2

TABLE OF CONTENTS
Executive summar y ....................................................................................................................... 4
1

Intr oduction .......................................................................................................................... 9

2

Tr ansport, pr oduction and storage of oil and HNS in Ar ctic ar eas ............................... 11
2.1 Oils and oil products ...................................................................................................... 11
2.1.1
Oils transported at sea ..................................................................................... 11
2.1.2
Oils involved in exploration and production .................................................. 12
2.1.3
Oils stored and transported on land ................................................................ 15
2.2 Hazardous and Noxious Substances (HNS)................................................................... 17
2.2.1
HNS transported at sea ................................................................................... 17
2.2.2
HNS in oil and gas exploration and production activities .............................. 22
2.2.3
HNS storage and transport on land ................................................................. 23

3

Risks of oil and HNS spills in the Ar ctic ........................................................................... 24
3.1 Risk of oil spills in the Arctic ........................................................................................ 25
3.1.1
Risks of oil spills from transportation at sea .................................................. 25
3.1.2
Risks of oil spills from worldwide oil exploration and production
activities ........................................................................................................................ 26
3.1.3
Risks of oil spills from oil storage and transport on land ............................... 27
3.2 Risks of HNS incidents in the Arctic ............................................................................. 28
3.2.1
Transport of HNS at sea in the Arctic ............................................................ 30
3.2.2
Risks of HNS spills from oil and gas exploration .......................................... 37
3.2.3
Risks of HNS spills from storage and transport on land ................................ 37

4

Past incidents involving oil and other HNS....................................................................... 40
4.1 Spills of oil and oil products .......................................................................................... 40
4.1.1
Oil spills transport of oil ................................................................................. 40
4.1.2
Oil spills from oil exploration and production ............................................... 40
4.1.3
Oil spills from oil storage and transport on land ............................................ 41
4.2 Incidents involving HNS ............................................................................................... 41
4.2.1
Incidents involving HNS transported at sea ................................................... 42

5

Behaviour of spilled oil and HNS ....................................................................................... 45
5.1 Spilled oils and oil products........................................................................................... 45
5.1.1
Spilled oil behaviour in open waters .............................................................. 45
5.1.2
Spilled oil behaviour in Arctic conditions and ice ......................................... 46
5.2 Spilled HNS behaviour .................................................................................................. 49
5.2.1
Behaviour of HNS spilled in open waters ...................................................... 49
5.2.2
Spilled HNS behaviour in Arctic conditions and ice ...................................... 54

6

Response to oil and HNS spills ........................................................................................... 59
6.1 Response to oil spills ..................................................................................................... 59
6.1.1
Response to oil spills in open waters .............................................................. 59
6.1.2
Response to oil spills in the Arctic ................................................................. 65
6.2 Response to HNS incidents ........................................................................................... 77

3

6.2.1
6.2.2
6.2.3
6.2.4

Response to HNS incidents in open waters .................................................... 78
Response to HNS spilled in packaged form ................................................... 86
Response to bulk HNS spills in the Arctic ..................................................... 88
Response to packaged HNS incidents in the Arctic ....................................... 90

7

Conclusions ........................................................................................................................ 91

8

Recommendations ............................................................................................................... 94

9

Refer ences

10 Annexes

........................................................................................................................ 96
........................................................................................................................ 99

4

Executive summar y
The objective of the “Behaviour of oil and other Hazardous and Noxious Substances in
Arctic waters” (BoHaSA) project is to gather and synthesize the current knowledge and
expertise on the behaviour of oil and other hazardous and noxious substances (HNS) that
might be released into Arctic waters as a result of a ship-source incident, an incident
during oil or gas exploration and production, or an incident involving the spillage of oil
or HNS stored on land. The project aims at promoting the development and use of
technologies and working methods that improve the capability to respond to accidents
involving such substances.
The report is a state-of-the-art report based on a literature review of previous work
including main findings from recent R&D projects. The report discusses the risk of oil
and HNS spills in the Arctic, the potential fate and behaviour of such spills, and response
methods available today. The main focus is on spills to the sea water related to
transportation, oil exploration and production activities.
A U.S. Geological Survey report issued in July 2008 indicates that the Arctic may contain
as much as one-fifth of the world’s undiscovered oil and natural gas. More than half the
estimated undiscovered oil reserves are likely to occur in geological provinces in the
Alaska Arctic (offshore and onshore), the Amerasian Basin (offshore north of the
Beaufort Sea) and in West and East Greenland (offshore). More than 70 percent of the
undiscovered natural gas is estimated to be located in three areas: the West Siberian
Basin (Yamal Peninsula and offshore in the Kara Sea), the East Barents Basin (location
of the Russian Federation’s giant offshore Shtokman field) and the Alaska Arctic
(offshore and onshore).
To date there have only been a few oil spills in Arctic waters and no reported significant
incidents involving HNS. With increasing petroleum and natural gas activities
(exploration, production and transport) there is an increased risk for future incidents.
Many areas in the Arctic are remote with insufficient infrastructure to support a response.
Combined with low temperatures, darkness, and the presence of ice during much of the
year, responding to spills of oil or bulk HNS may be very challenging. Oil types that may
be spilled can vary from light oils and refined products (e.g. condensates, gasoline, and
diesel) to heavy oil products (e.g. crude oils and heavy fuel oils). Despite the large
differences in fate and behaviour between these oil types, if spilled at sea or in icecovered waters, we have a fairly good overview of their weathering characteristics. For
HNS the picture is much more complex. There are hundreds of HNS transported in bulk
(in chemical tankers, gas carriers, and bulk carriers) and many thousands of HNS
transported in packaged form (typically in boxes and drums within containers on
container vessels. The most common HNS transported by sea are inorganic chemicals
(e.g. sulphuric acid and sodium hydroxide) and organic chemicals derived from oil (e.g.
benzene, toluene, and styrene). If spilled, inorganic acids tend to dissolve into the sea,
while the organic petrochemicals tend to float, spread, and evaporate. The majority of
organic petrochemicals are similar in spilled behaviour to gasoline or diesel fuel (or
behave as an intermediate of these the two fuels).
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In some Arctic conditions, the presence of ice might aid oil spill response rather than
hinder it:
•
•

•

Ice dampens wave actions and problems associated with rough seas in open
waters can be avoided.
Due to reduced wave action and lower sea water and air temperatures oil
spilled in Arctic and ice-covered waters will typically weather more slowly
compared to open waters. The “window of opportunity” for the different
response techniques will be longer.
The presence of ice will also limit the spreading of spilled oil. The oil will
therefore be contained in a smaller area of greater thickness than if the oil was
spilled in the open sea.

The efficiency of oil recovery using mechanical techniques is similar to that of open
water conditions in open leads and pockets between large ice floes. However, reduced
efficiency should be expected in the presence of smaller ice floes and slush ice. Booms
are expected to have a potential usefulness in ice coverage up to 20 – 30 %, but limited
usefulness above that level. Brush skimmers can combine ice processing with oil
recovery capabilities and are the preferred choice in ice-covered waters. However, other
types of skimmers can be used in open leads and pockets when no small ice or slush ice is
present.

In-situ burning is a proven response technique to oil spills in ice. In order to successfully
ignite and sustain a burn, the oil needs to have a minimum thickness of 2-3 mm and it
must not be weathered to a high degree (also dependant of the oil type). In dense ice, the
oil will be confined by the ice to give the required thickness and the weathering will be
slower. In areas with low ice coverage, the oil can spread out to thicknesses below that of
the minimum required for ignition. Chemical herders have successfully been used to
thicken the oil in broken ice conditions to allow for effective ignition and burning. Fireresistant booms can also be used in low ice coverage to confine and thicken the oil.
It has been verified that the weathering processes are slowed down when ice is present
which enables a larger window of opportunity for dispersant application. Some oils
spilled in ice may remain dispersible over a period of several days. Development of new
vessel-based application systems combined with use of extra mixing energy to start the
dispersion process (e.g. prop wash) have increased the efficiency of dispersant use even
in high ice concentrations (up to 80-90 % ice coverage). Another effective method is to
use the water jet from smaller boats (for instance some MOB (Man Over Board) boats
have that capability) or thrusters from larger vessels.
The techniques that may be employed in the response to incidents involving HNS
transported in bulk is not as standardized as those for oil spill response. Bulk HNS may
be transported in gaseous, liquid, or solid forms and when spilled may float / sink,
evaporate / dissolve or react with seawater. The hazards posed by spilled HNS cover a
much wider range than those presented by oil; some are potentially very toxic to
responders, others represent a serious risk of fire or explosion if accidentally released
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from containment on board a vessel. For these reasons, the response to a release of a
particular HNS needs to be much more customised than the response to an oil spill.
In some cases, the potential for any response actions to a spill of HNS in bulk is very
limited. If the HNS cargo cannot be secured on board a damaged vessel, or taken off in a
lightering operation during salvage, the most appropriate action in some cases may be to
facilitate the release of HNS into the sea and continue with appropriate monitoring. In
other cases, particularly in the case of spills involving organic petrochemical, the same
response techniques to spills of gasoline or diesel fuel can be employed. These might
include booming to restrict spreading and to facilitate the use of in-situ burning. The
potential hazards to the responder may be much greater during an HNS spill than an oil
spill.
For oil spill response in the Arctic it is recommended that:
•

Strategies and technology for oil spill response in ice is further developed.
This should include:
o Further development of the known response methods (mechanical
recovery, in-situ burning, and dispersant use).
o Strategies and techniques for dealing with oil trapped under ice.
o Remote sensing of oil in broken ice conditions, trapped in ice, and under
ice.
o Further development of modelling tools to give better predictions of oil
drift and spreading.
o Better documentation of potential oil spills in the Arctic, including the use
of dispersants and in-situ burning.

For spill of HNS in the Arctic it is recommended that:
•
•

•

A survey for collection and collation of existing information and forecasts for
future shipping of HNS in Arctic waters should be undertaken.
Some of the most common HNS that are carried in bulk or are expected to be
transported in Arctic waters in the future should be subjected to laboratory or
tank test investigation in order to study their fate and behaviour (including
weathering).
Testing and development of response equipment for spilled HNS should be
performed, starting with testing of equipment presently being used for oil
spills.

7

Abbr eviations
ACS
AMSA
ARCOP
BC Code
CAMEO
CAS
CHRIS
CS
EPA
EPPR
ERG
ESIA
FEX09
FLIR
GESAMP
HELCOM
HDPE
HFO
HNS
IBC Code
IEA
IFO
IMDG Code
IMO
IMSBC Code
IR
ISB
ISO tanks
ITOPF
JIP
LNG
LPG
MARPOL
MEPC
MDO
MGO
MOB
MORICE

Alaska Clean Seas
Arctic Marine Shipping Assessment
Arctic Operational Platform EU program
Code of Safe Practise for Solid Bulk Cargoes
Computer-Aided Management of Emergency Operations
Chemical Abstract Service
Chemical Hazards Response Information System
Continental Shelf
US Environmental Protection Agency
Emergency Prevention, Preparedness and Response
working group under the Arctic Council
Emergency Response Guidebook
Environmental and Social Impact Assessment
2009 Field Experiment
Forward Looking Infrared camera
Group of Experts on the Scientific Aspects of Marine
Environmental Protection
Helsinki Commission
High density Polyethylene
Heavy Fuels Oils
Hazardous and Noxious Substances
International Code for the Construction and Equipment of
Ships Carrying Dangerous Chemicals in Bulk
International Energy Agency
Intermediate Fuel Oil
International Maritime Dangerous Goods
International Maritime Organisation
International Maritime Solid Bulk Cargoes
Infrared Scanner
In-Situ Burning
International Organization for Standardization
International Tanker Owners Pollution Federation
Joint Industry Program
Liquefied Natural Gas
Liquefied Petroleum Gas
International Convention for the Prevention of Pollution
From Ships
Marine Environmental Protection Committee of IMO
Marine Diesel Oil
Marine Gas Oil
Man Over Board boat
Mechanical Oil Recovery in Ice
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Abbr eviations, continued
MMS
MSDS
NEBA
NEDRA
NIOSH
NOAA
NOFO
NSR
NWP
OHMSETT
OPRC
OSD
OWM
REMPEC
R&D
ROV
SAR
SCOPIC
SEBC
SLAR
TEU
UNEP
UV

US Minerals Management Services
Material Safety Data Sheets
Net Environmental Benefit Analysis
Net Environmental Damage and Response Assessment
National Institute of Occupational Safety and Health
National Oceanic and Atmospheric Administration
Norwegian Oil Spill Response Organisation for Operating
Companies
Northern Sea Route
Northwest Passage
Oil and Hazardous Materials Simulated Environment Test
Tank in New Jersey, US
Protocol on Preparedness, Response and Co-ordination to
Pollution Incidents by HNS, 2000
Oil Spill Detection system
Oil Weathering Model
Regional Marine Pollution Emergency Response Centre for
the Mediterranean Sea
Research and Development
Remotely Operated Vehicle
Synthetic Aperture Radar
Special Compensation P&I Club
Standard European Behaviour Classification system
Side Looking Airborne Radar
Twenty-foot Equivalent Unit
United Nations Environment Programme
Ultraviolet scanner
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1 Introduction
The objective of the “Behaviour of oil and other Hazardous and Noxious Substances in
Arctic waters” (BoHaSA) project is to gather and synthesize the current knowledge and
expertise on the behaviour of oil and other hazardous and noxious substances (HNS) that
might be released into Arctic waters as a result of a ship-source incident, an incident
during oil or gas exploration and production, or an incident involving the spillage of oil
or HNS stored on land. The project aims at promoting the development and use of
technologies and working methods that improve the capability to respond to accidents
involving such substances.
A hazard is something, such as the properties of a particular substance that can cause
adverse effects. For example, concentrated sulphuric acid is a hazardous chemical
because it is very corrosive and reactive.
The risk is the probability, or chance, that the hazard posed by the chemical will lead to
injury. Thus, concentrated sulphuric acid is a hazardous chemical, but if adequately
contained and handled with a full understanding of its hazards, the risks it poses may be
small. Any activity involving oil or HNS involves some risk that the material may be
released into Arctic waters.
The transport of goods at sea has some risk. Any transportation activity involves the risk
that an accident may occur that could lead to the release of cargo or the ships’ fuel oil
into the sea. The implementation and enforcement of appropriate regulations and good
working practices can minimize this risk, but it can never be totally eliminated. For the
past 40 years the potential for pollution of the sea by the accidental release of oil has been
a concern of many national governments and other organisations. However, in the US,
the total petroleum industry spillage has decreased consistently over the last 40 years and
until 2009 it was 70-80 % less when compared to the 1970’s (API publication 356). More
recently there has been increasing concern about the possibility of other substances, often
referred to as HNS.
Most of the current vessel transportation in the Arctic is in waters that are either
permanently or seasonally ice-free. Nearly all current transportation activities take place
on the periphery of the Arctic Ocean, away from the ice. Permanently ice-free waters
include those in the Aleutian island chain, the northern coast of Norway, southern
Iceland, and the Murmansk region in northwest Russia. In other areas of the Arctic which
have seasonal ice cover, nearly all vessel activity occurs when and where the ice has
melted or is melting so that icebreakers are not required for assistance.
The changing climate in Arctic regions caused by global warming, is leading to a
reduction in the ice coverage of Arctic waters. The retreat of the ice makes more
northerly voyages possible for general transportation and the reduction of multi-year ice
means that icebreakers may not be needed in sea areas where they are currently essential.
The natural resources of the Arctic, the oil, gas and minerals, are likely to be increasingly
exploited. Some of the cargo carried by some of the transportation currently operating in
Arctic waters can be classified as HNS. The short term trends of future transportation are
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somewhat uncertain due to the current economic climate, but inevitably, at some time in
the future there will be a marked increase in the variety and volume of HNS transported
in Arctic waters.
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2 Tr anspor t, production and stor age of oil and HNS in Arctic areas
2.1 Oils and oil pr oducts
2.1.1 Oils tr ansported at sea
Oils are most often transported in bulk in tankers of various sizes and types. Oils
transported at sea include:
•
•
•
•

Crude oils carried as cargo.
Refined oil products (gasoline, aviation fuel, diesel fuel, and fuels oils of various
grades) carried as cargo.
Vegetable oils carried as cargo.
Different types of oil used as fuel by different types of vessels, for example MGO
(Marine Gas Oil), MDO (Marine Diesel Oil) and HFO (Heavy Fuels Oils) of
various grades.

Cr ude oils
Crude oils are produced in vast quantities (approximately 4 billion tonnes in 2008, IEA
Energy Statistics 2009) at various locations around the world and are transported in bulk
at sea in extremely large quantities; approximately 2.3 billion tonnes of crude oil were
transported by sea in 2006 (Figure 2.1).
Crude oils are a complex mixture of thousands of chemical components, the vast majority
being hydrocarbons (consisting of only carbon and hydrogen) with wide range of
molecular weight. The relative compositions vary, giving rise to crude oils with different
chemical and physical properties.
Refined oil pr oducts
Oil refineries convert crude oil into a range of other oil products by various techniques
including distillation and ‘cracking’. These refined oil products are then sometimes
transported by sea for onward transport to consumers. Refined oil products transported at
sea include distillate fuels such as gasoline, jet fuel (kerosene based) and gas oil, plus
residual materials such as heavy fuel oil for power generation (e.g. M100 is a grade of
Russian mazut), and bitumen.
Fuel oils
The different types of diesel engines used in boats and ships require different fuel oils.
The relatively small, high-speed and medium-speed diesel engines, broadly similar to
those used in trucks, are fitted in smaller vessels and use MDO (Marine Diesel Oil) or
MGO (Marine Gas Oil) as fuel. These distillate fuels are similar to the diesel fuel used in
road vehicles. The fuel used for the very large, slow-speed crosshead diesel engines in
large vessels is a residual fuel oil (a black oil) that comes in various IFO (Intermediate
Fuel Oil) grades, defined by the viscosity at 50°C (Reference, 3rd IMO R&D Forum).

12

Figure 2.1

Global transport of crude oil by sea (Lloyds marine Intelligence Unit)

Vegetable oils
Various vegetable oils such as soybean oil, palm oil, palm nut oil, rapeseed oil (or canola
oil), sunflower oil, castor oil, and olive oil are transported by small oil tankers. The
MARPOL Annex II update of 1st January 2007 classifies vegetable oils and animal oils
(lard and fish oils) as HNS, MARPOL ANNEX II Category Y, i.e. HNS. The properties
of vegetable oils exhibit some similarities to those of mineral oils; they are of a similar
density with relatively high viscosity.
2.1.2 Oils involved in exploration and pr oduction
Large oil and natural gas discoveries in the Arctic began in Russia with the discovery of
the Tazovskoye field in 1962 and in the United States with the Alaskan Prudhoe Bay
Field in 1967. Approximately 61 large oil and natural gas fields have been discovered
within the Arctic Circle in Russia, Alaska, Canada’s Northwest Territories, and Norway.
Fifteen of these 61 large Arctic fields have not yet gone into production; 11 are in
Canada’s Northwest Territories, 2 in Russia, and 2 in Arctic Alaska.
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Figure 2.2

Oil and gas production areas in the Arctic

Forty-three of the 61 large Arctic fields are located in Russia. 35 of these large Russian
fields (33 with natural gas and 2 with oil) are located in the West Siberian Basin. Of the 8
remaining large Russian fields, 5 are in the Timan-Pechora Basin, 2 are in the South
Barents Basin and one is in the Ludlov Saddle. Of the 18 large Arctic fields outside
Russia, 6 are in Alaska, 11 are in Canada’s Northwest Territories, and one is in Norway.
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Figure 2.3

BP’s North Star Island. (Photo: '© BP p.l.c)

Existing large Arctic oil fields are often necessary to pay for the infrastructure required to
justify later developments of the smaller oil and natural gas deposits. For example, the
Prudhoe Bay Field with 13.6 billion barrels of recoverable oil, made the construction of
the Alyeska Oil Pipeline commercially viable. Without the Prudhoe Bay Field, it is
unlikely that the smaller Alaska North Slope oil fields would have been developed.
A U.S. Geological Survey report issued in July 2008 indicates that the Arctic may contain
as much as one-fifth of the world’s undiscovered oil and natural gas. More than 70 % of
the undiscovered natural gas is estimated to be located in three areas: the West Siberian
Basin (Yamal Peninsula and offshore in the Kara Sea), the East Barents Basin (location
of the Russian Federation’s giant offshore Shtokman field) and the Alaska Arctic
(offshore and onshore).
While the Eurasian side of the Arctic is richer in natural gas, the North American side of
the Arctic seems to be more oil-rich. The North American side of the Arctic is estimated
to have about 65 % of the undiscovered Arctic oil, but only 26 % of the undiscovered
Arctic natural gas. The Arctic Alaska region is estimated to hold the largest undiscovered
Arctic oil deposits, about 30 billion barrels. The second largest oil province in the Arctic
is the Amerasia Basin, located just north of Canada, and estimated to have about 9.7
billion barrels of undiscovered oil. The third largest Arctic oil province is the East
Greenland Rift, which is estimated to hold about 8.9 billion barrels of undiscovered oil.
Collectively, these 3 North American provinces are expected to hold about 48.6 billion
barrels of undiscovered oil, which is about 54 % of the total undiscovered Arctic oil.
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2.1.3

Oils stored and tr anspor ted on land

Cr ude oil ter minals
Crude oil that has been produced from oilfields in the Arctic needs to be temporarily
collected and stored at crude oil terminals in tank farms. From there, the crude oil can be
transported in tankers to the consumer, or by an overland pipeline to a terminal or to
refineries for processing.

Figure 2.4

Arctic oil production, storage and transport

In the USA, crude oils that are produced on the Alaskan North Slope are transported to
the Valdez crude oil terminal via the Trans-Alaska Pipeline system.
In Russia, there are crude oil storage facilities at Arkhangelsk and Murmansk. From
there, crude oil is exported. The Talagi terminal, situated near Arkhangelsk on the bank
of the Northern Dvina, has been used since 2002 to export crude oil produced in the
Timan-Pechora province. The capacity is being increased to 10 million tons per year.
In the near future, oil is planned to be extracted from the Prirazlomnoye deposit. The
deposit is located in south-east Barents Sea (in Pecherskoe Sea) 60 km north of Nenets
Autonomous Region coast.
In 2005, the oil company LUKOIL started construction of a new oil overload complex on
Varandey Island. The land based tank farms provide storage of up to 12 million tons of
oil from the Toraveyskoe and Varandeyskoe deposits. Terminals were built to transfer the
oil to tankers for export. The Stationary Marine Ice-Resistant Offloading Terminal
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(SMIROT) pipeline transports oil from the tank farm to the terminal. It operates both
above ground and underwater and has a total length of approximately 23 km.
The SMIROT is an octagon pipe intended for work in high ice conditions. The support is
fixed to the seabed by piles. The whole structure weights approximately 13,000 tons and
is positioned deep enough to receive tankers with 70,000 ton deadweight. There are no
cargo pumps on the dock, therefore the oil is heated and pressurized at the tank farm
before it reaches SMIROT. It is capable of pumping oil at a rate of 8,000 tons per hour.
On July 9, 2008 LUKOIL transferred oil through the fixed offshore ice-resistant
offloading terminal at Varandey to the ice-class tanker “Vasily Dinkov” with a
deadweight of 70,000 tons. This marked the first transfer of oil using the new terminal
and proved that the pipelines were deep enough to allow a 70,000 deadweight ship.
In 2008 the Varandey terminal shipped for export 1,9 million tons of crude oil, most of it
(1,6 million tons) with overloading on RPK (Belokamenka terminal) in the Kola Bay. In
2009 the volume increased with 5,7 million tons compared to 2008 and amounted to 7.4
million tons.

Figure 2.5

Stationary offshore ice-resistant offloading terminal at Varandey loading
point. (Photo: Lloyd’s List)

The Russian company Sovkomflot uses ice class shuttle tankers to load oil from the
Prirazlomnoye oil field at the Varandey oil terminal and transport the crude oil to the
Belokamenka oil terminal near Murmansk. The oil is then shipped to the USA and
Europe. The Belokamenka oil terminal has a storage tanker with a deadweight of 360,000
tons. The tanker receives crude oil from the terminals in the Gulf of Ob, Varandey, and
Talagi by shuttle tankers and reloads it onto sea-going tankers with a deadweight of up to
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150,000 tons. In 1995, Vitino, in the Kandalaksha Bay of the White Sea, started
transporting crude oil and petroleum products. Oil and petroleum products are brought to
the White Sea tank farm by rail, and in Vitino they are reloaded onto tankers (deadweight
up to 80,000 tons), which can carry them abroad either directly or with a reloading in the
Barents Sea. The current capacity is 11 million tons per year.
Oil from some of the northern oilfields in Russia is transported by pipeline to export
terminals at Primorsk on the Gulf of Finland.
Oil ter minals for bunker (fuel oil supply) oper ations
Many of the harbours and ports around the Arctic have facilities for bunkering
(refuelling) of ships.
2.2 Hazar dous and Noxious Substances (HNS)
The phrase “Hazardous and Noxious Substances”, or HNS, has a general meaning, but it
also has some very specific meanings. The Protocol on Preparedness, Response and Cooperation to Pollution Incidents by Hazardous and Noxious Substances, 2000 (the
OPRC-HNS Protocol) entered into force in certain countries on 14 June 2007. The
OPRC-HNS Protocol 2000 defines a Hazardous and Noxious Substance as any substance
other than oil which, if introduced into the marine environment, is likely to create hazards
to human health, to harm living resources and marine life, to damage amenities or to
interfere with other legitimate uses of the sea.
“HNS” therefore includes hazardous or dangerous chemicals, but also includes many
other substances which might be regarded as relatively harmless in other circumstances.
2.2.1 HNS tr ansported at sea
An extremely large number of HNS are transported at sea. HNS may be transported in
bulk in other vessels (gas tankers for gases, chemical tankers for liquids, or bulk carriers
for solids) or in packaged form (ISO tanks, IBCs, drums etc.) on general purpose cargo
vessels, container ships, and ferries.
The maritime transportation of dangerous and hazardous substances is regulated by the
IMO (International Maritime Organisation) Codes and other regulations which are
divided into:
(i)
(ii)

Substances transported in bulk,
Substances transported in packaged form.

HNS car r ied in bulk
Substances transported in bulk, and the hazards associated with them, are described in the
appropriate IMO Codes and regulations. In February 2010, the IMO Technical Group of
the MEPC, OPRC HNS compiled a list of the 20 chemicals transported at sea that are
most likely to pose the highest risk of being involved in an HNS incident, on a global
basis. This was based on the most commonly transported chemicals, the most frequently
spilled chemicals, and highest volume in terms of production and transportation (Table
2.1).
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Table 2.1
No.
1
2
3
4
5
6
7
8
9
10

Twenty chemicals identified by IMO’s OPRC-HNS TG
Chemical
Sulphuric acid
Hydrochloric acid
Sodium hydroxide/caustic soda
Phosphoric acid
Nitric acid
LPG/LNG
Ammonia
Benzene
Xylene
Phenol

No.
11
12
13
14
15
16
17
18
19
20

Chemical
Styrene
Methanol
Ethylene glycol
Chlorine
Acetone
Ammonium nitrate
Urea
Toluene
Acrylonitrile
Vinyl acetate

HNS transported into bulk can be classified in various ways. One way is to divide the
HNS into gases, liquids, and solids.
Gases
Gases are carried in liquefied form in gas carriers (gas tankers) where the gas is
refrigerated or pressurised. The IGC Code (International Code for the Construction and
Equipment of Ships Carrying Liquefied Gases in Bulk) identifies 32 specific substances.
These include:
•

Liquefied Natural Gas (LNG)
LNG is methane that is converted temporarily to liquid form for ease of storage or
transport. International regulations require that LNG is transported in specially
designed and constructed LNG carriers which have an excellent safety record.

•

Liquefied Petroleum Gas (LPG)
LPG is a variable mixture of propane and butane; normally propane (60%) and
butane (40%), but the ratio can vary.

•

Other liquefied gases
These include ethylene, ammonia, vinyl chloride monomer, butadiene and
approximately 34 other substances

The potential hazard from these substances if spilled at sea varies. Some (for example
LNG, LPG, butadiene, and vinyl chloride monomer) are flammable, posing the risk of
explosions or fires, whiles others (for example ammonia and chlorine) are toxic.
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Figure 2.6

A LNG carrier. (Photo: © Leif Hoegh & Co. Limited)

Liquids
Liquid HNS transported in bulk are cargo on chemical tankers (Figure 2.7). Chemical
tankers may be single cargo or can be ‘parcel tankers’ which can transport 10 to 60
different liquid HNS in separate cargo tanks.

Figure 2.7

A chemical tanker. (Photo: Stolt Tankers)
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A very large number of liquid HNS are carried in bulk. Some are transported in much
larger volumes than others. Fifteen of the 20 chemicals identified by the IMO OPRCHNS technical group (Table 2.1) are liquid HNS.
The IBC Code (International Code for the Construction and Equipment of Ships Carrying
Dangerous Chemicals in Bulk) identifies 453 substances as being dangerous and another
229 substances to which the IBC Code specifically does not apply. There are also a very
large number of proprietary (trade name) compounds and mixtures that are carried in
bulk.
The liquids transported in bulk within a specific region will depend on the industrial
facilities that produce them and the industrial plants that consume them. Chemicals
transported in EU waters were considered in an EU-funded study entitled “HASREP”
(Response to harmful substances spilled at sea) coordinated by AMRIE (Alliance of
Maritime Regional Interests in Europe), CEDRE, and TNO in 2005 (AMRIE, 2005). The
HASREP report identified the top 100 HNS transported in bulk in EU waters on the basis
of tonnages shipped through the English Channel, to and from selected EU ports on the
Atlantic and several ports in the Mediterranean. The top 100 HNS transported in EU
waters, on the basis of tonnage transported, are contained in Annex 1.
Solids
A bulk carrier, or “bulker”, is a ship specially designed to transport unpackaged bulk
cargo, such as grains, coal, ore, and cement in its cargo holds (Figure 2.8).

Figure 2.8

A bulk carrier in ice. (Nordic Bulk Carriers A/S)
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The regulations for the transport of solids in bulk are contained in the BC Code (Code of
Safe Practice for Solid Bulk Cargoes), which is to be superseded by the International
Maritime Solid Bulk Cargoes (IMSBC) Code, probably in 2011. The BC Code contains a
list of 175 substances (with approximately 225 names) on the basis of bulk materials that
may liquefy during transport and possess specific chemical hazards. The major dry bulk
cargoes, based on total tonnage transported at sea are:
•
•
•
•
•

Coal
Iron ore
Grain
Bauxite & alumina
Phosphate rock

Other dry bulk cargoes transported in lesser volumes include; steel products, forest
products, fertilizers, cement, scrap metals, sugar, soya meal, rice, pig iron, coke and
manganese. Although many of these materials have not been classified as dangerous
goods, the release of these cargoes into the sea could, under some circumstances, cause
negative effects on the marine environment or interfere with legitimate uses of the sea.
HNS tr ansported in packaged form
The vast majority of non-bulk cargo transported at sea is now carried in packaged form
(drums, boxes and sacks) within general purpose containers. Individual container ships
can carry many thousands of containers (Figure 2.9).

Figure 2.9

A container ship. (Photo: Hapag-Lloyd)

The largest container ships (as of 2007) are operated by Maersk Line and have a
maximum container capacity of 14,500 TEU (Twenty-foot Equivalent Unit). Tank
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containers are specially designed to carry liquids in a tank that is within a framework so
that it can be stacked with general purpose containers.
There are several different types of smaller containers that may be used to transport HNS
of different types in relatively small quantities. Drums come in several sizes, from
approximately 20 to 200 litres capacity, and can be made of HDPE (High Density
Polyethylene) or steel with either bungs (used to transport liquids) or open tops with lids
(used to transport solids in the form of powders, granules or pastes) or open-top and lid
cardboard (Kraft paper) drums used to transport some solids. Portable tanks, road and rail
vehicles, freight containers, and intermediate bulk containers (IBCs) are also used to
transport HNS. These drums and other types of packages, such as sacks and boxes are
often transported inside the containers and packages containing HNS may be mixed in
with more innocuous cargo.
2.2.2 HNS in oil and gas exploration and pr oduction activities
A very large number of chemicals are used in offshore oil and gas exploration and
production. In offshore operations, chemicals can be categorised into four major classes
(Boehm et al., 2001):
•
•
•
•

Drilling fluid chemicals.
Cementing chemicals.
Completion, stimulation, and work-over chemicals.
Production-treating chemicals.

In the Boehm et al., 2001 study, 21 chemicals were selected for detailed characterization
based on volumes used and stored offshore, toxicity, and fate in the environment. A
standard chemical profile was developed to present the data collected on each chemical
and their impact on the marine environment. The chemicals profiled are shown in Table
2.2.

Table 2.2

HNS used in oil and gas E&P activities
Acids

Chemical Stabilizer

Oxygen Scavenger

Hydrochloric Acid
Hydrofluoric Acid

Sodium Hydroxide
Potassium Chloride

Sodium Bisulphite

Antifoam/Defoaming
Agents

Cor r osion Inhibitor

Insoluble Solids

Silicones

Amides/Imidazolines
Amines & Amine Salts

Barite

Biocides

Fluid-Loss Agents

Thinner s & Disper sants

Glutaraldehyde
Quaternary Compounds
Tetrakishhydroxymethyl
Phosphonium Sulfate
(THPS)

Lignite

Lignosulphonate

Reactive Salt – Solid

Gas Hydr ate Pr evention

Solvents/Car r ier s

Zinc Bromide
Calcium Bromide
Ammonium Chloride

Methanol
Ethylene Glycol
Triethylene Glycol

Heavy Aromatic
Naphtha
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2.2.3 HNS stor age and tr ansport on land
Various types of HNS may be used in different industries or produced as waste byproducts by some other industries:
•

Mines in the Arctic include:
- The three lead-zinc mines (Polaris, Nanisivik, Raglan) in Canada.
- Iron ore at Kiruna and Gallivare/Malmberget in Sweden.
- The Red Dog zinc mine in the USA.
- The Norilsk nickel mine and Madezdenski mine south of Taymyr
Polyostrov in Russia.
The ores of heavy metals produced at these mines are classified as HNS and the
wastes stored as ‘tailings’ in man-made ponds and lakes are also HNS. Various
HNS are used in mining operations.

•
•
•

There are steel production plants at Tornio in Finland. Some of the materials used
in steel production, such as gases of various types, and other chemicals, such as
acids, are HNS.
There are wood handling and paper pulp production plants at Kemi and Kemijärvi
in Finland and at Igarka in Russia. Some of the raw materials and chemicals used
in processing are HNS.
Hazardous waste of various HNS is produced in small quantities by factories and
communities in the South West corner of Iceland.
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3 Risks of oil and HNS spills in the Arctic
In the report "Environmental Risk Analysis of Arctic Activities" (EPPR, 1998) the eight
Arctic states (Canada, Finland, Greenland, Iceland, Norway, Russian Federation, Sweden,
and the United States) each identified activities in their Arctic region which they consider
to present risks due to location or operation. These risks are associated with oil and gas
activities such as exploration, production, transportation, and other activities such as
mining, steel and pulp milling, and waste storage. The threats involve release of oil,
radiological, or other hazardous materials. The activity and associated risks are briefly
described below.
Risks associated with oil and gas activities
•
Oil and gas exploration presents the risk of losing well control resulting in
discharge of oils or releases of gas. There is also the potential for fire, as well
as other accidental spills, releases from operating activities, and the
introduction of heavy metals associated with drilling mud.
•
Oil and gas production presents the opportunity for accidental oil spills and
release of gas from both land and sea during storage and transportation.
•
Oil harbours and terminals present the threat of accidental releases from
storage or during off loading.
•
Major transportation routes of oil and other hazardous substances carry the
risk of discharges and releases from accidents.
•
Oil pipelines have the potential to discharge oil.
Risks associated with hazar dous mater ial activities
•
Hazardous material waste sites carry the risk of accidental releases of
materials, including PCBs, heavy metals, chlorine, and oxides.
•
Hazardous materials storage sites have a potential to release chlorine, heavy
metals, and oxides.
Risks associated with other Ar ctic-based activities
•
Threats of radioactive releases are associated with nuclear power plants, other
nuclear operations, activities, and sites as well as nuclear waste storage
facilities/sites.
•
Arctic based mining presents the risk of accidents such as fire and explosion
as well as accidental release of tailings, oil, heavy metals, chlorine, propane,
butane, and oxides.
•
Abandoned and sunken vessels have the potential to leak oil and other
hazardous materials.
•
Release of fuel or potential sinking from non-oil-and non-gas vessel traffic in
the Arctic such as tourist vessels, general cargo, military transport, container
ships, and bulk carriers.
•
Steel and pulp mills have the potential for episodic chemical releases.
•
Wood storage facilities present the risk of fire and chlorine releases.
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•
•
•

Gas condensate ships have the risk of explosion, fire, and release of gas
condensate.
Arctic dams have the risk of breakage with ensuing floods.
Closed government facilities may present groundwater contamination risks.

3.1 Risk of oil spills in the Ar ctic
3.1.1 Risks of oil spills fr om tr anspor tation at sea
The risk of spills of crude oil or oil products is present if oil is produced or transported in
a particular location.
As an example of shipping in the Arctic, in 2009 approximately 12 million tons of
Russian crude oil plus approximately 10 million tons of condensate (less than 10 % of the
total Russian oil exports) was exported through the ice-free waters north of Norway en
route mainly to Western Europe (information from the Norwegian Coastal
Administration). The crude oil was transported by tanker from Murmansk and the
majority was going to Rotterdam. The crude oil, condensate, and refined oil products
exported from Murmansk arrived in smaller tankers from ports and terminals at Vitino,
Varandey, the Ob Bay and Dudinka, although small quantities of oil are transported
directly from these ports to western European ports. Refined oil products such as fuel oil,
stabilised gas condensate, kerosene, and jet fuel are also shipped from Archangelsk,
around the north of Norway and into western European ports.

Figure 3.1

Existing and planned transport routes and export terminals for oil and oil
products from the Barents Sea, the White Sea and the Kara Sea.
(Reference Bambulyak and Frantzen, 2005)
1. Oil refineries; 2. Existing terminals; 3. Planned terminals; 4. Railroads;
5. Pipelines in operation; 6. Planned pipelines.
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In 2010, for the first time in Russian history, there was a commercial transit passage on
Northern Sea Route for the large-tonnage Arctic ice class oil tanker “CFК Baltica”. The
tanker voyaged from the port of Murmansk on August 14th with a cargo of 117,000 tons
of gas condensate. In the Kara Sea, it was assisted by the nuclear icebreaker “Russia”,
and on September 6th the tanker arrived at the port of destination, Ninbo, (China).

Figure 3.2

Crude oil tankers operating in ice covered waters. (Photo: Furetank
Rederi AB)

3.1.2 Risks of oil spills fr om wor ldwide oil explor ation and pr oduction activities
Offshore exploration for oil and gas can be a hazardous occupation. In the past 50 years
approximately 200 offshore oil and gas exploration rigs have been lost or severely
damaged with the loss of over a thousand lives. The incidents that resulted in the highest
level of fatalities were the gas leak, explosion and subsequent fire on the Piper Alpha
platform in the United Kingdom Continental Shelf (UKCS) on the 6th July 1988 when
167 people died and the collapse of the semi-submersible Alexander L Kielland on the
27th March 1980 in the Ekofisk field, Norwegian CS, when 123 lives were lost.
The loss of, or serious damage to, an offshore rig may be caused by the prevailing
weather conditions (particularly hurricanes in the Gulf of Mexico) or rough seas than can
cause the rig to sink or run aground. These are common hazards to any vessel at sea and
not directly associated with the oil exploration of production activities.
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A loss of well control leading to a blowout with the resultant gas release and the high
possibility of fire and explosion has resulted in the loss of approximately 60 to 70
offshore oil rigs. Such an incident need not lead to the release of oil into the sea. The
processes, systems, and equipment used are designed to prevent this from happening, but
on some occasions these systems have been known to fail. Smaller spills of oil from
offshore oil installations can be the result of more minor mishaps.
3.1.3 Risks of oil spills fr om oil stor age and tr ansport on land
A study of tank accidents over the last 40 years (Changa and Linb, 2006) investigated the
causes of 242 tank accidents. 114 occurred in North America, 72 in Asia and 38 in
Europe. The majority (48%) of tank accidents occurred at oil refineries. 26 % of
accidents happened at terminals and pumping stations, and another 13 % happened at
petrochemical plants. Only 2.5 % happened at oilfields. Fire and explosion accounted for
85 % of all accidents.

Table 3.1

Causes of tank accidents (Changa et al. 2006)

Year
Lightning
Maintenance/hot work
Operational error
Equipment failure
Sabotage
Crack/rupture
Leaks and line rupture
Static electricity
Open flame
Natural disaster
Runaway reaction
Total

1960–
1969
4
1
1
3
2
0
0
2
1
1
2
17

1970–
1979
10
5
5
1
5
3
3
1
0
2
1
36

1980–
1989
19
9
6
5
2
3
2
2
4
1
0
53

1990–
1999
37
12
8
7
6
3
5
1
2
1
2
85

2000–
2003
10
5
9
3
3
8
5
5
1
2
0
51

Total
80
32
19
19
18
17
15
12
8
7
5
242
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3.2 Risks of HNS incidents in the Ar ctic
The risk that HNS might be spilled in Arctic waters is directly related to the amount of
vessel traffic engaged in the transportation of HNS and the quantity of HNS transported.
The risks presented by different kinds of HNS vary depending on the type of substance.

F act box 1:
How hazar dous is HNS?
The potential threat to the marine environment or to human health caused by the release
of liquid HNS into the sea varies over a very wide range; some are very toxic to marine
life while others present little risk.
The revised MARPOL Annex II entered into force on 1 January 2007. These regulations
define substance by their degree of hazard and this is divided into four categories:
1.

Categor y X: Noxious Liquid Substances which, if discharged into the sea from
tank cleaning or de-ballasting operations, are deemed to present a major hazard
to either marine resources or human health and, therefore, justify the prohibition
of the discharge into the marine environment;

2.

Categor y Y: Noxious Liquid Substances which, if discharged into the sea from
tank cleaning or de-ballasting operations, are deemed to present a hazard to either
marine resources or human health or cause harm to amenities or other legitimate
uses of the sea and therefore justify a limitation on the quality and quantity of the
discharge into the marine environment;

3.

Categor y Z: Noxious Liquid Substances which, if discharged into the sea from
tank cleaning or de-ballasting operations, are deemed to present a minor hazard
to either marine resources or human health and therefore justify less stringent
restrictions on the quality and quantity of the discharge into the marine
environment; and

•

Other Substances (OS): substances which have been evaluated and found to fall
outside Category X, Y or Z because they are considered to present no harm to
marine resources, human health, amenities or other legitimate uses of the sea
when discharged into the sea from tank cleaning or de-ballasting operations.
Only apple juice, clay slurry, coal slurry, dextrose solution, glucose solution,
kaolin slurry, molasses, and water are classified as OS.

A list of the Category X noxious liquid substances transported in bulk, the category
considered to present a major hazard to either marine resources or human health, is
contained in Annex 2.
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F act box 2:
What sor t of danger does packaged HNS pose?
Substances transported in packaged form are described in the IMDG (International Maritime
Dangerous Goods) Code. The IMDG Code lists approximately 2,300 individual substances,
plus numerous blends and mixtures known by proprietary trade names, that possess or exhibit
certain hazards and these are divided into 9 major classes (HELCOM Response Manual,
Volume 2 Chapter 6 1, December 2002).
Class

Types of substances
and ar ticles

1

Explosives

2

Gases
compressed,
liquefied, or
dissolved under
pressure

3

Flammable liquids

4

Flammable solids

5

Oxidizing substances

6

7

Poisonous repugnant
and infectious
substances
Radioactive
substances and
articles

8

Corrosives

9

Miscellaneous
substances and
articles

Pr oper ties to be
consider ed
Risk for explosion
en masse, hazardous
gases or projection,
sensitivity to water
or impact
Flammability,
toxicity, oxidizing
effects,
corrosiveness
Flash point, toxicity,
corrosiveness,
solubility in water
Sensitivity to drying,
carbon dioxide or
water
Risk for explosion,
type of packaging
Type of toxicity,
flammability,
sensitivity to water
Level of activity,
package
design
Level of
corrosiveness,
flammability, flash
point

Examples
Ammonium nitrate
Detonators

Oxygen
LPG
Acetylene
Ethyl alcohol, Kerosene

Sulphur
Calcium carbide
Hydrogen peroxide
Sodium chlorate
Phenol, TML, TEL
Dung
Dead animals
Tritium
Radium
Sulphuric acid
Sodium hydroxide

Asbestos,
Transformers containing
PCB
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F act box 3:
GESAMP Hazar d Evaluation Pr ocedur e
The IMDG Code has been expanded to cover marine pollution. Substances, materials
and articles with marine pollution hazards are identified in individual schedules and in
the General Index of the Code. Packages containing marine pollutants should be marked
with the marine pollutant mark. In the latest revision of the IMDG Code the concept of a
severe marine pollutant PP is deleted, they are just designated as P. The new marine
pollutant label is a dead tree and dead fish.
The Revised GESAMP Hazard Evaluation Procedure for Chemical Substances Carried
by Ships, 2002 provides a very comprehensive assessment of the potential hazards
presented by HNS on the basis of:
•

•

•

Potential effects on the aquatic environment
- Bioaccumulation and biodegradation
- Aquatic toxicity
Potential effects on Human Health (Toxic Effects to Mammals)
- Acute mammalian toxicity
- Irritation, corrosion and long-term health effects
Interference with other uses of the sea
- Tainting
- Physical effects on wildlife and benthic habitats
- Interference with coastal amenities

The 100 substances considered being the most hazardous to the marine environment on
the basis of bioaccumulation / biodegradation and aquatic toxicity in the GESAMP
profile are listed in Annex 2. The most potentially harmful substances are insecticides,
pesticides, herbicides and mercury or copper salts. These substances are most often
shipped in packaged form.

3.2.1 Tr ansport of HNS at sea in the Ar ctic
The Arctic Marine Shipping Assessment (AMSA) 2009 report describes the shipping that
took place in the Arctic in 2004 and considers likely future developments (Figure 3.3).
Most shipping traffic in the Arctic is in waters that are either permanently or seasonally
ice-free and nearly all voyages took place on the periphery of the Arctic Ocean.
Permanently ice-free waters include those in the Aleutian island chain, the northern coast
of Norway, southern Iceland, and the Murmansk region in northwest Russia. In other
areas of the Arctic, which are seasonally ice-covered, nearly all the vessel activity
occurring in 2004 took place in waters where the ice had melted, or was melting and
where icebreakers were not required for access.
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Figure 3.3

Shipping traffic in the Arctic in 2004. Source: AMSA.

AMSA reports that there were approximately 6,000 vessels in the Arctic in 2004. Nearly
half of these vessels were operating on the Pacific Great Circle Route from the west coast
of North America to Asia, which crosses the Aleutian Islands and the southern Bering
Sea. This transiting vessel traffic can be thought of as “through-traffic” which neither
originates nor terminates in the Arctic. Of the remaining vessel traffic, the short sea or
coastal shipping within the Arctic, about 50 percent (1,600 vessels) were fishing vessels
with the next largest vessel category being bulk carriers at about 20 % of all vessels.
Types of vessel activities considered as most significant by AMSA within the Arctic in
2004 included:
•
•
•
•
•

Community re-supply
Bulk Transport of Ore, Oil and Gas
Passenger Vessels and Tourism
Fishing vessels
Icebreaker, Government and Research Vessel operations
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HNS on community r e-supply shipping
Several communities in Arctic Canada, the Russian Federation, Greenland, the United
States, Svalbard, and Bear Island are ice-locked for parts of the year and rely heavily on
marine transportation during the summer months for their dry foods, fuel, building
materials, and other commodities. A small proportion of the wide range of cargoes
transported for community re-supply can be expected to be HNS in packaged form.
Bulk tr ansport of ore
There are some very large mines in the Arctic producing commodities such as nickel,
zinc, and other ores. Using the OPRC-HNS Protocol definition, the spillage of a cargo of
nickel or copper ore or concentrate can be considered to be a spill of HNS. Most bulk
transport takes place during the ice-free season or in ice-free parts of the Arctic, but there
are a few exceptions where perishable cargoes such as the concentrates from the Dudinka
region and the nickel from Deception Bay in northern Quebec, Canada, which must be
shipped year-round.
HNS on passenger vessels and tour ism
Passenger vessel activity represented a significant proportion of the vessel activity in the
Arctic in 2004. This included ferry services and cruises. Most concern about pollution
from cruise ships is generated by the disposal of waste streams produced while they are at
sea (Copeland, 2006). Hazardous wastes containing small quantities of HNS can be
generated by a number of onboard activities and processes, including photo processing,
dry-cleaning, and equipment cleaning. Types of waste include discarded and expired
chemicals, medical waste, batteries, fluorescent lights, and spent paints and thinners,
among others. The vehicles onboard roll-on / roll-off (ro-ro) ferry services may be
carrying a wide range of materials and substances, including a small proportion of HNS
in packaged form.
HNS on fishing vessels
Commercial fishing takes place in a few key areas of the Arctic including the Bering and
Barents seas, on the west coast of Greenland, and around Iceland and the Faeroe Islands.
Commercial offshore fishing is widely acknowledged to be one of the most hazardous
occupations in the world and many lives are lost and fishing vessels sink every year. The
most likely HNS to be carried by a fishing vessel is the refrigerant used in the refrigerated
seawater system that is used to keep the catch fresh. The most commonly used refrigerant
was HCFC-22 (R-22), but this is no longer being used in new refrigeration systems
because of the ban on chlorofluorocarbons due to their depleting effect on the ozone
layer. The so-called ‘natural refrigerants’ ammonia and carbon dioxide are now used.
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Figure 3.4

Cruise liners contain small amounts of HNS. (Photo: Carnival Cruise
Lines)

Figure 3.5

Fuel and some HNS may be onboard fishing vessels (Photo: USCG)
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Local shipping tr affic patter ns
The risks of spills of HNS from general shipping vary by region and the local shipping
traffic pattern. An example is a preliminary study conducted by a committee of the
Transport Research Board of the National Academies. There were 4,470 large
commercial vessel transits in 2007 through Unimak Pass in the Aleutian Islands (Figure
3.6). These vessels were following the North Pacific Great Circle Route. These transits
included:
•
•
•
•

3,580 vessels westbound (85 %)
890 vessels eastbound (15 %)
3,130 vessels bound to/from U.S. ports (70 %)
1,340 vessels bound to/from Canadian ports (30 %)

The types of vessels were recorded as those shown in Table 3.2.

Table 3.2

Vessel traffic in the Aleutian Islands in 2007
Vessel Type
Container ships
Bulk carriers
Car carriers
Reefers
General cargo ships
Chemical tankers
Crude and product tankers
LNG and LPG tankers
Wood chip carriers
Roll-on/Roll-off (RoRo) ferries
Other
TOTAL

Figure 3.6

Aleutian Islands in Alaska.

Number of Vessel
Tr ansits
1,800
1,550
300
175
175
125
40
40
50
50
165
4,470
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It is evident that unspecified bulk quantities of HNS is transported through these
peripheral Arctic waters using bulk carriers, chemical tankers, and gas carriers. HNS in
packaged form is being transported in container ships, general cargo ships, and probably
on ro-ro ferries.
The number of transits of vessels involved in local trade in the same area in 2007 was
recorded as being 1,720, of which 1,435 were fishing vessels, 80 % of the total local ship
movements. The remaining 285 movements were of various types of vessel.
In the absence of a specific risks analysis for current or future transport of HNS in the
Arctic region, it can be considered that the types of HNS transported now or in the future
will be similar to other regions of the world. However, the quantity of material is
unknown and the short term growth of general shipping in the Arctic is uncertain.
The probable type and quantity of HNS being transported in different regions of Arctic
waters depends on the amount and type of vessel traffic. High concentrations of vessel
traffic are found along the Norwegian coast and into the Barents Sea off northwest
Russia, around Iceland, near the Faeroe Islands and southwest Greenland, and in the
Bering Sea. Different factors determine this distribution of marine activity:
•

•
•

In the Bering Sea, The vast majority of vessel transportation is along the North
Pacific Great Circle Route through the Aleutian Islands, with a very small
minority of coastal community re-supply shipping in summer.
Traffic around Iceland, the Faeroe Islands and south-western Greenland is a mix
of fishing, domestic cargo supply, and cruise ships.
The Barents Sea experiences the highest concentrations of marine activity in the
Arctic region. Ships plying these waters include: bulk carriers, oil tankers, LNG
carriers, coastal ferries, fishing vessels, cruise ships and other smaller vessels.
There is tanker traffic in the region and ships servicing the Norilsk Nickel mining
complex sail year-round from the port of Dudinka on the Yenisei River to
Murmansk.

Tr ans-Ar ctic shipping
In recent years, much attention has been paid to the possibility of trans-Arctic
transportation via the central Arctic Ocean, Northwest Passage (NWP) or the Northern
Sea Route (NSR) due to the changing ice conditions in the Arctic.
AMSA found in 2004 that vessels operated on sections of both the NSR and NWP, but
there were no full transits by commercial vessels on any of three routes. The vessels
operating in the NWP were either community re-supply or Canadian Coast Guard. On the
NSR the only vessels were bulk carriers and tankers for community re-supply. None
sailed the full route, and the only Russian traffic through the Bering Strait were bulk
carriers servicing communities on the far northeast of Russia coming from the Bering
Sea. In 2004, no ships transited the entire Arctic Ocean from the Pacific to the Atlantic or
vice versa. The only vessels that went into the central Arctic Ocean in 2004 were the
eight trips made to the North Pole, three of which were research vessels carrying out a
core drilling expedition and five Russian nuclear icebreakers for tourism purposes. Apart
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from those trips, all the vessel activity in 2004 took place around its periphery and largely
in coastal waters.

F act box 4:
Summar y of vessel tr anspor tation tr ends in the Ar ctic
There are two distinct types of vessel transportation activities in the Arctic:
1. The majority of vessel voyages take place in ice-free sea conditions. These typically take
place in the summer season and take place on the periphery of the Arctic Ocean or in areas
that are permanently ice-free.
•

•

•

•
•
•

Nearly half of the vessel movements in the Arctic in 2004 were “through traffic”
operating on the Pacific Great Circle Route to and from the west coast of North America
(Seattle, Portland and San Francisco) to Japan and Korea, along a route which crosses the
Aleutian Islands and the southern Bering Sea.
More “local traffic” consisted of coastal or short-sea shipping; originating and
terminating in ports close to the Arctic. With the reduction of ice coverage in the Arctic,
the season when the sea is ice-free at a particular location will lengthen and the area
available for ice-free voyages will increase. There are several activities that take place in
the ice-free conditions
The number of vessel movements associated with community supply is likely to increase.
Vessels involved with community re-supply include:
- Tankers with cargoes of fuel (mainly diesel fuel),
- General cargo
- Some container ships
- In some areas, tug/barge combinations.
The number of tourist cruises in vessels of various sizes is likely to increase rapidly.
Fishing vessels will be able to conduct their activities for longer periods and at more
northerly locations.
Oil and gas exploration activities that take place in the summer season using vessels that
are not classified for operations in ice.

2. There are a limited number of vessel voyages in sea ice and the vessels are, or are
accompanied by, icebreakers. These voyages take place throughout the year, including
winter, and take place in the periphery of the Arctic. These activities include:
•

•

Oil and gas production. The vessels involved include:
- Ice-capable oil tankers,
- LNG tankers
- Support vessels involved in such activities as the provision of fuel and
supplies, anchor handling, personnel and equipment transport
The transport of ores in ice-strengthened bulk carriers, supported by icebreakers.

The apparent changes in global climate indicate that multi-year ice may soon disappear from
Arctic waters and this may make icebreaker operations more feasible over a larger area and for
longer periods.
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Trans-Arctic transportation through the NSR has been promoted for many years as a costeffective alternative route for marine traffic between North America and Asia. The retreat
of the Arctic ice along the NSR, particularly in summer, makes voyages more feasible.
Despite the rise in temperatures, the route is still potentially dangerous, with icebergs
moving more freely in warmer summer waters. The recent transit through the NSR by the
“Beluga Fraternity” and “Beluga Foresight” demonstrates that such voyages can be
made on a commercial basis. However, these vessels needed two Russian icebreakers as
escort. The current lack of infrastructure in the isolated regions of northern Siberia means
that regular use of the NSR by general vessel transportation is unlikely in the near future,
but may become much more important in years to come.
Trans-Arctic vessel traffic will be similar to the “through traffic” that passes through the
peripheral Arctic on the Pacific Great Circle Route, in that it will neither originate nor
terminate in the Arctic. The cargoes carried, including HNS, may pose a threat to Arctic
waters.
3.2.2 Risks of HNS spills fr om oil and gas explor ation
If an offshore rig suffers severe damage due to the weather, sea conditions, a collision or
grounding, or an incident resulting from a loss of well control, the HNS materials listed
in section 2.2.2 (Table 2.2) may be spilled into the sea. New regulations, as for instance
the “zero discharge” goal in the northern parts of Norway (no discharge of produced
water with a regularity > 95 % and cuttings with exceptions of the top hole in the Barents
Sea area), may require additional shipping to get used drilling fluids to shore since used
fluids cannot be pumped down the well bore. This may increase the risk.
3.2.3 Risks of HNS spills fr om storage and tr ansport on land
The existence of mines, pulp mills, and other industrial facilities within the Arctic (as
described in Section 2.2.3) present the possibility of the release of HNS in some
circumstances.
Fires at such facilities could result in the HNS being released. Earthquakes could cause
the mine ‘tailings’ stored in man-made ponds or lagoons to be released into the local
environment.
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Figure 3.7

Oilfield chemicals (some of which are HNS) are carried onboard supply
vessels. (Photo: © E.R. Schiffahrt/Nordcapital)
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F act box 5:
Assessing the hazar ds posed by a par ticular HNS
Anybody involved in the transportation of HNS should be thoroughly aware of the
potential hazards posed by a particular substance. There are many sources of
information, (some freely available online) regarding chemical hazards, including:
•

•

Material Safety Data Sheets (MSDS) are available for most materials. These are
intended to provide users and emergency response personnel with procedures for
handling the material in a safe way and include information on physical
properties, toxicity, health effects, first aid, reactivity, storage and disposal.
A CD-ROM, known as CHRIS+, available from the US Coast Guard contains
several databases of chemical, physical, thermodynamic, toxicological, and fire
properties. It includes:
- Chemical Hazards Response Information System (CHRIS), the Coast Guard's
database of over 1,300 chemicals and mixtures;
- The National Institute of Occupational Safety and Health (NIOSH) Pocket
Guide, a database of physical and health data for a wide range of chemicals;
- Emergency Response Guidebook (ERG), the Department of Transportation's
guide to response to releases of hazardous materials [ERG2004]
• CAMEO (Computer-Aided Management of Emergency Operations) from US
EPA (Environmental Protection Agency) and NOAA (National Oceanic and
Atmospheric Administration). CAMEO is a software suite of applications
that includes: CAMEO, ALOHA, and MARPLOT. It supports government
and industry chemical emergency management with chemical safety and
emergency response data, digitized mapping, and air dispersion modelling.
- CAMEO Chemicals is an online, easy-to-use version of the most popular
components of the CAMEO program: the chemical database and the
reactivity prediction tool. It contains response recommendations for over
6,000 chemicals. The database also contains over 100,000 chemical
synonyms and identification numbers, which aid emergency responders
in identifying unknown substances during an incident.
•

Chemdata® from NCEC (AEA Technology is an interactive database of over
36,000 substances and more than 116,000 different chemical names,
including pure and trade-name chemicals.

•

CEDRE’s web-site (ww.cedre.fr) contains a number of Chemical Response
Guides, intended primarily for specialists, designed to allow rapid access to
the necessary initial information, plus sources of further information.
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4 Past incidents involving oil and other HNS
4.1 Spills of oil and oil pr oducts
4.1.1 Oil spills tr anspor t of oil
Oil spills from oil tankers have a high news profile when they occur. There have been
some very large oil spills from tankers (Table 4.1), but the frequency of oil spills from
tankers has been greatly reduced in the last few decades. ITOPF (International Tanker
Owners Pollution Federation) statistics (ITOPF, 2009) indicate that large oil spills from
tankers (defined as more than 700 ton or 5,000 barrels) declined from an average of 25.4
per year in the 1970s to 0,33 per year in the 2000s (3.3 in the decade from 2000 to 2010).
Over 3 million tons of oil was spilled from tankers in the 1970s, but this reduced to just
over 200,000 tons from 2000 to 2010.

Table 4.1

The 20 largest oil spills from oil tankers (plus Exxon Valdez), ITOPF 2010

Rank

Ship name

Year

Location

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
35

Atlantic Empress
ABT Summer
Castillo de Bellver
Amoco Cadiz
Haven
Odyssey
Torrey Canyon
Sea Star
Irenes Serenade
Urquiola
Hawaiian Patriot
Independenta
Jakob Maersk
Braer
Khark 5
Aegean Sea
Sea Empress
Nova
Katina P.
Prestige
Exxon Valdez

1979
1991
1983
1978
1991
1988
1967
1972
1980
1976
1977
1979
1975
1993
1989
1992
1996
1985
1992
2002
1989

Off Tobago, West Indies
700 nautical miles off Angola
Off Saldanha Bay, South Africa
Off Brittany, France
Genoa, Italy
700 nautical miles off Nova Scotia, Canada
Scilly Isles, UK
Gulf of Oman
Navarino Bay, Greece
La Coruna, Spain
300 nautical miles off Honolulu
Bosphorus, Turkey
Oporto, Portugal
Shetland Islands, UK
120 nm off Atlantic coast of Morocco
La Coruna, Spain
Milford Haven, UK
Off Kharg Island, Gulf of Iran
Off Maputo, Mozambique
Off Spanish coast
Prince William Sound, Alaska, USA

4.1.2 Oil spills fr om oil explor ation and pr oduction
Oil spills from offshore oil exploration and production activities are relatively rare, but
the amount of oil spilled can be very large. Two of the largest oil spills have been the

Spill Size
(tonnes)
287,000
260,000
252,000
223,000
144,000
132,000
119,000
115,000
100,000
100,000
95,000
95,000
88,000
85,000
80,000
74,000
72,000
70,000
66,700
63,000
37,000
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IXTOC I (1979) and Deepwater Horizon (2010) blow-outs both taking place in temperate
waters. In Arctic waters oil spills from exploration and production activities have been
even rarer than for open waters. For instance, in the marine waters off the North Slope in
Alaska no large oil spills have occurred (National Research Council, 2003). However, the
volume of exploration and production is far less in Arctic regions.

Figure 4.1

Deepwater Horizon oil rig explosion in the Gulf of Mexico, April 2010.

4.1.3 Oil spills fr om oil stor age and tr ansport on land
In Arctic areas, there have been minor oil spills related to oil storage and transportation
on land. An example of an Arctic spill on land is the Prudhoe Bay oil spill that was
discovered on March 2nd 2006 at a pipeline in western Prudhoe Bay. Initial estimates said
that up to 267,000 US gallons (approximately 6,400 bbl which equals approximately
1000 m3) were spilled over 1.9 acres (7,700 m2), making it the largest oil spill on Alaska's
north slope to date. The spill originated from a 0.25-inch (0.64 cm) hole in a 34-inch (86
cm) diameter pipeline. The pipeline was decommissioned and later replaced with a 20inch (51 cm) diameter pipeline.
4.2 Incidents involving HNS
Although they are rarer than oil spills, there are incidents involving the marine transport
of HNS. The reporting of past incidents that had the potential to release HNS into the sea,
or actually resulted in HNS being released into the sea, has not been as systematic as that
of oil spills for several reasons such as:
•
•

The absence of any international liability and compensation scheme.
The definition of HNS has been modified over the years.
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In the past, the use of HNS was synonymous with dangerous goods or chemicals as
defined as hazardous or noxious in the various IMO Codes. Under the OPRC-HNS
Protocol almost any cargo could be classified as HNS. The current interest in HNS has
produced several reviews of past marine incidents involving HNS. Many of these reviews
have used the same source references; the HELCOM 2002 Manual with contributions by
the Swedish Coast Guard, the US Coast Guard report (HSSR, 1999), and the HASREP
report (AMRIE, 2005) with more recent contributions from the CEDRE (www.cedre.fr)
web-site and other sources.
4.2.1 Incidents involving HNS tr ansported at sea
There is no existing compilation of information about HNS incidents at sea that is
specific to only Arctic regions. The current low frequency of marine transportation of
such materials through Arctic waters, plus the absence of formalized reporting
procedures, is the most likely reason for this.
Increased marine transportation in the Arctic regions will inevitably increase the risk of
incidents involving HNS occurring without involving risk factors that are specific to the
Arctic. In some respects, an incident involving HNS in the Arctic will be similar in many
ways to those that have occurred in other parts of the world. Learning from past
experience is a very important part of developing appropriate response strategies and
information about previous maritime HNS incidents that occurred in temperate and
tropical waters is included in this report.
The incidents described in these core references have been collated in Annex 3 and
divided in past incidents involving HNS transported in bulk (Table A3.1) and incidents
involving HNS transported in packaged form (Table A3.2).
Incidents involving HNS in bulk
Table A3.1 in Annex 3 contains a summary of the 56 incidents involving HNS
transported in bulk that have been reported over the last 62 years. These records are not
comprehensive and there have probably been many more incidents that have not been
reported in the available literature. In some cases, the reported incidents were relatively
minor, in other cases these were major disasters.
Over half the incidents involved tankers, either chemical or product, and most of the
remainder involved bulk carriers. This is to be expected as it is these vessels that carry
substances in bulk. Only a few incidents have involved gas carriers. Incidents involving
bulk carriers have been widely under-reported because the most frequently transported
bulk solids, iron ore, and coal, are not considered to be dangerous goods. Many losses of
bulk carriers transporting this type of material have occurred, but they have previously
been excluded from consideration because these substances have not previously been
considered to be HNS.
The reasons for the incidents occurring were similar to those involving potential oil
spills; groundings, collisions, or vessels sinking. In some cases the nature of the HNS
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cargo was a major contributor to the source of the problem with HNS cargo leaking,
over-heating or catching fire and then exploding.

Figure 4.2

A major incident involving bulk liquid HNS - The Ievoli Sun 2000.
(Photos; SMIT and Marine Nationale)

It should be noted that the HNS was not released into the sea in all these incidents. Some
incidents were concluded with both the ship and the cargo being taken into port and the
cargo was unloaded. In some cases, only a small part of the HNS cargo was released into
the sea, or emergency response and salvage actions enabled the major part of the HNS
cargo to be recovered. In the incidents that involved fire and explosions the HNS (or
combustion products of the HNS) were released into the air, but no significant proportion
was spilled into the sea.
Incidents involving HNS in packaged form
Table A3.2 in Annex 3 contains a summary of the 38 incidents involving HNS
transported in packaged form that have been reported over the last 38 years.
Almost all recent incidents have involved container ships. The HNS may have been in
containers that were lost overboard in rough weather, or that went overboard as result of a
collision or remained onboard when the vessel sank.
As with the incidents involving bulk cargo, in many of the incidents involving packaged
HNS there was no release of HNS into the sea as a result of timely and successful salvage
actions.
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Figure 4.3

A major incident involving packaged HNS - Norwegian Dream/Ever
Decent collision, 1999. (Photos: UK Maritime and Coastguard Agency)
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5 Behaviour of spilled oil and HNS
5.1 Spilled oils and oil pr oducts
5.1.1 Spilled oil behaviour in open water s
If spilled at sea, crude oil spreads out to form an oil slick. Several processes then occur
simultaneously at rates that depend on the prevailing environmental conditions. Figure
5.1 shows some of the weathering processes that occur when oil is spilt on the sea
surface. In case of a sub-sea release additional processes may be involved as well. One
important consequence will be that the resurfacing oil will be spread over a much larger
area which will influence most of the weathering processes on the sea surface. The
evaporation may be larger, the surface oil may not form water-in-oil emulsion and the
oil-in-water dispersion may increase. The fate and behaviour of the oil from a sub-sea
release is dependant of several factors such as the release depth, gas-to-oil ratio, oil type,
currents, and weather conditions.
It is important to have a good overview of the oil’s weathering properties to be able to
assess the “window of opportunity” for different response options. The “window of
opportunity” defines the time after a discharge of oil where a given response method is
efficient. Limitations can be due to many factors like spreading, emulsification, viscosity
increase, and solidification due to high pour point.

Figure 5.1

Weathering processes that occur when oil is spilt on the sea surface.
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Weathering of spilled oil
‘Weathering’ of oil is the term used to describe the combination of processes that change
the properties of the spilled oil with increasing time on the sea surface.
Evaporation from spilled oil
The more volatile components in the crude oil (the components that would have been
refined to produce gasoline and kerosene) will evaporate into the atmosphere. A ‘light’
distillate fuel such as gasoline will totally evaporate quite rapidly, while kerosene will
evaporate more slowly. Heavy fuel oils only loose a small proportion of their volume by
evaporation
Natur al disper sion of spilled oil
In rough seas, the breaking waves that plunge through the oil slick will convert the oil
from a layer on the sea surface into oil droplets that are temporarily pushed into the top
few metres of the water column. The largest oil droplets will rapidly float back to the sea
surface. A small proportion of the oil may be converted into oil droplets that are small
enough to be retained in the upper water column, being re-submerged as the slowly float
back to the surface by subsequent waves. The amount of naturally dispersed oil will be
low in calmer conditions. High viscosity oils, such as Heavy Fuel Oils, do not naturally
disperse to any significant degree in most sea conditions.
Water -in-oil emulsification of spilled oil
The oil residue that remains on the sea surface after the evaporation of the more volatile
components will be of higher viscosity than the oil that was originally spilled. Most crude
oils contain tar-like components called asphaltenes. These are kept in suspension by other
oil components, but after the lighter components evaporate the asphaltenes can precipitate
to form an elastic layer around water droplets that have become entrained in the oil by
wave action. This stabilises water-in-oil (w/o) emulsions. The water content of the w/o
emulsion may increase with time as much as up to 75 % or 80 % of water volume within
the oil. These w/o emulsions are often of extremely high viscosity, often resembling a
thick paste or sludge.
5.1.2 Spilled oil behaviour in Ar ctic conditions and ice
A considerable amount of field research was done in the 1970’s and 1980’s on oil
weathering in ice. Additional studies continued in the laboratory in the late 1980’s and
1990’s, but were generally limited to low-viscosity, low-pour point oils. It is now
recognized that oil weathering is strongly dependent on the specific chemical
composition and characteristics of individual crude oils.
Six series of experiments were conducted over a four-year study (Buist et al., 2008) and
studied:
1. Spreading on Ice and in Snow
2. Evaporation in Ice and Snow
3. Slick Thickness on Cold Water
4. Migration Rates through Brine Channels
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5. Formation of Water-in-Oil Emulsions
6. Full Spill-Related Characterization of Crude Oil Samples
These studies generated experimental data to validate and refine the weathering
algorithms used in computerized oil weathering models to estimate the behaviour of
spilled oil in the presence of ice and snow.
Ice-covered waters and Arctic conditions possess other challenges for oil spill response
compared to open and more temperate waters (Figure 5.2) such as the remoteness of the
area, the low temperatures, seasonal darkness, and the presence of ice. At the same time
we have experienced that ice can aid in oil spill response operations. It slows down oil
weathering, dampens the waves, prevents the oil from spreading over large distances, and
allows for more response time. In some cases, oil spill response in an ice-covered area
can be easier than in open water, although this does not imply that it will be simple.

Figure 5.2

Illustration of oil in ice processes.

A Joint Industry Program on oil spill contingency for Arctic and ice-covered waters (JIP
on Oil in Ice), coordinated by SINTEF, has uncovered important knowledge and
developed new solutions for oil spill response in ice-covered waters (Sørstrøm et al.,
2010). From the start of 2006 to the end of 2009, the program has been carried out as a
broad international cooperation in which the world’s most experienced experts on oil spill
R&D have participated. The program was completed according to plan with two largescale field experiments in 2008 and 2009 as an important verification for the outcome of
the program.
Five different crude oil types were selected for the basin and field weathering
experiments. The selected oils represent four different groups of oil type (asphaltenic,
naphtenic, waxy, and paraffinic) and were selected based on the fact that they represent a
large variation in oil properties. The results from these studies form a representative data
set which can be used to calibrate the weathering model. In addition to these oils, a very
light oil representing oils from gas/condensate fields was included. During the test
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program, a large number of weathering experiments with different ice conditions (open
water, 30, 50, 70 and 90 % ice coverage) and different oils were carried out at SINTEF’s
experimental basins in Trondheim. A verification study was performed during a field trial
in May 2009.
Figure 5.3 shows an example of water uptake measured during testing with
different ice conditions in a medium scale flume basin compared to
measurements performed during the 2009 field trial (FEX2009). It shows that
the water uptake decreases with increasing ice concentration and that the
water uptake speed decreases at higher ice concentrations.

Figure 5.3

Example of water content for the naphtenic crude oil under different ice
conditions in the medium scale flume basin compared with data from the
2009 field experiment (FEX2009). (Sørstrøm et al., 2010).

Biodegr adation of oils
Seawater contains micro-organisms that can break down all types of oil components. The
various micro-organisms prefer specific oil components as an energy source. Several
factors influence the biodegradation rate, among these are temperature, the nutritive
supply that contain nitrogen and phosphor, the oxygen supply, oil type, and the degree of
weathering. Bacteria can only degrade oil in contact with seawater and depends on the
water/oil interface area. The interface area increases as the oil is spread over the sea
surface as a thin layer or by chemical or natural dispersion of oil in the water masses.
It has been demonstrated that biodegradation can contribute to significant removal of oil
from the marine environment in temperate areas. Recent studies (Brakstad et al., 2006)
show that in sea water at low temperatures, 0 and 5oC, naphthalene and other small

49

aromatic hydrocarbons (HCs) were primarily biodegraded after dissolution to the water
phase, while biodegradation of larger polyaromatic hydrocarbons (PAH) and C10–C36 nalkanes, including n-hexadecane, was associated primarily with the oil films.
Biodegradation of PAH and n-alkanes was significant at both 0 and 5°C, but was
decreased for several compounds at the lower temperature. Studies on biodegradation of
oil migrating in brine channels in ice are ongoing.

F act box 6:
Summar y of weather ing of oil in ice cover ed water s
•

Oil spills in ice spread much slower and occupy a much smaller area than a
similar spill in open water.

•

Oil will have a slower weathering in ice which can be an advantage and
contribute to the enhancement of response effectiveness for certain types of oil
spill scenarios. Still, the window of opportunity is limited and rapid decision
making and action are required to make use of the available windows of
opportunity for the three response options.

•

Recent studies indicate that there is biodegradation of oil also in Arctic
temperatures.

•

The data from previous programs, including the SINTEF coordinated JIP, have
been implemented in an Oil Weathering Model (OWM) created by SINTEF. It
can be used to predict the behaviour of various types of oil in ice in order to help
plan for different response scenarios.

5.2 Spilled HNS behaviour
Because of the very wide variety of chemicals and substances considered to be HNS,
there are no “standard” behaviours of all the different types of HNS that could be spilled
into or onto the sea.
5.2.1

Behaviour of HNS spilled in open water s

Behaviour of HNS spilled in bulk
HNS transported in bulk will exhibit a range of behaviours if released from the vessel:
• Gases spilled at sea will form gas clouds or plumes in the air which may disperse
or persist, depending on the prevailing wind conditions.
• Liquids and solids may float or sink.
• Liquids will evaporate totally, partially or not at all.
• Gases, liquids and solids may dissolve into the sea to some degree or, in some
cases, may react with the seawater.
The spilled HNS may also exhibit a combination of all these behaviours, with one being
more predominant that the others. The precise behaviour of HNS spilled onto the sea will
depend on the prevailing conditions of temperature and sea state to some degree.
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Standar d Eur opean Behaviour Classification (SEBC)
The Standard European Behaviour Classification (SEBC) system has been devised to
describe the categories of behaviour of spilled HNS on the basis of physical state,
solubility in water, density, and vapour pressure. These properties are considered in a
particular sequence and with particular threshold values in the SEBC system to define the
different categories of behaviour.
For HNS carried in bulk (i.e. not packaged) the first stage is to specify whether the HNS
is a gas, liquid, or solid. On the basis of their solubility in water, vapour pressure and
density the predominant behaviours of spilled HNS are subdivided further (see Figure
5.4).
•
•

•

Gases are subdivided Gas (G) and Gas - Dissolver (GD)
Liquids are divided into Evaporators (E), Floaters (F) or Sinkers (S) and
combination of these behaviours:
- Evaporator - Dissolver (ED)
- Floater - Evaporator (FE)
- Floater - Dissolver (FD)
- Dissolver - Evaporator (DE)
- Sinker - Dissolver (SD)
- Floater - Evaporator - Dissolver (FED)
Solids are divided into Floaters (F), Dissolvers (D) or Sinkers (S) and
combinations of these behaviours:
- Floater - Dissolvers (FD)
- Sinker - Dissolvers (SD)
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Figure 5.4

Classification of chemical spills in water and connection to related
response methods (from HELCOM Response Manual, Volume 2, 2002)
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Chemicals that r eact with water
Some commonly transported chemicals will react rapidly with water if spilled into the
sea. These substances can be classified by a SEBC behaviour group based on their
physical properties, but their behaviour deviates from what would be expected because
they react with water. Commonly transported water-reactive chemicals include:
•
•
•

•
•
•

Acetyl chloride is a fuming liquid that, upon contact with water, reacts violently
and decomposes to hydrochloric acid and acetic acid;
Calcium carbide is a solid (i.e. powder or lumps) which sinks, violently reacting
with water and forming acetylene, a highly flammable and explosive gas;
Sodium and potassium are very reactive metals which float and react violently
with water, forming flammable hydrogen gas mixtures with air. The heat of the
reaction often causes the hydrogen to ignite and explode;
Sulphonyl chloride is a fuming liquid which reacts violently with water, and
decomposes to sulphuric acid and hydrochloric acid;
Toluene di-isocyanate is a sinking liquid which reacts slowly with cold water, to
form carbon dioxide and a plastic-like product (polyisocyanate);
Concentrated sulphuric acid, when mixed with water, may release large amounts
of heat, resulting in vigorous boiling.

HNS spill behaviour ; spr eading, evaporation and emulsification
An aspect of spilled HNS behaviour that is not reflected by the SEBC category is the
flow properties of the spilled liquid HNS, as indicated by the viscosity of the liquid.
The viscosity of a liquid is an important factor of its spill behaviour as it controls the
spreading of the liquid; low viscosity liquids spread to form thin films on the sea surface
more rapidly than high viscosity liquids. Most, but not all, liquid HNS transported in bulk
are of relatively low viscosity, between the viscosity of gasoline and diesel fuel.
Many HNS are pure, single chemical compounds and will evaporate at a particular rate in
specific conditions and the viscosity of the remaining liquid will not increase due to this
process.
Almost all HNS substances do not contain chemical compounds that would stabilise
water-in-oil emulsions and there will be no consequent increase in viscosity for this
reason.
SEBC behaviour of spilled HNS tr ansported in bulk
Annex 1 – the list of the top 100 HNS cargoes, based on tonnages transported in bulk in
EU waters, from the HASREP report – also includes the SEBC classification for many of
these substances. The SEBC classification for the top 20 HNS transported in bulk, as
identified by the IMO OPRC-HNS Technical Group are shown in Table 5.1.
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Table 5.1
No.
1
2
3
4
5
6
7
8
9
10

SEBC for top 20 HNS identified by the IMO OPRC-HNS TG

Chemical
Sulphuric acid
Hydrochloric acid
Sodium hydroxide/caustic soda
Phosphoric acid
Nitric acid
LPG/LNG
Ammonia
Benzene
Xylene
Phenol

SEBC
D
D
D
D
D
G
GD
E
FE
S

No.
11
12
13
14
15
16
17
18
19
20

Chemical
Styrene
Methanol
Ethylene glycol
Chlorine
Acetone
Ammonium nitrate
Urea
Toluene
Acrylonitrile
Vinyl acetate

SEBC
FE
DE
D
G
DE
D
D
E
DE
ED

Fourteen out of the 20 chemicals are liquids; 3 are gases and 3 are solids. Of the liquid
HNS, 6 are dissolvers (SEBC classification D) and 4 more are dissolvers to some degree
(SEBC classification DE or ED). Three of the liquid HNS are evaporators (SEBC
classification E) or floater-evaporators (SEBC classification FE) and 2 are dissolverevaporators (SEBC classification DE).
The risk of a spill of HNS occurring is not simply a matter of the amount transported
around the world by sea in bulk; many other factors contribute to a particular incident.
Nevertheless, 12 out of the 20 chemicals in Table 5.1 have been involved in 24 of the 56
incidents involving HNS transported in bulk listed in Table 1 of Annex 3. Five of the
chemicals (sulphuric acid, xylene, styrene, ammonium nitrate, and acrylonitrile) have
been involved in at least 3 separate incidents.
Behaviour of spilled HNS tr ansported in packaged form
HNS that is being transported in packaged form (drums within a container that is lost
overboard, for example) will not be spilled onto the sea and may continue to be contained
within the drum and within the container, even if the container is floating on the sea
surface or sinks. The HNS is still in some containment and may stay there for some time
unless the container and drum are damaged. By time corrosion may harm the container
with a subsequent leakage into the sea.
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Figure 5.5

Packaged HNS overboard. (Photo: CEDRE)

The behaviour of packaged HNS is described in the SEBC on the basis of the behaviour
of the package; it may float (PF), sink (PS), or remain in the water column (PI),
depending on the overall density of the package.
5.2.2 Spilled HNS behaviour in Ar ctic conditions and ice
Spilled HNS in bulk
The extremely low temperatures experienced in some seasons in the Arctic will alter the
behaviour of some spilled bulk HNS, compared to the behaviour in more temperate
climates.
The categorisation of spilled HNS behaviour in the SEBC is based on the physical
properties of the substance at 15ºC or 20ºC because reference data about the relevant
properties is most easily available at these temperatures. Material Safety Data Sheets
(MSDS) often quote physical properties at 20ºC (or 60ºF in the USA). 15ºC or 20ºC is
also a reasonable temperature for that which might prevail if HNS is spilled in temperate
climates.
The behaviour of some spilled HNS in the lower temperatures that prevail in the Arctic
may be different from that indicated by the SEBC based on properties measured at 15ºC
or 20ºC. Temperature varies widely from place to place across the Arctic. Summer air
temperatures may be +5ºC (or higher), but in the winter air temperatures can be -35ºC (or
lower). The sea surface temperature normally varies between 5ºC and -1.8ºC, but the
surface temperature can be much lower when the sea is covered in ice.
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Physical state
An HNS that is a gas at 15ºC or 20ºC can be a liquid at much lower temperatures.
Considering the list of the 100 HNS most commonly transported in bulk prepared in the
HASREP project and contained in Annex 1 there are 3 gases that would turn to liquid
form at Arctic winter air temperatures (Table 5.2).

Table 5.2

Boiling points of some HNS gases
Substance
Anhydrous ammonia
Butadiene
Vinyl chloride monomer

Boiling point
(ºC)
-33.5
-4.4
-13

These gases are normally transported at low temperature or under pressure to maintain
them in liquid form. Loss of containment in temperate conditions would allow them to
form a gas cloud. Loss of containment at Arctic winter air temperatures would result in
an initial release of liquid, not gas.
An HNS that is a liquid at 15ºC or 20ºC can be a solid at much lower temperatures. Of
the 100 HNS listed in Annex 1, there are 11 substances that would be solid, rather than
liquid, if exposed to a temperature of -1ºC (Table 5.3).

Table 5.3

Freezing / melting points of some liquid HNS
Substance

Acetic acid
Acrylic acid
Adiponitrile
Benzene
Cyclohexane
Formic acid (85% solution)
Nitrobenzene
Nonylphenol(poly(4-12)ethoxylates
Phosphoric acid (85% solution)
Sodium hydroxide (30% solution)
Sodium hydroxide (50% solution)

Fr eezing /melting
point
(ºC)
+16.6
+14
-1
+5.5
+6.5
+8.4
+5.7
+3.8
+21
+1
+12

SEBC
D
D
D
E
E
D
S
D
D
D
D

These HNS would have to be heated to be transported as liquid in cold climates. If
released into the sea with a temperature of 0ºC as a liquid they would start to solidify, but
8 of them are dissolvers (4 being solutions in water) and would rapidly be diluted and
dissolve. Liquid nitrobenzene would sink as it solidified. Liquid benzene and
cyclohexane spilled onto a cold sea would float and freeze into solids. This would greatly
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reduce their rate of evaporation. Another 11 liquids in Annex 1 would become solids if
exposed to an air temperature of -35ºC (Table 5.4).

Table 5.4

Freezing / melting points of some other liquid HNS
Substance

1-Nonanol (Nonyl alcohol)
Ammonium nitrate (53%) solution
Aniline
Calcium lignosulphonate (55%) sol.
Cyclohexanone
Diethylene glycol
Epichlorohydrin
Ethylene glycol
Formaldehyde solutions (45% or less)
Potassium hydroxide 10% solution
Sodium hydroxide 10% solution

Fr eezing /melting
point
(ºC)
-8
-3
-6
-2
-16.4
-8
-26
-13
-15
-3
-10

SEBC
F
D
SD
D
FE
D
SD
D
D
D
D

Once again, the Dissolvers (D) and Sinker-Dissolvers (SD) would dissolve into the sea
unless it is covered in ice.
Density
The HNS density is used within the SEBC to indicate whether the substance will float or
sink. If the HNS density is less than that of seawater it will float. The density of a
substance tends to increase with decreasing temperature, although there are notable
exceptions. The density of pure water increases between its melting point at 0oC and 4oC.
However, the density of full salinity (35 psu) seawater increases with decreasing
temperature. The density of an HNS also increases with lower temperature, but at a
slightly different rate than that of seawater due to differences in the thermal expansion
coefficient. For most HNS the effect will not alter whether the HNS floats or sinks when
spilled on the sea.
Water solubility
The water solubility data generally used in the SEBC is that for solubility in freshwater,
not seawater, because the information regarding solubility of chemicals in seawater is
limited. Salinity has a slight effect on solubility. As salinity increases, the solubility of
neutral organic compounds decreases. In most cases, the effect is minor and it makes very
little difference to the behaviour of HNS spilled into the sea. The effect of temperature on
the solubility of a chemical in water depends on the chemical’s type and structure. Very
slightly soluble compounds such as benzene, toluene, and xylenes are relatively
unaffected by the temperature. Their solubility is similar over a range of temperature
from 0ºC to 50ºC. Alcohols are approximately twice as soluble in water at 0ºC as at 50ºC.
Many salts show a large increase in solubility with increasing temperature and therefore
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will show a decrease in solubility with reduced temperature. However, a few salts
become less soluble in water as temperature increases. There is no general trend of water
solubility with temperature that is applicable to all HNS; each case would have to be
considered on an individual basis.
Vapour pr essur e
Floating, liquid HNS are considered be Evaporators (E) in the SEBC when they have a
vapour pressure greater than 3 kPa at 20ºC. HNS with vapour pressures between 0.3 and
3 kPa at 20ºC are Floater-Evaporators (FE). Many of the HNS classified as Evaporators
(E) in the SEBC have vapour pressures similar to that of gasoline or between the vapour
pressures of gasoline and diesel fuel and will therefore evaporate at similar rates to these
fuels and the precise rate will depend on the prevailing temperature and wind speed.
Viscosity
Many liquid HNS have viscosities at 20ºC of 0.5 to 4 cP and these are similar to the
viscosities of gasoline and diesel fuel. Viscosity increases with decreasing temperature,
but the viscosity of lowest viscosity HNS increases by only a moderate amount when the
temperature is reduced from 20ºC to 0ºC.
Summar y of effects of low temper atur e on HNS pr oper ties
A spill of HNS onto the sea at the low temperatures characteristic of the Arctic will cause
some HNS to behave differently, compared to their behaviour if spilled in more
temperate climates.
Some HNS that are gaseous at 20ºC will be liquids at 0ºC and some HNS that are liquid
at 20ºC will be solids at 0ºC. This change of state will cause different spill behaviours.
Some gases that would disperse into the air in temperate climates will form liquid slicks
in the Arctic. Some liquid HNS that would create rapidly spreading slicks in temperate
climates will freeze to form ‘slush’ on the sea surface in the Arctic. These changes will
have implications for some subsequent spilled HNS behaviour. HNS that would rapidly
evaporate into the air from liquid slicks, and are classified as Evaporators in the SEBC,
will do so much more slowly in the Arctic, particularly if the liquid has frozen. This has
implications for the potential toxic effects and flammability limits for some HNS.
While spilled HNS will generally have higher densities at lower temperatures, this is
unlikely to alter whether it floats (SEBC Floater) or sinks (SEBC Sinker) because
seawater is also denser at lower temperatures. The vapour pressure of spilled HNS will be
lower at lower temperatures and this will cause a lower relative rate of evaporation, even
if the HNS remains in liquid form. For some HNS with relatively low vapour pressures,
this may be a significant factor, but for many of the most volatile HNS this will not alter
their overall spill behaviour; they will still evaporate, but at a slower rate.
The SEBC does not consider viscosity to be a relevant property of HNS that influences
spill behaviour and viscosity is not used in the SEBC categorisation. This is in contrast to
the consideration of the behaviour of spilled oils where viscosity is a very important
factor. Most liquid HNS have a relatively low viscosity at 20ºC, between that of gasoline
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and diesel fuel. The viscosity of these HNS will increase at lower temperature, but the
viscosity increase will not cause any drastic change in behaviour.

F act box 7:
Compar ison of behaviour s of spilled oils and spilled HNS
Spilled oils
Oils that may be spilled include crude oils, refined oil products carried as cargo and the
various type of fuel oil used to power ship’s engines. If spilled at sea, these oils will:
•

•

•

Spread out to form a thin layer of oil on the sea surface. Low viscosity oils such
as gasoline form very thin layers while higher viscosity oils, such as Heavy Fuel
Oils form thicker layers. Oils below their Pour Point will become semi-solid at
low temperatures.
Lose the more volatile oil components by evaporation, gasoline will totally
evaporate, crude oils will lose some proportion of their volume (normally 20% to
30%) within 24 hours, while Heavy Fuel Oils will only lose a very small
proportion of volume by evaporation. The precise rate and extent of evaporative
loss depends on the prevailing environmental conditions.
The oil residues that remain after evaporative loss will incorporate water to form
water-in-oil emulsions. Some of these emulsions are stabilised by components
from within the crude oil or fuel oil and can contain up to 75 % or 80 % volume
of water and be of very high viscosity.

Spilled HNS
HNS that may be spilled at sea includes gases, liquids and solids of many different
chemical types. The range is huge; from methane gas (transported as LNG) to various
mineral ores.
•
•
•

•

There is no typical spilled HNS behaviour. HNS may evaporate, float, dissolve
or sink if spilled at sea.
Gaseous or vapour HNS will evaporate or disperse into the air, liquid HNS may
float and then evaporate or float and dissolve, solid HNS may float or sink and
may also dissolve.
The most common liquid HNS transported in bulk are inorganic chemicals
(various acids and sodium hydroxide) or chemicals derived from oil (benzene,
xylene, toluene and styrene, for example). The inorganic acids will dissolve into
the sea if spilled.
Most petroleum-derived chemicals have physical properties that are similar to
gasoline or diesel fuel. They will float, spread out into very thin slicks and
evaporate totally or to some degree. They will not emulsify.
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6 Response to oil and HNS spills
6.1 Response to oil spills
The options available to respond to oil spills are well known and include:
•
•
•
•
•

Remote sensing and monitoring.
The use of sorbents.
Mechanical containment and recovery with booms and skimmers.
The use of dispersants.
In-situ burning.

Any oil spill response action should be conducted using the principles of NEDRA (Net
Environmental Damage and Response Assessment), a consideration of the probable
likelihood of the response effectiveness compared to no response at all. NEDRA is
basically the same type of assessment as NEBA (Net Environmental Benefit Analysis),
being used in many countries. NEBA describes the increase in “quality” of an
environmental site by use of different countermeasures compared to no response.
NEDRA describes the decrease in environmental damage by use of different
countermeasures compared to no response. So, it can be said that NEDRA = 1/NEBA.
The motivation for introducing NEDRA has been the recognition that it is difficult to
relate the phrase “environmental benefit” to an oil spill. The aim is to reduce the overall
damage (ecological, economics, etc.) that would be done by an oil spill.
All active response measures have their limitations. These may be logistical problems
that cannot be overcome (insufficient equipment, equipment not available near spill site)
or those imposed by the prevailing sea conditions and weather.
6.1.1 Response to oil spills in open water s
Remote sensing and monitor ing
Remote sensing can be defined as systems, which in poor visibility conditions, low light
(including darkness), and in poor weather conditions, can detect the existence and
location of pollution on the sea surface from oil installations. It implies collection and
interpretation of data and can be performed from oil installations, vessels, satellites,
aircrafts, and helicopters.
By monitoring we mean tools and methods, which during an incident, can give more
detailed information about the potential for different countermeasure methods, oil
properties and weathering, mass balance, spreading in the water column and potential
exposure to vulnerable environmental resources. Monitoring includes both modelling
tools and techniques that require physical contact with the oil (sampling and analysis).
Vessel-based r emote sensing systems
There have been some new developments on vessel based remote sensing equipment over
the last decade. Some of the systems that are being used today for remote sensing of oil
pollution are:
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•
•
•
•

Oil Spill Detection System (OSD) is a software that can be coupled to vesselbased radar for interpretation of signals to detect oil on the sea surface. Figure 6.1
shows an example screenshot from one of the oil radars.
Day and night cameras based on a gyro stabilised sensor platform.
Vessel-based Infrared cameras can detect oil at a distance of up to 3-4 km and
identify the thickness of recoverable oil.
Other systems with a potential for oil spill response include ice radar and drifting
buoys.

Figure 6.1

Screenshot from an oil radar showing oil between the two red lines.
(Picture: http://www.oljevernportalen.no/NOFO/index.htm).

Air borne r emote sensing systems
Table 6.1 gives an overview of the most commonly used airborne remote sensing systems
in Scandinavian countries as well as other countries. The systems can be used from
helicopter, fixed-wing aircraft, or satellite.
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Table 6.1

Overview of the most important airborne remote sensing systems used for
oil detection.

Unit
Side Looking
Airborne Radar
Synthetic Aperture
Radar
Infrared Scanner

Abbr eviation
SLAR

Forward Looking
Infrared camera

FLIR

Ultraviolet Scanner

UV

SAR
IR

Comments
Detect oil pollution from damping of micro waves. Also
used for search and rescue.
Mainly for search and rescue but can also be used to detect
oil pollution. Used in aircrafts, helicopters, and satellites.
Detects oil thickness (> 10 micron) and area. Detects
temperature differences between oil and the surrounding sea
water.
Same principle as IR. Quite effectively used in a helicopter
to guide mechanical recovery or dispersant application to
the thickest parts of an oil slick.
Detects oil thickness (both thick and thin oil) and area. Can
not be used in darkness, poor visibility, or through clouds.

Mechanical r ecover y
In open waters, mechanical oil recovery is normally conducted using booms to confine
the oil and skimmers to collect and pump the oil back to a recovery vessel. Figure 6.2
shows a picture from testing of offshore mechanical recovery equipment (boom and
skimmer) from an exercise in the North Sea.

Figure 6.2

Testing of offshore boom and skimmer from an exercise performed by
NOFO (Norwegian Oil Spill Response Organisation for Operating
Companies) in 2003. (Photo: SINTEF)
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Use of sor bents
The use of sorbents is most suitable for small spills in calm conditions and works best in
semi-enclosed areas such as docks and harbours. Booms made of sorbent material have
some uses in some oil spill situations. Sorbents works best for lighter oils and oils that are
not heavily weathered.
Use of disper sants
The addition of a dispersant, normally by spraying onto the oil slick (Figure 6.3), to
spilled oil increases the potential for the oil to be dispersed as very small oil droplets in
the water column. A dispersant is a mixture of surfactants in a carrier solvent. The
surfactants need to penetrate through the oil film to the oil-water interface (Figure 6.3). In
most cases where dispersants do not work that is because they cannot penetrate the oil
film due to high viscosity, solidification of the oil, etc. Dispersants are soap-like
substances and the surfactants used in most dispersants are the same as those being used
in the food and cosmetics industry. The smaller the oil droplets, the easier they are for
micro organisms in the water mass to naturally biodegrade the oil. Mixing energy is
required to create small oil droplets and to maintain the oil droplets within the water
column. When breaking waves are present, the crest of a breaking wave passing through
a dispersant-treated oil slick possesses sufficient shearing action to convert the oil into
small-sized droplets. Use of dispersants will increase the concentration of dispersed oil
droplets and water soluble oil components in the water column underneath the oil slick.
However, due to rapid dilution and increased biodegradation the elevated concentrations
will be for a limited time. Smaller droplets created by the use of dispersants increases the
overall oil surface area. Because the microorganisms breaking down the oil are surface
active the use of dispersants will increase the biodegradation of the oil.
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Figure 6.3

How dispersants work.

When dispersants are sprayed from aircraft, breaking waves are the only source of mixing
energy. When dispersants are sprayed from boats and ships, additional mixing energy
may be provided by the passage of the vessel as dispersant-treated oil passes into the
wake created by the vessel’s propellers. Even a small wake is sufficient to maintain the
dispersed oil droplets in the water column and prevent the oil droplets from resurfacing.
Although most crude oils are susceptible to the use of dispersants soon after they are
spilled, the viscosity increase caused by oil weathering (evaporation and w/o
emulsification) limits the effectiveness of dispersants. Weathered, emulsified, and more
viscous oil is normally less dispersible than freshly spilled crude oil. The reduction in
dispersant effectiveness with time on the sea under various environmental conditions is
known as the “window of opportunity” for dispersant use. In ice-covered waters, the
weathering processes are normally slowed down (see 6.1.2). Therefore, the time window
for use of dispersants can be considerable expanded in the Arctic compared to open
waters.
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Figure 6.4

Example of application of dispersant from a vessel. (Photo: SINTEF).

In-situ bur ning
The principle of in-situ burning is to remove the spilled oil from the sea surface by
burning it. Freshly spilled crude oils and refined fuels such as gasoline and diesel contain
flammable components that will burn if ignited by a suitable source. However, these
flammable oil components are also volatile and will evaporate with time on the sea
surface. Uncontained oil slicks at sea spread out rapidly to form thin layers that are too
thin to ignite. The key to effective in-situ burning is thick oil slicks. The oil slick has to
be contained and corralled in a fire-proof boom to a minimum thickness of at least 2 or 3
mm before it can be ignited, (by adding a small quantity of burning material such as
gelled gasoline) and will sustain burning. Thinner oil slicks will not sustain burning
because too much heat is lost to the underlying sea to vaporize the oil components.
Different crude oils can demonstrate very different ignitability due to their original
chemical composition and the effect this has on the rate of weathering. As will be
discussed later in-situ burning may have a large potential in ice-covered waters where ice
can act as a barrier to thicken the oil and the weathering processes are slowed down.
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6.1.2 Response to oil spills in the Ar ctic
Oil spill response in the Arctic ice-free season can be comparable to the response in other
parts of the world with the exception of lower temperatures and seasonal darkness. The
presence of ice on the sea surface however will have a great effect on oil spill response.
Over the last 40 years, there has been much research and technological development
concerning oil spill response in Arctic and ice covered waters. The leading countries have
been Norway, the USA, Canada, Finland, and Russia.
In the early 1970’s, studies on the fate and behaviour of oil in ice and oil-ice interaction
were performed in the US and Canada (McMinn, 1972, NORCOR, 1975, Dickins and
Buist, 1981, Nelson and Allen, 1982, S.L. Ross, 1983).
In 1993, a major experimental field trial with discharge of 30 m3 of oil into the ice was
performed in the Norwegian Barents Sea (Sørstrøm et al, 1993). This was the final
activity of a 4-year program sponsored by the Norwegian Oil Spill Response
Organisation for Operating Companies (NOFO).
In August 1993, a group of 25 agencies from Canada and the United States conducted a
major burn experiment near Newfoundland (NOBE = Newfoundland Offshore Burn
Experiment), Canada. More than 20 vessels, 7 aircrafts and 230 people were involved in
the operation at sea.
SINTEF has a field station at Svalbard (in the mining society Svea) where experiments
have been performed in the fjord ice more or less annually since the mid 1980’s. The
main focus has been on in-situ burning, skimmer testing, and weathering studies.
The MORICE (Mechanical Recovery in Ice) program (Jensen et al, 2002) developed a
prototype of a new skimmer device where ice floes were lifted out of the water allowing
for easier recovery of oil (Figure 6.5). This was a joint industry program (JIP) performed
in cooperation between international oil companies and organisations. The program was
coordinated by SINTEF.
ARCOP (Arctic Operational Program) was an EU research program (Evers et al, 2004,
2005, 2006), designed to create definite solutions for the transport of oil and gas along
the western part of the Northern Sea Route.
The US MMS (Minerals Management Services) has from 1997 through 2009 performed
the Arctic Oil Spill Response Research and Development Program (OSRR)
(www.mms.gov). Significant accomplishments include:
•
•
•
•
•
•
•

Detection of oil in and under ice.
Development of an oil spill thickness sensor.
Mechanical containment and recovery in ice environment.
In situ burn research.
Dispersants in cold water / broken ice environments.
Chemical herders.
Operations of Ohmsett – the national oil spill response test facility.
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Figure 6.5

Sketch of the skimmer prototype developed during the MORICE program.

In Finland, much of the oil in ice research and development has been performed on
mechanical recovery. New skimmer concepts have been developed, for instance the
Lamor LOIS (Figure 6.6). This unit is attached to the vessel side and is pushing the ice
into the water in order to release the oil to the water surface where it can be recovered.

Figure 6.6

The Finnish Lamor LOIS unit. (Photo: Lamor)

Alaska Clean Seas (ACS) has also performed numerous projects since 1979 to develop
new oil recovery methods and strategies both onshore and offshore.
An international joint industry program on oil spill contingency for Arctic and icecovered waters (Oil in ice JIP) was initiated in 2006 with SINTEF as coordinator
(Sørstrøm et al. 2010). The program included weathering studies of different oil types in
different ice concentrations, testing of different response options in ice, evaluation and
testing of different remote sensing technologies, and development of new response
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equipment (http://www.sintef.no/projectweb/JIP-Oil-In-Ice/). As part of this program two
large field experiments were performed in 2008 and 2009. SL Ross from Canada and DF
Dickins from the USA were research partners. The JIP has uncovered important
knowledge and developed new solutions for oil spill response in ice-covered waters.
Influence of ice conditions
If there is a solid sheet of ice on the sea surface, the oil spill response measures will
depend on whether the oil has been spilled on or under the ice. If there is only a partial
ice cover on the sea surface, the response will be affected by the amount of coverage and
the properties of the ice. Ice modifies the wind-induced wave action at sea; short waves
are damped by the presence of ice, while long swells from open water persist in the outer
regions of broken ice fields.
The ice conditions in the Arctic vary widely from place to place, from one year to
another, and also with seasons. In the winter, with growing ice conditions, an oil spill can
be encapsulated in the ice due to freezing conditions. At low temperatures this can
happen very fast and it can be difficult to use any of the known response methods. There
are some strategies to break up the ice by use of vessels or to make trenches in the ice in
order to get access to the oil. Another option is to “mark” the area with buoys and try to
collect the oil during the spring thawing period. In sea water ice, the oil starts to migrate
through brine channels. During spring, the oil will migrate towards the ice surface and
create darker areas that will absorb more sun light than the surrounding white ice. This
will enhance the thawing process and the confined oil can be recovered by known
methods. Because the oil has been encapsulated in the ice or has been under the ice
during the winter, the oil has been weathered to a very little degree. It has been
demonstrated that oil trapped in the ice during the winter is still ignitable when it comes
to the surface
The presence of ice will slow the rate of spreading for spilled oil in comparison to icefree conditions. Oil can become trapped in pockets between larger ice floes in large
quantities, enabling quite efficient mechanical recovery of oil. Ice can act as a “boom” to
confine the oil which may make in-situ burning and use of dispersants easier and land
fast ice can protect a coastline from offshore oil spills.
The ice conditions will be different at different locations:





In the shallow waters of most Arctic seas, the polar ice pack is never far away and
the ice cover in the long winter will be characterised by a more or less continuous
layer of ice broken up by tidal movements with ice attached to the shore in
shallow water. Pressure ridges will be formed where the ice is forced upwards by
the relative movement of the ice pieces.
A large tidal range and fast currents, such as those that occur in Cook Inlet on the
northern coast of the Gulf of Alaska, will rapidly break the ice into pieces in a
wide range of sizes.
At other more open ocean locations such as the Barents Sea, the ice will be
present as ice floes that have been formed as pack ice elsewhere and have been
carried to the location by the influence of wind and currents.
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 Arctic icebergs are created mainly from glaciers on the eastern and western coast
of Greenland and from the glaciers of Ellesmere Island. They drift southward on
the Labrador Current towards the Grand Banks of Newfoundland. Only about 400
icebergs, however, manage to complete the journey and appear at the Grand
Banks and occasionally in the main North Atlantic shipping lanes.
Examples of basic features of five ice regimes defined are summarized in Table 6.2
(Lewis et al. 2010).

Table 6.2

Summary Information for five ice regimes (Lewis et al. 2010).
1. Arctic
shallow semienclosed sea
ice regime

Geographical
areas

Beaufort Sea
Chukchki Sea
E. SiberianSea
Kara Sea
Laptev Sea
Pechora Sea
White Sea

2. Arctic
open-sea
ice regime

Barents Sea
Greenland
Sea Bering
Sea

3. Arctic and
Sub-Arctic
coastal ice
regime

4.Sub-Arctic
estuary ice
regime

Baffin Bay &
Davis Strait
Labrador Sea
Coast
Grand Banks/
Newfoundland

Cook Inlet
Gulf of St
Lawrence

Bohai Bay
N. Caspian Sea
Japan/ East Sea
Sea of Okhotsk

5. Non-Arctic
shallow
sea ice
regime

Ice characteristics
(FY= first year ice MY = multi-year ice)
-8 to 9+/10
-up to 10/10
most of year

-4/10 in south
-9/10 in north

4/10 to 9+/10

<3/10 to 9+/10
depends on
season

- 4/10 to 9+/10
3 to 6 months
-variable

FY, some MY

-mostly FY
-MY also
possible

- FY medium
-also FY thin,
young, new ice

-mostly FY floes
-no MY

FY or
younger

-FY 1.5-2
-thicker pressure
ridges, ice
keels
-MY to 4.5

FY 2
MY 3-5

-mostly FY
med.0.7-1.5
-also
FY thin.3-.7
young .1-.3
new <0.1

-wide range
-mainly .7-1.2

-mainly thin
0.3 – 0.7
-also medium
0.7-1.2

Type/size

-fast ice to 20
m depth with
stamukhas,
ridges,
hummocks
-transition
(flaw) zone
-pack ice
-variable size
-briefly ice free

-new ice, e.g.
pancake and
frazil
-floe size
Increases from
ice edge
-bergs in north
-brash ice
between floes

-floes dominate
-small ice pieces
20–100 m to vast
ice pieces 2–10
km
-fast ice
-pack ice with
pressure ridges

-generally
small ice pieces
- pancake
-brash
-some fresh
water ice
- stamukhas

-smooth fast ice
-rafting and
pressure ridges
- stamukhas

Movement

-mobile FY ice
-slow pack ice
-faster drift ice
during break-up

-drifting floes
usual in
Marginal Ice
Zone (MIZ)

-offshore pack
mobile in winter
-bergs drift south

-drift ice
-tidal, current
influences

dynamic ice
further offshore

Concentration

Age

Thickness,
In feet

The oil spill response options described in the earlier section will be modified by the
presence of ice.
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Mechanical r ecover y
Mechanical recovery in ice-covered waters constitutes some additional challenges
compared to open waters. It is difficult to use booms when the ice coverage exceeds 1530 %, while in higher ice coverage the ice itself can act as a boom to confine the oil. A
skimmer working in ice-covered waters needs to be able to deflect the ice in order to gain
access to the oil (referred to as ice processing). It is also necessary to deal with low
temperatures, and the skimmers should therefore be protected and/or heated to avoid
freezing.
Several methods of separating oil and ice have previously been evaluated. These methods
include lifting or submerging the ice, or the lateral deflection of ice in the water. Small
pieces of ice up, to 10 – 15 cm, in addition to slush ice, can be recovered by some
skimmers and pumped to a receiving tank together with the oil. One existing concept
submerges the ice, thereby releasing the oil to the water surface, while another system
lifts smaller ice floes out of the water, allowing the drum unit under the skimmer to
recover the oil from the water surface (see previous description of the MORICE and
Lamor LOIS concepts).
In 1992, the Canadian Petroleum Association presented a state-of-the-art review on Oilin-Ice Recovery, which was further evaluated through the MORICE program
(Mechanical Oil Recovery in Ice Infested Waters) in 1996. It was concluded that brush
and brush-drum skimmers seemed to have the highest potential for a combination of ice
processing and oil recovery in ice.
The recent oil in ice JIP research program (Sørstrøm et al. 2010) tested several skimmers
with the potential for recovery of oil in ice. Two new skimmers were developed through
the program. The Ro-Clean Desmi “Polar Bear” skimmer has been tested in an ice basin
and was finally tested and verified during an experimental field trial in the Barents Sea in
May 2009 (Figure 6.7). An early prototype of the Framo “Ice skimmer” was tested during
the same field trial and further development and improvement continued throughout
2010. The Framo skimmer has thrusters and can operate away from the “mother” vessel
which is a unique feature in ice. A picture taken during testing of the early prototype in
the 2009 field trial is shown in Figure 6.8.
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Figure 6.7

Testing of the “ Polar Bear” skimmer during the 2009 field trial. (Photo:
SINTEF).

Figure 6.8

Testing of the Framo prototype during the 2009 field experiment. (Photo:
SINTEF).

Based on the results from the mechanical recovery part of the oil in ice JIP it has been
concluded:
•

The research program demonstrated that the mechanical recovery of oil spills in
ice-covered waters is possible. The efficiency of the available recovery
technology may vary depending on the type of ice and its concentration.
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•
•
•
•

Brush drum skimmers can combine ice processing with oil recovery capabilities
in a positive manner. The use of thrusters on the skimmer improves the ability to
recover oil in ice fields that are not disturbed by vessels.
An existing state-of-the-art skimmer for oil recovery in ice was tested, and two
new prototypes were developed.
An increased understanding of the challenges related to the use of mechanical
containment and the recovery of oil in ice-covered waters was obtained, and ideas
for future innovative developments were identified.
In some cases, oil can be recovered with an efficiency rate similar to that of open
water conditions, especially in open leads and pockets between large ice floes.
However, a reduced efficiency should be expected in the presence of smaller ice
floes and slush ice.

Use of dispersants
The presence of ice will prevent the oil spreading out into a thin layer. In some
circumstances, the presence of partial ice is equivalent to the presence of a boom. Spilled
oil that would have spread out in a thin layer to cover a large area in the open sea is
instead contained in a much smaller area of thicker oil. There is therefore a smaller area
of oil to be sprayed with dispersant, but a higher flow rate of dispersant is needed to
achieve the required treatment rate of dispersant on the oil. A review of studies on oil
spill dispersant effectiveness in Arctic conditions has been given by Lewis and Daling
(2007).
Only a very limited number of experiments have been conducted with dispersants in real
ice conditions and the results, like any results obtained with dispersants at sea, need
careful interpretation. There have been several studies using wave tank test methods.
The testing oil spill dispersants in simulated cold conditions has been undertaken by
several research groups, but with different combinations of:
•
•
•

low temperature;
absence or presence of ice;
and water salinity

A series of tests in bench-scale laboratories have been performed since the 1970’s in the
USA, Canada, and Norway. Larger scale tank tests have also been performed and since
the year 2000 a series of tank tests has been performed at the OHMSETT (Oil and
Hazardous Materials Simulated Environment Test Tank) in New Jersey, USA. The oil in
ice JIP (Sørstrøm et al. 2010) also studied use of dispersants at low temperatures in icecovered waters. For the first time dispersants were applied to a free-floating oil slick in
ice, during the experimental field trial in May 2009.
Application of dispersants can be more complex in ice compared to open waters. An
efficient spraying system for ice-covered waters should be able to distribute as much of
the dispersant as possible on the oil in between the ice floes in order to optimise the use
of dispersants and target the application. One of the goals in the oil in ice JIP was to
develop a new dispersant application system with optimised spraying properties suitable
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for Arctic conditions. This development has been carried out in cooperation with a
Norwegian engineering company (Jason Engineering), and the concept is based on an
idea that resembles the de-icing system used at airports: A flexible arm with hydraulic
operation and spray nozzles that can be changed, depending on the operating conditions
(Figure 6.9).

Figure 6.9

Testing of the prototype dispersant application system during the 2009
field trial. (Photo: SINTEF).

After application of dispersant, energy is needed to start the dispersion process. Breaking
waves in open water force the oil slick to disperse into small droplets. The presence of ice
causes a dampening of the wave action inside the ice field which results in reduced
mixing energy compared to open water, thereby reducing oil droplet formation.
If dispersants are sprayed onto spilled oil from a vessel, mixing energy can be added by
the use of the vessel’s propellers (“prop wash”) or high pressure water systems. The
intention of using additional energy after dispersant application is to create small oil
droplets with a very low rising velocity, thus allowing the prevailing local currents to
dilute the cloud of dispersed oil. A small droplet will have a larger surface-to-volume
ratio as compared to a large droplet, allowing more oil degrading bacteria to work on the
surface of the droplet. ExxonMobil in the USA has performed research by use of prop
wash to initiate the dispersant action (Nedwed et al. 2007). Experiments during the oil in
ice field trial in 2009 showed that the water jet power unit of a MOB (Man Over Board)
boat was highly efficient in providing additional mixing to dispersant-treated oils and was
very manoeuvrable, especially in the narrow leads between the ice floes (Figure 6.10).
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The dispersant operation, including the work with the MOB boats resulted in an
estimated dispersion efficiency of above 90%.

Figure 6.10

Use of MOB (Man Over Board) boat to disperse the treated oil. (Photo:

SINTEF).
Based on the results from the mechanical recovery part of the oil in ice JIP it has been
concluded:
•
•

Laboratory and field experiments have verified that oil spilled in ice-covered
waters is dispersible by use of oil spill dispersants.
The tests conducted have verified that the weathering process is slowed down
when ice is present, enabling a larger window of opportunity for dispersant
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•

•

•

application. Some oils spilled in ice remain dispersible over a period of several
days.
Tools have been developed to define the window of opportunity, to give reliable
predictions on the "operational time window" for the use of chemical dispersants
as well as methods and technology for applying dispersants effectively on oil
spills in ice.
The energy input in the oil-ice system will be reduced with increasing ice
coverage. Adding extra mixing energy extends the operational possibilities. The
use of the thrusters from the main vessel, and the water jet of the MOB boats to
create turbulence, have proven to be effective.
Large-scale field testing has verified the potential for the use of dispersants in icecovered areas, giving the potential for new strategies as well as new and improved
systems for dispersion of oil in high ice coverage.

In-situ bur ning
In-situ burning (ISB) is one of the response techniques with the highest potential for the
removal of oil spills in Arctic conditions, especially in snow and dense ice. ISB is well
proven and established as part of the oil spill contingency in many Arctic areas. The
effectiveness of ISB is verified by previous field experiments performed in the US,
Canada, and Norway, showing removal efficiencies over 90 %.
The suitability of ISB depends on the initial oil characteristics and the weathering state of
the oil. Several factors such as slick thickness, oil weathering (particularly
emulsification), igniter temperature, swell/waves and wind conditions are important for a
successful burning.
The main focus in the oil in ice JIP has been to study the ignitability of an oil spill as a
function of oil properties and the degree of weathering, and to establish algorithms that
enable the prediction of the window of opportunity for using ISB. It was also an objective
to test whether ISB can be improved by the use of chemical herders to help increase film
thickness and by the use of fire resistant booms in partially ice-covered water.
Ignitability of different oil types was studied in a small burning cell (Figure 6.11). The
results showed large variations in ignitability between the crude oils tested as a function
of weathering time. In 50 % ice coverage a crude oil with high content of heavy
components (like e.g. asphaltenes) was ignitable only after a short weathering time. Other
crude oils that contain more light components were ignitable even after 40 – 50 hours
weathering time.
In order to ignite and sustain a burn the oil needs to have a minimum thickness
(tentatively 2-3 mm) on the sea surface. In areas with low ice coverage the oil can spread
out to thicknesses below this minimum thickness required for ignition. Herders are
chemicals that can thicken the oil spill in broken ice to allow for effective ignition and
burning. SL Ross in Canada has worked on use of herders for several years and has
performed promising basin tests on the use of these chemicals. During a field trial in the
Barents Sea in 2008 herders were for the first time tested in the field (Figure 6.12). Two
tests were performed and the main test involved releasing 630 L of fresh crude onto the
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water from the edge of an ice floe. The oil was allowed to spread on the water for roughly
15 minutes, after which a total of three litres of herder was applied by personnel on the
ice floe and then along the sides of the slick by personnel in a boat. The igniters were
placed on the upwind edge of the herded slick approximately 10 minutes after the first
herder was applied, and the burn finally extinguished nine minutes later after a large,
intense burn travelling the length of the herded slick. The residue and unburned oil were
recovered using pre-weighed sorbent pads and sorbent booms using the small boats. The
estimated burn efficiency based on the amount of oil released and residue recovered was
approx. 90 %.

Figure 6.11

Testing of ignitability in a burning cell. (Photo: SINTEF).

Figure 6.12

Test burn with use of herders during a field trial in 2008 (Photo: SINTEF).
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Fire-resistant booms are being used to contain oil to a thickness where it can be ignited
and burned. Typically, they will be used in fairly low ice concentrations (up to 20-30 %).
They are built out of a material that can withstand the high temperatures experienced
during an in-situ burn. The field experiments in 2008 and 2009 as part of the oil in ice JIP
provided the opportunity to test two types of fire-resistant booms. In 2008 the capability
to operate in low ice concentrations was studied in terms of strength, durability and
towing forces. In 2009 two successful burns were performed. Approximately 4 m3 of oil
was used in each burn. The first burn lasted for 25 minutes and the second one 2,5 hours,
due to different ice and current conditions in the two experiments. After collection of the
burn residue the effectiveness was estimated to 95 % in the first test and 90 % in the
second.
A

B

Figure 6.13

Burning in fire-proof booms. A) Collection of ice; B) Burning of oil.
(Photo: SINTEF).
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Remote sensing
Testing of different remote sensors was performed by DF Dickins, as part of the oil in ice
JIP. Detecting isolated oil patches trapped among closely packed ice floes is a major
challenge with any current remote sensing system, particularly during periods of
extended darkness. However, a flexible combination of sensors operating from aircraft,
helicopters, vessels, satellites and the ice surface is recommended for future Arctic oil
spill emergency preparedness. Existing commercial Ground Penetrating Radar (GPR)
systems can be used from a low flying helicopter to detect oil trapped under snow on the
ice and to detect oil trapped under solid ice. Testing during the JIP has also demonstrated
that trained dogs are able to reliably detect very small volumes of oil and to map oil
boundaries on solid ice and in sediments on Arctic shorelines under cold conditions.

Figure 6.14

Testing of GPR with low flying helicopter. (Photo: D.Dickins).

6.2 Response to HNS incidents
Planning and conducting responses to spills of HNS need to be much more incidentspecific and less generic than for oil spills. Formulating the most appropriate response to
a spill of HNS is a developing field, compared to oil spill response technology. Any
response to a spill of HNS requires a good knowledge of the hazards posed by the
substance to the marine environment, so they can be minimised by an appropriate
response. The potential hazards posed to the responders by the reactivity, flammability
toxicity, and solubility of the substance must also be taken into account.
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With some HNS spills, no response will be possible or advisable; the potential hazard to
the responder may outweigh all other considerations, or it may be impossible to respond
within a feasible time period. In other cases, some response may be feasible.
6.2.1 Response to HNS incidents in open water s
Sour ces of information on r esponding to HNS incidents
IMO, the Bonn Agreement, HELCOM and REMPEC have identified the most
appropriate response options. Each has produced a manual or series of documents, for
responders which are valuable source documents concerning not only response options,
but also the process which should be adopted during contingency planning and
operational phases of HNS response. These documents are:
•

•
•

•

•

IMO Manual on Chemical Pollution
o Section 1 – Problem Assessment and Response Arrangements (1999
Edition)
o Section 2 – Search and Recovery of Packaged Goods Lost at Sea (2007
Edition.
Bonn Agreement Counter-Pollution Manual. Volume 2. Chapter 26. Hazardous
materials. Added to Manual in August 2006
HELCOM Response Manual, Volume 2
o Chapter 5 dated 1 December 2002.Techniques for corrective response to
accidents involving spills of hazardous substances in the marine
environment.
o Chapter 6 1 December 2002. Techniques for corrective response to
accidents involving lost packaged dangerous goods in the marine
environment
REMPEC
o IMO/UNEP: Regional Information System; Part D, Operational Guides
and Technical Documents, Sections 1 to 11, Guide for Combating
Accidental Marine Pollution in the Mediterranean, REMPEC, October
2000.
CEDRE’s web-site (ww.cedre.fr) contains a number of Chemical Response
Guides, intended primarily for specialists, designed to allow rapid access to the
necessary initial information, plus sources of further information.

Each of the above references contains a substantial amount of information, often
presented in some detail, on different aspects of responding to spills of HNS at sea.
Unsurprisingly, the factual information is often the same in each of the documents.
However, the different documents differ in their emphasis on the various aspects of HNS
spill response. The major points are summarised here. The original references should be
consulted for more detail.
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Gener al appr oach
The primary aims of an HNS spill response are, in order of priority, to:
- Pr otect human health and safety
o This includes the responders to the incident and also other people, such as
fishermen and coastal dwellers who might be exposed to the spilled HNS,
either at the time of the HNS spill or later should fish destined for human
consumption become contaminated.
o In order to determine that this aim is being achieved, it might be necessary
to implement a temporary fishing ban in the affected area and conduct
long-term monitoring to determine whether the spilled HNS is bioaccumulating or bio-concentrating in affected marine organisms.
- Minimise envir onmental impacts
o There may be environmental impacts that occur shortly after the HNS has
been released into the sea, or the longer-term impacts to the marine
environment that might be caused by persistent HNS.
o In order to determine that this aim is being achieved, measurements of the
concentration of pollutant in the water column should be made over a
period of time plus the implementation of appropriate environmental
monitoring.
- Restor e the envir onment, as far as is pr acticable, to pr e-spill conditions
o If all the spilled HNS can be successfully recovered from the sea, the
damage that may have been already caused will be stopped, but residual
effects may persist for some time.
Assessing the hazar ds and r isks of HNS spill r esponse
The identity of an HNS must be unambiguously identified at the outset of any response.
Chemical compounds can be described in many different ways:
Molecular formula
Structure diagram
Systematic names
Generic names
Proprietary or trade names
Trivial names
There can be several names (synonyms) for a single substance.
-

UN numbers are four-digit numbers that identify hazardous substances, and articles (such
as explosives, flammable liquids, toxic substances, etc.) in the framework of international
transport. Some hazardous substances have their own UN numbers while sometimes
groups of chemicals or products with similar properties receive a common UN number
(e.g. flammable liquid, not otherwise specified, have UN1993). UN numbers are assigned
by the United Nations Committee of Experts on the Transport of Dangerous Goods. They
are published as part of their Recommendations on the Transport of Dangerous Goods,
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also known as the Orange Book. These recommendations specify the labelling of various
classes of HNS.
NA numbers (North America), also known as DOT numbers are issued by the United
States Department of Transportation and are identical to UN numbers, except that some
substances without a UN number may have an NA number.
CAS (Chemical Abstracts Service, a division of the American Chemical Society) registry
numbers are unique numerical identifiers for chemical elements, compounds, polymers,
biological sequences, mixtures and alloys. They are also referred to as CAS numbers,
CAS RNs, or CAS #s. The CAS Registry contains information on more than 54 million
organic and inorganic substances and 62 million sequences and serves as an international
resource for chemical substance identifiers used by scientists, industry, and regulatory
bodies.
The potential hazards posed by a spilled HNS need to be understood so that the health
and safety of the responders can be protected. The sources of information described in
Section 2 should be consulted. These include:
•

MARPOL Annex II

•

IMDG (International Maritime Dangerous Goods) Code. The IMDG Code lists
approximately 2,300 individual substances, plus numerous blends and mixtures
known by proprietary trade names, that possess or exhibit certain hazards and
these are divided into 9 major classes

•

The Revised GESAMP Hazard Evaluation Procedure for Chemical Substances
Carried by Ships, 2002 provides a very comprehensive assessment of the potential
hazards presented by HNS

•

A CD-ROM, known as CHRIS+, available from the US Coast Guard contains
several databases of chemical, physical, thermodynamic, toxicological, and fire
properties

•

CAMEO (Computer-Aided Management of Emergency Operations) from US
EPA (Environmental Protection Agency) and NOAA (National Oceanic and
Atmospheric Administration).

•

Chemdata® from NCEC (AEA Technology is an interactive database of over
36,000 substances and more than 116,000 different chemical names, including
pure and trade-name chemicals.

•

CEDRE’s web-site (ww.cedre.fr) contains a number of Chemical Response
Guides, intended primarily for specialists, designed to allow rapid access to the
necessary initial information, plus sources of further information.
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Salvage actions at an HNS incident
Many incidents have occurred at sea that have the potential for a release of HNS, but an
actual HNS release has not occurred often because of timely salvage operations. HNS
cargoes will require more specialist salvage operations than other cargoes, but have been
successfully conducted on many occasions in the past.
The primary activity if a vessel is aground or damaged after a collision, but still afloat,
will be salvage operations designed to save the vessel and, as far as is possible, the cargo.
If the HNS cargo is ‘saved’, i.e. prevented from being released, the pollution that could
be caused by the cargo is avoided. The point of the salvage operations therefore becomes
the prevention of pollution (‘threat to the marine environment’) and some salvage
agreements take this aspect into account. This is the principle of Special Compensation
P&I Club’s (SCOPIC) Clause agreed between the International Salvage Union and the
International Group of P&I Clubs which is supplementary to any Lloyd’s Form Salvage
Agreement “No Cure - No Pay” (“Main Agreement”) which incorporates the provisions
of Article 14 of the International Convention on Salvage 1989 (“Article 14”).
The possibility of conducting salvage actions requires sufficient time for them to be
carried out. The practicality of any salvage response will depend on the prevailing
situation of the damaged vessel. If a vessel carrying HNS (in bulk or in packaged form) is
on fire, the appropriate emergency response, if feasible, would be to attempt to extinguish
the fire, but this must be carried out after a very careful risk assessment so that
responders are not put in harms way.
If the damaged vessel is still afloat and the HNS cargo is intact there are several possible
actions that might reduce the consequences of any HNS release:
•
•

The vessel might be towed to a location that is further from sensitive resources,
such as into deeper water or away from population centres. This might be the
most prudent action with potentially explosive or toxic cargoes.
The HNS might be removed from the damaged vessel and transferred onto
another suitable vessel:
- Transferring part or all of a liquid bulk HNS cargo from a vessel that has run
aground into a chemical tanker may aid the salvage of the ship by allowing it
to float higher in the water, as well as removing some or all of the HNS cargo
from the risk of being released.
- ‘Lightering’ a stranded bulk carrier by transferring all or part of the solid bulk
HNS cargo into another bulk carrier may similarly be part of a salvage
operation primarily designed to save the damaged vessel, but which also
reduces the risk from a spill of the cargo.
- Transfer of containers from one ship to another requires special crane barges,
but may be possible in some circumstances, if the risks posed by HNS cargo
in containers are considered great enough.

If the damaged vessel is grounded and the HNS cargo is intact, the transfer of cargo
would probably need to be undertaken through intermediate smaller vessels.
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If a vessel has sunk with the HNS cargo still onboard, there are two basic options:
•

•

Recover the cargo. This would be achieved by pumping liquid bulk HNS from the
sunken vessel. Recovering specific packaged HNS could be undertaken in some
circumstances. Both would require underwater operations and water depth would
dictate which resources (divers or ROVs) would be required.
Release the cargo into the sea in a controlled manner in the case of liquid or gas
HNS.

There is no clear distinction between certain aspects of salvage at an incident involving
HNS and preventative response measures.
Response to gas or vapour clouds
If a gas release is in progress, the risks of any response need to be very carefully
assessed. Special caution would need to be exercised with toxic or flammable gases so
responders are not placed at unnecessary risk. In some cases the risk to responders may
be too high, or the risk to the environment too low, to warrant any active intervention. If
an active response is appropriate, the responders must wear appropriate Personal
Protective Equipment. The vessels should be positioned so that the cloud of toxic or
flammable gas is taken away from boarding points for a response crew by the prevailing
wind. It might be necessary to tow the vessel to another location where the gas release
poses less risk to the population onshore. In extreme cases, such as drifting gas carrier
that is on fire, intentional destruction of the vessel in a controlled way may be the best
response. Active response options to gas or vapour clouds are limited.
Contr olled bur ning
If the gas is flammable, controlled ignition and subsequent burning may be considered as
the most appropriate response in some circumstances.
‘Knock down’ with water spr ay
Fine water spray, or mist, can be used to ‘knock down’ clouds of water soluble gas (such
as ammonia or sulphur dioxide), reduce the fire and explosion risk of flammable gas
clouds (such as butane and ethylene), and help to disperse clouds of water insoluble gas.
The water spray technique would only be applicable to relatively small releases of gas
and will only be successful in some circumstances; high winds would render the
technique impractical. The use of water sprays to ‘knock down’ vapour clouds would not
be feasible if the air temperatures are substantially below zero. The water spray would
freeze and turn to ice.
Monitor
In some circumstances, no active response measures would be appropriate because it may
be too late and the gas has already dispersed into the air. In this case, monitoring the
residual gas cloud as it disperses into the air may be the most appropriate response.
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Response to SEBC Floater s
Use of fir e-fighting foam
Fire-fighting foam can be sprayed onto an SEBC Floater to reduce the risk of fire and
explosion if it is flammable, or to suppress vapours if it is toxic. The types of foam that
may be employed are considered in some detail in Chapter 5 of the HELCOM Response
Manual Volume 2 and in extensive detail in REMPEC “Theory and practice of foams in
chemical spill response”.
In-situ bur ning
In some circumstances, and in controlled conditions, it may be appropriate to purposely
ignite a persistent slick of flammable HNS (as with in-situ burning of spilled oil) to
rapidly remove the HNS from the sea surface. The risks posed by the composition of the
smoke produced by combustion would need thoroughly assessed. Caution should be used
when performing in-situ burning close to populated areas as it may involve extensive air
monitoring activities.
Use of sor bents
Sorbents (as sheets, pillows, booms, powder, or granulated material) could be applied to
the slick for subsequent collection and recovery of the HNS from the sorbent.
Polypropylene sorbents used for the recovery of spilled oil would be suitable for the
recovery of hydrocarbons, but other liquid HNS may not be amenable to this technique.
Contain and r ecover
Booms could be used to contain the slick, unless it has already spread too thinly due to
low viscosity. As with the use of booms and skimmers to contain and recover spilled oil,
this technique works best in relatively calm sea conditions and is greatly limited by wave
heights of 1 to 1.5 metres or more and currents greater than approximately 1 knot.
Using booms and skimmers to contained spilled SEBC Floaters (Section 7.4.4) would
become much more difficult if substantial amounts of ice are present on the sea surface.
Boom construction material may not be resistant to some of the more ‘aggressive’ liquid
HNS. Styrene attacks booms covered with Hypalon™ and hoses made from Neoprene™
(CEDRE Styrene Chemical Response Guide).
Containment techniques should be used with caution when dealing with a flammable
HNS substance to avoid increasing its concentration.
The slick could be recovered by using some types of skimmers. Belt skimmers and
sorbent rope skimmers have been successfully used for the recovery of some chemicals,
e.g. octanol and dioctyl phthalate. Skimmers constructed from stainless steel, aluminium
alloy or coated with Teflon™ (interior) are resistant to aggressive chemicals.
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Use of disper sants
Dispersants could be used in some cases of spilled liquid HNS, although the
consequences of intentionally increasing the concentration of liquid HNS in the water
column would need to be very carefully considered in a NEBA (Net Environmental
Benefit Analysis).
Not a great deal of work has been done on this topic, although laboratory testing of
Finasol OSR 5 dispersant with various chemicals is given in the REMPEC Practical
Guide to Marine Chemical Spills. The degree of effectiveness of the dispersant reflects,
to some degree, the similarity of the chemical to the hydrocarbon oils which the
dispersant was formulated to disperse. The increase in apparent solubility (or
dispersibility) of ethylbenzene, dodecylbenzene, xylene, and styrene (all of which are
pure hydrocarbons) caused by the addition of Finasol OSR 5 dispersant is relatively high,
while there is no increase in the case of n-butyl alcohol and hexanol (alcohols containing
the polar hydroxyl group). However, the absolute levels of dispersion (or enhanced
solubility in water) achieved are low for the hydrocarbons. The CEDRE Styrene
Chemical Response Guide reports that “lab tests conducted by Cedre have shown that

adding 5 % of FINASOL OSR 5 to styrene clearly enhances dispersion. However, when
used in situ, dispersant ratios will have to be higher.”
Response to SEBC Dissolver s
A SEBC Dissolver will inevitably dissolve if spilled onto the sea, so all effort should be
made to prevent further release of such HNS.
A SEBC Dissolver that has already entered the sea will dissolve at a rate that is
dependent on the water solubility of the substance and the prevailing sea temperature and
currents. The concentration of dissolved HNS in the sea will be high near the point of
release, but will become progressively lower as the HNS is diluted into the sea.
The consequences of a SEBC Dissolver becoming soluble in the sea need to be
considered, rather than the process of dissolution. If the amount of water is limited, such
as in very shallow water or in semi-enclosed areas such as docks and harbours, the
concentration of HNS may be maintained at elevated concentrations in the water for
prolonged periods of time. If the HNS exerts toxic effects on the marine environment at
these concentrations, there will be the potential for significant impacts. There are
relatively few and limited active response options to an ongoing release of an SEBC
Dissolver, other than performing monitoring activities.
Containment or dilution
It is unlikely that any technique will be effective in containing the volume of water
contaminated with HNS and prevent it from being further diluted in all but the smallest
spills. Indeed, enforced dilution with seawater pumped into the spill area to flush out the
spilled HNS maybe a viable response in some circumstances. If a large quantity of a
SEBC Dissolver is contained within a damaged or sunken vessel, it might be prudent to
pump seawater into the holds in a controlled manner to flush out the HNS at relatively
low concentrations over a long period, rather than have a release of concentrated HNS.
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Neutr alisation
If the toxic effects of a spilled SEBC Dissolver are associated with its acidity or
alkalinity, neutralisation with a suitable agent has been suggested; sodium bicarbonate
(NaHCO3) to neutralise spills of acids and monosodium phosphate (NaH2PO4) to
neutralise spills of alkalis. While the neutralisation technique may have application for
use in small spills in rivers, there are several practical problems in using it as a response
to larger spills at sea. It is most unlikely that sufficient neutralisation agent will be
available in the time that it would be needed and over-application would simply reverse
the problem of acidity or alkalinity.
Chemical countermeasures were used at the response to the “Viggo Hinrichsen” incident
in Sweden in 1973 when 11 tonnes of ferrous sulphate was emptied from bags onto the
sunken vessel that was on the sea bed at 17 metres water depth. Another incident at
which chemical countermeasures were employed was at the “Sinbad” incident in 1979
off the coast of the Netherlands. Divers planted charges to blow up sunken cylinders of
chlorine. The released chlorine gas rapidly came to the surface where it formed a gas
cloud in the air. This cloud of almost invisible gas was visualised by a controlled release
of ammonia gas that reacted with it to form a white cloud of ammonium chloride ‘smoke’
in the air. Such chemical countermeasures require a high level of expertise and planning.
Pur ification techniques
The HNS can be removed from contaminated seawater by using various techniques,
including:
•
•
•

Adsorption processes using activated carbon or some clays.
Ionic exchange resins.
Flocculation agents which can precipitate some chemicals.

However, such techniques would only be applicable where the contaminated water was
contained in some way, such as in a harbour or dock. Using such techniques in the open
sea would be impossible because the Dissolver HNS would have dissolved and dispersed
in a very short time.
Response to SEBC Sinker s
If a SEBC Sinker HNS has sunk to the sea bed and is considered to still present a threat
to the marine environment there are really only two realistic response options:
•
•

Recover it from the sea bed.
Cover it up with some impervious material (bury it).

Recover y of HNS fr om sea bed
Various methods can be used to recover sunken HNS (or oils) from the sea bed, but
recovery becomes more difficult in deeper water. It is feasible to recover some materials
in shallow, sheltered waters such as a harbour. Recovery of materials sunk in deep water
such as the open sea will often be impossible. Working in the deep sea requires
specialised equipment, but a major problem could be to locate the sunken HNS. The use
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of sonar or acoustic radar can be used to locate low areas on the ocean floor and identify
where the product (sinker) may be located.
Bur ying the HNS on the sea bed
Immobilizing a substance by in-situ burial may be appropriate:
- As a temporary measure to reduce the hazard until removal can begin;
- As a final step to isolate any residual contaminated sediment after recovery of
most of the HNS;
- Or as the only response when recovery is not feasible.
Categories of materials that could be used to cover submerged HNS spills include inert
(e.g. clays, sand and diatomaceous earth), chemically active agents to neutralize or reduce
its toxicity and sealing agents (e.g. grouts, cements, polymer films or membranes). The
most important physical parameter influencing the success of a covering material is its
ability to resist scour and erosion.
6.2.2 Response to HNS spilled in packaged form
There is a fundamental difference in the response actions that should be considered to
HNS spilled in bulk, compared to HNS spilled as packages:
•
•

In the case of HNS spilled in bulk, the substance will be in or on the sea and will
be exerting its effects on the environment.
In the case of packaged HNS, the substance may be contained (in a drum inside a
shipping container, for example), regardless of whether the containers are floating
on the sea surface or sink.

Containers can be lost overboard from container ships at sea in heavy weather, or due to
insecure fixings, as a result of a collision, or some other cause. A container drifting at sea
will pose a hazard to navigation in its own right; a collision with a floating, almost
submerged, container can cause significant damage to smaller vessels, irrespective of the
substances within the container.
The CEDRE 2001 report “Containers and packages lost at sea - Operational Guide”
considers all the issues associated with containers lost at sea.
There are broadly two types of situations involving the loss of containers and packages:
•

The loss of containers or packages from a vessel may be reported by the ship after
it has suffered an incident at sea. In this circumstance, it may be possible to
identify what was in the lost container from the ship manifest and container
storage plan. The main issue is then to locate the lost container or package.
- If the container can be found, then it may be possible to recover it and its
contents before any pollution of the sea by the HNS has occurred. If the
container is floating and undamaged the loss of any HNS contents is unlikely
to occur. If the container is damaged or sinks in deep water the pressure may
rupture drums within a container. With time, it is likely that the container or
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•

package may corrode leading to the eventual release of the HNS contents into
the sea.
In other circumstances, the situation is almost reversed; a container or package is
spotted drifting at sea, a container or package has drifted ashore, or a drum or
other package has been caught in the nets of a fishing vessel. In this circumstance,
there is no prior knowledge of the contents. The IMO regulations concerning the
labelling of HNS require that the labels of the most hazardous classes of
substance should be capable of surviving 3 months immersion in the sea.
However, a container or package may be in a damaged or corroded condition. A
careful examination of the recovered container or package may reveal labels that
give information about the contents and whether HNS is involved.

Responding to a lost container or package
The first question that needs to be answered after a container or package has been lost
overboard is will it float or sink? General purpose containers are not water-tight; an
empty container will fill with water and sink after approximately 20 to 30 minutes in the
sea. The floating/sinking behaviour of a container will be modified by the nature of the
packages that it contains.
If the container or package floats, it will drift under the influence of the prevailing wind
and currents. The relative contributions to the drift speed and direction from the wind and
currents will depend on the proportion of the container that is above water. Aerial
surveillance using visual searches can be used to try and locate containers and drums that
have been lost overboard and which are thought likely to float. The altitude of the aircraft
needs to be lower (at 200 to 500 feet) when searching for small objects like drums than
the 1000 to 3000 feet altitude used when searching for containers. SLAR (Side-Looking
Airborne Radar) has a resolution of approximately 20 metres and this limits its use to
searches for containers, and not smaller objects. If a floating container or drum is located
by the search it can be recovered. Nets can be used to recover floating drums and floating
containers can be recovered onto the deck by suitably equipped ships or towed to port.
There will be water depth and weather restrictions to recovery operations.
If a container or smaller package has sunk to the seabed the search can be conducted with
echo-location, sonar, or underwater cameras. A search conducted with multi-beam sonar
(using multiple narrow sonar beams) systems, such as those used on some military or
oceanographic survey vessels, is capable of detecting objects in relatively deep water.
However, all of the systems have limitations and conducting a sonar search over a large
area can be a very time-consuming process. Towed sonar arrays, with sonar transducers
fitted to ‘fish’ towed by a vessel permit relatively large areas to be searched. Cameras
fitted to underwater ROVs (Remotely Operated Vehicle) can operate at great depth, but
will have a range of detection limited around the ROV. If a container or smaller package
is located by these methods, its location can be signalled by using floats, radio or sonar
beacons so that it can be recovered. Divers can be used in shallow water to help in the
recovery of the container, or ROVs might be used in deeper water.
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Responding to a found container or package
When a container or package is found; i.e. spotted drifting at sea, or has drifted ashore, or
a drum or other package has been caught in the nets of a fishing vessel, the first priority is
to determine its content and whether it includes HNS.
If there is adequate labelling and warning signs on an individual drum, and these are
legible, the identification of the contents should be established quite quickly. Containers
are required to have placards on both ends and both sides indicating the IMDG category
hazard of the contents. If the drum or container is damaged, or the identity of the contents
cannot be quickly established, caution should be exercised in any response. Specialist
teams with appropriate protective equipment can be used to place drums in over-size
salvage drums and to explore the contents of containers.
6.2.3 Response to bulk HNS spills in the Ar ctic
The strategies and methods described in the previous sections for responding to releases
of different types of bulk HNS Gases, Floaters, Dissolver and Sinkers in temperate
climates are broadly applicable to dealing with the relevant type of HNS spills in the
Arctic. The probability of a successful response would be modified by the low
temperatures, harsh conditions, often remote locations, and possible presence of ice on
the sea surface that are features of the Arctic.
The current lack of infrastructure in many parts of the Arctic will inevitably make any
intervention more difficult. As described earlier in this report, specialized salvage actions
carried out to prevent or limit a release of HNS have been a feature of previous successful
HNS incident response. Such specialized expertise would most likely be very remote
from an HNS incident in Arctic waters.
Using the SEBC as a guide to the behaviour of spilled HNS, the behaviour of HNS
spilled in the low temperatures that characterise the Arctic will, in some cases, be
different to that of the HNS spilled in warmer waters. Some gases will be liquids at lower
temperatures, some liquids will be solids at lower temperatures, the vapour pressure will
be reduced and, in some cases, the solubility in water will be reduced.
The influence of low temperatures on the characteristics of HNS transported in bulk in
the Arctic will need to be taken into account by the shippers of such cargoes. Some
materials that would normally be liquid at moderate temperatures will require heating to
maintain them as liquids when transported through Arctic waters. A spill in Arctic
conditions will cause a limited number of HNS that behave in one way in temperate
waters to behave in a different way in Arctic conditions.
For example, a spill of benzene in temperate conditions will be categorised as that of an
Evaporator (E), being a liquid that floats and spreads, the predominant behaviour is that
of evaporation, because benzene is only slightly soluble in seawater. If benzene were
spilled in Arctic conditions, with low air temperatures and a sea temperature of 0ºC, it
would be solid (the freezing / melting point is +5.5ºC) and would form a slush of
‘benzene ice’ on the sea surface. The solubility of benzene in seawater would still be very
low and the rate of evaporation would be suppressed by the low temperature and the solid
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form of the ‘benzene ice’ that would prevent it spreading into a thin layer. A benzene
spill in Arctic conditions would be categorised as behaving as a Floater (F) because it is a
solid (and the solubility in water is less than 10%, otherwise it would be a FloaterDissolver (FD), the only other SEBC option for a solid, floating HNS).
The change of SEBC category from Evaporator (E) in temperate conditions, to Floater
(F) in Arctic conditions, does have practical response implications. Since the rate of
evaporation of benzene from ‘benzene ice’ would be much slower than that from liquid
benzene, the benzene spill would be more persistent in Arctic conditions. Freezing to
form ‘benzene slush’ would restrict the spread of the benzene and therefore make
containment with booms are much more realistic possibility in some Arctic conditions,
compared to that in temperate conditions.
Response to gas or vapour clouds
The response to a release of HNS in gas or vapour form will be essentially the same in
the Arctic as it would be in more temperate climates, with some exceptions.
•
•

•

Controlled burning.
‘Knock down’ with water spray.
The use of water sprays to ‘knock down’ vapour clouds would not be feasible if
the air temperatures are substantially below zero. The water spray would freeze
and turn to ice.
Monitor.

Response to SEBC Floater s
The response to a release of a SEBC Floater will be essentially the same in the Arctic as
in would be in more temperate climates, with some modification caused by the prevailing
conditions.
• Use of fire-fighting foam.
• In-situ burning.
• Use of sorbents.
• Contain and recover. Using booms and skimmers to contained spilled SEBC
Floaters (Section 7.4.4) would become much more difficult if substantial amounts
of ice are present on the sea surface.
• Use of dispersants.
Response to SEBC Dissolver s
Very little intervention is likely to be possible if SEBC Dissolvers are spilled in Arctic
waters. Nevertheless, if equipment, materials and personnel are available, the same
techniques that would be considered for use in temperate climates could be considered:
• Containment or dilution.
• Neutralisation.
• Purification techniques.
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Response to SEBC Sinker s
•
•

Recovery of HNS from sea bed.
Burying the HNS on the sea bed.

6.2.4 Response to packaged HNS incidents in the Ar ctic
The same principles and strategy of response to packaged HNS incidents apply in the
Arctic as those to be used in other areas of the world:
•
•

•

If a container, drum, or other form of package that is known to contain HNS has
been lost overboard from a vessel, the first priority is to locate it.
IR and UV instruments / sensors on-board aircrafts could be used for detecting the
presence of a floating object or container, for instance due to difference of
temperature between the sea-surface and the floating object.
If a container, drum, or other form of package is found at sea or on the shore, the
first priority is to identify the contents to establish whether HNS is involved.

The Arctic environment could help or hinder these initial response actions.
The low density of vessel traffic and the current lack of infrastructure would make any
response in the Arctic much more difficult than in more crowded regions of the world.
The 24-hour daylight in summer would help visual searches from aircraft, while the 24hour darkness in winter would prevent any such search from being undertaken. The
presence of scattered ice floes would make the visual search and use of SLAR for
locating floating containers very difficult, if not impossible. Sonar searches for sunken
objects in the remote regions of the Arctic seas would be difficult, and extremely
expensive, to conduct. If the lost containers or drums cannot be located, then any further
response is obviously impossible.
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7 Conclusions
1. There have been only a few oil spills in Arctic waters and no reported significant
incidents involving HNS. This situation is likely to change if oil exploration and
transportation in Arctic waters proceeds and there is an increase in general and
specialized shipping traffic due to the retreat of the ice.
2. Responding to spills of oil or bulk HNS in the Arctic regions will pose a major
challenge. Spills may occur in remote areas with little or no infrastructure (e.g.
roads, airports, harbours etc.). The challenging winter conditions of low
temperatures, little daylight, and the presence of ice will impose logistical and
time constraints on any response. Challenges may include: difficulty of vessels to
access the spill site; difficulty to sense, track, or model movement of oil in, on, or
under sea ice; ice-class vessels required in higher ice conditions; slush ice can
clog water intakes; ice scouts may be needed; ice-management vessels may be
needed in addition to primary response vessels; experienced vessel operators must
be familiar with ice; and weather and ice conditions may change suddenly and
create dangerous conditions.
3. There are few, albeit limited, circumstances, under which Arctic conditions and
the presence of ice might aid oil spill response rather than hinder it. Under
optimal weather conditions ice dampens the wave action. Problems associated
with rough seas in open waters can be avoided.
a. In the presence of reduced wave action and lower sea water and air
temperatures, oil spilled in the Arctic and ice-covered waters will typically
weather more slowly compared to open waters. This will increase the
window of opportunity for employing the different response techniques.
b. The presence of ice will also limit the spreading of spilled oil and the oil
will therefore be present in a smaller area of greater thickness than if the
oil was spilled in the open sea.
c. Although the spreading rate is diminished, the recovery rate can be
severely affected by responders’ inability to access the oil because of
weather, visibility, vessel, mechanical, or human limitations. Higher ice
concentrations make recovery operations extremely difficult because of
limits to vessel operations.
4. Oil spill response equipment such as booms, skimmers, and dispersant spraying
systems need to be modified for use in Arctic conditions.
a. The often-preferred oil spill response of mechanical containment with
booms and recovery with skimmers is more difficult to carry out in partial
ice cover conditions. Boom will contain broken ice as well as spilled oil
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and the extra load imposes limits on actions with booms. Brush skimmers
are the preferred type of skimmer in partial ice conditions, but also need to
be modified to operate reasonably well in Arctic conditions. Challenges
may include: tearing, lifting or moving of containment boom by ice;
reduced encounter rates for skimmers; clogging or reduction in efficiency
of skimmers by ice; clogging of pumps or pump failure due to ice;
deflection of ice away from skimmers may inadvertently deflect oil;
limited manoeuvrability may prevent or delay accurate skimmer or boom
deployment; and ice must be separated from recovered oil.
b. In-situ burning is a proven response technique to oil spills in ice in
controlled conditions, having been studied in detail in Canada and
elsewhere since the 1980s. Challenges to in-situ burning may include:
reduction of burn effectiveness or impeded ignition in certain ice
conditions (i.e. slush ice); difficulty deploying fire boom; difficulty
tracking and recovering burn residue; and the unknown impact of smoke
plume and soot to ice. Precautions should be taken to ensure the safety of
people and installations.
c. The use of dispersants as an oil spill response technique has been found to
be feasible in controlled experiments situations when ice is present.
Dispersant spraying equipment has been designed, fabricated, and
successfully tested on spilled oil in ice. With the absence of breaking wave
action, some form of additional mixing energy needs to be applied to the
dispersant-treated oil on the water surface. This can be supplied by vessels
involved in the response. Challenges to the use of dispersants in Arctic
conditions may include: inability to access oil under ice; ice reduces
mixing energy; dispersants may be less effective at lower salinities.
5. There are hundreds of HNS transported in bulk (in chemical tankers, gas carriers,
and bulk carriers) and many thousands of HNS transported in packaged form
(typically in boxes and drums within containers on container vessels).
6. The HNS that are transported in bulk at sea in the greatest quantity are inorganic
chemicals (such as sulphuric acid and sodium hydroxide) and organic chemicals
derived from oil (such as benzene, toluene, and styrene). Inorganic acids will tend
to dissolve into the sea if spilled (sea water will act as a buffer for acids), while
the organic petrochemicals will tend to float and evaporate. The majority are
similar in spilled behaviour to either gasoline or diesel fuel (or behaving as an
intermediate of these the two fuels).
7. The behaviour of some liquid HNS transported in bulk will be different if spilled
in Arctic seas than if spilled into more temperate waters. For example, the
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freezing point of benzene is +5.5°C. If spilled into the sea with a water
temperature of 15°C, benzene will be liquid, and rapidly spread out to form a very
thin slick, and quickly evaporate. Benzene would need to be transported in heated
tanks if being shipped through Arctic waters, because if it was spilled into the sea
with a water temperature of 0°C, it would freeze to form a slush of benzene ‘ice’.
This would not spread as rapidly or as far as liquid benzene and the rate of
evaporation would be suppressed.
8. The techniques that may be employed in the response to incidents involving HNS
transported in bulk are not as standardized as those for oil spill response. Bulk
HNS may consist of gases, liquids, or solids and may float / sink, evaporate /
dissolve or react with seawater. The hazards posed by spilled HNS cover a much
wider range than those presented by spilled oil; some are potentially very toxic to
responders, others represent a serious risk of fire or explosion if accidentally
released from containment on board a vessel. For these reasons, the response to a
spill of a particular HNS needs to be much more customised than response to an
oil spill.
9. In some cases, the potential for any response actions to a spill of HNS in bulk is
very limited. If the HNS cargo cannot be secured on board a damaged vessel, or
taken off in a lightering operation during salvage, the most appropriate action
might be, in some cases, to release the HNS into the sea and continue with
appropriate monitoring. In other cases, particularly in the case of spills of organic
petrochemical HNS, the response techniques appropriate to spills involving
gasoline or diesel fuel can be employed. These might include booming to restrict
the spreading or the use of in-situ burning. The potential hazards to the responder
may be much greater at an HNS spill than at an oil spill.
10. Some of the various options available for responding to releases of bulk HNS
would need to be adapted and applied depending on the location of the spilled
HNS.
11. The loss of some HNS (particularly pesticides) in packaged form (in a drum
within a container lost overboard from a vessel, for example) represents a
potentially severe threat to the marine resources in the affected region.
Responding to such an incident, by locating and recovering the lost container
would be especially difficult in the Arctic.
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8 Recommendations
1.

As described in this report, it is apparent that a wide range of human activities
could pose a risk of oil spills in Arctic waters and the extent of such activities is
likely to increase. Risk assessments for individual oil exploration projects are
often required to be prepared as part of the required ESIAs (Environmental and
Social Impact Assessments) for such projects. Where available, these risk
assessments could be combined with assessments of the risks posed by other
activities to produce a regional risk assessment for different parts of the Arctic.
No such overall or regional risk assessments appear to be available for the risk
presented by proposed or forecasted increase of oil transportation and other
activities in Arctic waters. Given the many political, economic, and other factors
that may influence future projects, any such projection would probably have a
high level of uncertainty. Nevertheless, there needs to be a systematic basis for
considering potential risks in the future. It is therefore recommended that the
available information regarding current, proposed, and projected oil-related
activities in Arctic waters be collated, analysed, and produced as a report. This
could then be used to develop more formalised preparedness procedures to
respond to incidents that may occur in the future.

2.

The technology for oil spill response in the Arctic should be further developed.
While there are existing mechanical, burning, and dispersant capabilities for
dealing with oil trapped in ice, none of these technologies has been perfected nor
are they fully understood. The same is true for remote sensing technologies.
Therefore, active research and development into all of these technologies aimed at
achieving incremental improvements across the board must be a high priority.
Our knowledge of the fate and effects of oil, dispersed oil, and oil residue from in
situ burning in Arctic conditions is incomplete. This lack of knowledge severely
hampers our ability to engage in robust risk assessment planning in advance of a
spill event, and constrains our ability to reliably employ the full set of response
technologies during an actual spill event. It is critical that we improve our
understanding of oil transport and degradation and persistence on the water's
surface, in the water column, in ice, in the sediments, and on the shore line in the
Arctic. It is also critical to understand how persistence and degradation are
impacted by the interaction with all available response options. Therefore, active
research into the fate of oil, dispersed oil, and oil residue from in situ burning in
Arctic conditions should be the highest priority at this time.

3.

With respect to the risk assessment of an HNS incident in Arctic waters, the first
task is to determine which HNS are currently transported in the region and, more
problematically, which HNS are likely to be transported through Arctic waters in
future. The AMSA 2004 assessment (AMSA, 2009) indicates the types of
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shipping in the Arctic and possible future trends. There are certain specific HNS
associated with activities such as oil and gas exploration and production, fishing
vessels, and mining operations, but there is a much larger number of HNS that
may be transported through the Arctic by general shipping. A similar survey,
collection and collation of existing information, together with forecasts for future
shipping of HNS in Arctic waters should be undertaken. It is therefore
recommended that any existing information on HNS transport, specific to Arctic
waters, be compiled in a systematic fashion.

4.

The behaviour of some bulk HNS spilled in Arctic conditions (at low sea
temperature) can be – and has been in this report – deduced from available data
on the physical properties of these substances. However, this only provides a
theoretical insight into the actual spill behaviour of some HNS if spilled at sea.
Although it is likely from the analysis presented in this report that liquid
petrochemical HNS (such as benzene and toluene) will behave similarly to spilled
gasoline and diesel fuel, this needs to be more thoroughly investigated in
simulated Arctic conditions. It is recommended that 3 or 4 of the HNS that are
carried in bulk are selected and subjected to some laboratory or tank test
investigations.

5.

Governments, industry, non-government organizations, and Arctic communities
should continue to expand emergency management coordination through existing
bilateral and international forums and structures. Such coordination is essential to
support cooperation on research and development, prevention, and response
projects and exercises aimed at protecting the Arctic environment while managing
expanding human activity in that environment.
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Annex 1:

Top 100 HNS car goes,
on basis of
tonnage tr anspor ted in bulk
in EU water s
Infor mation Sour ce: HASREP
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Nº
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

SUBSTANCE
Palm oil and other vegetable oils
Methanol
Benzene and mixtures >10% benzene
Anhydrous Ammonia
Methyl tert-butyl ether
Sodium hydroxide solution
Styrene monomer
Xylenes
Phenol
Phosphoric acid
Ethanol (Ethyl alcohol)
Sulphuric acid
Acetone
Cyclohexane
Acetic acid
Toluene
Nonene (all isomers)
Ethylene glycol
Aniline
Ethylene
Fatty acid methyl ester C10-C16
2-Ethylhexanol
Vinyl chloride
Propylene oxide
Acrylonitrile
Isobutane
Nitrobenzene
Ethyl acetate
Palm and other vegetable fatty acids
Ethylbenzene
Butanol (Butyl alcohol)
Formaldehyde solutions (45% or less)
Isopropanol
Adiponitrile
Methyl methacrylate
Vinyl acetate
Isononanol

Mar pol
Y
Y
Y
Y
Z
Y
Y
Y
Y
Z
Z
Y
Z
Y
Z
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Z
Y
Y
Z
Y
Z
Y
Y
Y
Y

SEBC
F(p)/E/FE
DE
E
GD
ED
D
FE
FE
S
D
D
D
DE
E
D
E
FE
D
SD
G
F
G
DE
DE
G
S
DE
F(p)/E/FE
FE
FED
D
D
D
E
ED
E

102

Nº
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

SUBSTANCE
Diisononyl phthalate
n-Alkanes (C10+)
Methyl ethyl ketone
Butadiene
Sulphur (molten)
Alkyl (C5-C8, C9) benzenes
Cyclohexanone / cyclohexanol mixture
Propylene glycol mono methyl ether
Calcium lignosulphonate solutions
Ethylene dichloride
Nonylphenol poly(4-12)ethoxylates
Fatty alcohol
Propylene glycol
Methyl diphenyl isocyanate
Molasses
Octane (all isomers)
1-Nonanol (Nonyl alcohol)
Potassium hydroxide
Methylene chloride
Butyl acrylate (all isomers)
Ethylene glycol methyl butyl ether
Isobutanol
Tetrahydrofuran
Formic acid
Chloroform
Fish oil
Butyl acetate (all isomers)
Di(2-ethylhexyl) adipate
Polyisobutenamine in aliphatic (C10-C14) solvent
Dodecane acid
Methyl isobutyl ketone
2,2,4-Trimethyl-1,3-pentanediol-1-isobutyrate
Acrylic acid
Propionic acid
2-Ethylhexyl acrylate
Trichloroethylene
Hexane (all isomers)
Dimethylformamide

Mar pol
Y
Y
Z
Z
Y
Y
Z
Z
Y
Y
Z
Z
X
Y
Y
Z
Y
Z
Z
Z
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

SEBC
FE
DE
G
S
E/FE
D
D
SD
D
D
S
FE
F
D
SD
FE
D
FED
DE
D
S
F
FED
FED
D
D
F
S
E
D
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Nº
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

SUBSTANCE
2-Ethylhexanoic acid
Diethylene glycol
Epichlorohydrin
Alkanes (C6-C9)
Ethyl tert-butyl ether
Propylene glycol mono methyl ether acetate
Dodecylbenzene
Acetone cyanohydrin
Diethanolamine
Heptane (all isomers)
1-Dodecanol
Isoprene
Hexamethylenediamine (molten)
2-Methyl-1,3-propanediol
Olefins (C13+, all isomers)
Octanol (all isomers)
Norm-propanol n-propyl alcohol
Tetrachloromethane
Ethylhexanoic acid
2-Hydroxy-4(methylthio)butanoic acid
Cresols (all isomers)
Decanoic acid
Methyl acrylate
Perchloroethylene
Butyl methacrylate

Mar pol
Y
Z
Y
Y
Y
Z
Y
Y
Y
Y
Y
Y
Y
Z
Y
Y
Y
Y
Y
Z
Y
X
Y
Y
Y

SEBC
FD
D
SD
E
E
D
D
E
-

S
S
FE
S
-
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Annex 2:

MARPOL Annex II Category X
(“present a major hazard to either marine resources or human health”)

noxious liquid subtsances transported in bulk

A selection of the
top 100 most har mful substances
to the mar ine envir onment
as defined by the GESAMP pr ofile.
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MARPOL Annex II Category X (“present a major hazard to either marine
resources or human health”) noxious liquid substances transported in bulk in
alphabetical order
SUBSTANCE
Alachlor technical (90% or more)
Alkenyl (C11+) amide
Alkylaryl phosphate mixtures (more than 40% Diphenyl tolyl
phosphate, less than 0.02% ortho-isomers)
Alkyl (C5-C8) benzenes
Alkyl (C12+) dimethylamine
tert-Amyl methyl ether
Butylbenzene (all isomers)
Butyl benzyl phthalate
Calcium hypochlorite solution (more than 15%)
Chlorinated paraffins (C10-C13)
Creosote (coal tar)
1,5,9-Cyclododecatriene
Decanoic acid
Decyl acrylate
Decyloxytetrahydrothiophene dioxide
Dialkyl (C7-C13) phthalates
2,6-Di-tert-butylphenol
Dibutyl phthalate
Dichlorobenzene (all isomers)
1,3-Dichloropropene
Dichloropropene / Dichloropropane mixtures
Diglycidyl ether of bisphenol A
Di-n-hexyl adipate
Diisobutyl phthalate
Diisopropylbenzene (all isomers)
Dimethyl adipate
N,N-Dimethyldodecylamine
N,N-Dimethyldodecylamine
Dipentene
Diphenyl
Diphenyl/Diphenyl ether mixtures
Diphenyl ether
Diphenyl ether/Diphenyl phenyl ether mixture
Diphenylol propane-epichlorohydrin resins
Dithiocarbamate ester (C7-C35)
Dodecene (all isomers)

CAT
X
X

HAZARD
S/P
P

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

S/P
P
S/P
P
P
P
S/P
P
S/P
S/P
P
S/P
S/P
P
P
P
S/P
S/P
S/P
P
P
P
P
P
S/P
S/P
P
P
P
P
P
P
P
P
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SUBSTANCE
Dodecyl alcohol
Dodecylamine/Tetradecylamine mixture
Dodecyl diphenyl ether disulphonate solution
Dodecyl hydroxypropyl sulphide
Dodecyl phenol
Drilling brines (containing Zinc salts)
Isophorone diisocyanate
Mercaptobenzothiazol, sodium salt solution
Metam sodium solution
N-(2-Methoxy-1-methyl ethyl)-2-ethyl-6-methyl
chloroacetanilide
Methylcyclopentadienyl manganese tricarbonyl
Methyl naphthalene (molten)
Motor fuel anti-knock compounds (containing lead alkyls)
Myrcene
Naphthalene (molten)
Nonylphenol
Octane (all isomers) (bb)
Phosphorous, yellow or white
alpha-Pinene
beta-Pinene
Pine oil
Poly(2+)cyclic aromatics
Pyrolysis gasoline
Tetramethylbenzene (all isomers)
1,2,3-Trichlorobenzene (molten)
1,2,4-Trichlorobenzene
Triethylbenzene
Triisopropylated phenyl phosphates
Trimethylbenzene (all isomers)
Trixylyl phosphate
Turpentine
1-Undecene
Undecyl alcohol

CAT
X
X
X
X
X
X
X
X
X

HAZARD
P
S/P
S/P
P
P
P
S/P
S/P
S/P

X

P

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

S/P
S/P
S/P
P
S/P
P
P
S/P
P
P
P
P
S/P
P
S/P
S/P
P
P
P
P
P
P
P
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A selection of the top 100 most har mful substances to the mar ine envir onment
as defined by the GESAMP pr ofile.
Substance
Endosulphan
Endrin (ISO)
Fonofos (ISO)
Terbufos (ISO)
Aldrin (ISO)
Camphechlor
Carbophenothion
Chlordane (ISO)
Dieldrin (ISO)
EPN (JMAF)
Ethion (ISO)
Fenitrothion (ISO)
Fentin acetate (ISO)
Heptachlor
Lindane (ISO)
Organotin compounds (N.O.S.)
Phosphamidon (ISO)
Tributyl tin compounds
Coumaphos (ISO)
Fenpropathrin (ISO)
Cadmium compounds (N.O.S.)
Chlorpyrifos (ISO)
DDT (ISO)
Diazinon (ISO)
Esfenvalerate
Fenthion (ISO)
Isoxathion (ISO)
Tributyl tin acetate
Tributyl tin chloride
Tributyl tin oxide
Cyhexatin (ISO)
Cypermethrin (ISO)
Dichlofenthion
Phenthoate (ISO)
Phosalone (ISO)
Fenbutatin oxide (ISO)
Cadmium cyanide

Type / purpose
organochlorine insecticide
organochlorine insecticide
organophosphate insecticide
organophosphate insecticide
organochlorine insecticide
organochlorine insecticide
organochlorine insecticide
organochlorine insecticide
organochlorine insecticide
organophosphate insecticide
organophosphate insecticide
organophosphate insecticide
organotin fungicide
organochlorine insecticide
organochlorine insecticide
biocide and anti-fouling paints
organophosphate insecticide
biocide and anti-fouling paints
organophosphate insecticide
pyrethroid ester insecticides

organothiophosphate insecticide
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Substance
Brodifacoum (ISO)
Ethyl mercuric chloride
Mercuric ammonium chloride
Mercuric chloride
Methyl mercuric chloride
Phosphorus (elemental yellow)
Mercuric arsenate
Mercuric oleate
Mercuric oxycyanide
Mercuric potassium cyanide
Mercuric potassium iodide
Mercuric salicylate
Mercurous gluconate
Nickel tetracarbonyl
Chlorthiophos (ISO)
Dialifos (ISO)
Fentin hydroxide (ISO)
Mercuric acetate
Mercuric cyanide
Mercuric nitrate
Mercuric oxide
Mercuric sulphate
Mercuric sulphate
Mercuric thiocyanate
Mercury bromides
Nickel cyanide
Pentachlorophenol
Sodium cuprocyanide (solid)
Tetraethyl lead
Triethyl tin
Trimethyl tin
Bromophos-ethyl (ISO)
Copper cyanides
Copper sulphate, anhydrous,
hydrates and solutions
Copper chloride (solution)
Copper chloride (solution)
Cupric sulphate
Mercuric benzoate
Di-butyl tin oxide
Diisobutyl tin oxide

Type / purpose
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Substance
Mercurous nitrate
Mercurous sulphate
N,N-Dimethyldodecylamine
Binapacryl (ISO)
Hexachlorobutadiene
Pirimiphos-ethyl
Sulprofos (ISO)
Pyrazophos (ISO)
1,5,9-Cyclododecatriene
Dodecyl phenol
Polychlorinated biphenyls
Polyhalogenated biphenyls and
terphenyls
Tetrachlorvinphos (ISO)
Tricresyl phosphate
1,2,3-Trichlorobenzene
Quizalofop (ISO)
Quizalofop P-methyl (ISO)
Triphenyl phosphate
Triphenyl
phosphate/tertbutylated triphenyl phosphates
mixtures containing 10-48% of
triphenyl phosphate
Fenoxaprop-ethyl (ISO)
Fenoxaprop-P-ethyl (ISO)
Diclofop-methyl (ISO)
Chlorinated paraffins (C10- C13)
and (C14 -C17)

Type / purpose

aryloxyphenoxypropionic herbicide
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Annex 3:

Past incidents involving HNS
Table A3.1.

Past incidents involving HNS in bulk

Table A3.2.

Past incidents involving HNS in packaged for m
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Table A3.1

Past incidents involving HNS in bulk

Year

Location

Vessel

Vessel Type

Incident type

1947

USA

Grandcamp

Liberty ship
Dry cargo
Liberty ship
Dry cargo

Fire and
explosion
Fire and
explosion

1947

France

Ocean Liberty

1973

Sweden

Amalie
Essberger

Chemical tanker

During
unloading

1974

Japan

Yuyo Maru 10

LPG tanker

1975

Hawaii

Lindenbank

Product tanker

1984

USA

Chemical tanker

Explosion

1984

Yugoslavia

Puerto Rican
Brigitta
Montinari

Chemical tanker

Vessel sank

1989

Denmark

Julie A

Dry cargo

1986

Spain

Castillo de Salas

Bulk carrier

1988

Netherlands

Anna Broere

Chemical tanker

HNS involved
Ammonium nitrate
Ammonium nitrate
Phenol (400 tonnes)

HNS spilled into
sea
Most destroyed in
explosion
Most destroyed in
explosion
Spilled into harbour,
solidified and
recovered

Butane, propane
Coconut oil

Leak while in
harbour
Ran aground
and broke up
Collision, fire
then vessel
sank

Caustic soda solution 50%
Vinyl chloride monomer
(1,300 tonnes)
Hydrochloric acid (300
tonnes)

Half of vessel sank
600 tonnes released
into sea
1 to 5 tonnes
released into sea

Coal (100,000 tonnes)

All released into sea

Half of acrylonitrile
Acrylonitrile (547 tonnes),
recovered from
dodecylbenzene
(500
sunken vessel 200
tonnes,
not
marine
tonnes (est.) released
pollutant)
into sea
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Table A3.1. (continued)

Past incidents involving HNS in bulk

Year

Location

Vessel

Vessel Type

Incident type

1990

Italy

Val Rosandra

Gas carrier

Fire while
unloading

1991

UK

Kimya

Product tanker

Grounding

1991

Italy

Alessandro
Primo

Chemical tanker

Vessel sank

1992

Netherlands

Norafrakt

1993

Baltic

Frank Michael

Bulk carrier

1993

UK

Grape One

Chemical tanker

Broke up and
sank

1994

USA

Cynthia M

Barge

Listing

1995

Curacao

Bulk carrier

1995

China

Infiniti
No. 1 Chung
Mu

1996

France

1996
1996

Chemical tanker

Collision

Fenes

Grain carrier

Grounding

Japan

Formosa Eight

Chemical tanker

Grounding

USA

Igloo Moon

Gas carrier

Grounding

HNS involved
Propylene
Sunflower oil
(1,500
tonnes)
Acrylonitrile (549 tonnes)
Dichloroethane
(3,013
tonnes)
Lead sulphur
Monoammonium
Phosphate (Ammonium
Dihydrogen Phosphate)
(1,100 tonnes)
Xylene (3,000 tonnes)
Sodium hydroxide 30%
(1,200 tonnes)
Rice
Styrene
Wheat (2,650 tonnes)
Acrylonitrile
(32,000
tonnes)
Butadiene (6,589 tonnes)

HNS spilled into
sea
Intentionally burnt
off
All released into sea
and onto coast
Slight release of
acrylonitrile, almost
all recovered

All released into sea

All released into sea
All released into sea

230 tonnes
Approximately 600
tonnes
None
All recovered
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Table A3.1. (continued)

Past incidents involving HNS in bulk

Year

Location

Vessel

Vessel Type

Incident type

1997

Sicily, Italy

Onur K

Bulk carrier

Sank

1997

France

Allegra

Product tanker

Collision

1997

Japan

Bow Panther

Chemical tanker

Leak of cargo

1998

Atlantic

Panam Perla

Chemical tanker

Leak of cargo

1998

Brazil

Bahamas

Chemical tanker

Cargo leaked
into vessel

1998

USA

Champion
Trader

France

Junior M

Bulk carrier

1999

off Gibraltar

Jessie Maersk

Gas carrier

1999

Lebanon

Simge

Chemical tanker

Grounding

1999
1999

Korea
UK

Young Chemi
Ascania

Chemical tanker
Chemical tanker

Sank
Fire

2000

France
Germany
UK

Ievoli Sun

Chemical tanker

Sank while
under tow

1999

HNS involved
1500t zinc and lead
concentrates
Palm nut oil (15,000
tonnes)
Xylene
Sulphuric acid (10,000
tonnes)
Sulphuric
acid
95%
(19,000 tonnes)

HNS spilled into
sea
Sank with vessel
900 tonnes spilled
Small amount
100 tonnes spilled
600 tonnes pumped
overboard

Palm oil
Leak of water
into ship
valve misoperated

Ammonium nitrate (6,900
tonnes)
Ammonia
Sulphuric acid (6,000
tonnes)
Chloroform
Vinyl acetate monomer
Styrene (4,000 tonnes)
Methyl ethyl ketone
(1,000 tonnes)
Isopropyl alcohol (1,000
tonnes

700 tonnes dumped
into sea
Plume released into
air
None
Yes
None
Styrene recovered,
MEK and IPA
released into sea
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Table A3.1. (continued)

Past incidents involving HNS in bulk

Year

Location

Vessel

Vessel Type

2000

Sardinia

Eurobulker IV

Bulk carrier

2000

Sweden

Martina

2000

Singapore

2001

HNS spilled into
sea

Incident type

HNS involved

Chemical tanker

Collision and
sank

Coal
30% Hydrochloric acid
(600 tonnes)

Hikari II

Chemical tanker

Collision

France

Balu

Chemical tanker

Sank in storm

2001
2001

UK
UK

Bulk carrier
Gas carrier

Grounding

2001

UK

Gas carrier

Grounding

Propane

None

2001

Canada

AB Bilboa
Happy Lady
Kilgas
Centurion
Kapitan
Rudnyev

Sulphuric acid
tonnes)
Ferrosilicon
Butane

Chemical tanker

Struck dock

Linear alkylbenzene

Some

2001

Greece

Vasiliki

Product tanker

Grounding

Benzene and gas oil

2001

Singapore

Endah Lestari

Chemical tanker

Capsized while
under tow

2001

Taiwan

Panamanian
vessel

Chemical tanker

Collision

2001

Brazil

Jovanna

Bulk carrier

Grounding

2001

UK

Dutch
Aquamarine

Chemical tanker

Collision

230 tonnes spilled
into sea

Phenol (500 tonnes)
(8,000

Released into sea
None
None

Phenol
para xylene (3,000 tonnes)
Ammonium
(30,520 tonnes)

Released into sea

sulphate

Acetic acid (4,000 tonnes)

Some leaked an
dispersed
630 tonnes spilled
into sea
80 tonnes spilled
Some
None
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Table A3.1. (continued)

Past incidents involving HNS in bulk

Year

Location

Vessel

Vessel Type

Incident type

HNS involved

2002

France

Bow Eagle

Chemical tanker

Collision and
leak

Ethyl acetate

2002

Japan

Co-op Venture

2003

France

Adamandas

Cargo overheated

2003

Sweden

Fu Shan Hai

Bulk carrier
Bulk carrier / ore
ship
Bulk carrier

2004

USA

Bow Mariner

Chemical tanker

Explosion and
vessel sank

Ethanol (11,000 tonnes)

Spilled into sea and
dissolved

2005
2005

Bulgaria
Taiwan

Odin
Samho Brother

Chemical tanker
Chemical tanker

2006

UK

Ece

Chemical tanker

Collision and
sinking

Controlled release
into sea

2007

Latvia

Golden Sky

Styrene
Benzene
Phosphoric acid (10,000
tonnes)
Muriate
of
potash
(potassium chloride)

HNS spilled into
sea
200 tonnes of ethyl
acetate

Corn
Deoxidized iron ore balls

Ship scuttled

Potash
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Past incidents involving HNS in packaged for m
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Table A3.2.

Past incidents involving HNS in packaged form

Yea
r

Location

Vessel

Vessel
Type

1971

Sweden

Poona

Dry cargo

1973

Sweden

Viggo
Hinrichsen

Dry cargo

Incident type

HNS involved

Fire while
loading

Sodium chlorate (36
tons in 100 kg drums)
Chromium dioxide (234
tons in 1,100 drums)
Sodium dichromate
(180 tonnes in 700
drums)
Tetramethyl lead (TML)
(150 tons in 500 drums
on deck)
Tetraethyl lead (TEL)
(120 tons in 400 drums
in the holds)
Sodium peroxide (in
drums)
Sodium cyanide
Potassium cyanide in
drums.

Sank while
under tow

1974

Italy

Cavtat

Dry cargo

Collision and
vessel sank

1977

Germany

Burgenstein

Dry cargo

Fire while
loading

1979

Netherlands

Sinbad

Dry cargo

Lost deck
cargo in rough
weather

1980

UK

Finneagle

Ro-ro

Cargo shifted
in storm and
fire broke out

Chlorine (51 tonnes in
51 tanks)
Trimethyl phosphite in
tank container

HNS spilled into sea
None
Loss of chromium
compounds to the
environment was
estimated to 1-2 tons.
93% (250 tons) of the
cargo was salvaged by
divers 3 years later and
20 tons lost into the sea

None

5 tanks recovered swiftly,
7 more over next 4 years
by fishermen. Some of
remainder destroyed on
controlled explosions
None
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Table A3.2 (continued).

Past incidents involving HNS in packaged form

Year

Country

Vessel

1981

Netherlands

Stanislaw
Dubois

Vessel
Type
General
cargo

1984

Belgium

Mont Louis

Ro-ro ferry

1984

Denmark

Dana
Optima

Container
ship

1985

Somalia

Ariadne

Container
ship

Incident
type
Collision
Collision and
vessel sank
Containers
overboard in
storm

Grounding,
fire, vessel
broke up

HNS involved
Calcium carbide (857 tons
in drums)
Uranium hexafluoride (in
30 steel cylinders)
Dinitrobutylphenol
(Dinoseb) (in 80 drums in
container)
Acetone, Butyl acetate,
Dipentene, Ethyl acetate,
Hexane, Hydrazine,
Isobutyl alcohol,
Isopropyl alcohol, Methyl
isobutyl ketone, Methyl
ethyl ketone, Toluene,
Xylene, Hydrogen
peroxide, Organochlorine
pesticides, Sodium
pentachlorophenate,
Tetraethyllead,
Trichloroethylene, Nitric
acid
In
drums
within
containers

HNS spilled into sea
Vessel intentionally
sunk
None - cylinders
recovered
72 of the lost 80 drums
found and recovered.

Unknown

119

Table A3.2 (continued).

Past incidents involving HNS in packaged form

Year Country

Vessel

1987

Herald of
Free
Enterprise

1987

Belgium

Spain

Cason

Vessel
Type

Incident
type

Ferry

Mixed packaged
hazardous substances

Container
ship

A number of hazardous
substances, including:
Diphenyl methane
diisocyanate (MDI),
ortho-cresol, aniline and
sodium 126 tons in 1430

Fire

1989

Germany

Oostzee

Cargo ship

Cargo
shifted in
storm

1989

France / UK

Perintis

Container
ship

Capsized
and sank

1991

UK

Ro-ro ferry

Fire and
subsequent
explosion

1992

Netherlands

Stora
Korsnäs
Link I
Ariel

HNS involved

HNS spilled into sea

Some burning sodium

None - 263 damaged
drums and 2200 l of
Epichlorohydrin (975 tons
epichlorohydrin disposed
in 3900 drums (250 kg per
of and 8100 l of
drum))
epichlorohydrin had
evaporated
Lindane (6 tonnes in 116 Unknown - Lindane still
drums in container that
in sunken container?
sank)
Permethrine (1 tonne in
28 of the 32 drums
16 drums)
Cypermethrine (1 tonne in
recovered
16 drums)
Sodium chlorate (40 onetonne bags in 2
None
containers)
White spirit (in drums)

120

Table A3.2 (continued).
Year

Country

1992

USA

1992

Netherland
s

Past incidents involving HNS in packaged form
Vessel

Santa Clara
I

Vessel
Type

Incident type

Container
ship

Containers
washed
overboard in
rough weather

HNS involved
Arsenic trioxide (in 414
drums in 4 containers)

Nordfrakt

Dry cargo

Lead sulphur
(sulphide?) 1,000
tonnes

1993

Belgium/F
rance

Sherbro

Container
ship
(lost 88
containers)

Bags of pesticides

1994

Spain

Weisshorn

Container
ship

1997

France

1997

France

1997

France

1997

Portugal

Albion II

Kairo
(container
from)
MSC Rosa
M
MSC Carla

HNS spilled into sea
320 of the 414 drums of
arsenic trioxide
recovered from the
ocean floor

Grounded in
storm then
sank

Rice

6,200 tonnes into sea

General
cargo

Sank

Calcium carbide (114
tonnes packaged in 500
barrels of 50 kg and
800 barrels of 100 kg)
iodine, camphor,
ammonia anhydrous

Unknown

Container
ship

3 containers
lost overboard

Lead tetraethyl

None - 3 containers
recovered

Container
ship
Container
ship
(lost 74
containers)

Listing and
went aground
Broke up in
storm and 74
containers
released

Hazardous substance

None

Flammable,
combustible,
radioactive (caesium
137)

Released in deep water
(3,000 m)
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Table A3.2 (continued).

Past incidents involving HNS in packaged form
Vessel
Type
Ferry (lost
trailer)
General
cargo

Incident
type

Year

Country

Vessel

1998

Netherlands

Apus

1998

Denmark

Martina

1998

Netherlands

Ban-Ann

1999

Eastern
Mediterranea
n Sea

CMA
Djakarta

Container
ship

Fire onboard

1999

UK /
Belgium

Ever Decent

Container
ship

Fire onboard
following
collision

2001

Thailand

Agamemno
n

Container
ship

Sank during
loading

2001

UK

2001

Finland

Dutch
Navigator
Tejo
Chemist

2002

UK

Wester Till

Container
ship
General
cargo
Container
ship

2002

Japan

Co-op
Venture

2003

Germany/
Netherlands

Andinet

HNS involved
Flammable solids

Grounding

Hydrochloric acid (280
tonnes)

Dumping of
anti-vermin
sachets

Sulphur phosphine

Grounding

Fire in container of
calcium hypochlorite
spread to 100 other
containers
Sodium cyanide,
potassium cyanide (in
drums in containers
among fire)
Ammonium nitrate
(2,000 tonnes in
containers)

None

None

None

All released into sea

Hydrofluorosilicic acid

None

sodium chlorate

None

various dangerous
goods

None

Corn
Container
Ship

HNS spilled into sea

Arsenic pentoxide
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Year

Country

Vessel

2003

UK

Jambo

2007

UK

MSC Napoli

2008

Philippines

Princess of
the Stars

Vessel
Type
General
cargo
(bulker)
Container
ship

Incident
type
Grounding

Ferry

Sank

HNS involved
Zinc sulphide (3,300
tonnes)
Range of packaged
HNS
Pesticides (Endosulfan
(10 tonnes), Antracol
WP 70, Tamaron 600
SL, Trap 70 WP,
Fuerza GR 3), paint,
solvents,

HNS spilled into sea
1,900 tonnes recovered,
1,400 tonnes released
into sea
None

