not be considered
The oil spill prevention methods on board the oil rigs and oil drilling ships will not be considered
The financial aspect of our project will not be considered
Drilling methods in normal circumstances will not be improved upon
World politics or local politics will not be considered in our approach to the project.
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4.Desk research
As said before, the desk research was used to create a basic knowledge about the arctic areas,
drilling for oil, responding to disasters and to see in which fields doing research would be most
profitable.
At first the sub questions were investigated and eventually answered. The sub questions are placed
in a logical order, the question will be more and more specified to become the answer to the main
question.

4.1.Causes of oil spills
In this subject the general drilling process will be explained. Several disasters caused by oilrigs
answered the question what the reason is how oil drilling causes oil spills. The details about these
disasters can be read in the attachments.
The drilling process
When a company
thinks they have found
an oil well, a trail
drilling will commence
to see if the oil well has
any oil. First an oilrig
will be placed above
the oil well. When the
oilrig is in place,
several drilling pipes
will be sent down to
the bottom of the
ocean. At the end of
the drilling pipe a
drilling head is
connected to drill
through the seabed.
Through the drilling
pipe flows a liquid
Figure 4.1.1, trial drillings(Redwave, 2014)
which flushes all the dirt caused by the actual drilling. This liquid also cools the drilling bit and
balances the pressure between the sea and the pipe. The liquid flushes the dirt and sends it back
through the casing, as illustrated in the picture. When the drilling bit has reached the right depth,
and arrived in the oil well, the bit will be sent back to the oilrig. Concrete will be pumped through the
casing which seals the various ways for oil to escape to the surface. At this stadium the well has been
found and will be checked to make sure it is worth to make the well operational. The casing and the
well are separated by a concrete wall. When someone decides to make the well operational, the
drilling bit will be send back down again, first the bit has to drill through the concrete, after that the
bit will arrive in the oil well. When the bit
has drilled far enough in the well, a special
pipe will be sent down which is provided
with holes in it and the oil will flow through
the pipe to the oil rig.
Figure 4.1.2, Oil drilling (Discovery, 2014)
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Disasters
To investigate what causes oil spills in offshore drilling, three major disasters will be discussed, the
outcome of these researches can be found in the attachments. Ixtoc I, which had a blow out on the
third of June 1979, Ocean Odyssey on the 22th of September 1988 and the most recent oil disaster,
the Deepwater Horizon disaster on the twentieth of April 2010.
Conclusion
All three disasters were caused by a blowout. A blowout means that oil and gas with a higher
pressure pushes itself back into the drilling hole. Eventually the oil and gas will enter the oil rig.
Normally this would not happen because of the drilling fluid. This fluid cools the drilling bit and has
enough pressure to make a connection from the well to the seabed. This fluid contains also barite,
this element makes the fluid heavier and so the fluid contains more pressure. There are several
examples where the drilling fluid did not work properly because of the leak of pressure.
After reading this articles drilling for oil seems to be a dangerous business. This is not totally true,
there are very few accidents on board an oilrig, the commotion is caused by the fact that when
something on board an oilrig goes wrong, the consequences are major spills and major pollution.
(University Osloensis and University Louis Pasteur Strasbourg, 2012)
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4.2.The current methods and materials used to contain and clean an oil spill
In order to be able to find an answer to the main question it is important to have a complete
overview of the current methods, materials and techniques to contain and clean up an oil spill. Even
more so to find an innovative solution.
Booms
When an oil spill occurs, eventually the oil will start floating on the water. This is due to the fact that
water has a higher density than oil. The oil will form a millimeter thick slick and will be spread out by
wind and currents and become a widespread cover on the water. The response time of a cleanup
crew will determine what method and materials a team uses to clean a spill, along with the other
factors such as waves, currents and weather conditions. If a crew can reach the spill in time the
containment and skimming may be a good way to clean up the slick. To contain the oil and keep it
from spreading out, booms are often used. There are several types of booms:
Foam filled booms
They are made in PVC or Urethane with round or flat floats.(cleanupoil.com)
Permanent booms
Permanent booms are also
referred to as curtain booms.
The floatation is provided in the
form of robust, rigid floats that
are bolted onto the fabric ( as
opposed to foam inside a fabric
pocket ). The main fabricis
material that has a high tensile
strength and some natural
rigidity. This relatively stiff
material helps the skirt remain
upright in currents. Ballast is
provided by
metallic weights bolted or
riveted to the skirt.
(cleanupoil.com)

Figure 4.2.1, permanent booms (cleanupoil)

Inflatable boom
Inflatable oil booms are typically used on board response vessels where a foam filled boom would be
too bulky. The reduced volume of an inflatable boom is an asset when boom is being transported,
possibly by air, to the spill site. They are typically used in open waters where the higher buoyancy to
weight ratio assists the performance of the boom in waves. There are two types of inflatable booms;
self-inflating and pressure inflated. Self-inflating booms rely on springs or coils that are compressed
in storage (cleanupoil.com).
Shore sealing booms
Beach (shoreseal or tidal) booms are specially constructed to work in shallow or tidal areas. The
boom is fitted with water tubes on the bottom that sit on the beach but will float when the water
level rises. Sometimes known as tidal seal boom these special purpose boom should only be used in
calm water areas and not in breaking waves. The boom is inflated and towed or carried to the
deployment location, once in place the water tubes are filled with a portable pump. Shore seal boom
is manufactured in Polyurethane and rubber type fabrics. The rubber types offer greater abrasion
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and tensile strength however they are considerably heavier to carry to the spill site and
are more suited to vessel deployment. Shore seal booms can also be used in marshy and swampy
areas to surround a spill site, equally they can be used in inland waterways (cleanupoil.com).
Skimmers
All these booms are used to contain the spilled oil within a certain enclosed area which makes it
easier to clean the oil from the surface. This cleaning can be done by boats that suck or scoop the oil
from the water and into containment tanks. Collecting the oil can be done by using skimmers. The
following type of skimmers are available:

Figure 4.2.2, Skimmers (cleanupoil)
Weir type skimmers
Weir skimmers are manufactured in a range of materials which should be selected for the
application. Stainless steel weir skimmers may be used in industrial tanks and ponds where chemicals
and acids may be present. The suction head is used with vacuum trucks and suction pumps. This
head may be flat with openings on the perimeter, or a circular overflow device. Open water weir
skimmers are fitted with self-adjusting weirs. The ring surrounding the pump floats on the water
level inside the hopper, when the hopper is pumped out the ring drops allowing surrounding oil to
flow over the weir. These self-adjusting weirs are a great advancement over the early weir skimmer
that relied on mechanical means to adjust the weir height / depth of skim (cleanupoil.com).
Rope mops
Rope mops are oleophilic devices, which means they pick up the oil when it sticks to a surface, such
as the fibres of the polypropylene rope - which is circulated and wrung out inside the machine. The
pulleys enable the rope to be directed across the water surface, enabling a wide area to be covered.
Oil can also be elevated on the rope without the use of a pump. Rope mops are ideal for shallow
water as the rope requires minimal water to float. They can also work in trash laden conditions as the
trash falls off the rope as it comes up to the wringer unit. The wringer units can be mounted on
open top oil drums or supplied with an integral sump, these types of unit are not normally used from
boats but rather from the dock or beach (cleanupoil.com).

Figure 4.2.3, Rope mops (cleanupoil)
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Disk skimmers
Disc skimmers are highly efficient and will only pick up a very small percentage of water. Equally once
the oil has been recovered, if left to operate, the system will not separate water from the oil. The
system works as oil sticks to the disc as it is rotated through the oil layer, it is scraped off inside the
skimmer head with flexible scrapers. Discs are constructed from PVC, aluminium or steel. The disc
banks are driven by hydraulic motors, however electric and air motors are available in some models
(cleanupoil.com).
Brush skimmers
Brush skimmers are packaged in a variety of configurations from stand-alone units to modules that
can be incorporated into recovery vessels or fitted on the top of weir skimmers. The types of oil that
a brush skimmer can collect is dependent on the stiffness and density of the bristles used as well as
the comb configuration. Generally speaking finer softer bristles are better for light oil whereas a
stiffer wider spaced bristle is better for heavy oil. The brush chain has been used extensively over a
number of years, it differs from static skimmers in that it relies on the forward motion of the vessel
with the water passing between the rows of brushes to coat the bristles with oil. The brush chain is
circulated with the tips of the bristles coming up from under the oil layer. Scrapers recover the oil
into a sump at the top of the unit. Static brush skimmers operate in the reverse direction with the
brush wheels rotating down into the oil layer. In this way the surface tension draws the oil towards
the unit. More modern devices have the scraper assembly on the inside of the frame, directly
scraping the oil into a central sump (cleanupoil.com).
Drum skimmers
Drum skimmers are versatile skimmers that work on the principal of horizontally spinning drums that
can recover a range of oils, from very light ( diesel / jet fuel ), to crude oils. Drum skimmers are driven
by air or hydraulics. Air units may be considered for use in hazardous areas and can be hooked up to
a vehicles air brakes for operation (cleanupoil.com).
Vacuum systems
Vacuum systems are widely used because of their versatility. They can be used to recover a wide
range of liquids from the ground or water and transport the recovered product. Vacuum trucks are
widely available and often called into service for spill clean-up, they can suck any kind of oil and can
handle trash too. Vacuum systems are not very good at recovering oil on water unless a skimmer is
attached to the suction hose (cleanupoil.com).
Sweeping arm
This sweeping arm is a solid
arm which is deployed on the
side of a vessel. As the vessel
will be making way through the
water, oil is guided between
the arm and the vessels hull
until it reaches the oil collection
chamber. Thereafter the oil will
be pumped to the containment
tank with a minimum of 30%
water.
Figure 4.2.3, Sweeping arm (S.
Voogd 2014)
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Sorbents
Another way to remove oil from the water surface is to use sorbents. Sorbents are materials that
soak up oil from the water. They can either use absorption or adsorption. Absorption allows oil to
actually penetrate into the sorbent itself through pores. With adsorption the oil is attracted to the
surface of the sorbent, but does not enter it. It is important that the sorbent attracts the oil and
repels the water. If the sorbent does fill up with water, it will start to sink and that will make the
cleaning process only harder. Sorbents can be either natural organic, natural inorganic, or synthetic.
Natural organic sorbents include peat moss, sawdust, feathers, and anything else natural that
contains carbon. Natural inorganic sorbents include stuff like clay, sand or even volcanic ash.
Synthetic sorbents are man-made, and include substances like polyethylene and nylon
(ohmsett.com).
In-situ burning
Cleanup crews may set the oil on fire in a process called in-situ burning. This process makes sure that
the amount of oil on the water will be reduced and this will minimize the adverse effect of oil on the
environment. In order to ignite, the oil layer must be at least one or two millimeters thick. A fire
resistant boom is often used to contain the oil and make sure the oil forms a thick layer. In the event
of wind and waves in situ burning will be much less efficient, the oil and water will emulsify and this
will make ignition increasingly difficult. Besides it will be harder to keep the oil inside the boom and
prevent it from washing over and under the boom.
In situ burning produces toxic smoke and human health has been one of the major concerns
regarding in-situ burning. The oil is basically converted from a slick on the water into airborne gases
and particulates that can travel long distances and may reach populated areas
(http://response.restoration.noaa.gov).

Dispersants
The sun, wave action and weather all contribute to the breakdown of oil in water. To what extent the
oil will break down depends on what kind of oil is spilled. Oil with a low viscosity is easiest to break
down naturally. The energy produced by wind and waves will have to overcome the surface tension
at the oil and water interface. It will then break up the oil into variable sized droplets, the larger ones
will resurface and rejoin the surface slick, while smaller ones will remain submerged in the water
column and will be further diluted by currents. Because of this process, experts leave some oil spills
untouched if the slick doesn't threaten wildlife, business or civilization. Sometimes this natural
process takes too long due to the weather circumstances or the type of oil that has been spilled.
Sometimes dispersants are used to speed up this process. These dispersants will reduce the surface
tension which will enhance the forming of droplets and will act as a thinner to lower the oils
viscosity. Dispersants are ineffective when oil has a viscosity of 5000 – 10000 centistokes and
response time is important because the viscosity will increase due to the effect of weathering.
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Figure 4.2.5, Dispersant dropping (Itopf)
The use of dispersants is still generating widespread debate in the media and public forums. These
chemicals seem to pose their own danger, however. The broken-down oil can be absorbed by marine
life and into the food chain. And the use of dispersants is often seen as adding an extra pollutant to
the environment. So far, there is only little known of the impact this has on the environment.
Especially for the relatively unknown life in great depths. The decision whether or not to use
dispersants is seldom a simple one. An assessment will have to be made on the environmental and
economic benefits (www.itopf.com).

Conclusion
After taking a good look to all the options one must conclude it is not possible to pick one because
this seems to be the best. Every spill will have to be evaluated separately as fast as possible to be
able to respond with the right methods and materials. Another conclusion is that a lot of spills are
simply cleaned by hand with simple tools and a lot of human labor, as shown in the appendix 10.5.
Inadequate current techniques on the water are not effective enough to prevent that the oil will
wash ashore. This means there is a lot of room for improvement and new methods and materials to
be added to the current options.
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4.3.The non-Arctic oil drilling procedures to prevent major oil spills
To get the most general information about the response on a non-Arctic oil spill, the information for
this sub question has been acquired from two different contingency plans. The areas of application of
these contingency plans are Trinidad-Tobago and New Zealand.
Preparations in advance to an oil spill.
A lot of preparation is necessary in order to properly react to an oil spill. First of all the objective of
what needs to be accomplished with the response has to be made clear and the laws which regulate
around the area of response have to be looked at thoroughly. After that the role of the different
concerned parties has to be made clear. If all parties concerned know how they must act during an
oil spill everything will go much more smoothly. Some of the different roles on hand are: Incident
commander, information officer, safety officer and liaison officer. Therefore all these parties must
also receive proper training and exercise, these trainings will be coordinated and administered by the
agency where the National Controller resides. Also one of the most important things is to determine
whether a dispersant should be used on the oil. Some contingency plans do this by the use of a chart
like the one shown below.

Figure 4.3.1, Oil clean-up chart(Trinidad and Tobago contingency plan)
Other contingency plans determine if a dispersant spray should be used by the following factors:
-How far is de distance of the area of application to the shoreline, important marine
fisheries and coral reef ecosystems?
-How much is the water depth in the area of application?
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-How is the weather and the sea state?
-What is the toxicity of the dispersant?
-Will the use of a dispersant be effective?
-The method and rate of application will be recommended by the manufacturer of the
dispersant.
The response to an oil spill.
After the preparations a contingency plan states how the response to different kinds of oil spills
should take place. In the appendixes the response plans of the two different contingency plans are
described , after which a conclusion of these will be made.
Conclusion:
The two contingency plans, which have been described in the appendix, have a lot of things in
common. But there are also some differences between the plans. The Tobago-Trinidad plan focuses
mostly on how the different parties involved in the response should act, while the New Zealand plan
focuses on how the response acts should happen and not by whom. Therefore the chapters contain
different points of action. The points not described in this chapter of the contingency plan are
probably described in a different chapter. By combining the two parts of the above contingency plans
you can get a general view of what the procedures regarding the containment, clean-up and
response to an oil spill in a non-Arctic environment. The following chart lists the general order of
procedures during the response to an oil spill, which plan contains how the procedure must take
place and where to find it.
Contingency plan
Tabogo-Trinibad
New Zealand
Tabogo-Trinibad

Point
1
1
2

Procedure
Health &safety

Phase
1

Alerting systems

2

New Zealand
Tabogo-Trinibad
New Zealand
Tabogo-Trinibad
Tabogo-Trinibad
New Zealand
New Zealand

2
3
3
4
5
4
5

Prevent spillage or stop further spillage
Spill assessment and surveillance

3
4
5
6
7
8

Tabogo-Trinibad
New Zealand
Tabogo-Trinibad
Tabogo-Trinibad

6
6
7
8

Sampling and fingerprinting
Clean-up response decision and operations
Prevent spilled oil from spreading
Prevent impact of spilled oil on sensitive
facilities, craft or wildlife
Clean-up and disposal of recovered oil

10
11

Tabogo-Trinibad

9

Handling of external resources.
Technical advice and resources from
outside of the country
Public relations

9

12

(NOSCP, 2013).
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4.4.The Arctic oil drilling procedures to prevent major oil spills
Arctic offshore oil drilling is an on-going development which stretches further and further towards
the north pole in the search of low-sulphur oil . There are currently 2 major western oil company’s
involved in the drilling procedures: Shell and ExxonMobil. Shell has been involved with the arctic
circumstances in the northern most places of Alaska in the United States. ExxonMobil has been
involved with drilling in Russian arctic territories.
Drilling locations in the arctic
Most recently, 10 October 2014, ExxonMobil has finished drilling a well in the Universitetskaya-1
area in the Kara Sea. ExxonMobil has drilled this well for Rosneft, Russia’s state owned oil company.
Rosneft’s head of offshore operations, has named this well Pobeta, which is Russian for victory
(Rosneft, 2014). The rig they used for these drilling procedures is Seadrill’s West Alpha, operated by
a crew of ExxonMobil (The Wall Street Journal, 2014). But the sanctions due to the war in Ukraine
have forcefully ended the collaboration between Rosneft and ExxonMobil (New York Times, 2014).
Since then Russia has been focusing on developing their own solutions to the challenges of the arctic
and have looked at China for help.

Figure. 4.4.1, Russia’s arctic seas. (Softpedia New,s 2014 )
Shell’s latest arctic achievement was in the season of 2012, drilling 2 wells. One well is the Burger-A
well in Alaska’s Chukchi Sea, drilled by Shells Noble Discoverer drilling vessel. This well was drilled to
a depth of 1300 feet at the end of the season, and was scheduled to be finished in the 2013 season.
The other well is the Sivulliq well in the
Alaska’s Beaufort Sea, drilled by Shell’s
Kulluk arctic drilling barge. When the
Kulluk drifted aground on the 31st of
December 2012, after the apex shackle
snapped, the drilling plans came to a halt.
Since then the Kulluk has been scrapped
after repairs were not deemed feasible.
The Noble Discoverer has been
transported to a shipyard in Singapore
(according to Marine Traffic), to be
repaired. Shell had been searching for
ways to continue drilling in the arctic, but
have not yet been granted permission.
Figure 4.4.2, the drilling wells Shell intends to exploit. (The Wall Street Journal, 2014 )
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Russia’s precautionary measures
The spill containment and cleaning plans were the big surprise of this investigation, there weren’t
any to be found. The biggest asset of their spill prevention is a new blowout preventer. This blowout
preventer was designed by the Marine Well Containment Company. This is a non-profit organization
that specializes in making extremely high pressure wells safer. The company is a joint venture by
ExxonMobil, Chevron, ConocoPhillips and Shell and was established in 2010.(Well Containment
Company 2014) So it is to be expected that Shell will use the same blowout preventer.
The drilling itself happened over a period of 2
months this year, it started the 10th of august and
was finished the 10th of October. The West Alpha
Rig used is specially equipped for arctic drilling
with a strengthened hull and equipment capable
of withstanding extremely low temperatures. Due
to the extreme arctic conditions the crew was
given a 3 weeks up, 6 weeks down schedule. The
rig is equipped with an innovative system for the
monitoring of ice condition, icebergs detection
and tracking of sea ice. It uses infrared cameras
and modern on-board radars, and analyses
satellite and air intelligence data. The rig has 2
blowout preventers and an enhanced subsea shut
in device. If the upcoming ice is considered too
dangerous the well will be shut and the rig will be
towed away. There will also be icebreakers
nearby at any given moment (ExxonMobil, 2014).
Figure 4.4.3, the West Alpha Rig. (Seadrill, 2012)
Shells precautionary measures, cleaning and containment plans
Shell has taken same precautionary measures that the ExxonMobil/ Rosneft have, but have gone
further than that. Here is a list of measures they have taken:







Their blowout preventer has an additional subsea capping system that can shut off the well
in case of failure. This system transports oil from the well towards shore or a tanker to be
processed while the well is being shut down.
Shell has a skimmer purposely built for arctic conditions, the Nanuq, which doubles as an ice
breaker and towing vessel.
Shell has have a purposely built oil containment vessel, the Arctic Challenger, this vessel can
equip booms and, skimming vessels and small vessels to deploy these materials.
Shell has can use In-situ burning techniques.
Shell has a large stash of dispersants
Shell has a tanker stand-by with an ice resistant hull to collect skimmed oil.

Shell has stated that the arctic conditions also have some benefits for oil recovery Due to the
increased viscosity the oil will move slower trough the water and will spread less. In situ burning will
also be easier because of the increased viscosity. They say their booms can work in drift ice.
Mechanical recovery, like skimmers, will decrease in effectiveness due to the higher viscosity of the
oil.The rigs shell wants to use are the Noble Discoverer and the Polar Pioneer. The Polar Pioneer has
been recently selected by shell to fill in the role of the decommissioned Kulluk, the Noble Discoverer
has been in South Korea for a while to undergo maintenance and changes to make it more suitable
for arctic conditions.
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Figure 4.4.4, the polar pioneer.
(Transocean, 2014)

Figure 4.4.5, the Noble Discoverer.
(Marine Traffic, 2014)

These drilling rigs will be assisted by the previously mentioned Arctic Challenger. This vessel will, in
addition to other containment and cleaning materials, house the containment dome. This dome is to
be lowered over a leaking well to contain the oil leaked from it. The 20th of November 2013 this
system was tested but failed to work. Since then it has been jokingly referred to as shell’s ‘’arctic
beer can’’. The system has not been deemed functional since. The arctic challenger will be a part of
the oil containment strategy Shell will be presenting for the 2015 summer drilling season.

Figure 4.4.6,
the crushed “beer can” (KOUW, 2014)

Figure 4.4.7, the Arctic Challenger barge.
(Marine Traffic, 2014)
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4.5.Cleaning methods in Arctic conditions
The previous sub questions were concerning the procedures regarding offshore oil spills. An
important part is containment of the spilled oil, but after that, the water, and often the nearby
shores, have to be cleaned of the oil. To achieve this, there are numerous systems. The problem with
this is all methods of cleaning oil have disadvantages, and cannot be used in all situations. To be able
to analyse the usability of cleaning methods, the available cleaning methods will be shortly
described. This description includes an explanation weather is works in Arctic conditions.
Skimming
With skimming, oil is separated from the surface of the water, and can be stored after that. This is
most effective on open water, but also possible in waters with ice. Essential for skimming is the
containment of the oil slick. When the oil spreads, the slick becomes thinner and skimming becomes
less effective. This can be achieved by the use of containment booms, but in conditions with large ice
coverage this might also be done by the ice which forms a natural barrier.
To overcome problems with ice skimmers have been developed which can handle small pieces of ice.
With the use of heaters and advanced pumping systems, also larger quantities of ice can be managed
(Arctic Response Technology, 2012).

Burning
One of the most basic ways to get rid of oil is to burn it. The burning of oil might, according to the
Arctic Response Technology Joint Industry Project, eliminate more than 90% of the oil in good
weather conditions. This means wind speeds up to 25 knots and waves heights up to 1.2 meters. If
this becomes more, the burning will be less effective. Besides, burning will also clean up to 90% of oil
from snow and on average between 60% and 70% lying on top of ice (Arctic Response Technology,
2012).
Important with burning oil is that there is a limited time window. From the moment the oil is spilled,
it will slowly mix with water. If there is too much water mixed in the oil, it won’t burn. According to
experiments, done by Brandvik and Faksness, this time windows for open water with ice slush, and
for water with 30% ice coverage are almost the same. For waters with 90% ice coverage, however,
the time window is much larger because the oil mixes slower with water(Brandvik and Faksness,
2009).
This means that the burning of oil is a technique which can be used in the Arctic, and in waters with a
large ice coverage for an extended period of time.
Chemical dispersants
When using chemical dispersants, oil isn’t actually taken out of the water. When added to oil,
chemical dispersants make it possible for oil to disperse in the water. The dispersed oil will then be
biodegraded by organisms in the water. this is a natural occurring process, even when the oil slick is
not dispersed, but by dispersing the oil, the degradation goes faster because of the more equal
distribution. A problem with this is that the organisms which are able to degrade oil are not as
numerous in Arctic areas, so the degrading process is significantly slowed (Bourne, 2013). Therefore,
it seems it is best to use it when there is no alternative but no action is also not an option.
Bioremediation
By bioremediation is meant to enhance biodegradation of oil in water. To achieve this special
fertilizers are added to the oil slick, or when chemical dispersants are applied in the area with
dispersed oil, to increase the amount of organisms in the area capable of degrading oil. This
technique was for instance used after the Exxon Valdez spill in the Prince William Sound in Alaska,
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where it appeared to double the speed of biodegrading. However, this was, due to a high variety in
samples, not statistically verified (Pritchard et al., 1992).
There also have been experiments near Spitsbergen, where biodegradation of oil was successfully
enhanced, especially in coastline sediments. However, on water it worked not under all
circumstances, because some processes in the Arctic seas are not compatible with normal
biodegradation processes (Sveum and Adrouse, 1989).
Bioremediation might be a well-functioning cleaning method. However, it seems it is not a good
working solutions under all circumstances in Arctic waters. When used, it can effectively be
combined with chemical dispersants to distribute the oil more equal among the water column.
Conclusion
It is clear that there is not a single cleaning method which can be used effectively under all
circumstances. There multiple methods, all with their own properties. For most methods there is
only limited research available about the use in Arctic areas, and sometimes research might
contradict each other. Therefore, the functionality of the different techniques in Arctic environments
is still to some extent unclear. However, skimming appears to be a well-functioning way of cleaning
oil slicks. The use of fertilizers might also be effective, but is not always possible in Arctic
environments. When used, it could be combined with chemical dispersants to distribute the oil equal
throughout the water column, thus creating a larger contact surface for the degrading organisms.
Dispersants might also be used without fertilizers, when there is no better alternative and fertilizers
do not function well. Finally oil can be burnt. In Arctic conditions, with a high ice coverage, this could
even be done after days, and is therefore another option to use if there does not seem a better
option.
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5.Field research

5.1.Improvement of Booms
The oil containing booms of these days are only made to contain oil. When the booms have the
following adjustments, they could be far more effective. When a tube is placed through the whole
boom at the height of the water surface it allows the oil to flow in to the tube. So the containing
booms transform into a containing boom and a cleaning boom. Because the oil will float on water, it
is imaginable to suck the oil through small openings which let the oil to the tube. The oil will be
sucked up and let in an oil water separator.
The booms of these days are also quite simple, therefore they are not as handy as they could be.
With a more complicated system the floatation will improve and the oil, as described above, can be
collected without sailing ships.
The redesigned boom will contain three parts. The upper part provides the flotation, this part is filled
with air. In this flotation part the tube which collects the oil is placed at the height of the water
surface. The third part is placed under the first part and is filled with water, this provides more
stability to the system. It holds the system in place because of the weight at the bottom of the whole
system.
It is imaginable that the water surface isn’t fully filled with oil, this could mean that the small
openings suck in also a lot of water. The system will therefore be equipped with valves which can be
opened and closed via a computer system. The valves only open when the oil floats in front of this
department of the boom. In the ocean, especially in the arctic, the weather can be very bad. High
waves and strong winds can interrupt the working of the booms. The bottom compartment is filled
with water as a counter weight, this counter weight holds the system in the water in case of a strong
wind and provides stability for the booms so they float together with the movement of the waves.
To fill the compartments with water and air, the separate compartments are connected with two
pumps, one will fill the compartment with air and the other with water. (For sketches see appendix
10.6)
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5.2.Oil containment idea
To get a good indication of the size of the oil surface that has to be contained this has to be
researched separately. There are tables and data enough to get a clear view of the area that has to
be covered by the containment system.
The idea for the containment is to devise a new way of deploying the newly designed booms. Buoys
will be deployed an area around the drilling site. These buoys will have reels of containment booms
on them, ready to rapidly deploy these booms in case of a spill. We want to surround the drilling site
in a radius which we will determine considering the average current and wind speed. So that in case
of a spill the oil will be contained between all these booms. From the containment area the oil will be
easier to collect by skimmers.
When the drilling commences without any spillage, the buoys will be stationed far enough apart for
marine traffic to sail to and from the drilling site.
Our main concern is how these buoys can be secured in such a way that the arctic circumstances do
not affect them, and if containment by booms will work in the arctic at all.

5.3.Bioremediation
In the case of an oil spill, fertilizers can be used to increase the numbers of microorganisms which
can degrade oil. This is sometimes used in Arctic environments. However, in Arctic environments, the
amount of these organisms naturally occurring is low, and fertilizers may not work in some
conditions. Therefore a mixture of fertilizers and organisms could be used to speed up the
biodegradation of oil slicks, especially at locations where other methods are impractical, for instance
under ice. However, adding organisms to ecosystems might ruin the system, and some mixtures
might not work under certain circumstances.

5.4.Arctic rigid sweeping arm
The idea is to adjust the currently used rigid sweeping arm so it can be used in ice-infested waters. It
has been proven to be an effective cleaning method already in non-Arctic circumstances. A possible
adjustment is to deploy an ice crushing mechanism on the arm to be able to deal with larger chunks
of ice. A crucial question is if the arm will stay in position next to the ship’s hull since it is only kept in
place by a couple of cables. The arm of course, will encounter a huge force once ice gets trapped
between the arm and the ship’s hull together with the oil.

Figure 5.4.1, Artic rigid sweeping arm(Koseq.com)
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6.Design of the vessel

6.1.The hull
The CC vessel will sail in the Arctic regions, this means the vessel requires an ice strength hull like an
ice breaker. There is a difference between ice strength hulls of merchant navy vessels and ice
breakers. The hulls of ice breakers give the opportunity to break the ice while sailing through or crush
the ice by sailing over the ice the so called “riding the ice”. When the ice is very thick the ice breaker
can glide over the ice and pushes down with its weight and crushes the ice.
The CC vessel needs to be designed for breaking and crushing the ice. The CC vessel will always be
able to sail to the location of distress. The vessel will patrol around different areas so it could be
possible that the CC vessel has to sail a couple of miles through ice before it arrives at the location of
distress.

Figure 6.1.1, (Alaska natural gas transportation projects, 2013)
Besides the ice breaking capacities, the CC vessel will be designed primarily for the cleaning and
containing ( CC ). Therefore the stern of the vessel is specially designed for the cleaning of the spilled
oil. The stern looks like a catamaran, through the middle the spilled oil can be brought into the vessel
where it will be cleaned.
So the bow looks like an icebreaker and the stern looks like a catamaran. This special features are
necessary to operate in the arctic at any time and any place. The waterline of the ship is as small as
possible chosen because of the highest pressures of the ice at these places around the waterline.
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Figure 6.1.2, (A boat to service offshore wind farms, Wired, 2011)

The CC vessel has a large accommodation, in the accommodation are the cleaning facilities, living
spaces and engine rooms situated. There is even space for cargo at the stern of the CC vessel. This
makes the vessel also suitable for the transportation of goods required for the oil platforms.
The CC vessel will be powered by two diesel electric azimuth propellers. The advantages of this
system is that the vessel can quickly shift from half ahead to full astern for example. It is also possible
to use the maximum torque during every rpm. (For sketches see appendix 10.7.)
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6.2.The Conveyor belt
A conveyor belt will be mounted on the vessel’s front bow, to pick up the oil while moving through
the water during the clean-up process. This belt will be adjustable in an open and closed position. In
the ‘open position’ the belt will be just below the waterline to skim the oil off the water surface. To
keep the conveyor belt in the right position there will be an automated system to constantly counteradjust the belt’s position in accordance with the prevailing sea state. Once the clean-up is ceased the
belt will be brought into a closed position which will give the ship the possibility to sail at full speed.
The first part of the belt on the water surface will be made of an oleophillic material and scoop up
the oil and ice.

Figure 6.2.1, Fate and behaviour of oil spilled in ice (Dickins et al, 2004)
In Arctic conditions the system must be able to process both. As you can see in the picture above the
oil will end up in several different positions regarding the ice infested waters. This depends on the
type of oil, the time between spill and clean-up and the weather conditions.

Figure 6.2.2, First part of the conveyor belt (elastec)
The first part of the belt will be comparable to the skimmer on the picture shown here. The oil sticks
to the oleophillic conveyor belt and will be scraped off on the bottom side to be collected in a tank
on board the vessel. On top of this belt a second conveyor belt will ascend the ship to deal with the
ice chunks and parts. This part of the belt will be similar to metallic cross wires on which various bent
profiles are made of flat steel (honeycombs) which define the opening size. These openings enable
washing of the ice and give oil the chance to detach from the ice into the collecting tank below.
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Figure 6.2.3, metallic belt
Washing will be done with warm water, while the ice and oil is moving up on the conveyor belt. The
water will be heated by the ships main engine. This will lower the oils viscosity and make it easier to
process the oil. While ascending to the end of the belt the ice is constantly brushed and washed to
undo it from the oil. As well as from the top as the bottom like a car washing machine. Spikes will be
added on top of the metal belt to maintain grip on the ice and eventually collect this ice and the
remainder of the oil in a separated tank. Here it will be further processed, this process will enhance
melting the ice and separating it from the oil remainders.
This is what the metallic belt will look like:

Figure 6.2.4, metallic belt (meshsolution)

This shows the ‘scraping of oil of the belt’

Figure 6.2.5, scraping of the belt
(oilspillsolutions)

Figure 6.2.6, scraping of the belt
(nauticexpo)
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6.3.Processing the oil
Once the oil is on board the vessel in a storage tank, it still has to be processed. There will be water
present, and the oil will contain emulsified water. This has to be separated from the oil, to create
purer oil and clean water which can be safely thrown back into the environment.
The efficiency of separation by settling is affected by the following factors: gravity, density
difference, viscosity and diameter of the water droplets. Since gravity and density difference can’t be
affected, the viscosity has to decrease or the diameter of the water droplets has to increase to speed
up the settling. To achieve the first, the oil will be heated, not only at the conveyor belt, but also in
the storage tank.
To achieve the second, a Vessel Internal Electrostatic Coalescer (VIEC) will be used. This is a system
which increases the droplet size of water in oil. It creates an electric field. This has no direct effect on
the oil, since it is insulating, but the water is conductive. The electric field causes the water droplets
to become dipoles. The electric charges make it possible to overcome the repulsive interaction
between the oil and water surface. This causes the water droplet to be able to reach other water
droplets and join together, thus increasing droplet size and settling speed. Using this system allows
also a lower oil temperature compared to traditional systems.

Figure 6.3.1: Inside a VIEC (Wärtsilä)

Figure 6.3.2: Insides of a VIEC (Wärtsilä)
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As can be seen in figure 4, without VIEC the density of a mixture of water and oil gradually decreases
when nearer to the surface. This means there is a large zone where water and oil are mixed, and
therefore both the oil and water are contaminated. With VIEC however, there is only a small zone
between the oil and the water. This means better and faster separation, and less contaminated
water.

Figure 6.3.3: Difference between traditional technology and VIEC (Píasecki, Florkowski, Fulczyk,
Sipowicz, & Sundt, 2004)

Figure 6.3.4: Densities of an oil-water mixture (Píasecki, Florkowski, Fulczyk, Sipowicz, & Sundt, 2004)
The water separated from the oil will be, if necessary, further treated to make sure it is safe to bring
it back into the environment. The oil will be stored on board in a special tank, and later transferred to
a tanker or directly to shore.
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6.4.Oil containment and ice booms combined
As concluded from the desk research, mechanical oil spill cleaning systems are the most effective
considering the environment. Mechanical cleaning is usually done by collecting oil with booms and
then skimming the surface contained within the booms. But because of the icing and low ambient
temperatures the effectiveness of this conventional method drops drastically. Conventional
skimmers can’t process the ice and conventional booms can tear under the forces the ice subjects to
them. As shown in the image below.(Arctic Response Technology JIP, 2012).

Figure 6.4.1: A skimmer working in the arctic environment. (Arctic Response Technology, 2009)
The research is aimed at the summer to extended summer drilling season. During this time the vast
majority of ice will be gone and the way should be clear for any vessels in the area. But in the arctic
the weather can always change and can cause ice fields to move towards the drilling site, causing a
dangerous situation. The normal procedure is to have icebreakers on standby, but icebreakers are
not entirely fool proof. And in an event of an oil spill the oil will surface between the ice fields which
makes it almost very hard to collect and clean up.
One of the hardest challenges to overcome in the arctic is the lack of infrastructure. The drilling areas
are so remote that the nearest harbour can be weeks away. Ice limits the maximum speed of backup
vessels to just a couple of miles an hour. This makes being dependent upon icebreakers a great risk.
If any of them break down they are almost impossible to replace. This makes it mandatory to have
armies of ice breaking vesselsstand-by, up to 17 at once where 3 or 4 should be sufficient.
The ideal situation would be to have a drilling area free of ice without having to depend on other
vessels. During the drilling operations the drillship will be stationary and connected to the seabed.
The area’s in the arctic that are currently being exploited are not that deep, and oil rigs that will
collect the oil are also build on the ocean floor, this sparked an idea.
Combining both ice-resistant booms and oil containment booms for protection of the environment
and protection of the drilling site combined in an all in one solution. This will create a barrier
between the drillship and the environment, creating a fool proof system that will enhance safety and
reduce risks for the environment. Using existing technology the size of the area of where the oil can
surface can be determined. Combining both ice-resistant booms and oil containment booms for
protection of the environment and protection of the drilling site combined in an all in one solution.
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Using new buoy fastening techniques the buoys can be secured well enough to resist the forces
subjected to the booms by the ice flow. Using conventional steel as boom material these booms can
be made incredibly strong tough and dependable. To aid in resisting very large icebergs additional
large ice breakers can be set stand-by depending on the risks of the specific area. The drilling vessel
will need to be made accessible by water, therefore a gate like structure will have to be made.
The construction of this safe zone can be done before the season starts because there are no
hydrocarbons involved in the building process, and after the drilling process the materials can be
easily reused on the next drill site.
In case of an oil spill skimmers will be much more efficient because there will be no ice within the
safe zone. The oil water mixture can be pumped in a stand-by oil tanker, while the emergency well
closing procedures can start.
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7.Conclusions
To properly clean an oil spill in the Arctic, it is most important to contain the spilled oil. Once the oil
starts to spread out in ice-infested waters, it will end up sticking to the ice in several different ways.
This will make the clean-up drastically more difficult, but this will not always be possible to prevent.
Therefor the cleaning vessel and the oil containing booms are the answer to the question how oil can
be contained and cleaned up effectively in the Arctic. A containment zone needs to be calculated so
the booms will be placed in the right position. This means the equipment will be combined in an all
covering solution. The booms will contain the spilled oil and the clean-up vessel will clean the area in
an effective way.
The booms will be a combination of ice-resistant booms and oil containment booms for protection of
the environment and protection of the drilling site. Using new fastening techniques the booms can
be secured well enough to resist the forces subjected to the booms by the ice flow. Using
conventional steel as boom material these booms can be made incredibly strong, tough and
dependable. The vessel will be equipped with an ice breaking hull on the bow and a catamaran
shaped hull on the stern. This design, combined with an azimuth propeller allows the vessel to sail to
almost every possible location in the Arctic and clean up the oil via the stern, equipped with a
conveyer belt.
This is a solution for the Arctic drilling companies who are not well enough prepared for an oil spill.
Nowadays there is little to no effective equipment in the Arctic area to clean and contain an oil spill
and response time isn’t suffice. Once the cleaning vessel will patrol in the drilling areas the response
time can be reduced with days.

30

8.Recommendations
The current methods are not sufficient enough to provide a quick and effective response on an oil
spill in the Arctic environment. More research is required to find more ways of cleaning and
containing in the Arctic.
The use of bioremediation can be a good way to clean up oil but there is more research required
according to this subject. Questions such as: will the micro-organisms survive in the harsh
environments like the Arctic? And what will be the effect on marine life in the Arctic?
For the cleaning vessel further research is required on the ships structure, size, speed and response
time. Especially because of the ice-breaking capacities.
To properly use the ice resistant booms it is most important to be able to calculate where oil will
resurface once a spill occurs on the sea bed. This way it is possible to establish a containment zone
which will be surrounded by the ice resistant booms. The size of this area will be influenced by
prevailing currents and depths.
All problems start with the failure of drilling procedures. Containing and cleaning an oil spill will
always be a time consuming process. Therefor it remains most valuable to tackle the problem at the
beginning of the oil drilling process.
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9.Explanation of relevant terms, expressions and abbreviations
Mister Jolles is an expert according to arctic offshore drilling. He has recommended several subjects
to investigate and checked the report on accuracy.
Koseq, this company designs portable oil sweeping arms.
CC Vessel, Containing and Cleaning Vessel.
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11.Appendix

37

11.1.Minutes meeting Mister Jolles
The meaning of this meeting was to discuss our ideas till so far.
Till meeting took place on Monday the 5th of January 2015, 1030 hour.
Mister Jolles started trying to give us a view in the arctic environment in relation with arctic offshore
work.
The main goal of off shore arctic work is to prevent ice fields to come close to the rig. Therefore ice
breakers sail near the rig and crush the ice into small parts. The idea was to drill in the period when
there are open waters, this does not mean that there is no ice. There is always the possibility that ice
will interrupt an oilrig. This period of drilling last between the 60 and 100 days.
Some Canadian companies are already working on ice booms. These booms are placed in a river so
ice can not come into the turbine of cooling installations which provide cooling for electricity
companies.
Considering the Bioremediation we should contact the WageningenUniversiteit they did some
experiments with oil and micro-organism.
For the improvement of booms we need to know that buoys are used to track the oil field. It is only
very hard to track a lacked oil field when there is ice involved. The buoy will not be able to transmit a
signal. Another thing we need to consider is the question when do we want to use these booms? In
open water conditions with sometimes thin ice, or thick ice with sometimes open water conditions.
The Finish people have made a whole new kind of ice breaker. It will be useful to see more of this
vessel.
Mister Jolles is working on buoys which can survive and resist the forces of ice. These buoys are
measuring buoys.
While we were discussing our ideas mister Jolles came with the suggestion to combine all the ideas.
The ideas could be combined in a ship in the shape of a catamaran. The ship will sail in the arctic
area, the idea that this ship won’t be on the oil spill in time is a bit wrong. In these areas there is
nothing which can help in a possible disaster. So a ship which has all the equipment on board is not a
bad idea at all.
Thinking of the super ship we can use a kind of pacman structure, this will eat or grab the big ice
bergs out of the containing area.
We also need to look up how many of the oil will eventually stick to the ice. Because the oil is
sometimes very light, sometimes it is very volatile and will not come in the water at all.
When we cut the year in different periods we could for each period decide which containment and
cleaning will be sufficient.
The sweeping arms are very difficult concerning the ice forces, maybe it is better to leave this idea.
The plastic soup idea is a thing we can learn from and maybe use some of the elements.
The conclusion after the meeting with mister Jolles was clear, the combination of all the ideas would
make a great solution. The combination will result in a super vessel.
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11.2.Oil disasters
Ixtoc I 3 June 1979
This well was explored by the Mexican company Pemex and was located in the south-western of the
Gulf of Mexico (the bay of Campeche). The sea was about 50 meters deep. On the third of June 1979
the circulation of drilling mud did not work properly and causes a blowout. The oil came through the
drilling pipe and eventually entered the oilrig. This event caused an explosion and a fire. The fire was
fatal for the rig. Eventually the rig collapsed and the oil was free to go. The oil poured into the Gulf of
Mexico with a rate of 30,000 barrels a day, which is equal to 4,8 million litres of crude oil.
A few months later the oil recovery team pumped nearly 100,000 metal balls into the well for
preventing the oil pouring out. But this idea did not help as much as the team wanted, still two third
of the oil escaped of the well.
Until march 23 1980 the well could pour its oil in to the sea. Eventually the well was capped with a
cement capsule.
http://www.whoi.edu/oil/ixtoc-I seen 10-11-2014
http://www.alletop10lijstjes.nl/top-10-grootste-olierampen/seen 10-11-2014
https://sites.google.com/a/asu.edu/ixtoc-oil-spill/home/causesseen 10-11-2014
Ocean Odyssey 22 September 1988
When the Ocean Odyssey was made, it was the most advanced semi-sub ever and was built to work
in harsh environments. Cold weather or rough seas should not be a problem for het Ocean Odyssey.
The rig had enclosed decks for working in cold areas and was made to drill in Alaska and the North
Sea.
In 1988 the Ocean Odyssey was drilling in the Central Garden, North Sea. It drilled to a depth of
16160 feet, about 5 kilometres. In the morning of 22 September 1988 an ARCO representative
decided to regain the circulation of drilling mud by pulling out of the hole. Later that morning the
pressure in the pipes began to rise rapidly. The drilling mud began to return to the oil rig, the
circulation pressure was not high enough. The result was a gas influx into the well, at that moment
the well began to flow. The crew was ordered to move to the lifeboats. In the beginning of the
afternoon the well was not shut completely with the lower rams and a choke hose broke and caused
an uncontrolled flow of fluids through the rig and started several fires on the sea surface under the
rig.
All in all the direct cause was a failure of the subsea wellhead after the pressures went to high. The
crew tried to regain the pressure by kicking the pressure down the pipe to the well, this did not work.
There was also a shortage of drilling mud and barite (this makes the mud heavier to gain more
pressure). The order Of the ARCO representative was not safe. This tragedy resulted in the loss of
one crewmember.
http://home.versatel.nl/the_sims/rig/o-odyssey.htm
http://discovery.nationalarchives.gov.uk/details/r/C275871
Deepwater horizon 20 April 2010
British Petroleum is one of the biggest oil companies and is always looking for new oil wells. To be
more efficient BP contracted another company, Transocean, to drill an exploratory well. This well
would be sealed with cement after the pipes had been placed in the well.
The well was found in the Gulf of Mexico in the Macondo prospect. The sea had a depth of 5000 ft or
1,524 meters. The drilling was almost completed, the case around the pipe was already cemented
and ready to seal the top off with cement. So the well could be made operational later.
So what went acutely wrong, because the job was almost done? The problem lays for a big part by
the human dissension making. The core lays in the cement, the cement was not properly bound with
the pipe which resulted in the fact that oil could slip through. The cement is usually tested by a sonic
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scanner. But this service was not required according to the crew aboard the drilling rig. The Blow Out
Preventer, which lays at the bottom of the sea and could shut down when the backpressures become
too high, did nog work properly. The crew did not react properly and made several mistakes.
When the oil and gas reached the rig, the gas ignited and caused an explosion, which resulted in a big
fire. The rig sank two days later and the well leaked about 800,000 litres a day in to the sea.
Finally on the twentieth of September the leak was sealed. But even today people are cleaning oil off
beaches.
http://www.bbc.co.uk/news/10370479
http://www.whoi.edu/oil/deepwater-horizon
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11.3. Methods to clean-up oil
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11.4.The national oil spill contingency plan of Trinidad and Tobago.

Chapter four in this contingency plan is about the response, and consists of nine different phases.
1. health and safety. This phase states how the health and safety during an incident should be
maintained. The health and safety must always be in the first place, even above the environment. In
order to maintain this all respond sites must have a Site Safety and Health Plan and all night
operations must be avoided.
2. Alerting systems. The Incident Commander is the person with the overall responsibilities of the
response. During an incident he must activate the Emergency Operations Centre and all the
personnel. Once the significance of an oil spill has been confirmed he will activate the contingency
plan. After this all has taken place, The IMO in Curacao must be informed in accordance with the
Caribbean Island OPRC plan.
3. Spill assessment and surveillance. The information whether an oil spill is a threat will be acquired
by: aircraft, surface vessel, remote sensing and satellite, after which TTCG will make an assessment
to the threat. The surveillance of the oil spill will be done by meteorological and hydrographical date
by Ministry of Energy and Energy Affairs (MEEA) and Institute of Marine Affairs (IMA). If the oil spill
should make a threat to other countries/states, these must be informed. For routine surveillance all
aircrafts and ships must report any sighting of oil in the sea.
4. Sampling and fingerprinting. In order to find out what the source of an oil spill is, trained personnel
will analyse the oil in accordance with the Oil Spill Sampling Manual.
5. Clean-up response decision and operations. Before the actual clean up takes place, the Incident
Command Team will implement the National Plan and consider the following matters:
-Mobilize personnel, equipment and materials from in and external resources.
-If external experts should be contacted to advice on an oil spill, and the measures needed to use
external resources.
-If the outflow of the oil can be prevented or decreased at the source.
-If coastal or marine resources are threatened and if these need to be protected, if at-sea response
can take place.
-If beaches are/will be affected, and how they should be cleaned up.
6. Clean-up and disposal of recovered oil. In which way the oil will be cleaned-up and disposed
depends on a lot of different factors. Therefore there are six different methods described, these are
from most preferred to least preferred:
-Restrain or prevent the use of hazardous chemicals if able to, this will prevent harsh
environmental effects.
-Reduce impacts on the environment.
-Reuse waste generated in the same project.
-Recycle wastes that are unused for another project.
-Restore the biodiversity of the affected area.
-Refuse: safe disposal of waste to landfill.
After this the cleaning methods for different kind of oil mixtures are described, as follows:
-Oil and water: reprocessing, separation, emulsion breaking or a combination
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-Oil and sediment: re-processing, stabilization, bioremediation, sediment washing, landfill
and thermal treatment.
-Oil and organic debris: stabilization, bioremediation and thermal treatment.
-Oil contaminated Personal Protection Equipment (PPE)/equipment: landfill and thermal
treatment.
7. Handling of external resources. As mentioned in paragraph 4.5 it might be needed to call in
external resources. This paragraph mentions how these resources should be handled.
8. Technical advice and resources from outside of the country. If the spill is beyond the resources of
the region the Ministry of Energy and Energy Affairs (MEEA) and Trinidad and Tobago Coast Guard
(TTCG) must be informed, these parties will then: contact a tier 3 equipment provider for equipment
and advice, from that advice will follow the decision to request third party access to clean-up
facilities, trained personnel and air deployment.
9. Public relations. The Ministry of Energy and Energy Affairs (MEEA), Environmental Management
Authority (EMA), Trinidad and Tobago Coast Guard (TTCG), The Office of Disaster Preparedness and
Management (ODPM) and Responsible Party RP will assign an experienced public relations officer in
case of an oil spill.
http://www.energy.gov.tt/wpcontent/uploads/2013/11/National_Oil_Spill_Contingency_Plan_2013.pdf
seen 12-11-2014
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11.5.Maritime New Zealand, National oil spill contingency plan.

Chapter 6 – clean-up/response options for different environments.
During a spill there are different response priorities, Bellow will follow a description of responses in
general order of priority.
1. Human safety. If there is a risk of explosion or fire the New Zealand fire department must be
notified. In case of risk to life or property the police department should be notified, they have the
power, with the On-Scene Coordinator, to evacuate people.
2. Prevent spillage or stop further spillage. In order to keep the incident as small as possible, the oil
spill should be stopped as soon as possible. The following points are options to do this:
-fuel salvage
-vessel salvage
-blocking source
-blocking breather pipes
-patching holes
-shutting off pumping equipment
-shutting off valves to isolate leaking areas
-transferring oil or shifting source
-making vessel or facility operators aware of the spill
-preventative booming
-places of refuge
3. Assessing the incident. In order to give an appropriate response to an oil spill, the spill must be
properly monitored and assessed. The information required to make the decision of what response
has to be used is: the type and quantity of the oil, the location of the oil spill and it’s movement, how
the oil might weather and any other relevant information gathered by the monitoring or the
assessment.
4. Prevent spilled oil from spreading (contain, divert or disperse). In order to keep the damage from
an oil spill as minimum as possible, the spilled oil has to be stopped from spreading as soon as
possible. The following points are options to do this:
-contain spilled oil with booms or other floating barriers for later recovery by skimmer,
sorbents or sucker truck.
-divert spilled oil away from highly sensitive areas.
-apply dispersants to disperse the oil into the water column.
-enhance natural evaporation of the spilled oil.
5. Prevent impact of spilled oil on sensitive facilities, craft or wildlife. Sometimes keeping facilities,
crafts or wildlife away from an oil spill to minimise the damage will be much more profitable than
containing an oil spill. In order to do this the following actions can be taken: discouraging birds and
animals from landing, wading or feeding on areas of water, removing boats and other vessels that
may have their hulls fouled, preventing use of waters on foreshore affected by spilled oil. Also
beaches that will potentially be impacted by the spill can be pre-cleaned.
6. Implement techniques to clean up spilled oil. After all the other actions, of course the oil still has
to be cleaned up from the water, and maybe even from the shore. Any recovery of spilled oil will
have to be either disposed or stored, whether permanent or temporary. This can be done by the
following options:
-remove from the water using skimmers, sorbents, rope mop, suction truck.
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-remove from the shore using water, shovels, graders, excavators, sorbents and manpower.
-treat oiled wildlife.
-leave the spilled oil alone and allow it to biodegrade and bio remediate.
(Maritime New Zealand, 2013).

11.6. Improvement of booms sketches
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11.7. The CC Vessel sketches
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