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This assessment of oil and gas activitics in the Arctic is prepared

in response to a request from the Ministers of the Arctic Council.
The Ministers called for engagement of all Arctic Council Working
Groups in this process, and requested that the Arctic Monicor-

ing and Assessment Programme (AMAP) take responsibility for
coordinating the work.

The objective of the 2007 ‘Assessment of Oil and Gas Ac-
tivities in the Arcric’ is to present an holistic assessment of the
environmental, social and economic, and human health impaces
of current oil and gas activities in the Arctic, and to evaluate the
likely course of development of Arctic oil and gas activities and
their potential impacts in the near future.

The assessment updates information contained in the AMAP
1997/98 assessment reports, including several aspects not covered
in the carlier assessments regarding impacts of oil and gas activities,
aiming to offer a balanced and reliable document to decision mak-
ers in support of sound future management of oil and gas acrivities
in the Arctic. The assessmen also includes recommendations to
the Ministers for their consideration,

This ‘State of the Arctic Environment Report’ is intended to
be readable and readily comprehensible, and does not contain
extensive background data or references to the scientific literature.
The complete scientific documentation, including sources for all
figures reproduced in this report, is contained in a related report,
“Assessment 2007: Oil and Gas Activities in the Arctic - Effeces and
Potential Effects’, which is fully referenced. For readers interested
in the scientific background to the information presented in this
report, we recommend that you refer to the scientific report. This
report is the fifth ‘State of the Arctic Environment Report’ that has
been prepared by AMAP in accordance with its mandate.

A large number of experts from the Arctic countries (Canada,
Denmark/Greenland/Faroe Islands, Finland, Iceland, Norway,
Russia, Sweden, and the United States), together with experts from
indigenous peoples’ organizartions, from other organizations, and
from other countries have participated in the preparation of this
assessment. AMAP would like to express its appreciation to all of
these experts, who have contributed their time, ¢ffort, and dara for
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the preparation of this assessment. AMAP would also like to thank
IHS Incorporated for contributing information that was vital to
the preparation of this assessment. A list of the main contributors
is included in the acknowledgements on the previous page of this
report. The list is based on identified individual contributors to
the scientific assessment, and is not comprehensive. Specifically. it
does not adequately reflect the contribution of the many national
institutes, laborarories and organizations, and their staff, which
have been involved in the various countries. Apologies, and no
lesser chanks, are given to any individuals unintentionally omitted
from the list.

Special thanks are due to the lead authors responsible for the
preparation of the scientific assessments that provide the basis for
this report, and also to the author of this report, Henry Huntdngron.
The author worked in close cooperation with the scientific experts
and the AMAD Secrerariat to accomplish the difficule task of distill-
ing the essential messages from a wealth of complex scientific infor-
mation, and communicating this in an easily understandable way.

The support of the Arctic countries is essental for the produc-
tion of assessments such as this, with much of the information
presented being based on ongoing activities within the Arctic
countries. The countries also provide the necessary support for
most of the experts involved in the preparation of the assessments.
In particular, AMAP would like to express its appreciation to
Norway and the United States for undertaking the lead role in
supporting the Assessment of Oil and Gas Activities in the Arctic.
Special thanks are also offered to the Nordic Council of Ministers
for their finandial support to the AMAP parts of the work on this
assessment, and to sponsors of other bilateral and multilateral
projects that have delivered data for use in this assessment. Fi-
nances from the Nordic Council of Ministers and some countries
also supporr the participation of indigenous peoples’ arganizations
in the work.

The AMAP Working Group is pleased to present this State of
the Arctic Environment Report, the fourth in the series, for the
consideration by governments of the Arctic countries. This report
is prepared in English, which constitutes the official version.

Oslo, November 2007







OGA Executive Summary and

Recommendatlons

L A

e UL I, T L e T TR T . PN T IR TR LWL

The Arctic Council’s assessment of oil and gas activitics in the Arctic is prepared in response to a request from Ministers of the cight Arctic coun-

tries. The Ministers called for engagement of all Arctic Council Working Groups in this process, and requested that the Arctic Monitoring and

Assessment Programme (AMAP) take responsibility for coordinating the work. !

This Executive Summary is in three parts. Part A presents the main findings of the assessment and related recommendations. Part B is struc-

tured in the same manner as Part A and provides additional information for these interested in examining the basis for the conclusions and rec-

ommendations that are presented in Part A. Part C presents information on ‘gaps in knowledge’ and recommendations aimed at filling these gaps.

PART A: Conclusions and Recommendations 2

Arctic Petroleum Hydrocarbon Resources and Oil
and Gas Activities

The importance of oil and gas development to the economy of the
Arctic means that, with the possible exception of climate change,
this activity will pose the most significant challenges to balancing
resource development, socio~cultural effects, and environmental
protection in the Arctic in the next few decades.

Extensive oil and gas activity has occurred in the Arcric, with
much oil and gas produced and much remaining that could be
produced. More activity is expected in the next two decades, how-
ever projections farther into the furure become increasingly specu-
fative since the pace of activity is affected by a number of factors
including economic conditions, socictal considerations, regulatory
processes, and technological advances. Global climate change may
introduce additional factors that need to be taken into account.

Activities in the early decades of Arctic oil and gas exploration
and development typically had larger impacts than corresponding
activides today. Reduced impacts today are the result of improved
technology, stricter regulations, and a better understanding of
environmental effects of human activity in the region. Technological
advances are likely to continue to change the way oil and gas activi-
ties are conducted. Even so, the presence of oil and gas activities
both onshore and offshore is substantial in many parts of the Arctic.

The history of oil and gas activities, including recent events,
indicates that risks cannot be eliminated. Tanker spills, pipeline
leaks, and other accidents are likely to occur, even under the most
stringent control systems. Transportation of oil and gas entails risk
to arcas beyond production regions. Pollution cannot be reduced
to 2¢ro, although adherence to strict regulations and sound engi-

neering practice can greatly reduce emissions, discharges, and the
risk of accidents. Physical impacts and disturbance are likewise
inevitable wherever industry operations occur; their effects can.
however, be minimized. Increased activity may extend these im-
pacts and effects into additional arcas of the Arctic.

It is thercfore recommended that:

Ot and gus activities and their consequences for the environment
and humans should be given increased priority in the future work
of the Arctic Council, focussing in particular on:

- research, assesment and guidelines 1o support prevention of oil
spills and reducing phrysical disturbances and pollution;

- research, assessment and guidelines leading to improved manage-
ment of secial and economic effects on local communities; and

- vesearch, assessment, and guidelines in relation to the intevac-
tians between oil and gas activities and climate change.

Specific recommendations in this respect are included under the

heading ‘Managing Oil and Gas Activities, below:

* Arcric oil and gas activities showld be conducted in accordance with
the precautionary approach as reflected in Principle 15 of the Rio
Declaration as well as in Article 3, paragraph 3 of the UN Frame-
work Convention onr Climate Change; and with the polluter pays
principle ac reflected in Principle 16 of the Ris Declantion.

*  Recognizing the trans-boundary context of pollution hazards
associated with certain oil and gas activities, the Arctic Council
showld support improvements in bilateral (and mulsilateral)
cooperation among the Arctic countries to institute or improve
coordination of preparedness and response measures across the
circumpolar region, in particular cooperation in the Barents,
Chukchi and Bering Seas.

"Ministers representing the eight Arctic Saces, convening in Reykjavik, leeland, for the Fourth Ministerial meering of the Arcric Coundl. Request AMAY in cooperation with the other relevanr Arcric

Council working proups. to continue work to ddiver the asessiments of oil and gas in the Ascric ..

. and propase effoctive measures in this regard. (Ministerial Dedaration, Reykjavik 2004),

*Some Ascric governments are already implementing some or all of the acrivities described in the recommendadions in this dacumen.

A focus on climare chanpe should addres both ditare change offects on oil anud gras activities in the Arctic and the influence of devdopment of Arctic ol and gas recrees on dimate changy, given the

special, and sometinzes loval, sensitiviry of the Arctic dimate to emissions of imethane, nitrous oxides, formation of rapospheric ozone and other poliutants and agents affecting dirnare changye in the Araic,




Vi
Social and Economic Effects

Oil and gas activities provide a significant contribution to the

regional and national cconomies of the countries that currently
produce oil and gas from their Arctic cerritories.

Effects on individuals, communities, and governments can be
both positive and negative. Detriments and benefits are unlikely to
reach everyone in the same way. Some people will receive greater
benefits and others will experience greater negative effects. The de-
velopment and construction lifecycle phases of oil and gas activity
typically have the largest social and economic effects, but they are
also the most rapid and transient.

Qil and gas are non-renewable resources and, as such, are finite
resources that will eventually be exhausted; however the benefies
resulting from oil and gas development may be sustainable if
properly managed. Setting aside pare of the revenue from oil and
gas production, for example in long-term support or investment
tunds, or through provisions of land claims serdements can pro-
vide means of securing benefits for communities over the longer
term, including when oil and gas activity declines or ceases.

Society in general has a responsibility co manage the positive
and negative effects that oil and gas actvities have on people.
Involvement of local people in all stages of the decision-making
process, and planning for the longer-term are key clements in this
process, In some parts of the Arctic, the political influence of local
and indigenous peoples is a driving force in modetn oil and gas
industry supervision.

Tt is therefore recommended that:

o Prigr to apening new geagraphical areas for oil and gas explora-
tion and development, or constructing new infrastructure for
transporting oil and gus, local residents including indigenous
communities showld be consulted to ensure that their interests are
considered, negative effects are minimized and advanzage is taken
of epportunities afforded by the activity, especially during the
early, intensive phases of development and construction.

Considemition should be given to securing lasting benefies from
oif and gas activities for Arctic residenss, for example through the
establishment of infrastructure and health-care facilities, so that
northern economies and people benefit over the longer-rerm and
so that infrastructure and services are maintained in the period

after the activity bas declined or ceased.

Effects on the Environment and Ecosystems

The Arctic surface environment is one of the most easily impacted
on Earth. On land, physical disturbance has the largest effect. In
marinc environments, oil spills are the largest threat.

In some areas, the tundra has been damaged by tundra travel
and construction of infrastructure related to oil and gas explora-
tion and development. Direct physical impacts and disturbances
from oil and gas activities contribute to habitat fragmentation.
New technology and methods have significantly reduced damage

caused by operations, but the impacts may be cumulative.

This assessment confirms AMAP’s previous findings that
petroleum hyvdrocarbon concentrations are generally low in the
Arciic environment. Furthermore, this asscssment indicates that the
majority of petroleum hydrocarbons in the Arcric environment come
from natural sources. From human activity, oil spills are the largest
contributor of perroleumn hydrocarbons in the Arctic environment,
followed by industrial activity. The oil and gas industry is responsible
for some spills but other sources such as shipping, fishing fleet opera-
dons, and spills at local storage depots also account for much of the
oil spilled. With the exception of spills, oil and gas activitics are, at
presen, relatively modest conributors to overall petroleum hydro-
carbon levels found in the Arctic. Although human inputs comprise
a small proportion of the total petroleum hydrocarbons in the Arctic
environment, they can create substantial local pollution.

If oil and gas activities in the Arctic reach levels projected by some
countries, these activities may contribute an increasingly significant
proportion of the input of petroleum hydrocarbons to the Arctic dur-
ing the next few decades.

il spills and other pollution arising from oil and gas activities
can damage ccosystems, but the extent of the impact depends on
many factors. Seabirds and some marine mammals are particularly
sensitive if oil fouls the feachers or fur they depend on for insulation,
frequently resulting in death. Animals living under cold Arctic condi-

tions are particularly vulnerable in chis respect. Seasonal aggregations
of some animals such as seabirds, marine mammals, and spawning
fish make them particularly vulnerable to a spill at those times and
places. Leads, polynyas, and the margjinal ice zones are panicularly
important habitats where such aggregations occur.

Arctic plants and animals may be exposed to a large number of
compounds relcased by oil and gas activities in a number of ways. In
general, Arctic plants and animals may be expected to exhibit effects
from petroleum hydrocarbon exposure similar to those shown by
plants and animals elsewhere in the world. For most of the Arctic,
with the exception of local spill situations, petroleum hydrocarbon
levels are below known thresholds for cffects. Aquatic animals may be
sensitive to exposures to crude and refined oils and to numerous pure
petroleum hydrocarbons, with larval stages of fish among the most
sensiive. Experience from the Exxon Valdez oil spill has shown that
such effects can persist for decades. To date, no major oil spills have
occurred in the Arctic seas.

Human health can suffer from pollution and disturbance. Expo-
sure to petroleum hydrocarbons at levels high enough to cause adverse
health effects is rare outside of occupational situations or accideneal
releases such as spills. Spills can also lead to changes in the quality,
quantity or availability of uaditional foods. Qil and gas revenues can
also improve health care and overall well-being. Demonstrating a con-
nection between petroleum hydrocarbons and human health in che
Arctic is complex at best. Many factors contribute to overall health.

It is therefore recommended that:

o Measures should be adopted to enforce stringent controls on activities
in sensitive areas, especially during periads when vidnerable species
are present, and in particular on activities that involve a risk of
impacts from spills. Governmenes need to play an active role in this.




o Where relevant. consideration shodd be given to stuged apening of
ares for oil and gas exploration and development or application of

seasonal resrriction on activities o minimize jféax O3 ECOSYSEEIIS.

¢ Consideration should be given to the need for additional protecred
areas and areas that are closed for 0il and gus activities, to ensure
protection of vulnerable species and habit; the need for swch areas
should also be considered in areas already designated as appropriate
Jor oil and gus development.

* [mproved mapping of vulnerable species, popularions, and habi-
tats in the Arctic should be carried out, abso taking into account
seasonal, annual and longer-term changes, in order to facilitate

oil spill contingency planning.

Managing Arctic Oil and Gas Development

Economic benefits have accrued in those regions where oil and
gas activities have occurred, but with some negative social and
environmental effects as well. The benefits tend to be widespread
(geographically and across society), whereas the negative effects
tend to be more local.

It is difficult, however, to balance tangible (cconomic) benefits
against risks of damage to the environment or ecosystems that, until
a major spill occurs, remain essentially ‘potential” or *hypaothetical.

The regulatory process in most Arctic countries is modern and re-
sponsive. However, in many cases it is also complex, involving many
agencies and jurisdictions. The continued improvement of regula-
tory systems, including the use of adaptive management, is necessary
to ensure adequare control and enforcement as conditions and
technology change, and as new areas are explored and developed.

When oil and gas activities cease, the final steps in environmen-
tal protection are appropriate decommissioning and remediation.
Because these activities take place after revenues fram production
have ended, it may be necessary to establish the respective respon-
sibilities of government and industry in regard to such activities.
One option is for industry to contribute to a government-man-
aged fund, to be used for decommissioning and remediation.

Offering incentives to operators to clean-ugp old sites in areas
of their current operations may represent a cost~fhicient way to
facilitate remediation in some remote areas.

The environmental and negative social effects of oil and gas
activitics in the Arctic can only be minimized if existing regula-
tions are effectively implemented and new regulations addressing
current weaknesses are developed. Enforcing regulations requires
commirment by governments, which can be aided by strong pub-
lic pressure and industry cooperation.

In the United States (Alaska) and Canada, land dlaim seedements
and agreements have given, and continue to give indigenous people
a role in environmental assessment, permitting, and regulation of ol
and gas activitics.

Planning can help reduce risks and impacts. Preparation of
environmental impact assessments and risk assessments prior to new
development is a standard and required procedure; straregic environ-
mental assessments that have a more holistic approach are becoming

Vil
increasingly common. There is, however, scope for making these
tvpes of assessment more relevane and useful.

Responding to major oil spills remains a major challenge in
remote, icy environments. This is especially true for spills in waters
where ice is present. Many areas along Arctic coasts that are vulner-
able 1o spills from oil and gas activities, especially transportation,
do nat have spill response equipment stationed nearby. Most oil
combating equipment that is currendy stored in Arctic depots was
designed for use in non-ice-covered waters and may be inadequate for
combating spills under typical Arctic conditions. Research on oil spill
response technology and rechniques has progressed in recent vears,
resulting in new technology and techniques with improved potential,
however, these have yet to be fully-tested. For these reasons, spill
prevention should be the first priority for all petroleum activities.

Experiences with leakages from older pipelines underline the
necessity to use the highest engineering and environmenual stand-
ards, including right-of-way selection, inspection and maintenance,
monitoring, and environmental studies.

Tanker transport of oil in the Arctic seas, especially from Norwe-
gian and Russian fields, has increased and is likely to increase further.

Differences exist in the laws, regulations, and regulatory regimes
and their implementation among oil and gas producing countries
in the Arctic. Some countries have enacted and enforced laws and
regulations providing a robust regulatory regime for oil and gas
activities. However, further measures may be warranted in areas with
vulnerable ecosystems and low accessibilicy.

Tt is therefore recommended that:

Laws and regulations

»  Laws and regulations in all Arctic countries and their regional and
local subdivisions should be enacted, periodically reviewed and
evaluated and where necessary soengthened and rigorously enforced,
in order to minimize any negative effecs and miximize any posi-

tive effects of vil and gas activity on the environmen: and socie
&

o The requirement ro use best industry and international standards
shauld be addressed in luws and regulations. Management systems
and regularions should be clear and flexible, and reviewed regularly
1o encure that they are effective, adequate, consistently applied, and
accommodate changes in technology in a imely manner.

*  Monitoring of compliance and implementation of requlations
should be improved in the Arctic countries, and appropriate au-
thorities acrass the Arctic should be encouraged to adhere to and to
enforce compliance with regulations.

*  An ussessment of the oil and gas industry; degree of compliance with

applicable domestic regulations and monitoring programmes showld
be undertaken.

*  Guidelines for oil and gas activities in the marine environment,
and the legul framework for planning and controlling oil spill re-
sponse operations in the Arctic, should be improved where necessary

1o reduce risks and minimize environmental disturbances.
*  Oil and gas companies should be responsible for the costs associated
with risk reduction, spill response, remediation and decommission-

ing activities, and be prepared to share in the costs for studies and
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for monitoring of effects on the environment and on saciety associ-
ated with oil and gas development

Environmental impact assessments, strategic environmental assess-
ments, and risk assessments should continue to be rigorowsly applied
and streamlined to increase their relevance and wsefilness for all
stakeholders.

The ways in which local and indigenous knowledge has been and
can be used in project planning, environmental assessment and
monitoring, and regulatory decision-making showld be evaluated to
determine how best v involve such knowledge and its holders.

Technology and practices *

il and gas industry should adope the best availuble Arctic technol-
ogy and practices currently available in all phases of 0il and gas
activity when undertaking such activities in the Arctic.

Oil and gas industry should take action to reduce the plysical
impacts and disturbances associated with ofl and gas activities, in-
cluding, where appropriate: using ‘road-less development technigues
t0 reduce physical impacts of roads; conducting as much activity as
possible in winter monchs ro avoid effects on eundma, permafrost,
streanss, and water bodies.

Where appropriate, real-time monitoring should be used to mini-
mize disturbances and impacrs on wildlife, and scientifically-based
best practices used to avoid adverse effects on marine mammals

during seismic operations.

Tanker operations in Arctic waters should employ the strictest
measures for spill prevention and response, including improved
communication, fraining, and cargo bandling techniques and the
use of ice-strengthened and double-hulled vessels. International
coordination of oil transport information shotld be improved,
International standards und national legislation for ships engaged
in oil tramsportation in seas with potential for ice problems should
be reviewed for adequacy and strengrhened as appropriate.

All pipeline projects should use the best available Arctic engineering
and environmental standards, including right-of-way selection, in-
spection using state-of-the-art leak and corrosion detection systems,
monitoring and environmental studies. Arctic design, engineering,
construction and monitoring standards, and response capabilities,
should be strictly adbered to and, if necessary, improved. Existing
pipelines should be properly maintained and, if necessary, replaced.
Spill prevention and response

Consideration shotld be given to whether Arctic areas should be
opened for oil and gas activities or transportation where the meth-
ods of dealing with a spill or other major accident are lacking.
Actions should be evaluated and applied to reduce risks of marine
and terrestrial oil spills, especially aiming to prevent the occurrence
of marine spills in the presence of sea ice.

and pracices cusrently available thac are app

priate to Arctic of

Emergency preparedness showld be of the highest levels, including
continued review of contingency plans, training of creus 10 operate
and maintain equipment, and conducting reqular (and unsched-
uled) response drills. Cooperation and emergency cormmunications
bettween operntors and local, regional, national and international
authorities on routes and schedules of transport and response capa-
bilities need to be established and maintained.

Oil spill response capabilities should be maintained and, where
necessary, sorengthened. Spill response rechnology shardd be further
developed, especially technology or techniques for dealing with spills
in water where ice is present. More (modern) combating equipment
should be deployed in the Arctic, and distributed more widely to en-
able a rapid and effective response 1o the challenges associated with

an acute spill in the Arctic environment,

Countries should evaluate current funding levels to ensure full
support for oil spill prevention, preparedness and response measures,

including enforcement of these measures.

Remediation

Oil and gas indusrry should be encouraged 1o continue their efforts
10 reduce emissions and discharges to the environment, including
as appropriate: consideration of zero discharge’ policies for harmful
substances; reducing the amounts of produced water discharged to
surface waters or the terrestrial environment; improved treatment
of wastes prior to discharge; use of materials and chemicals that are
less harmful to the environment; employment of closed-loop drilling
practices for waste management; reducing the use of sumps and
ensuring sdfe disposal of spent tnuds and cuttings; and discontinua-
tion of flaring of associaved solurion-gas except in emergencies or for
safety reasons.
The benefies and costs of decommissioning and removing aban-
doned oil and gas facilivies and remediavion of affected areas should
be evaluated on a case-by-case basis. Action is required to remediate
sites that are polluted or severely comaminated in order 1o signift-
cantly reduce or prevent thieats to the environment and the health
of affected local populations.
Whete nor already defined. counrries should ensure that the respec-
tive responsibilities of government and industry for undertaking
appropriate actions for decommissioning and remediation of all
sites and infrastructure associated with ongoing and new oil and gas
activities are clearly defined, and that measures are implemented to

ensure that these obligations are met,

Where necessary, a mechanism should be put in place for the
clean-up of sites still seriously polluted as a result of past oil and gas
activities where the operators of the sites can no longer be identified.

Facilities for handling wastes from the oil and gas industry, includ-
ing port reception facilities for transportation and ancillary vessels,
should be extended to reduce environmental pollution, including
pollution resulting from illegal discharges.

*Different definitions of Best Available Technology (BAT) and Best Available Practices (BAP) exist. In the context of this assessment, these terms are used to imply the most advanond technology




PART B: Supplementary information

Arctic Petroleum Hydrocarbon Resources and Oil and
Gas Activities

1. Oil and gas are among the most valuable non-renewable
resources in the Arctic today. The Arctic is known to contain
large petroleum hydrocarbon reserves, and is believed to con-
tain (undiscovered) resources that constitute a significant part

of the World’s remaining resource base.

2. Unique characteristics of the Arctic mean that development
of oil and gas activities within the region faces a number
challenges or considerations that do not apply in other parts
of the World.

3. Since the 1970s, Arctic regions of the United States (Alaska),
Canada, Norway and. in particular, Russia have been pro-
ducing large volumes of both oil and (with the exception of
Alaska) gas. With over 75% of known Arctic oil and over 90%
of known Arctic gas resources and vast estimated undiscovered
oil and gas resources, Russia will continue to be the dominant
Arctic producer of oil and gas. In some Arctic arcas, activities
have peaked and in others they are increasing or are changing
phase from exploration ro development or from production

X
dedine to shut down. Exploiting Arctic oil and gas resources
is ditficult and expensive, as is transporting the products to
markets; much of the region currendy lacks the necessary infra-
structure to transport oil and gas to the major markets.

4. With rising global demand, and the desire for stable and

secure supplies, oil and gas activity in the region is expected
to increase. Plans for new pipelines and for evaluarion and
development in new areas are underway. A major discovery
could transform the prospects for oil and gas development

in offshore areas around Greenland and the Farocse Shelf,
These areas, together with offshore areas in northern Norway.
northern Russia, the United States (Alaska) and Canada,

are of particular interest to both government and indus-

try. During the next two decades, the construction of new
infrastructure for development and particularly transporta-
tion will likely extend into wilderness areas. The depletion of
existing reserves worldwide may also lead to grearer inter-

est in unconventional resources such as heavy oil, coal-bed
methane, and potentially vast methane hydrate deposits that
exist both onshore and offshore in the Arctic, The many
tactors involved in development decisions, and their complex
interactions, make it dithcult to project future activity levels

with confidence.
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5. Climate change is expected to increase access to Arctic resources.

Tanker shipment is increasing rapidly in Arctic waters. Initial
plans for possible north-cast and north-west trans-Arctic ship-
ping lanes are under development due to expected decreases in
sea-ice cover. Permafrost melting, however, may reduce access
for development on land and will present new challenges with
respect to infrastructure and pipeline construction.

6. Oil and gas activities include several ‘lifecycle stages’. In some
oil and gas regions. several phases may be taking place at the

same time.

7. Early prospecting and resource defincation were conducted
using methods that have unacceptable levels of environmental
impact under modern standards. Improved technology and
practices have reduced, and in some cases eliminated, the ‘foot-
print’ of oil exploration and extraction activities in the Arctic

compared with that of previous times.

8. Regulatory systems in the Arctic have evolved in recent decades.
Since 1992, Russia has been constructing a new system of
regulatory control. Greenland, the Faroe Islands, and Iceland
are in the carly stages of regulatory development, while the ma-
ture systems used in Canada, the United States, and Norway
have undergone and are still undergoing changes. Regulations
and the use of best available technology (BAT) are, however,
not consistent across the Arctic. Despite comprehensive regula-
tory systems and considerable public scrutiny, incidents such as
spills and fires still occur.

Social and Economic Effects

9. In the regions where they occur, oil and gas acdvities are major
contributors to regional and national economies. Qil and gas
activities are drivers of social and economic change. Oil and
gas activities have both positive and negative effects on people
within the Arciic; populations outside of the Arctic generally
benefit from Arctic oil and gas activities.

10. Industrial activity creates employment opportunities and can
also stimulate local businesses leading to higher standards of
living. Public revenues from taxes and royalties can be used
to pay for improved public services, including schools and
health care. The Arctic has relatively few inhabitants, and thus
a small potential labour pool; as a consequence, oil and gas
industry workers arc typically brought in from other regions,
in particular during the early; intensive stages of development
and construction. While providing many new opportunities,
this influx of people and industrial activity has the potential to
disrupt raditional ways of life cause social disruption, and also
introduce or increase the spread of discases.

11. Many different indigenous peoples live in the Arctic. The
subsistence hunting, fishing, herding, and gathering activities
practiced by Arctic indigenous peoples extend over large areas
of land and sea. Environmental effects of oil and gas activities
within these areas can be disruptive to traditional ways of life.
A sudden increase in income or absence of adults from the

household for extended periods due to employment in the ol
and gas industry can also challenge traditional lifestyles.

12. As oil and gas resources are exhausted, activity in a region
will eventually close down. Closure of an oil or gas operation
means the loss of employment and of public revenue. Public
or private investment funds may allow some benefits to persist
past the life of the operation. In some areas where oil and
gas operations have declined, populations have decreased as
has overall economic activity: The long-term effects of such
declines are as yet unknown for Arctic regions.

13. Some degree of risk to people and society is unavoidable.
Increased awareness of, and protection against, potential effects
to the environment and people living and working in the
Atrctic remain important considerations in whether deposits are
developed. An essential part of reducing negative etfects and
capturing benefits is effective govemnance, which entails clear
decision-making, public involvement, and an cffective regula-
tory regime.

14. Oil and gas activities can lead to higher standards of living,
including better health care and public health services and
infrastructure. However, introduction and spread of discases
through worker movements can occur at oil and gas activity
centres and in other industrial areas, and exposure of humans
to oil and petroleum hydrocarbons following spills may result
in a variety of reversible chemical-mediated health effects. Psy-
chologically, the trauma of an oil spill or other major accident
can be profound, especially if ways of life arc undermined.
Stress and illness can [ead to sociological effects when family

and community networks arc overburdened or disrupted.

Effects on the Environment and Ecosystems

15. Although anthropogenic inputs are a smafl proportion of the
toral petroleum hydrocarbon pollution in the Asctic environ-
ment, they can create substantial local pollution. Some areas
around oil facilities are polluted by petroleum hydrocarbons
and other substances. Chronic spills along some pipelines have
led o severe local pollution. Even where stringent regulations
and maintenance regimes exist, the costs to the environment
and to the economy can be considerable if these regimes are
not strictly adhered to.

16. Although many oil- and gas-related sources and unacceptable
practices have been greadly reduced or eliminated, a complete
and balanced assessment of the extent and significance of oil
and gas activity impacrs and oil field polludon has been ham-
pered by a lack of detailed information from some countries.
Other countries have considerable information available, but

often in forms that make ir difficult to access and evaluare.

17. Arctic plants and animals may be exposed in a number of
ways to a large number of compounds released by oil and gas
activities. One of the greatest effects on birds and other animals
comes from physical coating by oil in the event of an oil spill.

Even small amounts of oil on part of an organism may cause




death. Seals and whales that use blubber for insulation appear
relatively insensitive to heing coated with oil; baleen whales
could be vulnerable if their baleen plates become fouled with
oil, although this effect has not been found ro date.

18. Fish readily take up oil, but they metabolize most hydrocar-
bons quickly. In the aftermath of an oil spill, however. fish
may retain sufhcient quantitics of hydrocarbons to affect their
quality as food for people. Even the suspicion of tainting can
result in refusal to ear fish and wildlife products, affecting local
consumers as well as potentially damaging valuable markets
for Arctic food products. Many organisms are adapted to the
natural environmental occurrence of petroleum hydrocarbons
and show no major biological effects from exposure to small

amounts of many hydrocarbons.

19. For most of the Arctic, petroleum hydrocarbon levels are below
known thresholds for effects. In areas of local contamina-
tion, including contamination from natural sources, however.
concentrations are high enough to expect effects. In the Arctic,
low temperatures usually mean that hydrocarbons will persist
longer in the environment, thus having more time to be taken
up by plants and animals.

20. The Arctic is considered to be generally vulnerable to oil spills
due to increased environmental persistence of petroleum hy-
drocarbons, slow recovery, highly scasonal ecosystems, and the
difficulty of clean up in remote regjons. Ice-edge communities

are particularly vulnerable.

21. Oil spills in aquatic environments, and in pardicular in marine
areas, have the potential to spread and affect animal life over

large areas and distances from the spill site.

22. At sea, large oil spills are generally considered to be the largest
environmental threat, though smaller. diffuse releases of oil
can also have substantial impacts. Seabirds and mammals
depending on fur for insulation are particularly at risk from
spills. Due to the sensitivity of fish larval stages to exposures
to crude and refined oils, an oil spill in a major spawning arca
could severely reduce that year’s recruitment to the population.
If a specics or stock is already depleted, the impact of such a
loss could adversely affect its recovery. A smaller spill in a time
and place with congregations of fish, birds, or mammals (for
example during wintering, breeding, feeding, and migrarions)
could have greater impacts on populations than a larger spill in
a time and place where animals are dispersed. Residual oil and
other ecosystem effects may be as significant to seabird popula-
tians as the initial oiling, Ecosystems arc also vulnerable to
chronic pollution, as contaminants or their effects may persist

and accumulate,

23. Oil and gas activitics that have the potential to cause impacts
in the marine environment include seismic exploration and
dritling and production operations that make loud noises that
arc carried far underwater. Avoiding drilling and seismic testing,

during migratory and other sensitive periods can reduce effects

on sensitive species such as whales.
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24. The largest effect of oil and gas activities on fand in the Arctic
has been physical disturbance. Because Arctic landscapes typi-

cally recover slowly, decades-old effects are still visible. Norwith-
standing the major improvements in industry practices in recent
decades, recent improvements cannot change the Fact that large
areas of tundra have been damaged by tundra travel and con-
struction of infrastructure related to oil and gas exploration and
developments. In addition to these direct physical ‘footprints’ on
the terrestrial environment. there are also more diffuse physi-

<al near-zone impacts. Dust from roads may have an effect on
physical conditions and vegetation out to a few hundred meters.
Roads and other infrastructure may influence the hydrology

of flat tundra landscapes. Pipelines and roads may represent
impediments to migrations of animals, and traffic and human
presence cause avoidance in some specics. Other specics may be

attracted ro human infrastructure and habitation.

25. The direct physical impacts and distutbances from oil and
gas activities contribute to habitat fragmentation, along with
impacts and disturbances from other human activities. Habirat
fragmentation can affect wildlife, disrupt traditional migration
or herding routes, and reduce the aesthetic value; fragmenra-
tion of habitat may adversely affect many species, particularly
large predators. Even without pollution or incidents, oil and gas

activities can reduce the wilderness characrer of a region.

26. Although new technology and methods have significantdy
reduced damage caused by operations, the changes are cumula-
tive, and as activities overlap or expand the ultimate impact may

in some cases be increasing,

27. Many affected arcas, especially in Russia, appear not to have
been characterized with respect to the risks they pose.

28. Arctic ecosystems experience high variability from year to year,
including large swings in population sizes. Some species and
populations will recover more quickly from population effects
than others. Small changes in population are likely to remain
undetected. Even large changes may be the result of other
factors, including natural population cycles. In the event of
significant population-level effects, ruling out other factors may

be difficult or impossible.

Managing Arctic Oil and Gas Development

29. With Arctic oil and gas acuivity likely to increase risk is unavoid-
able. Sound planning and management can nonctheless help
reduce negative effects and increase the benefits of oil and gas
activity in the Arctic. Effective governance docs not occur by
chance.

30. The gain in influence by indigenous groups can prove advanta-
geous for industry and governments, for example in seuding
land claims. In many cases, local residents desire not so much
to slow or stop development as to have a hand in determin-
ing how it occurs. Generating lasting benefits from oil and gas
activity, while at the same time reducing major disruptions, is a
common goal for both national and local governments.
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31. While accidents such as oil spills cannor be eliminaced, plan-
ning and preparedness can reduce the likelihood of a disaster
and the impacts if and when a disaster occurs. Prevention is
the best approach and best practises and technologies should
always be employed when oil and gas activities are undertaken
in the Arctic.

32. Stricter regulations and betrer operating practices have
reduced, and can further reduce, environmental and social
impacts. However, in order for these measures to be effective,
strict enforcement of existing regulations and adherence by in-
dustry to accepted international standards are essential. Better
understanding of the nature and scope of effects can improve
the ability to plan effectively. Resources need to be allocared to
ensure that necessary monitoring and research are conducred.

33. Responding to a marine spill in the Arctic is particularly chal-
lenging. Many oil and gas activities are in locations far from
population centres. Detection of oil or gas leaks is vital in re-
ducing the likelihood of environmental damage or health risks.
Employment of the best technology and practices for flaw
detection allows defective or corroded pipelines to be replaced
betore an accident happens. Many oil and gas pipelines in Rus-
sia need reconstruction and repair using up-to-date technolo-
gics. Despite stringent engincering and environmental regula-
tions, small oil spills are a common occurrence. Pipelines leak,

accidents happen, and chronic and acute pollution is the result.

34. Alchough environmental clean-up (decommissioning) is
required, it is not yet clear how much acnsal work will be
done once an oil or gas installation is closed down. In some
areas, sites of previous (historical) oil and gas activities urgenty

require remediation and clean-up.

PART C: Gaps in Knowledge
Information:

Arctic ecosystems cxperience high variability from year to year,
including large swings in population sizes. Bascline information is
often inadequate or unavailable. Such information is necessary if
population-level effects are to be identified and the effects of oil and
gas activities distinguished from other possible contributing factors.

There is a lack of detailed information about pollution in the vicin-
ity of oil and gas facilities and installations, including information
on practices used for waste handling and amounts of chemicals
emitted or discharged to the environment. This prevented a thor-
ough assessment of the extent and significance of local pollution

associared with Arctic oil and gas activities, especially in Russia.

The Arctic petroleum hydrocarbon budget represents a useful tool
for investigating current sources of contamination and considering
tuture scenarios and potential effects of Arctic oil and gas activities.
However, key components of the budget are based on assumptions
due to lack of relevant information.

Monitoring and Research:

Overall, knowledge about effects on the environment and human
health of oil and gas activities is limited. cither because consist-
ent informarion has not been collected, because incidents are
relatively few, or because information is not standardized across
scientific disciplines, regions or countrics.

More rescarch is needed into the many (positive and negative)
factors influencing human health if the net effect of oil and gas
industry on human health is to be determined in different areas of
the Arcric.

Comparative studies should address the effectiveness of socio-

economic mitigation and opportunity measures.

Assessments:

The oil and gas assessment has provided a number of valuable
lessons for the conduct of similar future assessments and possible

follow-up assessments.

Recommendations
To fill information gaps:

*  Governments and industry should develop better reporting
procedures for compiling and reporting in a consistent man-
ner, appropriate data on releases from oil and gas operations at
all installations and facilities, including data on waste disposal
and contamination around these facilities. Similar information

should be compiled for harbours.

o Governments and industry should be encouraged to provide better
information on infrastructure related to 0il and gas activities, and
associated physical disturbances.

o Counries should be encouraged to continue and where necessary
implement new monitoring programmes to obtain baseline informa-
ton necessary ro derect possible population-level effects for botly keey
species and species as risk from oil and gas activities.

~  Countries should be encouraged 1o collect und compile comparable
Arctic oil- and gas-related socio-economic statistics, including de-
velopment of u set of key social and economic indicators (relating to
income, employment, revense, social infrastructure, and health and
safery) to measure effects of 0il and gus activities on a cinumpolar
basis and to allow meaningful comparisons to be made regarding the
role of oil and gas or its proportional coneribution o specific effects.

Comprehensive baseline investigations should be underuken by gov-
ernment and industry 1o allow detection of porential adverse effects
on ecosystems, and 1o identify existing seafloor hazards or archeologi-

cal sites, before petroleum activities commence.

*  Governments and industry should provide the Arctic Council with
improved access to relevant and appropriate data to enable the Arc-
tic Council 10 establish an inventory of facilities and infrastructure
with potential for releases or spills associaved wirh oil and gaas and
compile and maintain an updated inventory of accidental releases

Jrom oil and gas activities in the Arctic as a basis for conducting

periodic risk assessments.




o A follow-up effort should be underuken to obtain dawa from long-
term monitoring efforts in regions that bave experience with large
oil spilks.

*  Spills inder Arctic conditions should be used as an opportunity
10 test and validate experience from experimental, e.g. laboratory
studies, and from spills outside of the Arcric. Preparations should be
made to allow rapid mobilization af necessary personnel and equip-
mient 10 undertake such studies in the event of a future Arctic spill

»  Monitoring programmes should be developed ro improve the compat-
1bility and comparability of the data, including bridging the gnp
between the more persistent, high-molecular components currently
monitored and specific compounds of perroleum hydrocarbons
thaz elicir most of the toxicological effects (e.g., volarile aromaric
compounds) that are generally not included in monitoring pro-
grammes but which are recorded in laboratory experiments. to allow
assessment of the environmental concentrations of these more toxic

compound.
To fill knowledge gaps:

o Undertake new research and consinue existing research to provide
berser information on the bebaviour and fate of il in ice-covered

water.

Continue existing research necessary for developing effective rech-
niques for dealing with oil spills in areas of sea ice, and with large
spills on land.

¢ Better integrate environmental monitoring and toxicological stud-
ies so that results from these rwo frelds can be compared.

s Continue existing research and where necessary conduct more
studies using oil spill trajectory models to determine areas most
at risk from oil spills and set priovities for response strategies, in
particular in sensitive areus.

o Continue existing monitoring and, where necessary undertake
new monitoring to provide the necessary data for improving the
perroleum hydrocarbon budget of the Arctic, in particular to
allow better estimates of inputs associated with natural seeps, riv-
erine transport, and produced waters (disposal methods, location,

volumes, and composition).

* Conduct research into navural pervolerm seeps especially offshore

and quantify their output volunies.
o Use natural secps for research purposes.

*  Before petroleum activities commence, monitoring should be insti-
suted in a programme designed ro document the effects of 0il and
gas activities and distinguish these from other sources of contami-
nation or disturbance, including clear identification of methods
utilized to assure quality control for all aspects of the monitoring
process. The monitoring programme should continue through
the decommissioning and reclamation phase. Prior to initiating
oil and gas activities, Arctic States should ensure that funding is
avatlable within government andfor industry for monitoring.

o Continue existing monitoring and where necessary conduct new

manitoring of groundwater reservoirs and water systems near

onshore wells and pipelines.
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s Continue existing research and where necessary, conduct new
research and monitoring to better understand short- and longer-
term effects on the ecosystem, focusing ou risks associared with oil
spills, including prevention, clean-up, and response.

Conduct further research on indicators of the cumulative effecs
of activities, which can be applied across the Arciic in the next
twenty years to help document the extent of changes.

*  Continue research to improve or develop new technologies for
drilling and seismic operations to reduce potential impacts.

*  Conduct comparative resedreh on social and economic effects 1o
evaluaie the effecriveness of various measures for mitigaring negarive
effects and achieving positive benefits with regard wo economic op-
portunity, cultural traditions and practices, and social well-being.

o Conduct research to develop better approaches to document
poprdaiion-level and ecosystem-level effects of oil- and gas-related
activities and oil spills.

o Enbance research on ecosystem and social vulnerability to oil and
gas activities, with particular emphasis on cumulative effects.

o Undertake health studies in communities affected or likely 1o be
affected by oil and gas aciivities taking inte accounr multiple

determinants of health.

o Institute monitaring of infectious disease among the work force
ar oil and gas facilities 1o enable more prompe and effeciive treat-
ment of the occupational cobort and reduce the transfer of disease

Sfrom workers ta communities as oil and gas activities expand in

the Arctic.

o Expand research on the sensitivity of Arctic flort and fauna 1o oil
and gas activities and oil spilbs.

v Support continued research into unconventional resources 1o de-
termine their economic viability, to develop technology to extract
them safely, and to determine the environmental consequences of

their development.

o Increase research on the link benween ozone reduction, associated

UV increase, and toxicity of released ail.
To address future assessment needs:

»  Considention of the effects of climare change on oil and gas
activities and associated infrastructure as well as the longer-term
effects of Arctic oif and gas activities and their impact on the
Arctic environment and climate should be included in any future
Sollow-up to the Arctic Climate Impact Assessment (ACIA).

*  Consideration should be given to conducting a further assessment
of information on contamination areund oil and gas installations
and facilities, and in harbours; waste management procedures;
and the status of 0il and gas pipeline infrastructure in the cir-
cumpolar region.

*  An asiessment should be made of the extent to which plans exist
Jor decommiissioning unused infrastructire and rehabilitating the

environment.
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Purpose of the Assessment

In 1997/98, the Arctic Monitoring and Assessment
Programme produced its first assessment, Arctic
Pollution Issues (see Box). That report included a

chapter on petroleum hydrocarbon contamination in
the Arctic. The new assessment. Oil and Gas Activi-
ties in the Arvic: Effects and Porential Effecs, updates
and expands upon the 1997/98 report. In addition to
covering petroleum hydrocarbon pollution in greater
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detail, the new assessment addresses additional topics
related 1o oil and gas activitics in the Arctic. A dewiled

history of each country’s oil and gas operations where sea ice is present. Seasonal aggregations of
and possible future activities has been added. Also some animals such as seabirds, marine mammals, and
included is a chapter on social and economic effects, spawning fish make them particularly vulnerable 1o a
which were not previously considered by AMAD spill at those times and places. Oil spills and industrial
Furchermore, the assessment examines effects at levels activities excluding oil and gas activitics remain the
of biochemistry, individual organisms, populations, largest human sources of petroleum hydrocarbons in
and the ccosystem, the last of which has not previ- the Arctic. Routine oil and gas operations currently
ously been done. The assessment does not address contribute a very small fraction of the total inpur.
contributions of the use of arcric fossil fuels to climate Narural sources, particularly narural seeps, are larger
change, nor does it address pollution issues such as than human sources.
heavy metals and radionudides, which are associated One motivation for producing this report is
with oil and gas activities in addition to other human the increasing demand for oil and gas worldwide
activities. AMAP has already produced assessmentson combined with more inrerest in and access to arctic
climate, persistent organic pollutants (POPs), metals, resources. Since the 1970s, arctic regions have been
and radionudlides. producing billions of dollars worth of both oil and gas.
The main findings of the 1997/98 report have There is considerably more that could be developed.
been confirmed and extended. Petroleum hydrocar- In arctic Alaska. offshore oil and gas activity is likely
bon contamination is not a widespread problem in to increase. In Canada. natural gas field development
the Arctic, apart from arcas where human acrivity and pipeline construction may begin in the Mackenzie
has been intensive. The Arctic is generally considered Dielea, subject to approval, with oil and gas exploration
to be vulnerable 1o oil spills due to slow recovery of and development expected 1o follow in the nearshore
cold, highly seasonal ecosystems, and the difficulty of Beaufort Sea. In Norway, Barents Sea gas production
clean up in remote, cold regions, especially in waters is abour to begin, while exploration and development

The 1 997 /9 8 A M AP Assessment of petl'ol eum and summanzed here. The 1997/98 assessment recommended ac .
L : " tionto reduce the risk of ofl spills and further study-to rdentrfy areas

"'of pamcular vulnerability to such oil pollutron -This recommendauon
=:has been acted on {see pages 34-35). -

lrshed, presenting thie first AMAP scientrﬁc assessment of contamr-
..-nants in ‘the Afctic. The results ‘ofthis assessment were also presented

“ina plam~language version of the assessment. Arct:c Pollutron fssbes: 3
. - AState of the Arctic. Envrronment Report’, released in1997.The pub- =

+lications’ addressed anumber, of different contammants and related
% isstes, including persrstent erganic pollutants, heavy metals,_radloac
- tivity, acldlﬁcatron, clrmate change, i and petroleum hydrocarbdns

The ﬁndlngs from: AMAP s first asses.sment have led'to 2, senes of
further mvestlgatrons of most of the toprcs covered at that trme For

SAMAP. 1998, AMAP Assessment Report: Arctic Pollution Issues. Arcric Monitoring and A Prog (AMAP), Odo, Norway. xii+859 pp.
PAMAR 1997, Arctic Pollution Issues: A State of the Arcric Environment Repon, Arctic Monitoring and A Progs {AMAP), Oslo, Norway. xii+188 pp.




continue. In Russia, onshore and offshore develop-
ment and production is already ongoing or is on the
horizon in many regions, including some without
previous oil and gas activity. Tanker shipment is also
increasing rapidly in Russian and Norwegjan arctic
waters. Greenland and the Faroe Islands continue to
explore for offshore oil and gas, and exploration activi-
ties are starting around Iecland.

As oil and gas activities continue, socicty must
respond to the positive and negative impacts that they
have on people and the environment. The purpose of
the assessment is ro document what is known about
the effects of past and current oit and gas activities, to
project the likely course of such activities and impacts
for the years 10 come, and to make recommendations
based on the assessrment. Such information can then be
used by all concerned with the decisions that are to be
made about if and how oil and gas activities proceed.

As is the nature of assessments. there is insufficient
information to fully answer all questions or address all
topics of concern. Nonetheless, a grear deal of mare-
rial has been compiled and assessed in the scientific
background report, Oil and Gas Activities in the Arctic:
Effecs and Potenvinl Effects, which draws on more than
a thousand studies to investigate many aspects of oil
and gas activides and their effects on the environment
and people. Teams of scientists with expertise in the
many different fields required to undertake a com-
prehensive assessment of all the effects of oil and gas
activities in the Arctic have worked on each chapter.
Their work has been subjected to national and inter-
national peer review. In addition to drawing together
the available information, chaprer teams have prepared
new analyses of the role of oil and gas activities in the
Arctic. These include the first estimares for the inputs
of petroleum hydrocarbons to the arctic environment
and their subsequent redistribution (a hydrocarbon
“budget” for the Arctic), an assessment of ecological
vulnerability across the entire circumpolar region, and
assessment of socio-cconomic and health impacts.

Scope of the Assessment

AMAP’s assessment of arcric oil and gas activities has
been produced in two parts. The scientific report. O#f
and Gas Activities in the Arctic: Effects and Potential
Effects, contains a comprehensive assessment of all the
effects of oil and gas activities in the Arctic. In addi-
tion, a plain-language overview (this report) presents
the main findings of the scientific assessment in a
concisc and accessible form, providing a distillation
of the current state of knowledge about oil and gas

activities in the Arctic. This overview is intended not

to replace the scientific report, but to make its key

'. .Aé_sé’s_sm_ent 2007: 0il and Gas Activities in the Arctic:
Effectsand Potential Effects

Chapter 1 provides the rationate for and limitations of the 2007 oil and gas
: asséséfhent.-Chapter 2 reviews the history of oit and Igas activities in the Arc-

g, i_riéluding technology, regulation, monitoring, and oif spill preparedness
a"nd Fé'spdnse cépabllities;' as well as other factors that influence the course.
of mdustry actmty Chapter 3 presents several case studies on saciat and
economic effects, covering local, regional, and national petspectwes. Chapter
4descnbes the sources and concentrations of petroleum hydrocarbons in -
the Arctnc, including the first petroteum hydrocarbon budget for the region.

. It also addresses |nputs of other chemicals used in the oil and gas industry.

. Chapter 5 dlscusses effects of petroleum hydrocarbons and oil and gas

i y on terrestnal and aquatic envcronments and himan health. Chapter

' _._6 exammes environmental impact assessments and vulnerabllity of species

. and hab_ltats_ within t_he arctic ecosystem, mcludmg the'mapping of vulner-

. a_b_.llit)'(_’_ to E._vil_an_d gas impact'i Chapter 7 gfw_es the key findings of the entire
a_éses__érﬁeni. apd is the basis for this overview re_pdrt.

findings accessible beyond the scientific communiry.
All statements in this overview are supported by Oif
and Gas Activities in the Arctic: Effects and Porenttal
Effecs. The lead authors of the scientific report and
the members of the AMAP, in consultation with the
other Arcric Council Working Groups and Perma-
nent Participants, have reviewed and approved the
contents of this report.

The overview is organized differently than the
scientific report. To help provide context and some
understanding of oil and gas activities, the introduc-
tion includes a description of the various acrivities
related to oil and gas in the Arctic. Then the assess-
ment’s main findings are presented in two sections,
the first considering past activities and impacts up
to the present, the second looking to the future. Key
findings are summarised at the end of the report. The
Exccutive Summary to the overview report contains
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recommendations that were developed on the basis and rubble

' Y ogi
Lainsan; ag

of the findings of the scientific assessment.

feld, Arctic Canada.
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The Arctic

The Arctic centers on the deep, in part permanently
and in part seasonally ice-covered Arctic Ocean,
nearly surrounded by the lands of North America
and Eurasia. The Arctic is characterized by ice: sea
ice, ice sheets, glaciers, and permafrost, But it also
contains considerable variation in cerrain, climarte,
ccology, and human presence, as well as seasonal
extremes of light and darkness. Morc extensive de-
scriptions of the Arctic can be found in many places,
including AMAD’s 1997 State of the Arctic Environ-
ment R¢0ﬂ. Thc current assessment f()CUS(.'S on [h(.'
Arctic oil and gas regions as indicated on the map on
page 5. The scientific report on which this overview
is based also includes descriptions of the marine and
terrestrial ecosystems of the Arctic, covering their
ecological characteristics and the species that inhabit
or migrate to them.

With regard to oil and gas, several aspects of the
Arctic are noteworthy. Depending on where the
boundary is drawn, che Arctic has beoween 2 million
and 4 million inhabitants, most of whom live in
cities or large towns. Arctic oil and gas reserves are
a long distance from major markets. Conducting
oil and gas operations in the region is difficult and
expensive, as is transporting the products to market.

Few inhabitants also means a small potendal labor

CAHDR, 2004. Arctic Human Development Repore. Stefansson Asctic Instituce. 249 pp.

pool, so most workers are typically brought in from

other regions, especially during the labor-intensive
construction phase. Despite low numbers, arctic
residents comprise over two dozen different indig-
enous peoples. Their subsistence hunting, fishing
and gathering activities occupy extensive arcas of
land and sea. The influx of people and industrial
activity has the potential to disrupt traditional ways
of life while also providing many new opportunities.
A derailed discussion can be found in the Areric Hu-
man Developmens Repors

The Arctic experiences large seasonal variation, in-
cluding extended periods of darkiness and cold in win-
ter and sunlight in summer. A burst of productivity in
the short spring and summer has to sustain resident
plants and animals through the rest of the year. This
burst of productivity also attracts vast numbers of mi-
gratory species, especially birds, from throughout the
world. The marginal ice zone is particularly produc-
tive and seasonal. Arctic ecosystems experience high
variability from year to year, including large swings in
population sizes. The Arctic has relatively few specics,
but considerable variation within species to fill various
ecological roles. There are several types of Arctic char,
for example, which can exist even in the same lake or
river system. Many specics, especially birds, migrate
annually back and forth between arctic and temperate
or tropical regions.
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The projected effects in the Arcric from global
climate change indicate major changes in sea ice,
permafrost, and other physical characteristics of the
region. Population sizes and distributions of plants
and animals are expected to change significantly,
including the introduction to Arctic regions of
species now found farther south, and possible disap-
pearance of some species. Oil and gas activities, too,
may have to change in response to climare effects.

Ol and gas operations, too, must cope with swings
in temperature, light, and accessibility. On land, many
operations today take place in winter, when the undra
is frozen. Equipment can be moved more easily in off-
road areas and precautions can be taken to minimize
impacts. At sea, by contrast, much activity is concen-
trated in the ice-free summer months, including seis-
mic surveys as well as shipments of fuel and supplies
by barge or tanker. The abiliry to cope with spills will

Barents Sea
\— Svalbard

Norwegian Sea

vary greatly by time of year and weather conditions, as
well as the volume and characteristics of the oil spilled.
Spills in broken sca ice and under ice remain the most
difficult to respond to.

Finally, the Arctic contains some of the world's
largest remaining areas of wilderness. Fragmentadon of
habitat may adversely affect many species. particularly
highly mobile species such as reindeer and caribou and
sparscly populated species such as brown or grizzly
bears and other large predators. Many animals have
dense seasonal aggregations on breeding grounds, along
migrarory pathways, or along the ice edge and in open-
water polynyas in the sea ice, making them temporarily
vulnerable to even a localized event. Aestherically, the
Arctic is a symbol of pristine nature. Its protection is an
important goal for many people. Even without pollu-
tion or accidents such as spills, oil and gas activitics can

reduce the wildemess character of a region.

Timan-Pechora Basin

East Siberian Basins

West Siberian Basin

East Barents Sea Basin
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Oil and gas activities

Oil and gas operations comprise many activities.
These activitics are in turn connected to their envi-
ronmental and social surroundings in many ways.
The schematic diagram shown here illustrates how oil
and gas activities fit into the landscape and how they

can affect the environment and people.




Lifecycle phases

Oil and gas activities include several phases and
many distinct steps. The following diagram illustrates
the main sequence and the specific activities that take
place within each phase. In oil and gas regions with
multiple fields, several phases may be taking place at

the same time.

Lifecycle Phase  Activities Included

Evaluation Leasing/licensing, resource studies,
seismic studies, exploratory drill-
ing, environmental studies, public
consultation

Development Delineation drilling; 3-D seismic;

cost analysis; technical studies;
environmental field work; public
consultation; regulatory applica-
tion and review, including envi-
ronmental impact assessment
Construction L Detailed design of facilities;
o
z production drilling; construction
»
o of facilities and pipelines
z
=
-
=
Production Waste injection; waste manage- - ;
ment; spill prevention, prepared- Zl
ted
ness, and response; environmen- ‘.:a
5
tal monitoring; transport, storage b
-
and refining g
z
<
>
o
L]
Enhanced Satellite field development;
Development enhanced oil recovery
o
w
2
-3
2
L
1 ai
=
=
g
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Decommissioning Plug wells; rig removal and de- =
Tl G
commissioning; land reclamation z
x
and restoration ‘ = 5
5t
&
T
2
o
z
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>
-
-]




- Description

The chemicals associated with oil and
gas activities

Crude oil and natural gas are composed primarily of
organic compounds, made of hydrogen and carbon
and thus known as Iydrocarborns. Hydrocarbons
associated with oil and gas are known as petroleum
hydrocarbons, though they can also be found in coal
and peat. Petroleum hydrocarbons are natural in
origin, though as described in the next section, they
still have the potential for harm. They tend to be bio-
degradable, unlike persistent compounds associated
with other forms of industrial pollution.

Smaller, lighter molecules such as methane are
gaseous at room temperature. Natural gas, thercfore,
is made up primarily of a few simple hydrocarbon
molecules, though other compounds such as hydro-
gen sulfide are sometimes present, too. Larger and
more complex molecules are liquids or solids at room
temperature. Because of the many ways chat carbon
and hydrogen atoms can combine, often together
with other clements such as oxygen and sulfur, the
number of compounds found in il is in the thou-
sands. Although the concentrations of the various
compounds vary from ficld to field, the composition

ot crude oil is broadly consistent around the world.

HILOER L WL R

Alkanes are compounds with one or more carbon atoms

~ joined by single bonds in a chain, which may include

* four carbon atoms, are gases. Alkanes with more than twelve :

branches. Hydrogen atoms are attached to the carbon
backbone-like structure. The simplest alkanes, with one to

carbon atoms tend to be solids at room temperature.

Cycloalkanes come in many different configurations,

¢ from short rings with only three carbon atoms to farger

cycloparaffins and those with two or more rings.

Carbon atoms can also form rings of six atoms that have

bonds that are one-and-a-half times the strength of a sin-

. gle bond. These chemicals are known as arenes or aromat-

8

;Iqsso{Fomgoquf 5
Alkanes
éﬁcloalkahéﬁ .
Aromatics
Sulfur compounds

ics. If they have more than two rings joined together, they
are known as polycyclic aromatic hydrocarbons, or PAHs.

In addition to hydrocarbons, oil and gas reserves may con-
tain sulfur compounds. Some, such as hydrogen sulfide, can
be lethal and pose a threat to workers at drill and produc-
tion sites. Others, such as sulfur dioxide, are pollutants both

during production and during burning of oil and gas. Other
compounds have an atom of sulfur incorporated into the
hydrocarbon structure.

Hydrocarbons are often associated with oil and gas
reserves and with human use of fossil tucls. They can also
be created or released in various other ways. Living organ-
isms can produce some hydrocarbons, as can burning
in industry, agriculture, and natural events such as forest
fires. The decay of plant material to form peat is a major
source of hydrocarbons in some arcas. Coal deposits can
also release large quantitics of hydrocarbons. The mere
presence of petroleum hydrocarbons, therefore, is not
necessarily linked to the presence of human activities or
petroleum. Furthermore, volatile hydrocarbons can move
long distances with moving air masses.

Qil and gas activities also involve other chemical
compounds. These can be placed in two main cartego-
ries: substances used to help in drilling operations and
other phases of oil and gas production, and natural
substances produced along with oil.

The term drifling mud refers to a mixture of clay,
base fluid, and chemical addicives, used to control pres-
sure in the borehole, lubricate and cool the drilling bi,
Hush out the drill cuttings, and strengthen the sides of
the hole. Oil-based drilling muds contain significant
amounus of hydrocarbons (in the range of onc or more

percent), whereas the hydrocarbon content of warer-
based muds is usually in the range of hundreds of parts
per million. Drilling muds account for the largest vol-

" Examples
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methane 2.4dimethythexane pentane
CioHs,
c6H|z CGH'I?
cyclohexane methylcydopentane
hopane
CeHe CroHg Capothz
naphthalene ! ‘ O
_benzo{a]pyrene
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s s,
N/ \H O/ %O
¢ hydrogen sulfide sulfur dioxide
dibenzothiophene




ume of chemicals used in oil and gas activities. Smaller
amounts of chemicals such as herbicides, anti-fungal
agents, anti-corrosion compounds, lubricants, and
paints are used in other stages of oil and gas extraction,
processing, and rransportation.

Base fluids used to be primarily oil-based, and their
discharges made up a substantial part of the polludion
trom oil and gas acriviries in some regions. Due to
technological advances and stronger regularory regimes,
water-based fluids have largely replaced oil-based fluids

in recent years. Water-based fluids are far less harmfud to
the environment. While in some cases they may be dis-
charged offshore. in onshare drilling they are contained
or reinjected.

When oil is brought to the surface, water and
other materials come with it. This produced water may
contain petroleum hydrocarbons, acids, various metals,
production chemicals, and radionuclides. Disposing of
large volumes of produced water and its contaminants
can be a major environmental challenge.

- types of arctlc plants and: ammals may be exposed ina number”
ofways to alarge number of compounds released byoilandgas ..
activities. Exposure can oceur from 0|llng of skin, fur, or feathers,
by uptake across grll membra ;es. from the inhalation of gases, or i
the Ingestron of released oil. The brologrcal effects of hydrocarbon -
exposure can rangé from non; detectable to death, dependlng on
the amount and | type of hydrocarbons taken in-and the dura- "~
tion of exposure. Numerous' responses short of death have been
observed, from the sub-cellular Ievel to the populatlon level (see ;J. .
:c_ertam gr_oup__s_: of hydrocarbons, such_ as l_’AHs,__bu_t the byproducts
are often more'liarm'ful"than the original PAHs. Some of these are
v'carcmogemc ‘On the other hand some mlcroorgamsms are able to
use hydrocarbons asa carbon source and food supply

_Fishand aquauc lnvertebrates are sensitive to exposures to crude and
' reﬁned orls and to numerous pure petroleum hydrocarbons tarval
stages of ﬁsh are among the most sensltrve, with exposure often lead
ingto mortalrty, partly because the many developmental processes
in early Iife, stages are part cularly sensitive, and partly. because they
: cannot mov away from .01 for example, Baltrc heri "ng embryos et
 suffered physrologrcal impairrent and anatomrcal deformm when
2.3- exposed tooil in laboratory experiments lnvertebrates appear o be

) 'of petroleum hydrocarbons because they can netther metabolrze nor
- excrete them as well as vertebrates can Contmurng reseatch is rden-

(majorsrteof (majorslteof
hydrocarbon-  éxposure ¢}
4. merahalsm)‘* forinhajed- J 5t

tifying other potential impacts, Genetic effects have been detected

from PAH exposure, for example, but their significance is not yet clear.

Impacts to humans are discussed further on page 28.

Measuring the to'xicity of petroleum hydrocarbons is often complex.
The acute toxicity of achemical is usually determined in laboratory
studies, For example, fish may be exposed to a range of concentra-
tions of a chemical to.deter'rnine the level at which half the fish die
within a given period. For petroleum hydrocarbons, this approach

canbe difficult. Many compounds either do not dissolve in water or -
 evaporate quickly so that the concentration level changes over the
o course of the experiment. Acute lethal toxicity can therefore be diffi-

cult to measure, though it is the most commonly stated measure of
toxicity. Other measures, such as the “lowest observable effect tevel”
and other non-lethal responses are becoming more common. These

. approaches still face the problem of establrshmg the concentration

Ievels at whlch the effects occurred

In the environment, other_fadors can affec't"chemical toxicity, too.
Ultraviolet light from the sun can interact with PAHs already absorbed
. into some __animals. Thisis particulaly of concem for animals that are
som_ewhai_t'_translucent and thatinhabit shallow water, such as farval -

™ fish.The méd'ran_i_sm is not clearly understood but the combination of

ultraviolet light and 'prio'r'e:xposure to PAHs is many times more toxic

' than eitherthe lightor the PAHS alone. In humans, skin reddening

may be worsened by the combrnatron of exposure to petroleum
hydrocarbons and sunhght. For the Arctnc, where decreasing fevels

- of. ozone inthe stratosphere are feading 1o increased exposure to

ultravrolet light; research is needed to detemmine if exposure to these °

chemicals _may :_fu_rther_lncrease the danger from ultraviolet exposure,

o Liver
L {majorsite of .

lngestlon  hydrocarbon metabolism)

Inhalation of
volatile
.. fractions
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Types Of effects from OII and g as of streams and rivers to the fragmentation of wildlife
.. habitat. The slow recovery of disturbed areas in the
activities Arctic suggests that the footprint of oil and gas activi-
Qil and gas acrivities can affect the natural environ- ties will remain for several decades. Humans can be
ment and people in many ways. Petroleum hydro- affected through pollution and also through social
carbons are toxic to plants and animals, sometimes and economic changes resulting from the scale and
at very low concentrations. While routine oil and scope of oil and gas activities.
gas activities have produced relacively lictle hydro- Sections 11 and 111 of this reporr describe the major
carbon contamination, accidents such as oil spills findings of the asscssment with regard to these various
are a different story. Oil spills can kill large num- types of effects in the Arctic (see Table below). Ad-
bers of animals by covering them in oil, and create ditional background information on certain effects is
long-term contamination that can affect popula- provided here in the Introduction. Toxicological effects
tions and ccosystems for decades. On land, physical and the difficultics of measuring them are described
disturbance chrough industrial-scale activity can on the previous page (see Box). The challenges of
have impacts from the scale of individual gravel pads detecting population-level effects from oil and gas
covering sections of tundra to changes in water flow activities are described on the next page (see Box).

Where different types of effects are discussed

ad TOIETT o i L . i CEITY R T T TTEE L THRa. Wk £
Toxicological : Significance of levels of petro- " Pages 20-21 - Petroleurn hydrocarbon
effects _ leum hydrocarbons in the Arctic, " concentrations are generally low
 and significance of cold on :
toxicological effects.
Toxicological impacts on people. Page 28 - Human health can suffer from
~ pollution and social distuption, but
revenues can improve health care and
overall well-being

Oil spills Impacts of spills on land, includ-  *©  Pages 22-23 - On land, physical

ing a description of the 1994 disturbance is the largest effect

Komi Republic pipeline rupture.

Effects of marine spills, including Pages 24-25 - In marine environments,

those from subarctic spillssuch ~ *  oil spills are the largest threat

as the Exxon Valdez.

Potential for impacts from arctic | Pages 34-35 - Seasonal patterns

spills.  determine vulnerability in arctic

" ecosystem
Physical Impacts of infrastructure and . Pages 22-23 - On land, physical
disturbance activity on land surface and disturbance is the largest effect
¢ habitats.

Effects of offshore activity © Pages 24-25 - In marine environments,

through noise and offshore oil spills are the largest threat

construction.

Significance of further habitat Pages 34-35 - Seasonal patterns

fragmentation and disruption. determine vulnerability in arctic
e ecosystems SN .
Social and Ways in which people are af- Pages 26-27 - impacts on people,
economic fected, communities, and governments can be
effects both positive and negative

implications for heaith care and
related services.

Page 28 - Human heaith can suffer from
pollution and social disruption, but
revenues can improve health care and
overall well-being







12

wArCHC sea e
conditions, summer
2007, showing open

Northwast P

P Transfer of conden-
sate hepween tankers

in Sarnesfiord, Norway.

3 Recent obseivations

of summer s

€xtent.

Northern Sea Route
Northwest Passage

Implications of climate change for oil
and gas impacts in the Arctic

The Arctic Climate Impact Assessment 9, another large-
scale assessment produced by the Arctic Council,
describes changes in climate and ecosystems that are
projected over the coming decades in the Arctic. The
report also discusses implications for various human
activities, including construction and infrastructure.
While Oil and Gas Activities in the Arctic: Effects and
Potential Effects does not examine climate change

in dertail, it is nonetheless clear that environmental
change will affect oil and gas activities in the Arctic,
positively and negatively, in various ways.

The most striking change that is projected is the
retreat of sea ice around the Arctic. Less sea ice may
improve access to ports and thus some onshore areas
as well as to parts of the offshore. Transportation by
vessel, including tanker, will be aided by a longer
shipping season, although changes in ice patterns
may create new problems. More open water is likely
to create larger waves and more coastal erosion.
Facilities on the coast and offshore may need 1o be
stronger to withstand additional wave stress. Icebergs,
too, may become more common if calving of glaciers
in Greenland especially increases, threatening off-
shore platforms and tanker traffic.

Another major change is the thawing of per-
mafrost on land. Many arctic facilities today use

9
8
7
6
5
4
3
2
1
0

permafrost as a solid foundation for buildings, pipe-
ines, and roads, or for containing waste materials.
Considerable care is often given to maintaining the
integrity of the permafrost to avoid costly damage
10 infrastructure if the underlying ground melts and
gives way. Warming may degrade permafrost, harm-
ing existing facilities, releasing waste materials, and
making future development on land more compli-
cated and expensive. The season for ice roads may
shorten, restricting exploration activities as well as
construction. Whether dimate change will make the
Arctic more or less attractive for oil and gas activitics
remains to be seen.

In addition to direcr impacts on infrastructure and
industry activity, climace change will have indirect ef-
Fects as well. As ecosystems respond to climate change,
the distribution and abundance of many species may
change. Some species may become threatened or en-
dangered. If oil and gas activities are predicted to have
an impact on such species, environmental regulations
and requirements may become stricter. It is also possi-
ble thar shifts in the distribution of fish stocks may at-
tract commercial fisheries to arctic waters, where they
may overlap with offshore oil and gas activities. The
same is true for traditional indigenous practices such
as marine mammal hunting, if climate change leads
to shifts in the arcas where those activities are carried

out. Hese, too, the implications of climate change for

oil and gas acrivities are not yet clear.

Extent (millions of square kilometers)

-

1978 1982 1986 1990 1994 1998 2002 2006

SACIA, 2004, Impacts of 2 Warming Anctic: Arctic Climate Impace Assessment (ACIA}, Cambridge University Press, 139 pp.
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Commercial oil and gas activities
have been taking place in the Arctic
for over eighty years. More wide-
spread and intensive operations have
occurred in several places since the
1960s. There is a great deal of experi-
ence on which to draw in assessing the
effects of oil and gas activities. This
section presents key findings concern-
ing the history, extent, and social and
environmental effects of oil and gas
activities in the region to the present.
These findings are the foundarion for
the next section, which examines the
likely course of oil and gas activities in
the next decade or so.
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Extensive oil and gas activity has occurred, with much oil and gas produced
and much more remaining

In some arctic arcas, oil seeps have been known and

used by indigenous peoples for centuries or longer.
Commercial oil activities in the Arctic started in
the 1920s at Norman Wells, Northwest Territorics,
Canada. In 1933, a refinery was built there to pro-
vide fuel for local use. In the 1920s and 1930s, oil
and gas exploration was also carried out in northern
Russia and in Alaska. During World War Two,

2 925-kilometer pipeline was built to transport

oil from Norman Wells to the newly built Alaska
Highway to provide fuel for the military. Although
this pipcline was abandoned in the 1940s, even-
tual expansion of the ficld took place in the carly
1980s with a pipeline being built south 10 Alberta.
Following World War Two, extensive oil and gas
exploration started in northern Alaska. northern

Russia, and the Mackenzie Delta area of Canada.

By the 1960s, large oil and gas reserves had been
discovered in the Yamalo-Nenets Autonomous
Okrug and the Nenets Autonomous Okrug in Rus-
sia, on Alaska’s North Slope, and in the Mackenzic
Delea. All four areas are remote from potential mar-
kets, requiring the construction of long pipelines.
Production in arctic Russia began in 1972 from
the Yamalo-Nenets region, extending to the Nenets
region in the 1980s. The Trans-Alaska Pipeline Sys-
tem was completed in 1977, allowing production
to begin from Prudhoe Bay and ncarby helds. The
Mackenzie Delta and Beaufort Sea, by contrast, still
await the construction of a gas pipeline. Plans were
developed in the 1970s, but costs were too high,
land claims unscttled, and social impacts uncertain,
The plans were put on hold at that time, although
construction is being proposed again.

A large barrier to arctic oil and gas operations
is the cost of transporting the product to markets.
Once a pipeline or tanker facilicies have been buile,
however. the development of additional ficlds can
become more artractive. The spatial extent of il
and gas activities can expand over time, as roads
and feeder pipelines are buile to connect new drill-
ing sites. The incentive for such growth can be high
when producrion at the original fields declines,
leaving excess transportation capacity. One result is
that a region may experience several lifecycle phases
at the same time. Production and enhanced devel-

opment continue in the core area, with construc-

tion on the margins, and exploration farther our.
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The level of activity or production, however,
does not necessarily follow a simple curve or trend.
As the graphs of arctic oil and gas production show,
production typically begins with a steep rise once
transportation infrastructure is built. Over time,
additional fields arc brought into production, which
may sustain overall production levels or at least
reduce the speed of decline as in northern Alaska.
Other factors play a role, too. The break-up of the
Soviet Union led to a period of low production in
the 1990s. though levels have since risen again.

By the 1980s and 1990s, oil and gas activities had
extended farther in che Arcric. Canada had developed
Bent Horn, a small field in the islands of the High
Arctic, which produced oil for over a decade before
decommissioning. In Alaska, exploration extended
offshore, leading to development and production
of nearshore fields. Norway’s oil and gas activity
reached the Barents Sea. identifying major gas fields

from which production will soon begin. Explora-

* Qil/gas production areas
Pipelines

m&*} mM“ fitd
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tion activities in the Russian offshore have also
identified large potential resources. In the 2000s,
tankers began co deliver oil from arctic Russia to
Europe. Exploration in the Mackenzic Delta and
Beaufort Sea has begun again in anticipation of

a pipeline through the Mackenzie River Valley.
Alaska, too, may sce a gas pipeline builr in the ncar
future, allowing extensive North Slope gas reserves

to enter production alongside its oil.
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anlz'j proqucﬁon Cumula.t'r've tot;al N
(billon m?) (bilion m?) Measunng 01l and qas
807 pussia ] 12000 :

500~  (Timan-Pechora and “1 10000 " Quantities of oil and gas are measured i in various ways. Umts of
West Siberia N of )
400 60 degrees) { 8000 volume can be converted easily, for example from barrels to cubic

300 * ' meters, or cubic feét to cubic meters. Other conversions are more

200 complex. Different reservoirs have crude 6il with different densities.

100 *_Atonne (1000 kg) of ane oil may have a different volume than a

0 ‘tonne of oil from another oilfield. )
201 . - _

Canada One measure for gas is the petroleum equivalent, or the amount

| (N of 60 degrees) . .
'S . of gas required to produce as much heat as a given quantity of
ok petroleum In this case, the coin;i&sitibri of the gas, especially water
vapor content, affects the amount of heat produced and thus the
05~ petroleum equivalent Different countnes may measure heat content :
00 differently, making direct compansons dlﬂicult o
s 50 Some approximate conversions: ' ;
Norway IJ y
[Pang {Norwegian Sea} 40 .
l Oil
9 {130 _ R T T —"
6L IN + 20 = CllblC meter ; 629 barrels
: " 0.855tonnes -
ol /]"° . 1000 liters
01960 1965 1970 1975 1980 1985 1990 1995 2006 ZOOP - éarrel o i VQ 159 CUbIC ,-nete's e
0.136 tonnes

: '42 U.S gaﬁoms

' Gas

R T s %
Cumularive production from the Arctic to date K _C.n.c.bic meter > 353 cubfc feet.
is in the billions of cubic meters of both oil and ' Cublcfoot . 00233 a:blcn:weters
gas. Today, the Arctic produces about a tenth of o L I B p—
the world’s oil and a quarrer of its gas. Of these Cubic meter petro-- - 1008 cublc metersofgas
amounts, about 80% of the oil and 99% of the gas Jeum equtvalent 38 600cubtc feetofgas
currently come from the Russian Arctic. As dis- . 8arrel petroleum 5660 cubicfeet of g;M
cussed later (sce pages 32-33), considerable resources . equivalent . 160cubic metersofgas
remain to be exploited in the Arctic, both in arcas g " _ '.' B . R

where activity is currently raking place, and perhaps
in new arcas such as Greenland, leeland, and the
Faroe Islands. Oil and gas activities will remain part

of the Arctic for many decades to come.
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Natural seeps are the major source of
petroleum hydrocarbon contamina-
tion in the arctic environment

Petroleum hydrocarbons found in the environment
have a number of sources. They are transported from
these sources by air and water. To assess the rela-

tive magnitude of various sources and the fates of
petroleum hydrocarbons in the arctic environment,
a petroleum hydrocarbon budget was created (sec
Figure). This budget compiles what is known from
the best available information about sources, move-
ments, and eventual fate of petroleum hydrocarbons

in the arctic environment. Completion of the budget

required filling in several data gaps with expert opin-
ion and informed conjecture.

Eighty to ninety percent of petroleum hydrocar-
bons entering the arctic environment at present are
thought to come from natural seeps. For example, oil
seeps are found along the Mackenzie River, Northwest
Territories, Canada, in the intertidal zone along the
Alaska coast, and undersea in Scott Inler and Bu-
chan Gulif in the castern Canadian Arctic. Methane
is released from submarine “mud volcanoes” in the
southern Beaufort Sea. Oil spills are the largest hu-
man source, followed by industrial activity exdluding
ail and gas activitics in the region, and then the use
of petroleum products such as fucl and lubricating
oils, some of which escape as exhaust or from leaks.
Excluding ail spills, oil and gas activities themselves are
a relatively minor contributor of petroleum hydro-
carbons. Long-range transport of petroleum hydro-
carbons from industrial areas to the south is another
input, although relatively minor and dispersed.

Even i human inputs are a small proportion of
the total, they can create substantial local pollution.
Some arcas with high human activity, such as harbors,
have sediment levels of petroleum hydrocarbons and
other substances that are several times higher than in
sediments from more remote areas. A lack of detailed
information about oilfield pollution in many arcas,
particularly from northern Russia, prevents a more
thorough assessment of its extent and significance.
Transport and spills from general use of refined petro-
leum products also account for a significant part of the
petroleum hydrocarbon pollution. Even on Alaska's
North Slope, only half of reported oil spills between
1995 and 2002 were from the petroleum industry
itself. Many non-industry spills are not reported.

Today, many industrial sources have been gready
reduced or climinated. For example, from the 1970s
until their discharge was banned in the 1990s, oil-
based drilling muds were the main pollutant from
offshore drilling,
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The p etmI eum hydrocarbon bu dg et Of th e Arctl C . "Natural seeps to the marine environment are based on rough

estimates for the globe and for northem Afaska. There are few if
_The petroleum hydrocar bon budget of the Arctic developed for this - " anydirect measurements of marine seepage rates anywhere,
assessment is the first of its kind. It attempts to quantrfy amounts of ’ _ )
petroleum hydrocarbon compounds assoc\ated wrth different sources » Natural seeps on land have been estimated at approximately-
and their movement between dtfferent envrronmental compart- - -3:-. +  the same as marine seeps.
~ ments. Not all the data needed for the. budget are avallable. and 50 . :
several assumptrons have been made The result is that the budget -

should be treated. as qualrtatlve rather than quantrtatrve The budget

. With little evidence for natural seeps In Russlan rivers, the
compounds measured there were considered to be either from
sources other than petroleum, or associated with spills in the

-also covers the entire Arctrc The pmpomons of each souirce or move- y’vatersh eds and thus placed in the “spil s‘categor’y.

ment are Irkely to vary considerably from one Iocal areato another i

. Some of the quantities used for spllls are based on using an

: . average spill loss rate for vanous of transportation Sh!
chemrcals that make up crude oil are not measured in the enviton— : 9e 5P types PO { p,

ment Many of these chemrcals also have sources other than petro—
_ ._'leum The budget uses selected ‘alkanes and PAHs, which togaher
~ make up about ten percent of crude oil: The ratros of partrcular E

rail, prpelme. and other means)

s

Although this approach results In large uncertainties with respect

to some of the inputs, the budget nonetheless provides insight into

:compounds inthese groups can help identify whether their presence relative magnrtudes of the main sources of petroleum hydrocarbons

. isasignal of petro!eum or another soun:e They are also persistent to the Arctic over the past decade or so. pmjedlons of peak activity
and ubiquitoiss. inally, datasets for these compounds are among the  two to three decades in the future show that i mcreasmg oil and gas

-'most comprehensive f°' petroteum hydrocarbons in the A'tt’c activity may result in that sector providing inputs greater than half of .

th_ose from natural sources, Further work on the budget, especially

B Many assumpnons have been made to ﬁII gaps m the available data
These assumptions are best estlmates, but they are strll estimates. and - ‘with new and better data, will create a more accurate picture of the

" “not measures The ma}or onesareé: .. . & . sourcesand fate of petroleum hydrocarbons in the Arctic.
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Petroleum hydrocarbon
concentrations are generally low

Hydrocarbans are naturally occurring compounds,
and are found throughout the world. The Arctic is
no exception. Away from areas of human activiry,
petrolcum hydrocarbon levels are generally low on
land, in rivers, and in the occan, confirming the
results reported by AMAP in 1997/98. The levels of
PAHs in the air in the Canadian Arctic, for example,
are a thousand times lower than levels in British
citics, and ten to a hundred rimes lower than in rural
Britain. Recent studies of sediments in the Barents
Sea confirm results from the 1990s showing low
levels of petroleum hydrocarbons, although two- and
three-ring PAHs have increased in some areas.

Some areas, however, show greater concentra-
tions. Svalbard, for example, has coal-rich geologi-
cal structures that weather and crode, releasing
hydrocarbons into the surrounding waters. Water in
the Mackenzie River has ten times the PAH levels
of smaller rivers nearby, duc to the presence of oil

seeps in the Mackenzie River basin. The levels in

Siberian rivers are believed to be similar to those in
smaller rivers in Canada.

There is less information about petroleum hy-
drocarbons on land and in freshwater systems. Low
levels of PAHs have been found in fish and sediments
in isolated lakes in Svalbard, Greenland, and Canada,
presumably as a result of atmospheric transport from
distant or nearby sources. Only in Russia has long-
term monitoring been conducted on land and in
freshwater systems. In other regions, relatively licdle
work has been done. Many living organisms tend o
metabolize hydrocarbons quickly. Measurements in
vertebrates thus tend 1o reflect very recent exposures
rather than cumulative exposure over their lifespan.

The significance of exposure to various concentra-
tions of petroleum hydrocarbons depends on the
levels at which biological and health effects can be
expected in the species inhabiting an area. For most
of the Arctic, petroleum hydrocarbon levels are below
known thresholds for cffects. In areas of local con-
tamination such as harbors or high background levels
such as the Mackenzie River, however, concentrations

are high enough to expect effects. In the Aretic, low
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temperatures usually mean thar hydrocarbons will
persist longer in che environment, thus having more
time to be taken up by plants and animals.

In general, arctic plants and animals may be
expected to have similar sensitivity to petroleum
hydrocarbon exposure as that of plants and animals
elsewhere in the world. Arcric condirions, however,
may have implications for toxicological effects that
are not yet understood. Spills in permafrost may per-
sist for a long time, killing plants via their roots. In
these conditions, the most toxic compounds may not
degrade or evaporare, but remain to cause damage.
Lirtle is known about how petroleum hydrocarbon
toxicity might be affected by ecological, physiologi-
cal and behavioral traits thar are unique to arctic
species and allow them to survive under extreme
climatic conditions. Thus, more research is required
to determine if arctic animals arc likely ro be more or
less sensitive to petroleum hydrocarbons. Further-
morc, litcle research has been done with cold-adapted
animals to examine the effects of temperature on tox-
icity. This information is necessary to determine the
risk posed by the levels of petroleum hydrocarbons
currently detected in various arcas of the Arcric.
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On land, physical disturbance is the
largest effect

The largest effect of oil and gas activities on land

in the Arctic has been physical disturbance. The
physical footprint of oil and gas activities includes
land covered by gravel pads, roads, and airstrips.

In Alaska, Canada, and Russia, pipelines extend

for thousands of kilometers. Roads and off-road
vehicle tracks may impede water flow or cause
permafrost to thaw. Debris and other marerial left
on the land can affect migrating reindeer and attract
foxes, bears, and wolverines. Construction typically
includes the use of large quantities of gravel, often
extracted from deposits or riverbeds. All of these
activities may leave scars on the tundra that can per-
sist for decades and disturb freshwater habitats.

Infrastructure can also influence a larger area
than just the physical footprint, Dust from roads
can affect vegetation a few hundred meters down-
wind. Animals such as caribou and reindeer have
been shown to avoid or change behavior around
pipelines and roads, with associated vehicle traffic,
an effect that may extend for several kilometers.
These disturbances, especially in places where
industry activity is intensive such as around pro-
duction facilities, can affect reindeer herders and
hunters in particular by forcing animals away from
their usual migration paths or preferred feeding
and calving arcas.

An cven more widespread impact is habitat
fragmentation. Networks of roads, rail lines, pipe-
lines, settlements, and human presence can inhibic
the animal movemens, particularly for migratory
species, such as caribou and reindeer, and other
wide-ranging species, such as wolves and bears. The
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configuration of infrastructure influences the severity
of the impacts from fragmenation. Long, lincar
structures such as roads or pipelines have parricularly
extensive effects. Some measures, such as elevating
or burying pipelines, allow animals to pass and thus
reduce impacts. Continuous vehicle traffic, on the
other hand, increases the impact of a road. Even the
use of ice roads instead of permanent roads can result
in increased aircraft traffic and associated impacts
from noise in summer when ice roads have melted.
Extensive infrastructure can also reduce the acsthetic
values that people place on undisturbed wilderness.
In assessing the significance of physical distur-
bance, major improvements in industry practices
in recent decades need to be recognized. Newer
approaches, including aveiding summer exploration
on land, the use of seasonal ice roads rather than per-
manent gravel roads, and the use of extended-reach
drilling to reduce the size and number of drilling
pads, result in fewer physical impacts. This will be
especially noticeable in arcas where oil and gas activi-
tics occur for the first time. In areas where activities
have long taken place, evidence of disturbance often
comes from old sites where practices were designed
on the basis of limited understanding of che arctic
environment and the capabilities of now-outdated




technology. Such disturbance can nonetheless con-
tinue to causc problems.

Recent improvements cannot change the fact
that large areas of tundra have been affected by past
oil and gas activity, particularly in Russia. Tundra
vegetation and the underlying permafrost are highly
sensitive to disturbance. A vehicle track can remain
visible for decades. Removal of plant cover and the
organic soil layer can lead to thawing of permafrost,
turning land into a swamp or pond. Such impacrs
can be scen in and around many major oil instal-
lations, such as older exploration sites on Alaska’s
North Slope or older facilities in northern Russia.
Their effects are likely to persist for a long time. At-
tempts at revegeration of disturbed arcas in Alaska,
Canada, and Russia have generally met with varied
success, depending on the vegetation type and se-
verity of damage. Some areas have been revegetated
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successfully, whereas in others the new vegeration
dies when watering and fertilizarion are stopped.
Another concern for land areas is the risk of oil
spills. Pipelines leak, accidents happen, and the
results may include both chronic and acute pollu-
tion. A number of oil spill experiments in Canada,
Greenland, and Alaska have shown thart plants are
directly impacted by spilled oil. Many plants die
immediately upon contact. Some long-term experi-

ments have shown thart the oil can continue to affect

plants directly if it moves into the root zone. Studics
have shown that the most toxic components in the
spilled oil can remain in soils for decades, and do not
degrade unless exposed to the atmosphere. In cold
conditions, spills take a long time to degrade. To
date, however, most spills on land appear o have had
relatively modest environmental impacts, particularly
at any distance from the spill site (see Box).

The 1994 Komr Republrc 0|I splll

. |n 1994,a 52-k|lometer section of pipefine in the Komi Repubhc. Rus-
_ sia, ruptured i in23 pl_aces. A dam built to contain the sprlled ditfailed, -
releasing probably more than 100,000 tonnes or_ oll. The oil contami- -
nated 116 hectares, and an additional 164 hectares were damaged. )
during the response effort. Nearly three square kilometers of land -
B '_and many kilometers of the Kolva and Usa river waterways were
' ._ contaminated from this single event, Extraction of sand and gravel to
" rmake roads and dams dunng the sprll response stripped vegetatron
from the surface, leaving only barren subsoils. Similarly, sites whene
heavyequrpment or ﬁre was used to contain or remove oil were
' heavlly affected. ln the.end .much of the oul was recovered or burned

Along streams where oil was present for only a short time, | plants

' were already growing again in, the spring'of 1995. Areas that were
covered in oil for longer penods took fonger to recover. By 2003 :
14 hectares were still damaged Where oil had been cleaned up

HENRY HUNTINGTON

- in 1995, petroleum hydrocarbon levelsin the soil were moderate
':'and vegetauon was growmg In places where oil had not been.
-removed no plants were growmg, even though the ml had largely
drsappeared The ecology of the Kolva River changed as well. For.
'-example, the abundance of European grayling decreased by 90%
:_between 1995 and 1998 though had increased slrghtly by 2000. '

i The overall effects on the ecosystem nemam poorly understood

'f_'_ The 1994 plpelme rupture was not an |solated mcndent As wrth

E many plpelmes burlt dunng the period pnor 'to the break—up of th_ ]
* former Soviet Umon leaks wee common-and i mamtenance was '_"
N mlnlmal A 1999 study of prpelmes inthe regron found that chronic _
) leaks had severely contamlnated 745 hectares with over. l30 000 &
tonnes of orl More recently, Russia has undertaken major overhaul

Y HUNTINGTON

" ofi rts ptpehne system, replaclng and’ repamng many of the older - _
- pipe wlth modem systems. . T (,.t.nnmq sy o afrer the Komi spibi.
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In marine environments, oil spills are
the largest threat

At sca, large oil spills are generally considered to be
the largest environmental threat, though smatler, dif-
fuse releases of oil can also have substantial impacts.
In contrast to spills on land, large marine spills are
difficult to contain and may spread over hundreds if
not thousands of kilometers. Nearshore facilities and
tanker routes near land pose a greater risk of coastal
damage than offshore facilitics from which spills may
disperse more widely in the ocean. Large spills are
fortunately rare events, but their impacts can be last-
ing and substantial.

To date, there have been no large oil spills in the
arctic marine environment from oil and gas acdvities.
Large spills in southern Alaska (Fxvon Vitldez) and
the North Sea in Europe give some indication of the

likely impacts should such a spill occur. A smaller

spill in the Gulf of St. Lawrence, Canada, in 1969
as ice was breaking up affected thousands of young
harp scals as they migrated from their whelping sites
on the ice. Based on these and other experiences, the
potential impacts of an arctic spill are likely to be
severe for arctic specics and ecosystems. In the Arctic,
seasonal aggregations of animals, such as marine
mammals in open water areas in sea ice, seabirds at
breeding colonics or feeding sites, or fish at spawning
time, may be particularly vulnerable, regardless of
the size of the spill. This risk inclades smaller, diffuse
spills that might occur from increased shipping in the
Arctic. Oil can be picked up on the breast feathers
of adule birds and transported to the nest and cover
the eggs, the most sensitive stage to oil roxicity, and
fledgling birds in the nest.

One of the greatest effects on birds and other
animals comes from physical coating by oil. This can
interfere with many physiological processes. Stressed
animals can also be more susceptible to toxic effects
of petroleum hydrocarbon exposure. For seabirds
and fur-bearing animals such as sea otters, oil reduces
the insulating qualities of feathers and fur. Particu-
larly in cold environments. these animals can suffer
hypothermia and die, as happened to nearly 1000
sea otters and more than 100,000 seabirds following
the Focon Valdez oil spill in Alaska in 1989. Animals
can also ingest oil while preening their feathers or
licking their fur, leading to death or other biological
effects in both the short- and the long-term. While
fish metabolize hydrocarbons quickly, they may
retain cnough ro affect their quality as food. Tainting
of fish products has been reported in several spills in
subarctic scas and even in the Cameron River in the
Canadian Arctic. Such tainting has led 1o the clos-
ing of fisheries, decline in consumption of fish, and
reduced sales of fish.

In the aftermath of an oil spill, chronic seepage
from residual oil can keep petroleum hydrocarbon
levels clevated in bottom-dwelling invertebrates,
some of which are prey for seabirds and other ani-
mals. Recent studies from the subarctic suggest that
this lingering effect is the reason that five of the nine
scabird specics injured by the Exwn Valdez spill have
not yet recovered. Black oystercatchers and harle-
quin ducks continue to show signs of exposure to oil
nearly two decades after the spill.

Whales and most seals, which rely on blubber
rather than fur for insulation, are generally less
vulnerable to oiling. However, scals that form large
groups during pupping may be more vulnerable, as

are the pups themselves. Oil may affect the eyes and




breathing in the vapors of a spill may be harmful.

Balcen whales could be especially vulnerable if their
baleen plates, used to trap prey, become fouled with
oil. although this effect has not been found ro date.

Some northern fish species, such as polar cod, arc-
tic cod, saffron cod, and navaga, spawn under sea ice
in winter. Their eggs incubate there and hatch when
the ice begins 10 melt in spring, a time when plank-
ton blooms occur and the larvae will have food to
cat. An oil spill in such spawning arcas could severely
reduce that year's recruitment to the population.

In addition to spills, oil and gas activities have
other impacts in the marine environment. Physical
disturbance includes the construction of gravel is-
lands and causeways, many of which have been buitt
on the northern coast of Alaska. They can impede
fish migrations and nearshore water flow. Plumnes
of mud, trenches and holes, and piles of excavated
material can disturb bottom-dwelling animals. The
use of icebreakers can affect ice habitats and create

considerable noise.

Fish and marine mammals avoid sources of un-
dersea noise such as seismic exploration or offshore
drilling. However. no long-lasting effects on fish
stocks or marine ecosystems have been found. Most
animals seem to revert to normal behavior when
the noise ceases. The effects of noise can extend tens
of kilometers from the source. In the Beaufort Sea
off Alaska, bowhead whales have been observed to
change swimming direction in response to noise
sources up to 30 kilometers away. In fact, sound
has been suggested as a means of diverting bowhead
whales from oil spills. Whale hunters in northern
Alaska report having to travel farther offshore to
find whales, which they attribute to the whales’ dis-
placement from nearshore arcas by industrial noise.
Animals that cannor move away from the noise may
be harmed by noisc. Limitations on noise-produc-
ing activitiecs when species are concentrared or
unable to move far can help reduce impacts.
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Impacts on people, communities,
and governments can be both
positive and negative

In the regions where they occur, oil and gas activi-
tics are major contriburors to regional and national
economies. As such, they are also drivers of social and
economic change. Industrial activity creates employ-
ment opportunities and can also stimulate local
businesses. Public revenues from taxes and royalties
can be used to pay for improved public services,
including schools and health care. At the same time,
the magnitude and pace of development can mean
more moncy to handle and the absence of one or
more adults from the household during work peri-
ods. The arrival of large numbers of new workers can
cause social and cultural disruption in small, remore
communitics. Impacts to the environment can be
disruptive, too, if they affect traditional practices. An
essential part of reducing negative impacts and cap-
turing benefits is effective governance, which entails
clear decision-making, public involvement, and an
effective regulatory regime.

The lifecycle of oil and gas operations typically
means thar a great deal of activity occuss in early
stages, particularly during construction. Employ-
ment opportunitics come quickly but for many
positions may not last long. There is relatively little
time to train local residents, so that many workers
are brought in from elsewhere, either to live or to
commute for rotational jobs. In the production stage,
jobs are more stable bur there are fewer of them. The
potential for disruption is thus higher at che begin-
ning, precisely when local communities are learning
1o adapr to industry presence. Furthermore, the need
for adaptive activities such as training often occurs

prior to the How of revenues that might finance

Employment {in thousands)
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lite fields, opportunities may last longer and allow
local residents to adapt berter.

Public revenues, on the other hand, tend to be
more evenly distributed throughout the life cycle. For
regions that can plan accordingly, oil and gas activi-
ties can form che basis for major improvements in
public services and standards of living. Norway's oil
and gas policy, for example, is to develop its reserves
to provide lasting benefit to the nation as a whole.
The creation of public and private trust funds, put
in practice in several regions and countries, is one
means of capturing revenucs for long-term use.

The involvement of arctic peoples in oil and gas
activities is one way of harnessing the potential for
benefir while also providing ways to anticipate and
thereby reduce negative impacts. In Alaska and
Canada, indigenous-owned businesses have become
involved, particularly through oilfield services and
related enterprises. The desire to develop petroleum
reserves has also led to the sertdement of indigenous
land claims in Alaska and Canada. The public
regulatory process also allows indigenous and other
concerns to be heard during the decision-making
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process. In Russia by contrast, resources have been
extracted without regard for land claims and with
modest opportunity for local involvement (see Box).

Despite considerable progress in local involve-
ment in some parts of the Arctic, oil and gas activities
remain capable of creating dislocation and challenges
from the rapid changes to people and communities
from development. Handling the rapid and often
temporary transition to a highly technical working
environment was a challenge for many individuals
in the Mackenzie Delta following the renewal of
exploration activities there in 2000. . Such family
and money-management challenges eypically occur at
transition times, when activity levels go up or down
sharply, and not just during boom periods.

Residents of regions with oil and gas portential have
typically shown interest in developing those resources,
along with caution about impacts and concern for eq-
uitable sharing in economic benefits. With the benefic
of experience elsewhere, Greenland is planning care-
fully to develop service sector capacity and to develop
resources at a pace that allows local involvement to re-

main high. Canada’s Mackenzie Delta region benefited

from Alaska’s North Slope experience to the west.
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Industry—indigenous_-relatio_ns in Russia

n the Union of Soviet Socialist -ﬁebublics, .cent:r'ai p'lanning dit':;..:. i
tated where oil and gas activities took place and what measures

would be taken to reduce conﬂlcts wrth rerndeer herders and

. others in the regions in questlon In Russra since 1991, however, _

industry and indigenous- peoples have developed a number
of mformal and formal arrangements_._ Despite some federal

fegislation intended to recognize and protect indigenous r_ibhts,'i .

. only the regional go’vernrnent's have 'been involved in the'ar- -

rangements rmade'so far. lmplementmg natlonat standards and-
: practices could help ensure that effective rmeasures are’ apphed )

' everywhere Two examples show the. potentral and also the
challenge for effectlve accommodatlon of both mdustry and

"_._.mdlgenousmterests T

 In the village of Sabetta, in the Yamal-Nenets Autonomous

:Okrug (YNAO), herders rent a'slaughterhouse from the oil corn;
. _pany, which i inturn biuys.1 the. meat products. Personal relatlon- o

shrps between herders and orl company. personnel area key

~.part of this arrangement When it comes to'land use, however

) 'herders fear that oil-and ¢ gas activities and, mfrastructure wnll
L harm the herds. In the. nerghbormg Nenets Autonomous '

’*'each herder |s the offi cral user of a specuflc plot of land, the i
: herders decnded toactas’ 3 group in negotratlons wrth the orl o

'and gas. company in-their area.

The YNAO; as elsewhere in Russia, has seen growing indig-

* enous empowerment in recent years. The organization Yamal .

‘Potomkamt '("Yam'al for our descendants!”) was founded in

1989. Before land is transferred for.oil and gas extraction, this

" organization must be consulted. it has also helped push for
-recognition of herders’ communities and their traditional use

areas. The YNAO has passed a number of laws protecting indig-
ehous economies, including provisions for self-government as
weli as reindeer herding. -

< the YNAD crest includes polar bears, 0il, and reindeer.
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Human health can suffer from
pollution and social disruption, but
revenues can improve health care
and overall well-being

Another area of concern for people is human health.
Petroleum hydrocarbons can be toxic and can lead to
a number of reversible health problems, depending
on concentrations. Oil and refined petroleum prod-
ucts can affece skin through contact and lungs from
inhalation of vapors. Chemicals such as benzene and
other volatile petroleum hydrocarbons can affect

the nervous system. Long-term exposure to some
petroleum hydrocarbons at moderate concentra-
tions can cause cancer and death. Flaring or release
of well gases can spread petroleum hydrocarbons
and sulfur compounds, which are a threat if inhaled
at high enough concentrations or over long enough
periods. Exposure at levels high enough to cause
adverse health effects, however, is rarc outside of
occupational exposure or accidental releases such as
oil spills. There is as yet no reliable evidence for wide-
spread human health impairment from exposure to
petroleum hydrocarbon pollutants as a result of arctic
oil and gas operations. This is consistent with the
relarively low concentrations of petroleum hydrocar-
bons found in most areas of the Arctic.

It is nonetheless important to remember that
studying human population effects is difficult. Expo-
sure is often hard to measure and may change signifi-
cantly over time depending on the nature of the oil
or gas release, the weather conditions, and whether
the release is on land or water. Routes of exposure
{by cating, breathing, or touching the chemicals) and
the specific chemicals involved affect refative toxiciry:
Susceptibility may be different within the population
due to genetic factors, gender, and age. Few base-
line data exist for many arctic populations, making
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subtle changes difficult to detect. The relarively small
human population in the Arctic, and the diversicy of
the peoples of the region, make it difficult to conduct
epidemiological studies to identify small etfects and
connect those effects to specific causes.

Demonstrating a connection between petroleum
hydrocarbons and human health in the Arctic is thus
complex at best, requiring carctul study. In addition
to the challenges noted in the previous paragraph,
many factors contribute to overall health. Social
well-being, adequacy of healch care, sanitation, and
diet are among the many factors influencing health.
On one hand, oil and gas activitics can lead to social
disruption and pollution exposure. Lifestyles and
diers can change, likely leading to increases in obesity
and diabetes. On the other hand, health care and
sanitation can improve if public revenues are invested
in facilities, training, and public awarencss. Economic
well-being can enhance personal satisfaction and edu-
cational opportunity, which can lead to better overall
health. The net effects of oil and gas activiy—envi-
ronmental and social disruption versus economic and
social benefit—require carcful evaluation in each case.

One effect that has been demonstrated clearly,
however, is that of psychological damage following
an oil spill. Following the 1989 Exvon Valdez oil
spill. some residents of the spill region suffered from
post-traumatic stress disorder as well as generalized
anxiery disorder. Such stress and illness can also lead
1o sociological effects when family and community
networks are overburdened ar disrupted. Both were
consequences not only of petroleum hydrocarbon
exposure, but also of disruption to lives and culeural
traditions centering on their relationship with the
natural environment of the area. For example, con-
sumption of traditional foods decreased sharply due
to fears of tainting by oil. Similar findings have been
reported in other subarcric areas where spills have
occurred and people have been exposed or had their
livelihood threatened.




Responding to major oil spills
remains a challenge in remote,
icy environments

The counterpart to preventing or reducing impacts

is preparedncss for a major oil spill. Responding to a
spill in the Arctic is particularly challenging. Many oil
and gas activities are in locations far from population
centers. In winter especially, reaching a spill site and
taking action may be difficult, when weather may be
severe and daylight is limited. On the other hand, small
winter spills on the surface of land or ice can often

be contained more casily and cleaned up before most
biological activity begins in spring. Oil spills under
ice or in ice-covered waters are the most challenging,
simply because they cannor be contained or recovered
effectively with current technology. New techniques
such as the use of ice rather than booms o conrain
spills and concentrate oil for recovery by skimmers,
however, have shown some promise. Dispersants and
in-situ burning may also be used, although both have
drawbacks that may be made worse in arctic condi-
tions. Most response techniques require prompt action,
which may not be possible in remote areas without
prior staging of equipment and personnel.

A few arctic examples demonstrate some of the dif-
ficulties. In the 1994 Komi Republic pipeline rupture
(sce page 23), the initial response was to build contain-
ment dams around the rupture site. This worked until
the dams broke in spring,. releasing oil over a much
larger area. Subsequent containment efforts prevented
oil from reaching the Pechora River, but oil had already
spread in waterways and over land. Spring flooding
carried the oil farther still.

In 1980. the gas and gas-condensate well Kumzha-9
in the Pechora Delta suffered 2 blowout thar lasted six-
and-a-half years. Every day during that period, some
2 million cubic meters of gas and hundreds of tonnes
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of condensate spewed out of the well. In May 1981,
the aurhorities detonared an underground nudlear
explosion to try to stop the flow of gas and condensate.
This approach failed, in part because the well for the
nudlear device was drilled in the wrong direction. The
explosion left a crater that is separated from the river by
a dam. Erosion of the dam could release oil and other
contaminants collected in the crater. Other attempts 1o
stop the blowourt finally succeeded in 1987.

In March 2006, internal corrosion made a hole in
a pipeline on Alaska's North Slope. Alchough the spill
was much smaller in scale than the previous ewo ex-
amples, some 800 cubic meters of oil were spilled onto
snow-covered tundra. The corrosion was not detected
because routine inspections thar could have revealed
the thinning walls had not been carried out. Dertection
of and response to the leak were slowed by winter con-
ditions, as the company placed highest priority on the
safery of its workers. One consequence of the problem
was reduced oil production from the North Slope dur-
ing containment and repairs. This reduction cost the
State of Alaska millions of dollars a day in lost revenue.

4 Experimental
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Technology and requlations can help
reduce negative impacts

Early arctic oil and gas exploration and development
used equipment and techniques that had been de-
veloped for use in temperate arcas. At that time, well
drilling technology was limired ro vertical holes and
therefore required many more wells sites 1o produce
an oil or gas field. Because the wells had to be drilled
directly above the target geological formations, drill-
ing sites were sometimes located in critical habitats
or dangerous terrain. Construction techniques at
that time also caused major physical and biologi-
cal impacts to tundra and permafrost, which made
operations less efficient as well as more damaging.
Over the past several decades, lessons from
experience, public pressure, regulatory requirements,
and economic concemns have combined to spur the
development of new technology to meet arcric condi-
tions and reduce impacts. Three-dimensional seismic
surveys provide beter information about sub-surface
formations, meaning fewer exploratory and develop-
ment wells need to be drilled. Production wells can
be drilled in several directions from a single plarfform
or pad, reaching as far as 20 kilometers away, reduc-
ing the number of production facilities required (see
Figure on page 6). Sub-sea facilities (sec Figure this
page) can reduce surface presence and risk of infra-
structure damage. Ice roads allow access in winter
without lasting damage to vegetation or permatrost.
Bans on the discharge of oil-based drilling muds,
becter containment of well-head releases, and similar
regulatory controls have also helped reduce pollution.
Regulations and the use of best available technol-
ogy, however, are not consistent across the Arcric.
International agreements, action by national and lo-

cal governments, sharcholder concerns, and pressure
from within the oil industry have added to the push
for better performance in the Arctic as elsewhere.
Accepted industry standards for reporting, safety, and
environmental protection are increasingly applied
throughour the world in respanse to the require-
ments of finandial and other institutions.

Regulatory systems are also evolving. Russia has
constructed a new, modern system over the last 15
years. Greenland, the Faroe Islands and Iceland
are developing regulatory systems as their activities
evolve. Norway’s regulatory system underwent major
changes in the 1980s to a predominantly perfor-
mance-based system that focuses on outcomes. The
United States and Canada are incorporaring more
outcome-based rules in their systems.

Compared with many other oil-producing regions
of the world, the arctic nations are politically stable.
Transparent regulatory systems provide additional
consistency, reducing uncertainty for industry. In
turn, this can make large, long-term investments in
exploration and infrastructure comparatively more
attractive in much of the Arctic, despite its remote-
ness and harsh weather.

Transparent regulatory systems can also mean a
greater degree of public information and oversight.
The major oil companies operating in the Arctic are
large and publicly traded. They are expected to meet
standard accounting requirements and to provide
information to regulators and sharcholders. This can
also mean greater public awareness of problems, for
example the pipeline leaks from corrosion in Russias
Komi Republic in 1994 and on Alaska’s North Slope
in the summer of 2006. Such problems occur despite
complex and comprchensive regulatory systems and
considerable public scrutiny.
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Oil and Gas Activities in the Future

Oil and gas activity in the Arctic
is expected to increase in the next
“decade. Projections farther into the
future become increasingly specula-
tive. Many factors will influence what
actually happens, and the past is only
an imperfect guide to what we can |
anticipate. Nonetheless, our under-
standing of the patterns, trends, and
consequences of past activity shed
- some light on what we are likely to
see in thé coming decades. If sea ice
continues to 'dimii):ish, access 1o arctic
regions may become easier and less
- costly, perhaps increasing the attrac-
 tiveness of the region for develop-
ménﬁ. Thaw_ing of pér_mafrost, on the
other hand, may complicate develop-
ment on land. Technological advances
are also likely to continue to change
+.the way oil and gas activities are
'___COI_ld_l__lCth... This section outlines the
. projected levels and areas of activity,
“ the risks entailed; and the potential
':'Fo_r-_planning to.reduce those risks and’

“** artendant impacts.
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More il and gas activity is expected

More than five percent of the world’s known oil
reserves and over 20 percent of its known gas

reserves are in the Arctic, the vast majority of both

in arctic Russia. There are estimates that as much

Total OGIP = 34200 mitlion m3
215000 million barrels)

Total cumulative production = 13400 million m3
(84300 miltion barrels)
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as a quarter of the world'’s undiscovered oil and gas
lies in the Arctic. With rising global demand, oil
and gas activity in the region is expected to increase.
Indeed, plans for new pipelines and for evaluation
and development in new areas are underway.

In Russia, oit and gas production activities will
grow in Timan-Pechora and West Siberia provinces
and in the Kara and Barents seas. This develop-
ment is likely to include construction of major oil
pipelines from the West Siberian Basin and Timan-
Pechora to a western arctic port, a Far East pipeline
for arctic oil transport to the Pacific Rim, and
several new marine terminals and subsequent arctic
tanker traffic to markers.

In Canada, the construction of the Mackenzie
Valley gas pipeline would be a major stimulus to fur-
ther development and production in the Mackenzie
Delra and the Beaufort Sea. In Alaska, a gas pipcline
from the North Slope to southern markets is also

Arctic Canada {CP = 2% of OGIP)
Arctnc Norway (CP = 3% of OGIP)
Alaska (CP =0}

Total OGIP = 55600 billion m*
(1963000 buffion cu.f)

Total cumulative procuction = 12250 biflion m?
(432400 biltion cu f)
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anticipated, allowing production from large known try. The depletion of existing reserves worldwide
reserves. Ol activity is expected to expand offshore may also lead to grearer interest in unconventional
and also to the west onshore. resources such as heavy oil, coalbed methane, and
Farther into the future. discoveries of new reserves potentially vast methane hydrate deposits both on-
will likely lead to further development and produc- and offshore. The construction of new infrastructure
tion. Offshore areas in Greenland, Iceland, and the for development and particularly transportation will
Faroe [slands, Arctic Russia, and Arctic Alaska are of likely extend into areas currently without such hu-
particular interest to both government and indus- man presence.
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" Together, these factors and their even more complex ir_iteractions
make it difficult to project future activity levels with confidence.
Many factors ult|mately COH“O' whetherand when oil and gas devel— " They also make it difﬁ'"cult'for gevernments and other develop-
opment activities will take place in the Arctsc.They includeinterna- . ment proponents to determine what incentives are appmpnate to '
nonal polmcal factors such as energy demand mcludmg demand *. encourage oil and gas activity in 3 pamcular region,
fnom emergmg econanles, and energy secunty for developed coun-

=~ tries; Other basic factors include the resource potentual of various
" areas, the geolog:c natire of the' deposut, Iong-term trends in oil and *
: gas pdces, the regulatory envnronment. and infrastructure capacny

than those ‘of temperate regnons Workmg condmons are harsh and
challenglng lnfrastructure is often hmnted\or no —ex»stent pnor to "
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i The Barents Sea

Q‘

Ncw oil and gas actMty is mcreasrng ln the Barents
‘Sea Offshore dnllmg and productron as well as -

: “tanker traffic are expected 16 rise. Whiile normal -
‘operations may pose lrttle additional threat, the

% “consequerices of an oil spill could be'seveie. -,

-i’f'ffThe Beri ng Sea

~The Benng Sea is a very pmductrve ecosystem pamcularly the contl—
. nental slope and northern shelf regrons where nutnent-nch waters fiow
upwards from the depths Commercral ﬁshenes are, hrghly valuable. and *

\ The Barents Sea is moderately productlve, butbe-

__inglarge, it supports large fish populations. Walrus. "nm

bowheads and other large whales were senously _
depleted by this previous huntrng,and have been

“ slow to recover. Desplte t.hrs the regron contmues to

: / support abundant marme hfe and acnve ftsheries. i

Seasonal patterns determine
vulnerability in arctic ecosystems

Arctic habitats are characterized by extreme seasonal
change, which drives extensive animal migrations on
land and at sea. The seasonal patterns of movement to,
from, and within the Arctic determine to a large extent
the vulnerability of arctic ecosystems. These parterns
must be taken into account in reducing or avoiding
environmental impacts from oil and gas activitics.
Seabirds of many specics arrive in the hundreds of
thousands or millions to northern breeding colonies in
spring,. These colonies are located where there is access
to abundant food in the form of zooplankron and
small fish like sandlance, capelin, and polar cod. After
breeding, some scabirds and scaducks like eiders ag-
gregate for molting, a time when they are Sightless. In
autumn, scabirds move south to winter in arcas where
there is access to food. When hey are concentrated at
their breeding colonies, moulting and wintering areas,
seabirds are particularly vulnerable to oil spills.
Shorebirds and waterfow] rypically breed scartered
over the vast arctic tundra and wetland habitars
where they feed on the seasonal burst of insccts,
other invertebrates, and aquatic and terrestrial vegeta-
tion. Dispersed breeding means thar they generally
have low vulnerability to oil and gas activities. After
breeding, however, many species of shorebirds,

ducks, and geese move to coastal habitats where they
feed and stage while preparing for the southbound
migration. At this stage they may be very vulnerable
both to oil spills and to disturbances.

Bowhead, beluga, narwhal, walrus, and several spe-
cies of seals spend the winter in the southern arcas of
pack ice. In spring, they migrare northwards as the ice
retreats. Prior o or during these migrations, these mam-
mals give birth to their young, When they are confined
in ice during wintering and migrations, dependent on
the openings for breathing, these marine mammals
could be vulnerable to ol spills and disturbances.

Harp and hooded seals in the Adantic sector and
ribbon and spotted seals in the Pacific aggregate on
sea ice in late winter to give birth to their pups. A
comumon feature of the location of these areas is that
they are in southern extensions of winter ice, generally
outside the reach of polar bears that would not be able
to get back o the polar pack when the ice disintegrares
in spring. After pupping, the scals aggregate for a
second time sometime later in spring or early sumumer,
when they spend much time hauled out on the ice
during their annual moult. The young pups have fur
to keep them warm when they are on the ice, when
they are particularly sensitive to oiling. The concen-
trated whelping and moulting areas for these seals are
vulnerable to oil spills and disturbances.

On land, reindeer or caribou perform migra-

“| Top predators

o

Seabirds
e Diving ducks
,’ ~

4:.'&-/‘\. — »fw ?& -
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Walrus,
Bearded seal

Benthic
mvertebrates
Bk

brrds and rammals from the Beaufort, Chukchr and East Srbenan Seas”
spend the winter in polynyas and the margrnal ice zone '

Orl and gas; activities may s00n occur in the Bering Sea Drsturbance

. to manne mammals and seabrrds is possible, and the consequences
“of ari ol spill could pose senous risk to many commercial fisheries.

.ﬁ.: \waditronal huntmg and ﬁshlng contrnuetosustam rndigenous cultures < Indeed, the tainting of fish products. or even the percep’aon thatthey
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. are tainted, could dafage thet regrons reputatron and marketrng fur .
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tions similar to those of the arctic marine mammals.
Several large herds winter in the borcal forest or taiga,
migrating in spring onto the arctic tundra and even
across sea ice onto istands. Reindeer or caribou use

; Seablrd populatlons and oil spllls

" Seabirds are’ among the most vulnerable species to an off Spl“ Thrs

s trué both for rmmedlate |mpacts and, in some species at least, for

o long-term rmpacts. Manne orl spms can deplete seabird popula:

' trons, Ieavrng entlre colonres deserted. Oiled birds are the focus of ¥
“much media attentron after aspill: The Iong-term consequences of

these effects are, however another and more comphcated matter..
o The effects of chromc, dlffuse onl pollunon on seabird colonies is r
- also stifl uncertam, EINRLEE

Many factors lnﬂuence what happens toa seabrrd populanon after
‘ithas been exposed to an oil sprll Ha colony is wrped out, it fust -
_ _.be re-colomzed Tms can be relatrvely rapid, if abundant colonies . -

_ane focated nearby ftcan be slow if other colonies aredistant or. ...
. _forts should therefore take account of such risks when ldentrfylng

- "'already dedmlng for other reasons, and thus unable to produce
extra blrds for re-colomzatron. ] :
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specific areas as calving grounds in summer thar offer

suitable feeding conditions for the calves and their
mothers. These calving areas are particularly vulner-

able areas with respect to disturbances.

‘The biological characteristics of a seabird species are also critical in
. determining its ability to recover. Some seabirds reproduce slowly.
" Thick-billed murres, for example, do not breed until they are four or

five years old, and each female lays only one egg per year. Such spe-

' cies take many years to produce enough young for the population

togrow. A catastrophic event, such as extreme weather, disease, or
an ail spill, can thus have long-lasting effects. )

‘Not surprisingly, the short- and long-term impacts depend in part
 onthe status of the colony or population prior to catastrophe. A
" - colony that is thri_v_ing_may have more birds than can find space
. orfood to support reprodﬁctﬁon. If some birds are killed, a larger
. percentage of the survivors may be able to breed, thus speeding
. re_cbvery. Conversely, a colony that is declining or otherwise under
' _stress is unlikely to be resilient. Management and prevention ef-

. '_vulnerable populations and areas.
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Many risks remain
The history of oil and gas activities, induding recent
events, indicates that risks cannot be eliminated. Tanker
spills, pipeline leaks, and other accidents are likely to
occur, even under the most stringent control systems.
Transporration of oil and gas enails risk to areas
beyond production regions. Containing or cleaning up
an oil spill in sca ice remains difficult at best. Pollution
cannot be reduced 10 zero, although adherence to strict
reguladons and sound enginecring practice can greatly
reduce emissions. Physical disturbance is likewise inevi-
table wherever industry operations occur, although the
extent and impaas of disturbance can be reduced.

Some degree of risk to people and socicty is also
unavoidable, Dislocation, stress, crime, substance
abuse, the introduction of discases, and other problems
are likely o appear or increase as development moves
into previously isolated arcas. They may be offset
by other social. economic, and health-care benefirs,
but that judgment is likely to vary by individual, by
circumistance, and by region, and cannot be predicted
accurately. Furthermore, detriments and benefits are
unlikely to reach everyone in the same way. Some
people will receive greater benefits and some will expe-
rience negative impacts.

Assessing vulnerability is one way of anricipating
where problems are most likely to occur. Ecosystem
vulnerability is the degree to which an event or change
would cause serious disruption. Risk is the size of the
impact combined with the probability thar it will hap-
pen. An attempt to map ecological vulnerabilicy has
bheen made as part of this assessment. Further work is
needed to calculate respecrive risks for various acrivities
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and regions. The results of such an exercise can be used
in planning the oil and gas activitics and appropriate
mitigation measures and restrictions.

The termination of oil and gas operations is a
process with which there is minimal experience in the
Arctic. Decommissioning involves varying degrees of
removing equipmenc and infrastructure and repairing
any damage done to the surrounding area. Depending,
on regulatory requirements, some things may simply be
left in place, whereas others are removed. Both options
involve the potential for release of pollution and further
disturbance. Although environmental cleanup is re-
quired, it is not yet clear how much actual work will be
done once an oil or gas installation is closed down.

Socially, closure of an oil or gas operation means
the loss of employment and of public revenue. Public
or private investment funds may allow some benefits
1o persist past the life of the operation. In some areas
where oil and gas operations have declined, however,
populations have gone down as has overall economic
activity. The long-term cffects of such dedines are as yet

unknown for arctic regions.
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Planning and management can help
reduce risks and impacts

With activity likely to increase and risk unavoidable,
sound planning and management can nonethe-

less help reduce negative impacts and increase the
benefits of oil and gas activity in the Arctic. Indeed,
bewer planning and management have helped reduce
impacts since the carly years of industry activity in
most parts of the Arctic. But more can be done.

The learning curve is readily apparent in plan-
ning societal responses. Canada learned from Alaska,
Norway has srudied both countries, and Greenland
and the Faroe Islands are acting on lessons learned
clsewhere. In Russia, more attention is being given
now to environmental and social and economic ef-
tects. The key lesson is that effective governance does
not occur by chance. Learning from experience is
not confined to national governments. but includes
regional and local governments as well as indigenous
organizations, which now have better networks and
wider experiences to draw on.

The gain in influence by indigenous groups is not
necessarily a Joss to industry or government. Many
land claims in Canada and Alaska have been sealed,
providing land and resource ownership ro indigenous
peoples while allowing development to proceed. In
many cases, local residents desire not so much to
slow or stop development as to have a hand in deter-
mining how it occurs. Public processes and grearer
involvement have made progress towards chis goal,
reducing legal and other disagreements over develop-
ment. Nevertheless, disagreements and disputes will
continue. Their management will be a key challenge
as oil and gas activities move into new arcas.

Generating lasting benefits from oil and gas activ-
ity while reducing major disruptions is a common
goal for both national and local governments. The
creation of funds, public and privare, is onc ap-
proach that has been used to harness revenues for
long-term benefit. Large public funds can help avoid
large economic swings while providing for the future,
Avoiding extensive pollution, damage, and major oil
spills is the counterparr to securing benefits. While
incidents such as oil spills cannot be climinated,
planning and preparedness can reduce the likeli-
hood and the impacts if and when a disaster occurs.
Stricter regulations and berrer operating practices
and compliance monitoring have reduced, and can
furcher reduce, environmental and social impacts.

The regulatory process in most countries is com-
prehensive and complex, involving many agencies

and jurisdictions. Enforcing regulations, however,

BRYAN&CHERRY

requires commitment by governments, which can -

ting hotwaden
be aided by strong public pressure and industry Nenats rindesr herd-
. o . , .

cooperation. When industry is the major contribu ors and gas company

tor to public revenue, stringent enforcement may sficials, Yamal, Siserie.

be difficult to sustain. The alternative, however, is Pussia
increased risk.

The basis for regulations, likewise, can be
strengthened by sound research and monitoring
for impacts as well as compliance with regulations.
Detecting pollution or other impacts carly can help
identify damaging activities. Better understanding
of the nature and scope of impacrs can also improve
the ability to plan effectively. Monitoring and
rescarch must be undertaken, as must engineering
development and other innovations required ro re-
duce impacts and risks. Such expenditures are often
easy to cut for short-term gain, bur as with relaxing
enforcement, the resulr is likely increased risk and
long-term cost.

Future exploitation of arctic oil and gas resources
depends in part on global markets and geopolitics,
and in part on continucd support within the region.
Tangible benefits have accrued in those regions where
oil and gas activities have occurred, but with tangible
negative impacts as well. The authors of this assess-
ment hope that their work provides a firm founda-
tion for decisions about if and how to proceed with

future oil and gas activity in the Arcric.
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Key Findings

1. Extensive oil and gas activity has occurred in
the Arctic, with much oil and gas produced
and much remaining to be produced

Commercial oil and gas activities in the Arctic
began in the 1920s in Canada and increased
greatly in the 1970s, particularly in Alaska, Rus-

2. Natural seeps are the major source of
petroleum hydrocarbon contamination in
the arctic environment

Petroleum hydrocarbons are naturally occurring
compounds. Their major source in the Arctic is
natural seeps. Human activity contributes petro-
leum hydrocarbons, too. Oil spills and industriat

3. Petroleum hydrocarbon concentrations are
generally low

The highest background levels of petroleum
hydrocarbons are found in areas with natural
sources, such as the Mackenzie River area and

4. On land, physical disturbance is the largest
effect

Exploration, construction, and infrastructure
have damaged some areas of tundra and other
terrestrial ecosystems. Qil spills have also had
local impacts. Over time, the impacts associ-

5. Inmarine environments, oil spills are the
largest threat

To date, no major oil spills have occurred in
arctic seas. Experiences from elsewhere, includ-
ing the subarctic, show that the environmental

6. Impacts on individuals, communities, and
governments can be both positive and
negative

Oil and gas activities bring income and
employment to individuals and regions. This
revenue can improve fiving standards, support
public health and cultural programs, and be

sia, and Norway. Billions of dollars worth of oil
and gas have been produced to date, and new
fields are under development in several coun-
tries. Russia has had an order of magnitude
more activities and production than all other
Arctic countries combined.

largest human sources. Excluding oil spills, oil and
gas activities are currently responsible for a very
small fraction of petroleum hydrocarbon inputs
to the Arctic, although this is expected to rise with
increased oil and gas activity. These seeps are
excellent research opportunities for understand-
ing the physical chemistry and environmental
consequences of oil releases.

activities excluding oil and gas activities are the

the waters surrounding Svalbard. These levels
are still relatively low. A few contaminated sites
and areas of extensive industrial activity, such
as some oil facilities and harbors, have high
levels of petroleum hydrocarbons.

ated with new developments have decreased
as industry practices have improved and
regulations have become more stringent. lce
roads eliminate lasting transportation corridors.
Directional drilling reduces the number of plat-
forms used. Effects, however, can be cumulative
and last for decades.

consequences could be severe. A spill that
occurred in a time and place that animals were
aggregated could be especially disastrous. The
frequency of large spills is low, but the overall
risk increases with increased activity,

harnessed for long-term use to sustain ben-
efits after oil and gas activities have ended.
The arrival of sudden wealth, new migrants,
and environmental impacts can also disrupt
social patterns, creating a variety of prob-
lems. Effective governance is a crucial part of
maximizing benefits and minimizing negative
impacts on society.
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7. Human health @n suffer from pollutlon and
social disruption, but revenues can improve
health care and overall well-being

Oit and gas activities produce pollution and
other forms of environmental and social disrup-
tion, which can lead to health effects. Few signs

8. Technology and regulations can help reduce
negative impacts

Improved technology and more stringent
regulations have greatly reduced the environ-
mental impacts of arctic oil and gas activities

9. Responding to major oil spills remains a
challenge in remote, icy environments

There are no effective means of containing and
cleaning up oil spills in broken sea ice. Respond-
ing to such spills in winter would be even more
difficult, given the likelihood of harsh weather
and the limited daylight. On land and unbroken
sea ice, small winter spills may in fact be easier to
clean up, if the work can be done before sprmg

10. More oil and gas activity is expected

With perhaps as much as a quarter of the
world’s remaining oif and gas and generally
stable political environments, the Arctic is likely
to remnain attractive for oil and gas activity. The
next decade may see new gas pipelines in the

1n. Many risks remain

Exploring for and producing oil and gas in the
Arctic entails risk. Accidents cannot be entirely
prevented. Some impacts are inevitable,

12. Plannmg and monitoring can help reduce
risks and impacts

The likely impacts from oil and gas activities
can be anticipated based on experience to
date. Leaming from those experiences can
help improve planning so that negative effects,

of health impacts directly associated with oil
and gas activities have been found in the Arctic.
Increased government revenues can support
better health care, and improved economic
status can also lead to better health and wetl-
being for individuals.

over the past several decades. The application
of best practices across the region can help
further. Compliance is critical if these gains are
to be realized.

Prevention remains the best means of limiting the
impacts of a spill, but further work is needed on
response techniques, particularly for oil under ice
or in broken ice, such as in situ burning and the
use of ice to contain spills as well as the effective-
ness of dispersants in extreme cold. Prepared-

ness can also be enhanced by improved training
of response crews and by stationing response
equipment at appropriate locations in the Arctic.

Mackenzie River Valley in Canada and from
Alaska'’s North Slope. New oil and gas pipelines
and increased tanker traffic will carry Russian
oil to market. in the longer term, other areas,

such as Greenland, the Faroes, and Iceland, may
move from exploration to development and
construction.

even with the best technology and practices.
Preparing for worst-case scenarios can help
identify areas, species, and times of particular
vulnerability, allowing extra precautions to be
taken.

including impacts on northern communities
and traditional ways of life, can be avoided or
minimized and positive effects can be better
achieved. Environmental monitoring can track
effects and help evaluate new approaches.
Compliance monitoring and enforcement can
ensure that best practices are indeed used.
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Sources of photography in this report

Photographers and suppliers of photographic material

Bryan and Cherry Alexander (www.arcticphoto.com) — cover, pages 1,
2.4 (eft), 7 (43, #4, #6), 13, 14,28, 37

Terry Baker (hakert@ainc-inac.ge.ca) — page 22 {upper)
Christy Bohl, Minerals Management Service (MMS), Alaska - page 25
Per Brandvik/SINTEF (Per.Brandvik@sintef.no) — pages 29, 39 (#9)

BLM: Bureau of Land Management, Alaska (2003) — pages 18
(middle), 38 (#2)

Steve Blasco (SBlasco@nrcan.ge.ca) ~ page 18 {lower)
Guetorm Christensen (ge@akvaplan.niva.no) - page 39 (#12)
Fred Einvik (fred.cinvik@kystverket.no) - pages 30, 39 (#8)
ESA: European Space Agency (www.csa.int) - page 12

Anita Evenset (anita@akvaplan.nivano) — page 21

EVOSTC: Exxon Valdez Oil Spill Trustee Coundil (www.evostc.state.
ak.us/) — pages 10 (#2), 24 (lower), 38 (#5)

Steinar Hansen (Nordkapp havn FK); photo supplied by Alexei Bam-
bulyak (ab@akvaplan.niva.no) ~ page 12

Al Grillo/AP/Scanpix (www.scanpix.sc) — page 11

Haéegh LNG (www.hoegh.com) — page 31

Eric Hulteen (eric@hulteen.com) — pages 10 (#3), 38 (#4)
Henry Huntington (hph@alaska.net) - page 23

Lyle Lockharr (Bockhart@shaw.ca) - page 10 (#1)

MBESD: Murmansk Basin Emergency and Salvage Department;
phoro supplied by Alexei Bambulyak (ab@akvaplan.niva.no) — page 24

Frank Pokiak (ige-js@jointsec.nt.ca) — pages 26, 38 (#6)
SEG: Society of Exploration Geophysisis {www.seg.org) — page 7 (#1)

Gerald Shearer, Minerals Management Service (MMS), Alaska ~ pages
4 (right), 22

‘Tom Smith; photo supplied by Lois Harwood (Lois. Harwood@dfo-
mpo.ge.ca)- page 3

Gary Sonnichsen (gsonic@nrean.ge.ca) ~ pages 10 (#4), 22 (lower), 33
Richard Tumer {rturner@neb-one.ge.ca) — page 7 (#5)
Ruslan Bolshakov, NIAC (2003) - page 29 (lower left)

Sources of data used on illustrations in this report

Russian basin, pipeline, field and production data presented on
graphics on pages 5, 15, 16, 17, 35, 36 is by permission of IHS Inc.
(www.ihs.com, © 2007, all righes reserved)
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