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			National Petroleum Council

			The National Petroleum Council (NPC) is an organization whose sole purpose is to provide advice to the federal government.  At President Harry Truman’s request, this federally chartered and privately funded advisory group was established by the Secretary of the Interior in 1946 to represent the oil and natural gas industry’s views to the federal government: advising, informing, and recommending policy options.  During World War II, under President Franklin Roosevelt, the federal government and the Petroleum Industry War Council worked closely together to mobilize the oil supplies that fueled the Allied victory.  President Truman’s goal was to continue that successful cooperation in the uncertain postwar years.  Today, the NPC is chartered by the Secretary of Energy under the Federal Advisory Committee Act of 1972, and the views represented are considerably broader than those of the oil and natural gas industry. 

			About 200 in number, Council members are appointed by the Energy Secretary to assure well-balanced representation from all segments of the oil and natural gas industry, from all sections of the country, and from large and small companies.  Members are also appointed from outside the oil and natural gas industry, representing related interests such as states, Native Americans, and academic, financial, research, and public-interest organizations and institutions. The Council provides a forum for informed dialogue on issues involving energy, security, the economy, and the environment of an ever-changing world. 

			Study Request and Objectives

			By letter dated October 25, 2013, Secretary of Energy Ernest Moniz requested that the National Petroleum Council conduct studies on three topics: (1) Emergency Preparedness (Natural Gas and Oil Infrastructure Resilience); (2) Methane Emissions (Maximizing the Climate Benefits of Natural Gas); and (3) Arctic Research.  These requests were referred to the NPC Agenda Committee for review and recommendation as to whether they should be undertaken by the Council.  The Agenda Committee recommended and the Council agreed to undertake studies on Emergency Preparedness and on Arctic Research and to defer the request on Methane Emissions because the basic data needed for such a study was still being collected and analyzed.

			In the Emergency Preparedness study request, Secretary Moniz asked the Council to conduct a study that would provide advice on how the oil and gas industry and government at all levels can better prepare for, respond to, and recover from energy emergencies resulting from natural disasters.  That study was completed, and its final report was approved and submitted to Secretary Moniz in December 2014.

			This Arctic Research report is the Council’s response to the study request, in which Secretary Moniz asked the NPC to advise him on Arctic Research.  Specifically the Secretary noted that:

			A core component of the Administration’s National Strategy for the Arctic Region released in May 2013 includes responsibly developing Arctic oil and gas resources to ensure energy security.  In 2015 the United States will assume chairmanship of the multination Arctic Council. The National Petroleum Council’s input would be invaluable to assist us as we explore:

			•What research should the Department of Energy pursue and what technology constraints must be addressed to ensure prudent development of Arctic oil and gas resources while advancing U.S. energy and economic security and ensuring environmental stewardship?

			(Appendix A contains a copy of the Secretary’s request letter and a description of the NPC.) 

			In further discussions with Department of Energy (DOE) leaders regarding the objectives of the study, it was agreed that the study would provide the DOE with the National Petroleum Council’s perspective on research and technology pursuits that support prudent development in the Arctic.  It was recognized that energy security from Arctic oil and gas development is a core component of the administration’s National Strategy for the Arctic Region.  Further, it was agreed that the NPC study would:

			•Comment on implementation of the U.S. National Strategy for the Arctic Region

			•Provide input to the Quadrennial Energy Review and the Quadrennial Technology Review by DOE in 2015

			•Provide context to the administration as the United States assumes chairmanship of the multination Arctic Council in 2015

			•Provide additional perspectives that would support prudent development of oil and gas in the U.S. Arctic offshore.

			Study Organization

			In response to the Secretary’s requests, the Council established a Committee on Arctic Research to study this topic and to supervise preparation of a draft report for the Council’s consideration.  The Committee was led by a Steering Committee that consisted of the Committee’s Chair, Government Cochair, and six members representing a cross section of the Committee.  A Coordinating Subcommittee and three analytical Subgroups were also established to assist the Committee in conducting the study.  These study groups were aided by multiple Study Teams focused on specific subject areas supplemented by workshops and other outreach.  Table P-1 lists those who served as leaders of the groups that conducted the study’s analyses, and Figure P-1 provides an organization chart for the study.
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			The members of the various study groups were drawn from NPC members’ organizations as well as from many other industries, state and federal agencies, nongovernmental organizations (NGOs), other public interest groups, financial institutions, consultancies, academia, and research groups.  More than 250 people served on the study’s Committee, Subcommittee, and Subgroups or participated in the Technology Workshops.  While all have relevant expertise for the study, less than 45% work for oil and natural gas companies.  Appendix B contains rosters of these study groups as well as participants in the study’s workshops, and Figure P-2 depicts the diversity of participation in the study process.  In addition to these study group and workshop participants, many more people were involved through outreach activities.  These efforts were an integral part of the study with the goal of informing and soliciting input from an informed range of interested parties. 
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			Study group and outreach participants contributed in a variety of ways, ranging from full-time work in multiple study areas, to involvement on a specific topic, to reviewing proposed materials, or to participating solely in an outreach session.  Involvement in these activities should not be construed as endorsement or agreement with all the statements, findings, and recommendations in this report.  Additionally, while U.S. government participants provided significant assistance in the identification and compilation of data and other information, they did not take positions on the study’s recommendations.  As a federally appointed and chartered advisory committee, the NPC is solely responsible for the final advice provided to the Secretary of Energy.  However, the Council believes that the broad and diverse study group and outreach participation has informed and enhanced its study and advice.  The Council is very appreciative of the commitment and contributions from all who participated in the process.

			Study Scope

			At the outset of the study in February 2014, the study leadership formed a Scoping Subcommittee to develop a proposed work plan for the study that would define the study scope, organization, and timetable.  This step was to ensure that there was alignment on the study scope in order to meet the Secretary’s request for completion of the final report in early 2015.  The Scoping Subcommittee deliberated over a 2-month period to develop a proposed work plan for the study. 

			The study plan was organized around two key themes: (1) Prudent Development in the Arctic and (2) Arctic Research and Technology.  The first theme provides context on Arctic development experience, resource potential, regulatory practices, and the ice and sea environment in general.  The scope of the Prudent Development section is broad and includes a discussion of both global and domestic ice environment, experience, practices, and development potential and challenges.  This section also provides insight as the federal government takes on global leadership roles in the Arctic.   The Prudent Development theme provides the necessary foundation for the more forward-looking Arctic Research and Technology chapters on emerging research opportunities, technology development, and collaborative approaches applicable to prudent development in the Arctic.  The scope of the Research and Technology chapter analyses also includes important assessments of the human and ecological environments.  A key element of the plan was the recommendation that the study’s research and technology analyses would focus on the needs for exploration and development of conventional offshore resources.  This recommendation was made because onshore technologies and experience were more mature and, in light of the tight study timeframe, the focus should be in the area with the greatest needs and opportunities.

			Once the proposed work plan was completed, the Committee Chair met with Secretary Moniz and other senior DOE leaders to ensure that the study scope and report outline summarized in Figure P-3 were consistent with their objectives.  The work plan was then submitted to the NPC Committee on Arctic Research for its review and approval.  It served as the guiding document for the Coordinating Subcommittee and its Subgroups in conducting the study analyses and drafting a final report. 
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			Consistent with the emphasis on “prudent development” in Secretary Moniz’s study request, the study team reviewed and decided to adopt the definition drawn from the NPC 2011 report, Prudent Development: Realizing the Potential of North America’s Abundant Natural Gas and Oil Resources, as follows:

			The concept of prudent development of North American natural gas and oil resources means the development, operations, and delivery systems that achieve a broadly acceptable balance of several factors: economic growth, environmental stewardship and sustainability, energy security, and human health and safety. Prudent development necessarily involves tradeoffs among these factors.

			The text box on the next page outlines the roles of government and industry in research.  It is important to understand that various aspects of research to advance scientific knowledge and technology are performed by multiple entities: governments, private companies, manufacturers, academia, and consortiums of these entities. 

			Study Approach

			The study was conducted with a fundamental expectation that all parties would fully comply with all regulations and laws that cover a project of this type.  For that reason, every effort was made to conform to all antitrust laws and provisions as well as the Federal Advisory Committee Act.  As part of this compliance effort, this study did not include evaluations of commodity prices despite the extremely important role these play in encouraging research and technology investments and the exploration and development of frontier resources.

			Based on lessons learned from recent Council studies, the following principles were used to guide the study process:

			•Well-defined study scope and execution plan, understood by all participants

			•Front-end alignment of team leads on scope, resources, and schedule

			•Identification and involvement of a broad and diverse set of interests to participate in the study starting with the leadership

			•Consensus built among study participants 

			•Principle of analysis, discussion, and then recommendations in order to build consensus on the facts

			•Comprehensive communication of the report’s assumptions and conclusions via tailored presentations delivered to multiple interested parties.
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			Study Report Structure

			In the interest of transparency and to help readers better understand this study, the NPC is making the study results and many of the documents developed by the study groups available to all interested parties.  To provide interested parties with the ability to review this report and supporting materials in different levels of detail, the report is organized in multiple layers as follows:

			•Executive Summary is the first layer and provides a broad overview of the study’s principal findings and resulting recommendations.  It describes the significant estimates of recoverable oil and natural gas resources in the Arctic and the experience and technologies available for their prudent exploration and development. 

			•Report Chapters provide more detailed discussion and additional background on the study analyses.  These 10 individual chapters of the Full Report are grouped into three parts: Prudent Development, Technology and Operations, and Ecological and Human Environment.  These chapters provide supporting data and analyses for the findings and recommendations presented in the Executive Summary.

			•Appendices of the Full Report provide background material, such as Secretary Moniz’s request letter, rosters of the Council and study group membership, and a table categorizing the study’s recommendations by type (Appendix C).  This section also contains a list of acronyms and abbreviations used in the report.

			•Topic Papers provide a final level of detail for the reader.  These papers, developed or used by the study’s Technology & Operations Subgroup, are included on the NPC website.  They formed the base for the various study segments, such as Ice Characterization and Arctic Exploration and Development Technologies, and were heavily used in the development of the chapters of the Full Report.  A list of the topic papers appears in Appendix D.

			The Council believes that these materials will be of interest to the readers of the report and will help them better understand the results.  The members of the NPC were not asked to endorse or approve all of the statements and conclusions contained in these documents but, rather, to approve the publication of these materials as part of the study process.  The topic papers were reviewed by the Subgroup but are essentially stand-alone analyses.  As such, statements and suggested findings that appear in these topic papers are not endorsed by the NPC unless they were incorporated into the Full Report.

			The Executive Summary, Report Chapters, Appendices, and Topic Papers may be individually downloaded from the NPC website at: http://www.npc.org.  The public is welcome and encouraged to visit the site to download the entire report or individual sections for free.  Also, printed copies of the report can be purchased from the NPC. 
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			Introduction

			The Arctic is home to distinct indigenous peoples and provides habitat for large numbers of birds, mammals, and fishes.  While some areas of the Arctic, such as the central North Slope of Alaska around Prudhoe Bay, have seen decades of economic activity, much of the region remains largely unaffected by human presence.  Today, there is increasing interest in the Arctic for tourist potential, and reductions in summer ice provide an increasing opportunity for marine traffic.  At the same time, there is concern about the future of the culture of the Arctic peoples and the environment in the face of changing climate and increased human activity. 

			Internationally, other countries such as Russia are moving forward with increased Arctic economic development during this time of change.  Russia is drilling new exploration wells in the Kara and Pechora Seas and is expanding its naval and transportation fleet.  While China does not have Arctic territory, it is investing millions of dollars in Arctic research, infrastructure, and natural resource development.  The United States has developed a national strategy for the Arctic region that recognizes the importance of integrating national security, foreign policy, and energy policy, stating that “we seek an Arctic region that is stable and free of conflict, where nations act responsibly in a spirit of trust and cooperation, and where economic and energy resources are developed in a sustainable manner that respects the fragile environment and the interests and cultures of indigenous peoples.”   

			The United States has large offshore oil potential, similar to Russia and larger than Canada and Norway.  Facilitating exploration in the U.S. Arctic would enhance national, economic, and energy security, benefit the people of the north and the United States as a whole, and position the United States to exercise global leadership.  Despite these benefits, there is a wide diversity of views on how to balance this opportunity with environmental stewardship.  In April 2015, the United States will assume chairmanship of the Arctic Council, the most prominent multination Arctic institution.  In this context, Energy Secretary Moniz asked the NPC for guidance on potential research and technology to support prudent development of Arctic oil and gas resources.  

			This report reviews, from a global perspective, the relevant research, technology, and ecological and human environment opportunities in the Arctic region, as well as Arctic resource potential, the challenges of operating in the Arctic, and the experience of the oil and gas industry in Arctic conditions.  Much is known about the Arctic’s physical, ecological, and human environments after decades of research.  Sufficient information to pursue exploration is available.  However, the environment is changing, and additional information would be helpful to facilitate development and secure public confidence.  After a discussion of key findings, the report presents recommendations for opportunities for additional research and technology development.  

			A key finding of this report is that the technology to develop U.S. offshore oil and gas is available today, but additional research could validate technology that has been used in other areas and offer improvements.  Pursuing these research opportunities is predicated on an economically viable framework for oil and gas exploration and development, and effective coordination and implementation of U.S. Arctic policy.  Therefore, this study also includes recommendations for policy and regulatory improvements, where such improvements enable the application of technology and best practices from other jurisdictions that could improve safety, environmental, or cost performance.  Recommendations are grouped into three key themes: environmental stewardship, economic viability, and government leadership and policy coordination.  

			Key Findings

			1.Arctic oil and gas resources are large and can contribute significantly to meeting future U.S. and global energy needs.

			2.The arctic environment poses some different challenges relative to other oil and gas production areas, but is generally well understood.

			3.The oil and gas industry has a long history of successful operations in arctic conditions enabled by continuing technology and operational advances.

			4.Most of the U.S. Arctic offshore conventional oil and gas potential can be developed using existing field-proven technology. 

			5.The economic viability of U.S. Arctic development is challenged by operating conditions and the need for updated regulations that reflect arctic conditions. 

			6.Realizing the promise of Arctic oil and gas requires securing public confidence.

			7.There have been substantial recent technology and regulatory advancements to reduce the potential for and consequences of a spill.

			1.	Arctic Oil and Gas Resources Are Large and Can Contribute Significantly to Meeting Future U.S. and Global Energy Needs

			Arctic oil and gas resources can play a substantial role in meeting future global energy needs, given their significant potential.  The United States is currently benefiting from resurgence in oil production fueled largely by the development of tight oil opportunities in the U.S. Lower 48.  Production profiles for these oil opportunities will eventually decline and, in its Annual Energy Outlook 2014, DOE’s U.S. Energy Information Administration (EIA) estimates that U.S. oil production will drop one million barrels per day by 2040 compared to 2014. Given the resource potential and long timelines required to bring Arctic resources to market, Arctic exploration today may provide a material impact to U.S. oil production in the future, potentially averting decline, improving U.S. energy security, and benefitting the local and overall U.S. economy.  

			The Arctic can be defined as areas north of the Arctic Circle (see Figure ES-1).  The United States, Canada, Russia, Kingdom of Denmark (Greenland), and Norway all have coastlines within this region, and these countries possess the majority of the resource potential.  Other Arctic countries have recognized the significant potential of the Arctic oil and gas endowment and are pursuing Arctic oil and gas exploration and development with an integrated national security, foreign policy, and economic perspective.  To remain globally competitive and to be positioned to provide global leadership and influence in the Arctic, the United States should facilitate exploration in the offshore Alaskan Arctic now.
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			Resource potential estimates are inherently uncertain given the methods used for their estimation and the fact that many accumulations are yet to be drilled or produced.  For simplicity, statistical mean values1 are provided in this executive summary with details available in Chapter 1, “Arctic Resource Potential and History of Arctic Operations.”  Despite the uncertainty, it is expected that there is a high potential for large accumulations of oil and gas yet to be discovered in the Arctic.  Furthermore, despite the high potential, the economic viability of these accumulations has yet to be determined and depends on many factors discussed later in this summary.  

			Oil and gas activities in the Arctic have resulted in the production of over 25 billion barrels of liquids2 and 550 trillion cubic feet of natural gas.3  Additionally, an existing reserve base of 38 billion barrels of liquids and 920 trillion cubic feet of natural gas is estimated.4  The Arctic is also estimated to contain an additional 525 BBOE5 of conventional resource potential,6 426 BBOE of which is undiscovered conventional liquids and gas as shown in Figure ES-2.  This 426 BBOE represents about 25% of the remaining global undiscovered conventional resource potential.  The majority of the Arctic resource potential is expected to be gas with about 30% estimated to be liquids as shown in Figure ES-3.
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			Russia is estimated to have by far the largest Arctic resource potential as shown in Figure ES-4 and will continue to be a dominant player in Arctic oil and gas development.  When considering only Arctic oil potential, however, the United States and Russia are assessed to have approximately equal portions of the conventional resource potential with approximately 35 billion barrels of oil each.  For the United States, this represents about 15 years of current U.S. net oil imports.7 
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			It is estimated that approximately 75% of the total global Arctic conventional resource potential is offshore and 25% onshore, as shown in Figure ES-5.  As shown in Figure ES-6, the U.S. Arctic is estimated to have 48 BBOE of offshore undiscovered conventional resource potential, with over 90% of this in less than 100 meters of water.  Furthermore, the Chukchi and Beaufort Sea Outer Continental Shelf (OCS) combined represent over 80% of the total U.S. Arctic offshore conventional undiscovered potential.  Limited exploration in both the Chukchi and Beaufort Seas has resulted in some discoveries.  However, the only U.S. Arctic OCS development to date is the Northstar development, which straddles both federal and state waters in the Beaufort Sea.
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			The Arctic Region—Why Now?

			In recent years, the success of unconventional drilling in the U.S. Lower 48 has revitalized U.S. oil production, changing the picture from one of declining U.S. production and increasing import dependency to one of increasing production and decreasing import requirements. The benefits to the overall economy, trade balances, and energy security have been significant.  U.S. and world oil prices have dropped significantly during the course of this study.  In this current context of increasing oil supply and declining oil prices, one might ask:  Why pursue Alaskan exploration and development now? 

			The answer to this question lies in the long lead times involved in exploration and development in Alaska, compared with other sources of U.S. oil production, and the potentially transitory nature of the current world oil supply/demand situation.  If development starts now, the long lead times necessary to bring on new crude oil production from Alaska would coincide with a long-term expected decline of U.S. Lower 48 production.  Alaskan opportunities can play an important role in extending U.S. energy security in the decades of the 2030s and 2040s.

			The cycle of leasing, exploration, appraisal, development, and production, shown in Figure ES-7, takes longer in the Arctic than in other offshore regions.  For instance, Northstar, the only U.S. offshore OCS Arctic project, took 22 years from lease sale to start of production, while recent Gulf of Mexico deepwater projects such as Mars and Atlantis took 11 and 12 years respectively.  The longer time frame required for U.S. Arctic projects is the result of remoteness, long supply chains, short exploration seasons due to ice, regulatory complexity, and potential for litigation.   The time frame for developing any significant offshore Arctic opportunity would likely be between 10 to 30+ years.  With a sustained level of leasing and exploration drilling activity over the next 15 years, offshore Alaska could yield material new production by the mid-2030s and sustain this level of production through mid-century and beyond.
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			Figure ES-8 provides background to understand the Alaskan development opportunity in the context of the total U.S. demand in the coming decades.  Figure ES-8 shows the 2014 U.S. EIA Reference Case outlook for U.S. crude oil production.  Driven by onshore tight oil production, total U.S. crude oil production increased from 5 million barrels per day in 2008 to 8.5 million barrels per day in 2014, and is projected to increase to a maximum of 9.6 million barrels per day in 2019.8  Crude oil imports are expected to decline from 9.8 million barrels per day in 2008 to a minimum of 5.8 million barrels per day in 2019.  But in the Reference Case after 2019, U.S. crude oil production is expected to decline to about 7.5 million barrels per day and imports rise to 7.7 million barrels per day by 2040.  U.S. domestic crude oil production is 57% of domestic demand in 2014, but declines to 49% in 2040, reversing the improvements in the economy and energy security from the recent production increase. 
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			In this Reference Case, the EIA includes only minimal future Alaska OCS activity and assumes decline of Alaskan fields from about 0.5 million barrels per day in 2014 to under 0.3 million barrels per day in 2040.  Such a decline would mean that the operational viability of the Trans-Alaska Pipeline System (TAPS) could be challenged, potentially resulting in the loss of an additional 0.3 million barrels per day of oil production.  

			The EIA also assessed an alternative outlook to the 2104 Reference Case, assuming higher oil and gas resource development.  In this alternative outlook, the “High Resource Case,” Alaska production doubles from 2014 to 1.0 million barrels per day by 2040, instead of declining as in the Reference Case.  This higher contribution from Alaska would require sustained exploration and development activity over the next two decades.  In this alternative outlook, the contribution of U.S. crude oil production to total U.S. demand rises to 85% by 2040, instead of declining to 49% as in the Reference Case.  

			Thus, the U.S. Arctic can make an important contribution to sustaining overall U.S. crude oil supplies at a time when Lower 48 production is projected to be in decline, and extend the energy security benefits that the United States is currently enjoying.  However, these new sources of crude oil production in the 2030s and 2040s will only be available if new offshore exploration drilling can ramp up in Alaska during this decade.

			In addition to these energy security benefits, development of oil and gas resources in Alaska would benefit U.S. national security.  Additional industrial activities in the region would promote a strong and lasting U.S. presence.  The oil and gas development activity would expand navigational aids in the Bering Sea and the Bering Strait, and enhance search and rescue capabilities.  Additional oil and gas development could support improved infrastructure and logistics in the region, potentially spurring development of ports and communications facilities by governments, industry, or both.

			Finally, the economic benefits to the U.S., state, and local economies of continued Alaskan development would be significant.  Today oil and gas development is one third of the state of Alaska’s economic activity and provides about 90% of the state’s general revenue.  The North Slope Borough oil and gas property taxes have exceeded $180 million annually since 2000, representing about 60% of their annual operating budget.9  One-third of Alaska’s jobs—127,000—are oil-related and depend on oil production.10  (See Figure ES-9.)
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			Similarly, development of Alaska’s OCS will increase economic activity and jobs.  Northern Economics in association with the University of Alaska-Anchorage assessed that OCS development would add approximately $145 billion in new payroll for U.S. workers and $193 billion or more in new local, state, and federal government revenue combined over 50 years.11  The projected net revenues to the state of Alaska from OCS development could be about $6.6 billion (2007$).  The report goes on to say:  

			Opportunities would be created throughout the state in both high paying, long-term, year-round jobs and in seasonal and short-term jobs. Of the 6,000 oil and gas sector jobs, about 3,900 could be long-term, year-round jobs.  It is estimated that total national annual average employment from OCS development—including all the direct, indirect, and induced employment—could be about 35,000 per year on average through 2057, with a peak employment of over 50,000 in 2038. Total wages and salaries associated with OCS development over the 50-year period are estimated to be about $72 billion (2007$). 

			2.	The Arctic Environment Poses Some Different Challenges Relative to Other Oil and Gas Production Areas, But Is Generally Well Understood

			The Arctic is a vast, remote, and integrated system, with a challenging and variable climate.  The key characteristic that distinguishes the Arctic from other oil and gas production areas is the presence of ice.  The ice environment varies substantially throughout the Arctic depending on the season and the location.  

			The Arctic environment has been studied for many years by industry, government, and academia, and much is known about the physical, biological, and human environments.  The Arctic is host to a rich fabric of aquatic and land species, each dependent on the environmental niches in which they thrive.  There is a significant population of indigenous peoples who live and draw sustenance from the land and sea.  

			Many aspects of the Arctic pose challenges similar to other oil and gas production areas, and experience and technologies from these other areas can be applied to the Arctic development.  For example, the design practices, technology, and safety systems for deepwater and subarctic regions are adaptable to the Arctic.  Logistical challenges associated with long distances and lack of infrastructure are similar to recent projects in Africa and Papua New Guinea.

			Multiple Arctic Offshore Physical Environments

			To those not living or working in the Arctic, the offshore Arctic physical environment may appear to be uniformly remote, harsh, and challenged by ice and long periods of darkness.  From the perspective of potential oil and gas development, the challenges associated with the offshore Arctic physical environment vary widely from country to country, basin to basin, and even year to year.  There are three key physical characteristics of offshore Arctic environments that play a large role in determining the technologies that are required and the degree of complexity of operations.  The dominant physical characteristic is ice type and abundance, but water depth and length of open water season also play key roles in differentiating one Arctic location from another in terms of the technology needed and the economic prospects for development.  

			Ice Type and Abundance

			Since as early as the 1940s, a wealth of scientific information has been acquired to characterize the nature and morphology of ice conditions across the Arctic.  This information has been gained through concerted efforts by governments, academia, and industry using ship expeditions, scientific on-ice surveys, ice drift buoy programs, ice reconnaissance using airborne and satellite measurements, and navigational charting of ice conditions.  These studies have demonstrated that the extent of summer sea ice coverage has declined significantly over the past several decades.  They also indicate that although summer ice coverage has decreased, winter ice coverage remains robust.  Hence, ice interactions will continue to be the dominant consideration for design of offshore Arctic oil and gas facilities. 

			In areas of the global Arctic that experience seasonal ice, Figure ES-10 depicts the gradation of ice conditions typically encountered from the shoreline to about 100 meters water depth.  Landfast ice can extend from the shoreline out to a depth of about 15 to 20 meters.  Landfast ice freezes fast to the shoreline and is relatively stable throughout the winter until the summer break-up occurs.  With thicknesses approaching 2 meters, it can provide a stable platform for drilling exploration wells, transporting materials and equipment, or supporting equipment to lay pipelines to shore for shallow water developments.  Beyond the edge of the landfast ice zone is floating pack ice of varying concentrations, which, depending on the season, might range from sparse coverage near the edge to complete coverage further into the pack. 

			
				
					[image: ]
				

			

			Mobile pack ice mass consists of sea ice of varying age and thickness.  Depending on location, there may also be inclusions of icebergs or drifting fragments of thick, multi-year shelf ice known as ice islands.  The new ice that forms over the open water each winter is called first-year ice. It typically reaches a thickness of 1.5 to 2 meters over the winter season.  Wind forces compress and break the ice sheet, forming thickened ridges and rubble fields.  When these thickened areas refreeze, they can become the dominant features that impede icebreaker transit and exert large forces on stationary platforms.  Second-year ice is thickened ice that results from refreezing of surviving first-year ice from the previous season.  Similarly, multi-year ice is built up from multiple freeze cycles of previous years of second-, third-, etc.-year ice.  Multi-year ice can range in thickness from approximately 3 meters to more than 6 meters.  Figure ES-11 shows ice ridges.
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			Icebergs are large pieces of freshwater ice that break off from glaciers and drift with sea currents.  Icebergs are nearly nonexistent in the U.S. Arctic due to the lack of large glaciers terminating in the nearby ocean.  While relatively rare, the U.S. Arctic does contain ice island features, which are thick tabular masses of ice that break off from Canadian ice shelves and drift with the pack.

			Water Depth

			Water depth within the world’s prospective Arctic oil and gas basins varies from zero to more than a thousand meters.  As mentioned previously, most of the U.S. Arctic offshore oil and gas potential lies in water depths of less than 100 meters.  The Russian Arctic shelf is broad and shallow, with a large fraction of the area lying in water depths less than 100 meters.  Water depths offshore Arctic Canada and Greenland, on the other hand, fall off to more than 100 meters closer to shore.  Water depth predominantly impacts the type of drilling and production platforms that can be used and whether offshore wellheads and pipelines require burial to protect them from being damaged by moving ice keels that extend to the seafloor.  Developments in ice-prone water depths less than about 100 meters are amenable to well-established technology of structures resting on the seafloor (“bottom-founded”).  Beyond about 100 meters, a technology transition from bottom-founded to floating platforms may be required because the overturning forces of the floating ice become too large for practically sized bottom-founded structures.  Unlike for temperate waters, where floating drilling facilities are routinely used in thousands of meters of water, suitable technology to allow year-round floating drilling in Arctic pack ice will require additional research and development before commercial use.

			Open Water Season

			In addition to ice conditions and water depth, the length of the open water season—the time without ice coverage—has a significant impact on the types of technologies that can be used for exploration and development.  The length of the open water season can vary considerably from year to year.  Over most of the U.S. Chukchi Sea lease area, the average open water season is about 3 to 4 months long, but has been as short as 1 to 2 months.  Mid-season incursions of pack ice from the north can occur, potentially interrupting operations.  In the correspondingly shallow shelf areas of the U.S. Beaufort Sea, the open water season is typically 1 to 1.5 months shorter than in the Chukchi, and can also be interrupted by pack ice intrusions.  Access into the Beaufort Sea at the start of the open water season may be impeded by high ice concentrations at Point Barrow, restricting the usable operating window in some years. 

			If the open water season is 3 months or more, it may be possible to complete the drilling of an exploration well in a single season using conventional technology that would be used in any open water setting.  Shorter open water seasons or deeper reservoirs may require multiple seasons to complete a single well, resulting in much higher costs for exploratory drilling.  Likewise, development technology requirements become more challenging and costs increase with decreasing open water season.  For example, 3 months may provide sufficient time for installation of platforms and pipelines, while shorter open water periods may necessitate special measures for platform installation and pipeline construction.

			On either side of the open water season, there are periods of summer breakup/melting and fall–early winter freeze-up where some ice may be present at a drilling location.  These periods are often referred to as the “shoulder” seasons, because ice coverage is reduced and the ice is either receding or newly forming.  The satellite images of early summer and late fall ice conditions shown in Figure ES-12 illustrate the shoulder seasons in the U.S. Chukchi Sea.  Past Arctic exploration drilling programs have successfully extended operations into the shoulder seasons by using ice management to break or guide away approaching ice that might otherwise interfere with the rig’s ability to stay in place over the well (“station-keeping”).  The photographs in Figure ES-13 show a Canmar drillship working in thin ice during the fall and the Arctic-class drilling rig Kulluk drilling in much thicker summer ice.  Operating in the shoulder season depends on the capability of the drilling rig and ice management vessels to safely contend with ice.  In previous Canadian Beaufort Sea drilling programs using the Kulluk, the summer shoulder season could begin as early as late June or early July, and the winter shoulder season could extend into November or even early December.  Beyond about mid-December, the ice cover becomes essentially continuous and thickness exceeds 0.7 meter.  Extending the drilling season beyond mid-December would require robust station-keeping and ice management capability. 
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			Ecological Characterization

			A number of government and international bodies have conducted assessments of the science available to inform decisions in the Arctic.  These assessments conclude that there is a substantial amount of information available for Arctic ecological resource management and pursuit of resource development while protecting the environment.  

			Current Availability of Information 

			Humans have observed and studied the seasonal patterns of the physical environment and the biological inhabitants of the Arctic for thousands of years.  Current ecological understanding of the Alaskan Arctic, aided by Alaska Native traditional knowledge, has been driven by basic scientific inquiry supported through academia, government institutions, nongovernmental organizations, and by various commercial endeavors, particularly oil and gas exploration and development.  Alaska Native traditional knowledge is a practical knowledge base founded upon personal experience and observation of the environment.  Traditional knowledge among the Iñupiat population has been handed down for millennia; early western knowledge was derived from the scientific curiosity of members of exploration teams looking for new global travel routes and potentially useful natural resources. 

			Early observations by explorers grew into formal research initiatives by the late 1800s.  The discovery of economically recoverable oil in 1968 in Prudhoe Bay focused research on topics relevant to environmental stewardship during development and operation of oilfields.  This research included efforts such as the Outer Continental Shelf Environmental Assessment Program, the Arctic Nearshore Impact Monitoring in the Development Area program, more than three decades of fish sampling in the Beaufort Sea, and 15 years of acoustic and bowhead whale monitoring directly assessing the effects of offshore development.  Most recently, beginning in 2006, an industry-supported integrated ecosystem study known as the Chukchi Sea Environmental Studies Program investigated a wide range of physical and biological components of arctic marine systems. Additional recent efforts supported by local, state, and federal government agencies include bowhead whale, seal, and walrus tagging studies as well as the Chukchi Offshore Monitoring in the Drilling Area program.  Collectively, these studies are providing a comprehensive and detailed understanding of various physical and biological processes and components.  

			The species present in the U.S. Arctic continental shelf are well known, and the ecosystem processes that determine habitat characteristics and species distribution are increasingly well understood.  For many key species, the populations, habitats, and migration patterns are also very well understood.  For example, abundance and habitat use of birds in terrestrial areas of the North Slope are well documented.  Aerial surveys in the Beaufort Sea have documented widespread use of the nearshore and offshore waters along most of the coastline and into the northern Chukchi Sea during the open water period.  Marine mammal populations of the Alaskan Arctic are some of the most intensively studied populations in the world, primarily because of interest in oil and gas resources and because of the importance of these species to Alaska Native cultures and subsistence activities.  As a result, a great deal is known about the life history, distribution, and behavior of marine mammals in the Alaskan Chukchi and Beaufort Seas. 

			Information Opportunities

			Decadal-scale fluctuations in the Arctic climate over the past 25 years have led to significant loss of thick, multi-year sea ice cover, which has rendered the ice pack thinner and more vulnerable to summer melting.  As sea ice cover recedes, ice loss due to melting is being accelerated by increased heat absorption into the exposed ocean surface.  This multi-decade trend of retreating summer sea ice area results in decreased availability of ice as habitat for Arctic species.  It is important to understand the impacts of these changing physical parameters.   Numerous monitoring programs have been under way over the last decade, but the collective body of research could be improved if it were better coordinated, continuous, and systematic.

			Additional information would improve the ability of trustee agencies (resource managers including U.S. Fish and Wildlife Service and U.S. National Marine Fisheries Service) to establish more effective management policies and to issue focused permits that protect ecological resources while accommodating exploration and development activities.  For example, population estimates could be improved for a number of species, including the Arctic cod and other forage fish, Pacific walrus, four species of ice seals, polar bears in the Chukchi Sea, and beluga whale stocks (Figure ES-14).  Without detailed population estimates and growth/decline trends, agencies are ill equipped to establish policies based on sound population biology and to respond to litigation challenges.
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			Interactions between key species and industry operations have been studied extensively through a combination of traditional knowledge and western science for more than 30 years.  Populations of Arctic marine species have not shown long-term negative impacts related to oil and gas activities.  For example, the population of bowhead whales has continued to grow at a healthy rate of more than 3% per year during periods of exploration and development activity in close proximity to migratory pathways and feeding areas. 

			Localized and temporary behavioral changes have been documented in several species.  For example, bowhead whales are known to alter their migration routes and deflect around oil and gas drilling platforms in the Beaufort Sea.  It has also been observed that bowheads may alter the rate at which they call when exposed to sound levels from oil and gas activity.  However, there is no evidence of measurable harm to the bowhead population based on extensive studies. Population growth of the bowhead stock indicates that oil and gas activities since the 1980s have not had a negative impact.

			Mitigation measures that protect both populations and subsistence hunting of marine resources have been generally successful, but can be improved to continue to protect populations and subsistence hunting while accommodating oil and gas activities.  Some of these mitigation measures include expansive time/area closures that significantly limit availability of the OCS to oil and gas operations during periods when physical access is most available.  Improved ability to detect and resolve interactions between marine resources, resource use, and industry activities would yield benefits both to species protection and to expanded opportunity.  

			Considering offshore oil spill research in the Arctic regions, physical parameters (currents, oceanographic conditions, and ice movements) of the Chukchi and Beaufort Seas are relatively well understood and improving with recent studies and monitoring capacities largely driven by energy exploration.  Numerous studies exist on the fate and effects of oil, dispersants, and dispersed oil on ecological systems.  The ecological impacts related to a number of releases that have occurred nationally and internationally over the past 30 years have been and are being closely studied, adding to the knowledge base of fate and effects related to oil spills.  Toxicity assessments of oils, dispersants, and response-related constituents have been conducted under a variety of conditions, with results for Arctic species and conditions generally within the range of fate and effects in other areas.  However, additional information would help address stakeholder concerns regarding the ecological impacts of oil under ice, including through the winter, and oil in Arctic waters.

			Characterization of the Human Environment

			The term “human environment” as used in this study means the physical, social, economic, and cultural aspects of local communities and how these aspects may be positively or negatively affected by oil and gas and other activities.  Indigenous subsistence cultures of the North, such as the Inuit (Iñupiat), Yup’ik, and Chukchi, possess individual and community identities that are closely connected to hunting, distribution, and consumption of subsistence foods.  The harvest of the bowhead whale by many coastal communities is a well-established example.  Caribou, birds, fish, and plants are also valuable subsistence resources.  Local stakeholders have concerns related to their ability to continue to utilize their environment sustainably.  

			The oil and gas industry has partnered with the local communities for many years to maximize the positive benefits and minimize the negative impacts of oil and gas exploration and development.  Positive economic impacts are significant, and in many cases, have enhanced subsistence practices by providing jobs and income, with a flexible work schedule to promote subsistence hunting and fishing.   These are intertwined because money is necessary to purchase equipment, supplies, and fuel for harvesting subsistence resources.  Oil and gas development in the Arctic is a major source of economic activity that supports the local economy.  

			The oil and gas industry has coordinated its activities with the whaling associations in North Slope villages to minimize disruption of subsistence activities.  The Conflict Avoidance Agreement  is one tool for communication and negotiation on topics such as subsistence hunt window, timing of operations, participation in communication centers, and other topics such as discharges.  This negotiation and communication process is a conduit for bringing both western science and traditional knowledge together for the common purposes of protecting subsistence use while accommodating industry activities.  While it is generally agreed by North Slope residents that oil and gas activity has improved their quality of life in many respects, the potential social effects of additional economic development in the region are a common concern.  These concerns include how increased economic development could impact subsistence lifestyles, change the cultural and demographic makeup of villages, and increase reliance on outside resources.  There is concern that a significant oil release could substantially affect subsistence lifestyles.   A focus on safety and prevention of a major spill in the Arctic is the top priority for the oil and gas industry.  Understanding of the fate and effects in the unlikely event of a spill in the Arctic is integral to an informed understanding of preventive measures, response measures, and mitigation strategies.  

			3.	The Oil and Gas Industry Has a Long History of Successful Operations in Arctic Conditions Enabled by Continuing Technology and Operational Advances

			The oil and gas industry has a long history of environmental stewardship and successful operations in the Arctic, including exploration, development, production, and transport, enabled by continuous technology advances and learnings from experience.  Approximately 440 exploration wells have been drilled in Arctic waters,12 including 35 in the Alaskan OCS.13  Figure ES-15 highlights some of the key developments in offshore arctic conditions.  Oil and gas activities in the global Arctic, onshore and offshore combined, have produced more than 25 billion barrels of liquids and 550 trillion cubic feet of natural gas. 
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			Exploration drilling in Arctic conditions began just below the Arctic Circle at Norman Wells in the Canadian Northwest Territories in 1920, with production beginning in 1932.   Most of the Norman Wells Field is under a 2-mile-wide portion of the Mackenzie River.  In 1985, the development was expanded to include six artificial islands designed to withstand seasonal water level changes and loads from ice floes.  This field continues to produce today, with a long record of operations integrity while contending with challenges such as seasonal flooding, ice jams, ice scouring, and permafrost.

			In 1962, Pan American Petroleum Corporation discovered the first offshore oil field in the Cook Inlet of Alaska.  In addition to long, dark, and cold winters, the Cook Inlet has tides as high as 30 feet and currents that reach up to 8 knots.  From November to April, the Inlet’s waters are filled with ice that moves with the tides.  The first production platform was installed in 1964 using a steel platform concept adapted from Gulf of Mexico experience to withstand the harsh conditions and strong tidal forces and resist the forces of ice on the platform legs.  In all, 16 platforms were installed in the inlet, with the last installed in 2000.  

			Most of the oil already produced from Alaska has come from the onshore North Slope Prudhoe Bay field, which was discovered in 1968 and began producing in 1977.  Specialized design and construction allowed drilling through permafrost and operating production facilities under extreme climatic conditions.  Oil from Prudhoe Bay is transported through the 800-mile Trans-Alaska Pipeline System, which incorporates multiple advancements including an innovative passive refrigeration system to avoid melting the permafrost and a zigzag configuration to allow for expansion and for movement in case of earthquakes.  As onshore development progressed, technology advancements such as horizontal and extended reach drilling allowed development from fewer and smaller pads, reducing the environmental footprint, as described in the text box on the Prudhoe Bay Case Study.

			In addition to the technical hurdles to develop Prudhoe Bay and construct TAPS, several permitting, legal, and political barriers had to be overcome.  Unsettled Alaska Native land claims from as far back as 1867, the permitting process for TAPS, plus lengthy legal challenges from the environmental community all required a comprehensive congressional approach to developing Prudhoe Bay.  The first congressional action was the passage of the Alaska Native Claims Settlement Act in 1971, which settled all Native land ownership.  The second was the passage of TAPS Act in 1973 to facilitate construction of the pipeline due to the urgent national interest to ensure energy security.  The key elements of the TAPS Act were to mandate that government studies to date were sufficient for permits and to set judicial review limits on challenges to the issuance of necessary rights-of-way, permits, leases, and other authorizations for construction and initial operation of the pipeline system. 

			Early offshore exploration drilling in the U.S. and Canadian Beaufort and Chukchi Seas began in 1969 with the first gravel islands built in shallow water.  Shell’s Sandpiper Island in 15 meters of water was the deepest man-made gravel island built at that time. In the mid-1970s, the first well was drilled from an ice island in U.S. state waters 3 kilometers offshore.  As experience grew and gravel and ice island technology developed, exploration drilling progressed to the deeper federal OCS waters with additional technology developments.  Ultimately, the water depth limitations of ice and gravel islands necessitated a move to bottom-founded structures.  The first wells from bottom-founded structures were drilled in 1984 from Exxon’s concrete island drilling structure.  Canmar’s single steel drilling caisson was used between 1986 and 2003. 

			The Northstar development, located about 12 miles northwest of Prudhoe Bay in about 14 meters of water, began production in 2001 and employed a gravel island concept.  Self-contained drilling, production, and housing are located on a 5-acre artificial island, protected from sea ice and wave erosion by concrete armor, a steel sheet pile wall, and an underwater bench and berm system.  A 6-mile subsea oil pipeline to shore was installed at a depth several feet below the deepest ice gouges ever recorded in order to protect against possible ice damage.  

			Moving further offshore into deeper water required using floating drill rigs, and the first floating rig wells were drilled by the Shell-Amoco-Union consortium at Camden Bay in 1985.  Ultimately nine wells were drilled in the U.S. Beaufort Sea by two ice-resistant floating rigs, the Canmar Explorer II and the Kulluk.  

			The Hibernia field was discovered offshore Newfoundland in 1979 and is one of the largest fields ever discovered in Canada.  While there is little sea ice that reaches the Hibernia location, there is threat of iceberg collisions, which created unique design considerations for the production facilities.  In the 1990s, the field was developed with a gravity-based structure, extended reach wells, and offshore tanker loading.  The Hibernia gravity-based structure (GBS) was built using high-strength steel reinforced concrete with pre-stressed tendons to withstand a 6-million-ton iceberg impact.  A sophisticated ice management program is employed to monitor for approaching icebergs.  Support vessels are then used to divert any icebergs using ropes or water cannons.

			The Molikpaq steel GBS mobile offshore drilling unit was deployed in the Canadian Beaufort Sea from 1984 through 1988 and was subsequently redeployed to offshore Sakhalin Island as an early production facility where it continues to be in operation today.  The Molikpaq was an important early exploration structure since it provided measurements of full-scale, multi-year ice loads on a fixed platform.  The results from these ice interactions formed the basis of the design ice load requirements contained in both API and ISO Arctic Standards.

			Although south of the Arctic Circle, Russia’s Sakhalin Island located north of Japan has been home to several developments in Arctic-like ice conditions over the past 20 years.  The Sakhalin developments use a combination of offshore drilling platforms and extended-reach wells from onshore drill pads to reach the offshore reserves.  The offshore platforms are among the largest ice-resistant concrete platforms ever constructed.  Extended-reach wells drilled from shore out to a distance of 13 kilometers have set multiple world records for horizontal reach.  The Sakhalin offshore platforms operate continuously through the winter ice conditions where they must resist forces from ice ridge features more than 30 meters in thickness.  The produced oil flows back to onshore processing facilities before being carried via pipeline to export terminals.  In the case of Sakhalin-1, tankers are loaded year-round at the Dekastri Terminal and are escorted by icebreakers when ice is present.  In 2009, this terminal was named Terminal of the Year at the Oil Terminal Conference in St. Petersburg by industry and experts for its economic, environmental, and social aspects.

			The Snøhvit gas field in Norway was the first offshore Arctic development without any offshore surface structures.  It is located 140 kilometers from shore in water depths of about 300 meters and began producing in 2007 with gas from the subsea wells flowing through pipelines to Melkøya, where the first LNG export plant in Europe processed the gas.

			From the installation of the first platform in Cook Inlet in the 1960s, to the construction of the Trans-Alaska Pipeline System, and to the more recent development of Sakhalin, there has been a long track record of progressive accomplishments.  Industry has benefited from the local knowledge of indigenous people as well as the know-how and experience from preceding developments, both Arctic and non-Arctic, and has advanced engineering design, technology, and operating practices.  
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			4.	Most of the U.S. Arctic Offshore Conventional Oil and Gas Potential Can Be Developed Using Existing Field-Proven Technology 

			The technical ability to explore and develop in the offshore Arctic is governed by a number of key factors:  water depth, ice conditions, and the length of the open water season.  Drilling rigs that rest on the seafloor have a maximum usable depth of about 100 meters in ice; deeper water requires floating rigs.  Exploration can be carried out in waters with a short ice-free season using floating drilling rigs in waters deeper than about 20 meters, but development and production generally requires year-round operation to be economic, which means using facilities that rest on the seafloor and are resistant to ice forces in ice-prone areas.

			The length of the open water season impacts the ability to carry out seismic acquisition and to conduct exploration and appraisal drilling with floating rigs.  Nearshore, where landfast ice can be used to drill in the winter, the length of the landfast ice season is the primary variable that controls the ability to explore and appraise opportunities in that region.  Figure ES-16 shows how the combination of these factors impacts the ability to explore and develop in various Arctic and some subarctic basins.
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			Most of U.S. Arctic offshore resources are in less than 100 meters of water and have some open water season.  As a result, exploration is possible during summer and shoulder seasons with floating drilling rigs, and development and production are technically possible using conventional bottom-founded drilling facilities with numerous support vessels including oil spill response vessels.  Such technology has been field-proven.  

			5.	The Economic Viability of U.S. Arctic Development Is Challenged by Operating Conditions and the Need for Updated Regulations That Reflect Arctic Conditions

			Technical feasibility is not the only consideration for successful development of oil and gas resources.  Ultimately, an opportunity must be both technically and economically feasible to warrant pursuit.  For development to progress, a resource opportunity of sufficient size and quality of producible oil and gas must be found.  Thus, the ability to explore is the first critical step in a successful development process.  Arctic exploration and development is more costly than in other areas due to remoteness, lack of infrastructure, challenging climate, and short operating seasons.  Finding large, high-quality resources will be key to economically viable Arctic development.  Additional factors that influence the economic feasibility of an opportunity include:

			•Infrastructure.  Availability of existing infrastructure to enable development and production increases the attractiveness of an opportunity.  Lack of existing infrastructure increases cost and thus the economic burden on a potential development.

			•Stakeholder Alignment.  Alignment of local residents and other affected parties, regulators, and operators in the resource development process provides the operators with a social license to operate.

			•Regulatory Efficiency and Predictability.  An efficient regulatory framework with a clear process and a predictable timeline would support investment in challenging exploration activities.  Two particular factors—drilling season length and lease length—currently have substantial negative implications for oil and gas exploration in the Alaska OCS.  

			Exploration Drilling Season Length

			The limited time available each year for exploratory seismic data gathering and drilling is a major factor affecting the economic feasibility of offshore U.S. Arctic development.  Beyond nearshore landfast ice and water shallow enough for constructing artificial islands, offshore exploratory drilling will usually need to be conducted using some form of mobile offshore drilling unit.  Current regulations and permit conditions only allow exploratory drilling activity during the open water season.  The U.S. Arctic open water season is typically only 3 to 4 months long and can be much shorter in a given year or be shortened by mid-season ice intrusions.  The useful drilling period is further shortened by restrictions in recent permits requiring the ability to drill a same season relief well14 before the onset of ice.  It can take more than a month to drill a relief well in the Arctic.  The useful drilling season may be even further shortened by voluntary agreements or regulations requiring an operator to cease operations to accommodate subsistence harvesting and marine mammals.  Combining these factors, the practical drilling season in parts of the U.S. Arctic could be as little as 40 to 60 days each year.

			For example, in the western area of the U.S. Chukchi Sea, the accessible season for drilling is July 1 to November 1, a total of 124 days.  Assuming 7 days are needed to mobilize the drilling rig and supporting vessels to the site, and 38 days is reserved at the end of the season for drilling a relief well should one be necessary, there are only 79 days actually available in a calendar year for exploratory drilling (Figure ES-17).  This may not be sufficient to complete one well in a single season.  Multiple expensive mobilizations over several years would therefore likely be necessary to complete exploration of a prospect, substantially reducing the feasibility of offshore Arctic development.
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			There are technologies available to substantially extend the useful annual drilling season while maintaining operational safety and enhancing environmental protection.  These technologies fall into two broad categories:

			•Advanced Well Control and Oil Spill Response.  As discussed in Key Finding 7 on oil spill prevention and response, technologies have been developed that can offer superior protection with shorter implementation time than a relief well.  These technologies include subsea isolation devices and capping stacks.  Furthermore, there have been advances in oil spill response techniques designed for operations in ice.

			•Ability to Operate in Ice.  Drilling rigs and the associated support vessels, including those for oil spill response and emergency evacuation, would be designed and strengthened to operate in water where ice is present and accompanied by ice monitoring and ice-management vessels.  The ability to work safely and effectively in ice-covered waters has been demonstrated since the 1980s.  

			Applied to the previous Chukchi Sea example, substituting either a subsea isolation device that could be activated immediately or a capping stack,15 which might take up to 14 days16 to implement in place of the 38-day relief well requirement, would add 24 to 38 additional days to the useful drilling season.  Allowing operations to extend into early ice season conditions within the demonstrated capability of an ice-capable drilling system would add an additional 30 to 45 days to the useful drilling season, extending it from an end date of November 1 to December 15 (Figure ES-17).  The combined result would nearly double the available drilling season each year, enabling the drilling of an exploration well to its target depth in a single season and improving the economics of developing offshore Arctic prospects without compromising safety or environmental protection.  

			Lease Length

			The Outer Continental Shelf Lands Act limits the primary term of any OCS lease to a maximum of 10 years.  If oil or gas is discovered but cannot be shown to be commercially developable within this time, the lease must be relinquished, leaving the operator with no return on their exploration investment.  Lessees in the U.S. Lower 48 have access to their leases 12 months of the year.  This is not the case in the Arctic, where access is limited to 3 to 4 months a year.  There are no specific allowances made in the lease terms for time lost on a lease due to ice cover. 

			The extent of exploration in the Arctic will be greater and the total time required will be longer than in other areas such as the U.S. Gulf of Mexico.  This is because Arctic resources are expected to be larger, but less dense and spread over broader areas than in the Gulf of Mexico, and hence require more exploratory wells to gain sufficient definition of the resource to proceed to development.  Also, the resource uncertainty in frontier areas such as the Alaska OCS means that subsurface knowledge gained from each well has a great impact on future drilling decisions, compelling serial rather than concurrent exploration drilling, as the results from each well affect decisions on where and how the next should be drilled.  Given the severe limitations on the length of the useful annual exploration season, the greater time required for Arctic exploration programs, and the extremely high costs of drilling in remote, icy Arctic conditions, the current 10-year lease term is inadequate to support developing Alaska’s OCS potential.  

			Other Arctic countries address the need for longer lease terms for Arctic frontier areas in various ways.  The U.S. lease system is development based; to retain a lease, the operator must have gained enough information to be able to move into the commercial development phase by the end of the 10-year lease term.  As described in the previous section, the short drilling season can make this difficult.  Other countries have regulations that provide extra time to determine technical or commercial viability.  Canada offers an exploration license with a 9-year term that can be extended if an operator is diligently pursuing drilling.  If a discovery is made, the operator receives a Significant Discovery License that allows the operator to hold the lease indefinitely until the discovered field can be economically developed.  Norway provides for an initial exploration license of 4 to 6 years that can be extended up to 10 years with commitment to a work program.  If oil or gas is found, the operator can apply for an extension of up to 30 years.  Table ES-1 summarizes these differences.
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			In addition to extending the lease time available for exploration, holding more frequent and predictable lease sales would also improve the ability to plan and execute exploration programs, particularly important in an area with a short working season. The inherent uncertainty in prospective frontier areas such as the Alaska OCS means that the subsurface knowledge gained from seismic surveys and the geological information from each drilled well significantly impacts on future drilling decisions.  In the Alaska OCS, exploration and appraisal activities will proceed serially because the results of the first well in each area will determine where and how the next well should be drilled. 

			6.	Realizing the Promise of Arctic Oil and Gas Resources Requires Securing Public Confidence 

			Exploration and development of Arctic offshore oil and gas resources will require securing and maintaining public confidence that the resources will be developed responsibly.  Industry and government have a shared responsibility to gain and maintain the public trust:  

			•Industry must operate responsibly, bringing appropriate technology and operating practices to bear and continuously improving technologies and operations.

			•Government must maintain and continuously improve effective policies and regulation that support development while ensuring protection of people and the environment.

			•Both industry and government must engage the local communities. 

			The fourth and final recommendation of the NPC 2011 study Prudent Development: Realizing the Potential of the North American’s Abundant National Gas and Oil Resources stated: 

			Achieving the economic, environmental, and energy security benefits of North American natural gas and oil supplies requires responsible approaches to resource production and delivery. Development in different geographic areas requires different approaches and continued technological advances.  But in all locales and conditions, the critical path to sustained and expanded resource development in North America includes effective regulation and a commitment of industry and regulators to continuous improvement in practices to eliminate or minimize environmental risk.  These steps are necessary for public trust.

			The NPC continues to support this recommendation.

			“Prudent development” as used in this report encompasses oil and gas development, operations, and delivery systems that achieve a broadly acceptable balance of several factors: economic growth, environmental stewardship and sustainability, energy security, human health and safety, and compatibility with the interests of the local communities.  Prudent development necessarily involves trade-offs among these factors.  It is incumbent on all stakeholders in the Arctic to apply the least intrusive, most technically appropriate, and safest means of assuring the continued balance of this ecosystem while producing the natural resources that bring economic and social vitality to the region and enhance U.S. long-term energy security. 

			Local Engagement and Traditional Knowledge

			Securing public confidence also requires engaging with local communities to understand their issues and concerns.  In the Alaskan Arctic, local stakeholders have concerns about the effect of development on their traditional culture and about the security of subsistence food resources.  The potential effects of industry activity are both cause for concern and a source of economic benefit.  To secure public confidence for development, these effects must be understood with any negatives minimized.  

			Over many generations, the indigenous peoples of the Arctic have developed a practical knowledge base founded upon personal experience and observation of their environment, referred to as traditional knowledge.  The integration of traditional knowledge into western science has resulted in better understanding of ecological resources and improved regulatory and management policies.  For example, traditional knowledge conflicted with conventional thought about the bowhead whale population, leading to an acoustic monitoring program that aided in the lifting of the International Whaling Commission ban on subsistence hunting of this resource.  Application of traditional knowledge can improve understanding of the potential impacts of oil and gas development, leading to regulatory requirements that are more efficient at protecting the environment while promoting development of valuable resources. 

			Industry Role

			The oil and gas industry strives to continuously improve its safety and environmental performance.  Risks exist in any human endeavor, and oil and gas companies use extensive systems to identify, minimize, and manage the risks of oil and gas development.  An overview of the key concepts of risk management is included in the text box entitled “Industry Risk Management.”  
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			An important aspect of risk management is advance preparation to respond effectively should an incident occur.  Advance preparation includes providing response materials and equipment readily accessible should an incident occur, training personnel in effective response, and conducting simulated responses to reinforce training.  The photographs in Figure ES-18 show response exercises being conducted to reinforce an incident command structure that promotes an effective, coordinated response.
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			Unfortunately, there have been incidents of varying sizes in global operations.  Industry and governments have learned from these experiences and used those learnings to improve practices and regulatory requirements.  Some key examples are shown in the text box entitled “Safety Improvements in the Oil and Gas Industry.” 

			
				
					[image: ]
				

			

			Throughout industrial history, advances in capabilities and technologies have started from experimentation, research, and first-of-a-kind activity.  As these initial activities proved successful, they have been improved in economic, safety, environmental, and other ways through further research and experimentation, while the understanding of the activities’ impacts has also grown.  The oil and gas industry is no exception, with a long history of technology development and improvement.   Advancements in technology and operational practices play a key role in improving the safety and efficiency of operations while reducing negative impacts.  These advances can support public confidence in industry activity, provided that the public believes that the advances will be applied responsibly.  The government also has a role in research and gaining support for technology advances.

			Government Role

			The government’s responsibilities in securing public confidence include:

			•Establishing high-level policy and promoting alignment and consistency among agencies 

			•Developing and maintaining regulatory processes to ensure public health and safety and take advantage of advances in science, technology, and processes

			•Increasing the availability of scientific and technological data and tools to support informed policy decision-making and resource management.

			Over many years, the federal government, state of Alaska, and local Alaskan communities have developed a comprehensive regulatory structure to protect the environment, human health, and safety and to collect revenues for governments and its citizens.  The renewed interest in the Alaska OCS has triggered a review of the present federal regulations to ensure that these regulations will adequately address the conditions of the Alaskan OCS.  Federal, state, and local agencies all have a role in the exploration and development processes through issuance of permits to obtain seismic and geological data, secure leases, and through to development, production, and decommissioning.  

			Figure ES-19 provides an overview of the number and scope of these regulations and highlights the permits required at various stages of the prudent development process.  This study has confirmed the conclusions of previous studies, including the 2011 NPC Prudent Development report, that multiple, overlapping regulatory agencies with, in some instances, conflicting regulatory objectives, bring a high level of uncertainty, additional cost, and delay to permitting processes and reduce the predictability of regulatory oversight.  Securing permits for oil and gas projects in Alaska can typically consume 10 to 30% of the duration of the lease, which further reduces the probability of achieving successful exploration programs.  In addition, the complexity of the system exposes multiple opportunities for legal challenge, which can cause further delays.  
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			Domestic Policy

			The specifics of the extensive federal and state regulatory process for the Arctic ultimately reflect the policy of the federal and Alaska governments.  In addition to guidance on potential research to support prudent development of Arctic oil and gas resources, Secretary of Energy Moniz also requested the NPC’s input on implementation of the U.S. National Strategy for the Arctic Region (NSAR) and considerations as the United States assumes leadership of the Arctic Council in 2015. 

			Since President Nixon’s National Security Decision Memorandum in 1971, the United States strategy for the Arctic has continued to evolve.  Common themes have centered on national security, economic development, and science.  On May 10, 2013, President Obama released a new NSAR articulating the vital linkages between events in the Arctic and enduring U.S. interests. The strategy makes a case that changes in the Arctic are affecting U.S. national security. The strategy defines strengthening international cooperation as one of the principal ways to support new commercial opportunities while providing environmental stewardship.  In January 2014, the White House issued an Implementation Plan for the National Strategy for the Arctic Region (IPNSAR) identifying details on how to achieve the strategy’s major objectives regarding hydrocarbon development: promotion of Arctic oil pollution preparedness, prevention, and response internationally, and advancement of U.S. interests in the region. 

			The national strategy was supported by the Coast Guard’s Arctic Strategy release in May 2014, the Department of Defense’s in November, and the Navy’s in early 2015.  All three highlight the importance of the Arctic region to U.S. national and energy security and all three documents emphasize the significance of Arctic hydrocarbons to the U.S. national interest: 

			•They reduce oil and gas imports from less secure sources. 

			•Alaskan crude oil and natural gas will contribute positively to the nation’s balance of trade. 

			•Development of Alaskan crude oil could provide important foreign policy benefits in allowing the United States to supply energy to vital Pacific allies such as Japan, Korea, and Taiwan in the event of a supply disruption.

			•Oil and gas development encourages vitally needed infrastructure in a region with increasing tourist and trade activities. 

			The Department of the Interior, which is responsible for leasing and regulation of U.S. Arctic oil and gas development, is likely the agency with the most influence over Arctic oil and gas policy, but it is by no means the only agency.  The U.S. Coast Guard and the Environmental Protection Agency have jurisdiction over oil spills, offshore and onshore respectively, with the assistance of the other federal agencies that make up the U.S. National Response Team.  The National Oceanic and Atmospheric Administration and the Department of Energy maintain roles related to scientific research and technology development.  The Department of State maintains jurisdiction over diplomatic efforts, including those related to energy, with the assistance of the agencies that lead delegations to Arctic Council Working Groups and Task Forces.  In total, there are 39 federal agencies participating in the Arctic Policy Group, 27 agencies and working groups identified in the IPNSAR, and seven interagency policy coordination bodies.  Given the breadth of federal government involvement in Arctic policy and the numerous agencies, committees, and working groups involved, implementing a cohesive national strategy and coordinating activities across the multitude of agencies will continue to be a significant challenge.  
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			On January 21, 2015, President Obama issued an Executive Order, “Enhancing Coordination of National Efforts in the Arctic,” that created an Arctic Executive Steering Committee to “provide guidance to executive departments and agencies and enhance coordination of federal Arctic policies across agencies and offices, and, where applicable, with state, local, and Alaska Native tribal governments and similar Alaska Native organizations, academic, and research institutions, and the private and nonprofit sectors.”  The chair of the Steering Committee will be the head of the Office of Science and Technology Policy or designee.  The vice chair of the Steering Committee will be the U.S. National Security Adviser or designee.  The other members of the Steering Committee are listed in a nearby text box.  The Executive Steering Committee member roles are still in the formative stage.

			On February 24, 2015, as this study was in final review, the Department of the Interior proposed new regulations for U.S. Arctic OCS drilling to continue to ensure that operations are conducted in a safe, responsible, and culturally sensitive manner.  The proposal refers to many technologies and practices that have been extensively studied by the NPC for this report.  Ice characterization and ice management are discussed in Chapters 5 and 6.  Oil spill prevention, control, and response, including kick detection, blowout preventers, well control and containment technologies, and oil spill response in ice, are discussed in Chapter 8.  Some of the proposed new regulations are aligned with this study and some could benefit from progressing the research recommended in this study.  Specifically, this study has new information and recommends additional research and analyses that may be helpful in developing the final rule and future actions in the areas of oil spill prevention and source control, oil spill response in ice, and technologies to safely extend the drilling season.  Pursuing this research is critically important to assess technology that has been advanced in other regions for potential acceptance in the United States to ensure environmental stewardship and promote exploration drilling that is more cost effective. 

			State of Alaska

			The state of Alaska has a long history of proactively working to address energy, economic opportunity, and other issues that affect the state and the Alaskan people.  When Alaska became a state in January 1959, crude oil was being produced from Cook Inlet and the first major gas discovery had been made.  Under the Statehood Act, the new state was entitled to 100 million acres of land, and it focused on selecting lands that were highly prospective for oil, gas, and minerals.  The state established the necessary regulatory regime and began holding predictable lease sales, which enabled the discovery of the Prudhoe Bay oil field in 1968.  The state’s leaders sought to increase their ability to interest investors in Alaska opportunities by taking active roles in the Energy Council and the Interstate Oil and Gas Compact Commission.  

			In the 1990s, the state of Alaska created a one-stop permit coordination office to provide project applicants, agencies, stakeholders, and the general public the necessary resources to promote a transparent, consistent, and predictable state permit process for proposed resource development projects.  The Office of Project Management in the Alaska Department of Natural Resources offers coordinated state permit support for large oil and gas, mining, transportation, and renewable energy projects located throughout the state.  The Office of Project Management’s permit coordination model is unique to Alaska. 

			In advance of the U.S. Chairmanship of the Arctic Council and in response to the growing global interest in the Arctic, the Alaska State Legislature in 2012 established the Alaska Arctic Policy Commission to develop an Arctic policy and implementation plan for the state that reflects the values of Alaskans.  The Commission’s report, released on January 30, 2015, identifies four priority lines of effort:

			•Promoting economic and resource development 

			•Addressing the infrastructure and response capacity gap in the Arctic 

			•Supporting healthy communities 

			•Strengthening a state-based agenda for Arctic science.

			The Arctic Council

			Established in 1996 through the Ottawa Declaration, the Arctic Council has been built on a foundation of environmental stewardship of the Arctic environment and sustainable development.   The Arctic Council has become the most prominent and visible multilateral Arctic institution.  Today, the Arctic Council consists of eight Arctic states (the United States, Canada, the Russian Federation, Norway, Kingdom of Denmark, Sweden, Finland, and Iceland), six permanent participant groups, twelve observer states, and a multitude of other governmental and nongovernmental organizations. 

			The permanent participants represent approximately 500,000 Arctic indigenous inhabitants and have made the protection of their cultural heritage and rights to subsistence living a priority, while also improving the health, well-being, and economic stability of indigenous communities.  The primary role of observer states is to observe the work of the Arctic Council and make relevant contributions at the level of the working groups.  

			Through six primary working groups, guidelines are prepared on various topics relating to the sustainable development of the Arctic.  The Emergency Prevention, Preparedness, and Response Working Group was instrumental in developing a set of operational guidelines that support the Agreement on Cooperation on Marine Oil Pollution Preparedness and Response in the Arctic that was signed at the Kiruna Ministerial meeting in 2013.  The Arctic Council’s Task Force on Pollution Prevention is progressing an Action Plan that establishes a framework for cooperation on oil spill prevention across Arctic states.  Additionally, the Arctic Economic Council has been created to provide a forum to discuss economic development of the Arctic region and allow inclusion of the business community in those discussions.  

			The United States held the Chairmanship of the Arctic Council from 1998 to 2000 and will resume the chairmanship in April 2015.  The proposed agenda for the U.S. chairmanship centers around addressing: Arctic Ocean safety, security, and stewardship; improving the economic and living conditions of the people of the North; and addressing the impacts of climate change.  Prudent development of U.S. offshore Arctic oil and gas would be consistent with these strategies and offers significant benefit to economic and living conditions of the people of the North, as described in the first finding of this study. 

			7.	There Have Been Substantial Recent Technology and Regulatory Advancements to Reduce the Potential for and Consequences of a Spill

			Prudent development of the offshore U.S. Arctic is contingent on being able to prevent major oil spills and to respond effectively should any spills occur.  Over the past four decades, the oil industry has made significant advances in being able to prevent, contain, and mitigate impacts of spills in Arctic environments.  Even so, concerns remain regarding industry’s capability to prevent spills and to promptly deal with spills in Arctic waters, especially in the presence of ice.  Addressing these concerns will be central to the acceptance of extended season drilling operations, which is key to conducting economic exploration and development in areas where open water seasons are severely limited.

			Industry’s primary focus is on spill prevention; however, the risk of a spill can never be completely eliminated, so effective oil spill response capability is also critical.  The “bow-tie” diagram in Figure ES-20 illustrates the spectrum of measures industry employs to protect the environment from oil spills due to loss-of-well-control incidents.  On the left hand side of the bow tie are preventative measures aimed at reducing the risk of an incident in the first place.  Prevention is accomplished through a set of primary and secondary barriers.  
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			The primary barriers maintain control against backward flow of formation fluids during the drilling process.  These begin with well planning and design based on knowledge of the subsurface formations and fluid pressures gained from seismic exploration. Steel casing and wellheads are designed to withstand formation pressures, and specially formulated cement seals the steel casing to the borehole.  The weight of the drilling fluid column is designed and monitored to offset subsurface formation pressures.  Careful control of the drilling process is facilitated by having a crew of well-trained personnel who constantly monitor well stability.  This includes the use of sensors located near the drill bit that continuously measure downhole conditions and transmit them to the drilling control room and surface measurements of the drilling fluid volume and flow rates, as well as geoscientists onsite who analyze the rock cuttings from the well.  

			Secondary barriers include procedures to detect and control deviations from normal operating conditions and the blowout preventer (BOP).  An example of a deviation is an influx of formation fluids into the wellbore, also called a “kick.”  Kicks are detected using equipment located on the deck of the drilling rig.  If formation fluid flows into the wellbore, an increase in the volume of returning drilling fluid can be detected in the mud tanks and/or by gas detectors.  A trained drilling crew will detect this and take the necessary action, which normally involves closing the BOP or pumping heavier mud into the wellbore.  

			The BOP has multiple, redundant, powerful sealing components that can be remotely activated to close around or shear through pipe and seal the wellbore to provide containment of fluids before they can escape in the event of a loss of well control.  The Department of the Interior’s Bureau of Safety and Environmental Enforcement (BSEE) has numerous requirements for BOP tests.  The BOP stack must be fully pressure tested every 14 days for subsea BOPs and every 21 days for surface BOPs, and a function test must be conducted every week.  Also, the BOP stack must be pressure tested upon initial hook-up to the wellhead and after each casing string is set.  Additional regulations implemented post-Macondo for BOPs include requirements for recertification by the original equipment manufacturer every five years, additional functionality such as at least five ram preventers with a minimum of one annular ram, two pipe rams, and two shear rams of which one must be a sealing type, and additional redundancy such as two control stations, one located near the rig floor and the other distant from the rig floor.

			At the center of the bow tie is a loss-of-well-control incident, which means that primary and secondary barriers have been breached and there is loss of containment of wellbore fluids.  The right-hand side addresses limiting the size of a spill once containment is lost and responding to any spill.  Flow-stoppage measures on the right-hand side are employed to stop the outflow of a well to the environment through the use of shut-in devices such as a capping stack or a pre-installed shut-in device at the seafloor whose operation is totally independent of the BOP.  These tools are designed to stem the uncontrolled flow of oil as rapidly as possible to minimize damage to the environment.  The final available flow-stoppage measure is a relief well, which is a separate well drilled to intercept and permanently stop the flow from a blown-out well.  Depending on the circumstances, the well may be plugged from the wellhead, which would eliminate the need for a relief well to accomplish final plugging and abandonment.

			On the right side of the bow tie is the variety of spill response measures that can be used to remove spilled oil from the environment and minimize environmental damage.  These would include tracking spilled oil, mechanical recovery using booms and skimmers, in-situ burning of the oil, and use of dispersants.  The potential for encountering sea ice, cold temperatures, and potentially limited shore infrastructure are key features that differentiate Arctic spill response from others.  While challenging in many respects, research has shown that cold temperature and ice can slow the spreading rate of spilled oil. 

			There have been substantial recent technology and regulatory advancements in oil spill prevention and response capability.  These include advances in well design, spill prevention measures and practices, and spill response methodologies.  Continued advancement of these technologies, coupled with building of public confidence in their capabilities, are essential elements in the acceptance of future U.S. Arctic drilling activities.  Collaborative work with the public and regulators can be an effective mechanism for gaining stakeholder confidence in the use of these improved control and mitigation technologies.

			The following concepts provide context for appreciating technology achievements to date and to help determine future technology needs surrounding the issue of Arctic oil spill prevention and response:  

			•Role of prevention as the primary defense against loss of well control

			•Recent technical advances in source control

			•Long history of research into oil behavior and spill response in ice

			•Selecting and executing the most effective response strategy.  

			Role of Prevention

			The greatest reduction of environmental risk comes from preventing any loss of well control.  This is achieved through adherence to established codes/standards and operations integrity management systems, combined with a culture of safety and risk management.  Industry’s primary approach to prevention is guarding against loss of well control.  A major well-control event is extremely unlikely, and recently upgraded U.S. regulations, standards, and practices make the likelihood of a major well control event even less likely.  Recent steps taken to improve safety include certification by a licensed professional engineer that there are two independently tested barriers across each flow path and that the casing design and cementing design are appropriate and independent third-party verification of the BOP.  These engineering safeguards are backed up by requiring strict adherence to operations integrity management systems as part of an overall culture of safety and risk management.  The multiple spill prevention measures and barriers that are designed into the wells are defined and specified in U.S. and international standards and U.S. offshore regulations.  Arctic well design and construction follows these standard offshore well practices.  

			Recent Technical Advances in Source Control

			Additional well control devices and techniques are now available that are independent of the controls on the drilling rig.  Examples of these devices are capping stacks that are deployed after an incident to stop the flow from the well and subsea isolation devices installed before the well encounters potential hydrocarbon-bearing zones in addition to standard BOP.  These systems offer a dramatic reduction in worst-case discharge volumes because they are designed to stem the flow of oil in a matter of minutes, hours, or days versus weeks or months.  Consequently, they can provide a superior alternative to the requirement for same season relief well and/or oil spill containment systems.

			Arctic Spill Response Research

			Over the past four decades, the oil industry and government have made significant advances in being able to detect, contain, and clean up spills in Arctic environments.  Many of these advances were achieved through collaborative international research programs with a mix of industry, academia, and government partners.  Much of the existing knowledge base in the area of Arctic spill response draws on a long history of experiences with a number of key field experiments, backed up by laboratory and basin studies in the United States, Canada, Norway, and the Baltic countries.

			The ongoing Arctic Oil Spill Response Technology Joint Industry Programme (ART JIP) is a comprehensive research initiative bringing together the world’s leading Arctic scientists and engineers.  This program was initiated in 2012 as a collaboration of nine international oil and gas companies: BP, Chevron, ConocoPhillips, Eni, ExxonMobil, North Caspian Operating Company, Shell, Statoil, and Total.  These companies have come together to further enhance industry knowledge and capabilities in the area of Arctic spill response as well as to increase understanding of potential impacts of oil on the Arctic marine environment.  Such collaborative projects, in a noncompetitive technology arena wherein all stakeholders stand to gain from mutual advancement of capabilities, have been the hallmark of industry’s oil spill response research.

			In addition to substantial industry-sponsored research, there has been a long and effective research effort led by government organizations.  For more than three decades, MMS/BSEE has funded programs for open water and in ice.  The National Oceanic and Atmospheric Administration (NOAA) is involved in a variety of oil spill research projects in conjunction with academia and other agencies that includes development of an Arctic version of its oil spill trajectory model GNOME (General NOAA Operational Modeling Environment).  The U.S. Environmental Protection Agency is conducting tests of dispersant efficacy and toxicity at low temperatures.

			A long history of intensive research into oil spill behavior and response in ice-covered waters provides a strong foundation for Arctic oil spill contingency planning today.  As with oil spill response in temperate environments, there will always be a need to advance capabilities and knowledge.  The ongoing research exemplified by the ART JIP recognizes the critical importance of this issue to all key stakeholders concerned with protecting the Arctic environment.
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			Selecting and Executing the Most Effective Response Strategy

			There is extensive knowledge on oil spill response and behavior in ice and cold water based on at least four decades of research.  Industry and government agencies continue to put significant resources into technology enhancements through collaborative research that will further improve the operability and effectiveness of different response systems in ice.  Defining and gaining acceptance of existing technology and technology enhancements requires integrating a diverse set of stakeholder groups, including Arctic community residents and regulators, into a collaborative effort to resolve uncertainties and agree in advance on the most effective oil spill response options.  

			The overall goal of spill response is to control the source as quickly as possible, minimize the potential damage caused by an accidental release, and employ the most effective response tools for the incident.  Promoting mutual understanding of the benefits, limitations, and trade-offs of different response tools would facilitate achieving this goal.  Response options that are highly effective under certain conditions may be ineffective in others depending on spill size, location, oil type/weathering, and environmental conditions.

			Response strategies for spills in ice use the same general suite of countermeasures, modified and adapted for use in ice, that are used elsewhere in the world, including: 

			•Mechanical containment and recovery with booms and skimmers in open water and open pack ice and skimmers extended from vessels directly into trapped oil pockets in heavier ice

			•Dispersants applied from the surface or subsea 

			•In-situ burning of thick, burnable oil by using containment against natural ice edges without booms, fire resistant booms in open water or very open drift ice, or herding agents in open water and intermediate ice concentrations

			•Detection and monitoring while potentially planning a later response  

			•Natural attenuation through evaporation and dispersion.

			In a spill in open water, the oil usually spreads quickly to form a very thin layer on the water surface.  Ice and cold temperatures can decrease or eliminate oil spreading, weathering, and shoreline stranding, providing additional response time for an Arctic oil spill response.  

			Containment and mechanical recovery is generally regarded as the preferred strategy for responding to marine oil spills in open water and is mandated by regulations as the primary techniques in many jurisdictions.  Mechanical recovery will always be a critical tool for contingency planning—including in the Arctic—because the vast majority of historical spills have been small.  Containment and recovery of oil is effective when responding to small spills and spills that are rapidly contained in relatively calm waters and close to the spill source.  Larger and more remote spills may be better remediated using dispersants and in-situ burning.

			Dispersants are an important response option that should be considered for Arctic contingency planning. Dispersants work by breaking up oil into tiny droplets that rapidly dilute in the water column, thus speeding biodegradation to reduce the toxic effects of the oil. Dispersants have a significant advantage:  the ability to be applied by aircraft or directly to a subsea release point.  Aircraft application allows response operations in remote locations to occur much faster than response by boat.  Subsea dispersant injection has the advantage of treating oil before it can form a slick at the surface that can rapidly thin and break apart, and subsea injection is not affected by darkness, extreme temperatures, strong winds, rough seas, or the presence of ice.   A large body of research demonstrates that dispersants can be used over a wider range of conditions than other response options, and studies have shown that cold temperatures do not hinder the dispersion of many oils. 

			In-situ burning is especially suited for use in the Arctic where ice can provide a natural barrier to contain and thicken oil without the need for booms.  Thick, cold oil contained by ice will remain fresh and un-emulsified longer, improving the efficiency of response options.  Decades of research has demonstrated the ability to use controlled in-situ burning in cold water and the Arctic.  Research conducted at several scales including in the field has demonstrated that when conducted in accord with established guidelines, in-situ burning is safe and poses no risk to human populations or responders and no unacceptable risk to the environment.  In-situ burning minimizes or eliminates the logistical challenges of collecting, storing, transferring and disposing of oil.

			An important aspect of preparing for an effective response, should the need for one arise, is practicing response techniques.  Practice provides useful feedback into research of and planning for more effective techniques.  Photographs of practicing techniques in the field are shown in Figure ES-21.

			
				
					[image: ]
				

			

			Even under the best of conditions, one can never expect to recover all of the oil from a large spill on water.  A successful response limits damage to the environment by using the full range of available countermeasures in the most effective manner.  An important means to enable success in an emergency is to review and update federal and state planning standards and regulations to make sure they reflect the latest technologies, realistic operational and environmental constraints, and practical levels of response capability.

			There has been and continues to be research and technology development on all aspects of oil spill response.  Maximizing the value of these efforts and transferring the knowledge and understanding gained from more than 40 years of research requires working collaboratively with local stakeholders and researchers from government agencies, academia, private organizations, and industry.  
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			Recommendations

			The view of this study is that the essential technology and knowledge currently exist to explore and develop oil and gas resources in the U.S. Arctic while protecting the environment and benefiting local populations.  That said, there have been recent technology advancements that still need assessment and demonstration to gain acceptance by regulators and key stakeholders, and opportunities for further technology and knowledge can and should be developed to improve safety, environmental, and/or cost performance.

			The National Petroleum Council makes the following recommendations, grouped into three broad themes:

			Environmental Stewardship

			1.Oil spill prevention and source control

			2.Oil spill response in ice

			3.Increasing knowledge of arctic ecology and human environment

			Economic Viability

			4.Technologies to safely extend the drilling season

			5.Lease terms appropriate to arctic conditions

			6.Effective policies and regulations

			7.Enabling infrastructure 

			Government Leadership and Policy Coordination

			8.Domestic leadership and policy coordination

			9.U.S. chairmanship of the Arctic Council 

			Recommendations are discussed by subject areas.  There are 32 recommendations in this executive summary, made up of 13 research, 3 regulatory, and 16 leadership/policy recommendations.  In addition to these recommendations, there are an additional 60 research recommendations in the research chapters.  These are summarized at the beginning of each of the technology chapters in Parts 2 and 3 of the report.  

			Environmental Stewardship

			Continued prudent development in the Arctic requires the public’s trust that companies are able to prevent oil spills and to effectively respond should a spill occur.  The potential effects of oil and gas development are both a source of economic benefit as well as cause for concern about the effect of development on traditional cultures and the security of subsistence food resources.  Obtaining higher confidence in ecological and human environment conditions and interactions would support improvements in science-based regulation and development.  

			1.	Oil Spill Prevention and Source Control

			The greatest reduction of risk to safety and the environment comes from preventing or limiting loss of well control.  Current Department of the Interior (DOI) BSEE regulations (30 CFR 250.141) and procedures allow alternative and equivalent technology to be proposed in a drilling operations plan for the Arctic.  There have been major recent advancements in well control technologies. 

			•Industry and regulators should work together with government agencies and other stakeholders to synthesize the current state of information and perform the analyses, investigations, and any necessary demonstrations to validate technologies for improved well control.  Canada is using an approach described in the text box entitled “Evaluating Same Season Relief Well Equivalency.”

			−The benefits and risks of advanced control technologies should be assessed relative to the current practice of a same season relief well.  Alternatives include subsea shut-in devices independent of the standard blowout preventer.  These alternatives could prevent or significantly reduce the amount of spilled oil compared to a relief well, which could take a month or more to be effective.   This assessment should consider the benefits and risks of leaving the well secured using these technologies over the winter season.

			DOE should work with industry and DOI to perform this assessment, engaging the National Laboratories, the National Academies, and other stakeholders as appropriate.  Assessment techniques could include those used in the nuclear, aviation, and petrochemical industries, such as precursor analysis and quantitative risk assessment, where the DOE already has expertise.

			−Future regulation and permit requirements should be informed by the results of this analysis including required demonstrations and testing.  DOI, DOE, and the National Laboratories should witness these demonstrations of improved well control devices and include appropriate observers from the stakeholder community.
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			2.	Oil Spill Response in Ice

			While oil spill prevention is industry’s primary focus, the probability of a spill can never be reduced completely to zero.  Therefore, effective oil spill response capability will be critical to Arctic development.   Over the past four decades, BSEE, other domestic and international agencies, and industry have conducted significant research on oil spill response techniques in Arctic conditions. 

			Industry currently has the capability to respond quickly and effectively to an oil spill in Arctic conditions, in part by having oil spill response vessels and key response assets stationed at the drilling site, but many stakeholders remain concerned, underscoring the need for further collaborative work.

			•Government agencies should participate in the ongoing and future oil spill response Joint Industry Programs.  As an example, the ongoing ART JIP (2012-2016) includes projects to: 

			−Conduct field testing, using relatively small amounts of oil, to further test the efficacy of tactics and strategies for spill response 

			−Advance remote sensing technology for tracking of spilled oil 

			−Improve and enhance fate and effects models and model inputs for varying sizes of oil spills

			−Advance research in support of other options to mechanical recovery, including dispersants, in-situ burning, and chemical herders.

			•Regulators should continue to evaluate oil spill response technologies in Arctic conditions, considering past and ongoing research.  Future regulations and oil spill response plans should consider this evaluation such that other technologies could be used as primary response options. 

			−A Net Environmental Benefits Assessment (NEBA)-based decision process should be used collaboratively by government decision-makers with industry assistance to assess and approve all available oil spill response technologies to achieve the greatest reduction of adverse environmental impacts. 

			−Preapproval options should be reviewed and provided to facilitate rapid response for dispersants and in-situ burning where supported by NEBA.

			•Consistent with the Oil Pollution Act of 1990, the Interagency Coordinating Committee on Oil Pollution Research (ICCOPR) should play a stronger role in conducting, coordinating, prioritizing, and supporting oil spill response research and technology development, across federal and state agencies, with industry and academia, and internationally.

			•Recognizing the importance of field trials and the need to coordinate timely permits across multiple agencies (federal, state, local), ICCOPR or the new Arctic Executive Steering Committee could facilitate a collaborative process to conduct Arctic field oil release experiments.  

			•The National Laboratories should pursue development of oil simulants to facilitate field testing of oil spill response technologies in lieu of using crude oil.

			•Industry and the federal government, including the National Laboratories, should collaborate to determine if any existing military technology or other research in the area of remote sensing, including satellite access, can be made available and commercialized for oil spill response.

			3.	Increasing Knowledge of Arctic Ecology and Human Environment

			Research has been conducted by industry, government, and academia for decades, and much is known about the Arctic ecology and native peoples.  Obtaining higher confidence in ecological and human environment conditions and interactions would support improved science-based decision-making.  Key study areas include enhancing the ability to determine impacts, better defining special status species listings and critical habitats, and improving ecological resource management. This research would promote prudent development. 

			•Trustee agencies, such as U.S. Fish and Wildlife and U.S. National Marine Fisheries, could execute multi-year population assessment and monitoring of key Arctic species, including the Pacific walrus, ice seals, polar bears, and beluga whales.

			•Under its legislative mandate to coordinate scientific data that will provide a better understanding of the ecosystems of the North Slope of Alaska, the North Slope Science Initiative (NSSI) should work with trustee agencies, industry, and other stakeholders to define, develop, and maintain an ecological monitoring program to detect and interpret change in the Arctic ecosystem. 

			•DOE, other governmental entities, the National Laboratories, and industry should execute additional studies of fate and effects of oil under Arctic conditions and upon Arctic species: toxicity of oil, oil residue, and dispersants to key Arctic species, including Arctic cod and plankton, the rate and extent of biodegradation of oil in Arctic environments, and the interactions of oil with under-ice communities.

			•The federal government, namely the National Marine Fisheries Service, should work collaboratively with industry and other stakeholders to develop a coordinated strategy for industry and government research on interactions between energy development and key species. 

			−Specifically, the improved understanding of the response of ice-dependent species to specific industry activities (ice management, seismic, drilling, etc.) would inform operational planning and permitting as well as designations and management of critical habitats. 

			−The National Marine Fisheries Service should join the Bureau of Ocean Energy Management (BOEM) in participation as an observer in the Sound and Marine Life joint industry program.

			•An updated Social Impacts Assessment protocol is needed to improve consistency and ability to integrate baseline data across agencies, industry, and communities.  

			−The Department of State, via the Senior Arctic Official and the Arctic Council Sustainable Development Working Group, should update the Social Impacts Assessment protocol, leveraging the state of Alaska’s coordinated framework for a Health Impact Assessment, recently developed by the Alaska Department of Natural Resources and Department of Health, in partnership with federal agencies, the Alaska Native Tribal Health Consortium, and local boroughs.

			−The Council for Environmental Quality could include this updated protocol in the existing Environmental Impact Assessment protocol under the National Environmental Policy Act (NEPA).  

			•The NSSI’s mandate is to provide scientific information on both environmental and social science to its 14 federal, state, and local government members and to the public.  Recognizing the importance of improved collaboration and coordination of human environment research activities, enhancement of NSSI capacity and capability in social science should be pursued to enable the NSSI to deliver on its mandate. 

			•The NSSI should work with the Interagency Arctic Research Policy Committee and other stakeholders to establish appropriate protocols and gather best practices for the effective collection and integration of traditional knowledge, existing science, community engagement, and resource management. 

			•Industry, government, and academia should work to establish data sharing agreements and promote use of platforms such as the Alaska Ocean Observing System and the University of Alaska Fairbanks/NSSI catalog.

			Economic Viability

			Prudent development in the offshore Arctic requires exploration activity and success to find an oil accumulation of sufficient size and quality to justify the substantial investments required to develop in a remote location.  This section includes recommendations that could enable economically viable exploration and development.  

			4.  Technologies to Safely Extend the Drilling Season

			Extending the drilling season available for exploration in the U.S. offshore Arctic is vital to economic exploration and subsequent development.  In addition to the limitations on the drilling season posed by the physical Arctic conditions, concerns regarding oil spill response in ice and the requirement for a same season relief well in ice-free conditions further limit the time available to drill exploration wells. 

			•Industry and regulators should work together with other government agencies and stakeholders to synthesize the current and evolving state of knowledge and perform the analysis, investigations, and any necessary demonstrations to validate technologies and capabilities that could safely extend the useful drilling season length.  

			−These technologies include recent advancements in source control and containment and improvements in oil spill response in ice discussed earlier.

			−The capabilities include the drilling rig, ice management vessels, and emergency and oil spill response capability.

			5.	Lease Terms Appropriate to Arctic Conditions

			The short useful working season in the U.S. Arctic offshore makes it difficult to develop an opportunity within the same time frame achievable with the lease terms applied in other parts of the United States that experience year-round working seasons.   This challenge reduces the competitiveness of Alaskan OCS opportunities compared to other global Arctic regions.

			•The Department of Energy, working in collaboration with the Department of the Interior and with input from other stakeholders, should conduct an assessment of the timelines required to progress an offshore exploration prospect from lease through a decision to proceed to development.  This assessment should be completed before the next lease sale.

			−These timelines should include the time to plan, permit, and safely execute seismic surveys, exploration drilling, and any necessary appraisal wells, as well as conduct and interpret results from these activities.  The time required to complete engineering studies, including an economic feasibility assessment, to enable a development decision should also be included. 

			−The assessment should consider the season length limitations imposed by the Arctic operating environment and ecological/subsistence considerations, as well as approaches used by other Arctic nations with similar geological and operating environments.

			−If warranted based on this assessment, congressional action to amend the Outer Continental Shelf Lands Act to reflect the lease term for Arctic operations could be pursued.  For existing leases, the Department of the Interior could clarify suspension authority.

			6.	Effective Policies and Regulations 

			Oil and gas exploration and development in the Arctic is extensively regulated.  Drilling an offshore exploration well in the Arctic currently requires permitting from at least 12 principal state and federal agencies; progressing offshore development in the Arctic would require about 60 permit types through 10 federal agencies.  Regulations should be adaptive to reflect advances in technology and ecological research, and achieve an acceptable balance considering safety, environmental stewardship, economic viability, energy security, and compatibility with the interests of the local communities.  Prescriptive regulation may inhibit the development of new, improved technologies by suppressing the potential opportunity that drives advancement.  

			•Policies and regulations should encourage innovation by providing for incorporation of technological advancements.  

			−Where authority already exists to consider industry proposals that provide for equivalent or better levels of safety and environmental protection, such as that already established in 30 CFR 250.141, use of that authority should be encouraged.  

			−BSEE should continue to review existing and new regulations to identify candidate areas for implementation of performance-based regulation, considering lessons from other jurisdictions.

			−Staff development in Arctic-specific operational and regulatory requirements should be pursued within regulatory agencies.

			•Policies and regulations should reflect improved ecological understanding from ongoing research and monitoring.  Regulators could use their authority to designate or update appropriate mitigations based on more recently developed science.

			•Regulators should identify, prioritize, coordinate, and communicate permit information requirements to the operators in a timely manner.   

			•The Administration should champion policies that enable effective and efficient logistics and infrastructure.  Examples of current requirements that unnecessarily constrain Arctic development include:

			−Limited access to federal lands for oil and gas transportation systems where no practical alternative exists 

			−Presupposing oil transport solutions for potential new discoveries

			−The Jones Act rules on tankers and support vessels mandate largely unavailable and noncompetitively priced ships, unduly increasing the cost of operations in the U.S. Arctic.

			7.	Enabling Infrastructure 

			The Arctic is characterized by its climate, remoteness, sparse population, and long distance between population centers. This has resulted in limited infrastructure development including ports, airfields, roads, rail, communication networks, and fuel and electricity delivery systems compared with other regions. To promote prudent development, additional capacity is needed.  

			There are many synergies between the types of infrastructure that would facilitate Arctic oil and gas exploration and development and the infrastructure needs of local communities, the state of Alaska, and elements of the U.S. Armed Forces such as the Coast Guard and Navy.  Investments by any party in new or upgraded airfields, ports, roads, navigational aids, satellites, radars, and communication facilities could confer wider benefits.  The Coast Guard and Navy, which play key roles in the areas of safety, search and rescue, and national defense, are subject to many of the same resupply and support requirements in the Arctic as the oil and gas industry.   

			•Local, state, and federal government agencies should coordinate infrastructure planning by carrying out, where possible, joint scenario planning to identify the intersection of mutual needs such as airfields, ports, roads, and communications to identify opportunities for investment synergies.  Planning needs and considerations should include those from the oil and gas industry, Navy, Coast Guard, and local stakeholders, and include options to extend the life of the TAPS pipeline.

			•Recognizing the potential for increasing needs in the Arctic from all industries, the U.S. Coast Guard icebreaker fleet and presence should be expanded and extended into the shoulder season to promote transportation safety, national security, and a longer exploration season.

			•Recognizing the potential for increased vessel traffic in the Bering Strait in the future, actions should be taken now to improve vessel safety:

			−The United States should support implementation of the International Maritime Organization Polar Code to ensure that vessel traffic traversing the Bering Strait is suitably designed and constructed per the requirements of the code.  

			−NOAA should complete hydrographic mapping of the region.

			−The U.S. Coast Guard should improve regional navigational and communication aids and continue development of comprehensive Arctic marine traffic awareness systems.

			•NOAA should maintain at least the current capability of polar observing weather satellites and evaluate the merits of a new publicly accessible synthetic aperture radar satellite.   

			•Recognizing the potential of unmanned aircraft to significantly improve current monitoring and sensing capabilities, all stakeholders should work with the Federal Aviation Administration (FAA) Investigative Program to support permitting the use of unmanned aircrafts in the Arctic.  This technology is currently available and would improve safety and efficiency of logistics support, oil spill response, ice characterization, and environmental monitoring.   

			Government Leadership and Policy Coordination

			The specifics of the extensive federal and state regulatory process for the Arctic ultimately reflect the policy of the federal and Alaska governments.  In addition to guidance on potential research to support prudent development of Arctic oil and gas resources, Secretary of Energy Moniz also requested the NPC’s input on implementation of the U.S. NSAR and considerations as the United States assumes leadership of the Arctic Council in 2015.

			8.	Domestic Leadership and Policy Coordination

			There are 39 federal agencies participating in the Arctic Policy Group and 27 agencies and working groups listed in the IPNSAR.  Most of these organizations are engaged in the conduct of Arctic-oriented research that could be applicable in some way to oil and gas exploration and development.  However, despite the critical economic and national and energy security importance of oil and gas activities to a wide range of stakeholders, there is no clear advocate for Arctic oil and gas development at the federal level.  Central leadership and collaboration and coordination of activities would improve the potential for prudent development.  A January 2015 Executive Order formed a new Arctic Executive Steering Committee to provide overall coordination.

			•The Arctic Executive Steering Committee should:

			−Reaffirm U.S. commitment to prudent Arctic oil and gas development and U.S. leadership in the region.  

			−Assess alignment across federal agencies in advancing prudent Arctic oil and gas development.

			−Request DOE and Department of Commerce to partner to inform U.S. policymakers across federal departments and agencies about the economic, energy, and national security benefits of prudent Arctic oil and gas development, consistent with the DOE’s mandate and the Department of Commerce’s recently announced Arctic Affinity group.

			−Clarify the process by which it will collaborate with the state of Alaska, Alaska Native tribal governments, and other stakeholders. 

			•The Arctic Executive Steering Committee as part of its mandated gap analysis should:  

			−Request regulators to compile a comprehensive and integrated inventory of regulatory requirements for offshore Arctic oil and gas exploration and development.

			−Recognizing the significant progress by the Interagency Working Group on coordination of permitting in Alaska, the Arctic Executive Steering Committee should, as part of its gap analysis: 

			•Review lessons learned for application to broader coordination of opportunities and identify areas for improvement.

			•Recalibrate the existing Interagency Working Group to refine its mission and enhance its capabilities to coordinate Arctic activities and permitting. 

			•Review the effectiveness of DOE participation in the working group.

			•The Department of Energy should designate a senior advisor to support its representative on the Arctic Executive Steering Committee and be a focal point for Arctic policy, including:

			−Producing a department-wide Arctic strategy that clarifies its implementation of the NSAR  

			−Advancing prudent Arctic oil and gas development

			−Coordinating with the U.S. Arctic Council Chairman

			−Coordinating the department’s Arctic science and technology, integrated analysis, and research agenda and effecting full coordination and engagement of the National Laboratories. 

			•The Department of Energy should engage Alaska institutions including the state of Alaska in the planning and conduct of its Arctic initiatives and consider public-private partnerships and data sharing platforms similar to the Alaska Ocean Observing System.

			9.	U.S. Chairmanship of the Arctic Council

			One of the government’s key priorities proposed for the Arctic Council Chairmanship is to improve the economic and living conditions of the people of the North.  Consistent with benefits realized from onshore Arctic development since the 1970s, prudent development of U.S. offshore Arctic potential would help accomplish this.  With the United States assuming chairmanship of the Arctic Council in April 2015, there is an opportunity for the U.S. government to internationally promote its objectives as stated in the U.S. NSAR, which is to develop energy resources in a sustainable manner that respects the environment and the interests and cultures of indigenous peoples.   

			•As Arctic Council members implement the two internationally legally binding agreements on search and rescue (2011) and on oil pollution preparedness and response (2013), the U.S. government should encourage engagement and participation with the international energy industry in the conduct of its search and rescue table top exercise in May 2015 and the full-scale exercise in the summer of 2016.

			•The U.S. government should seek to strengthen the Arctic Economic Council’s formal interaction and engagement with the Arctic Council as well as to promote its business advisory role.
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			To assist readers with a particular interest in research, regulatory improvement, or leadership/policy opportunities, Appendix C duplicates the recommendations above with color coding to reflect recommendation type.
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			Overview and 

			Key Findings

		

		
			INTRODUCTION

			The Arctic can be defined as areas north of the Arctic Circle, as shown in the figure below.  The United States (Alaska), Canada, Russia, Kingdom of Denmark (via Greenland), and Norway all have coastlines within this region.  The Arctic is a unique environment, often distinguished by the presence and type of ice and its general remoteness.  Polar nights bring periods of up to 24 hours of darkness during the winter months and year-round ambient temperatures are generally low and mostly well below freezing.  The physical environment varies widely from country to country, basin to basin, and even year to year.  There are three key characteristics in the Arctic that significantly impact the technology required, the choice of facilities, the complexity of operations, and the economics of exploration and development of oil and gas resources—ice type and abundance, water depth, and length of open water season.  The predominant characteristic is ice type and abundance.  Water depth and length of open water season also play important roles in differentiating one Arctic location from another.
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			This report is organized around three key themes (parts) and has 10 chapters: 

			Part One: Prudent Development

			Overview and Key Findings

			1.Arctic Resource Potential and History of Operations

			2.Development Potential and Challenges

			3.Implementation of U.S. Strategy for the Arctic Region

			4.Policy and Regulatory Opportunities to Promote Prudent Development

			Part Two: Technology and Operations

			Overview

			5.Characterization and Measurement of the Ice Environment

			6.Offshore Arctic Exploration and Development Technologies

			7.Logistics and Infrastructure 

			8.Arctic Offshore Oil Spill Prevention, Control, and Response 

			Part Three: Ecological and Human Environment

			Overview

			9.The Ecological Environment

			10.The Human Environment

			The National Petroleum Council (NPC) is tasked with providing input on the research that the Department of Energy should pursue and the technology constraints that must be addressed to ensure prudent development of Arctic oil and gas resources while advancing U.S. energy and economic security and ensuring environmental stewardship.  While discussion is provided on many onshore and subarctic locations to provide global context, the focus of this NPC Arctic research study is on the U.S. Arctic offshore.  This includes both Alaskan state waters (nearshore) and federal waters, also known as the OCS (Outer Continental Shelf).  Hereafter, this may be simply referred to as “the study area.”  As discussed in all chapters, the technology to prudently explore and develop most of the U.S. Arctic is available today; however, there are several opportunities for research and several policy considerations that could enhance prudent exploration and development.

			The first theme, and the focus of the first four chapters, is prudent development in the Arctic.  The scope of these chapters is broad, beginning with the global context on Arctic resource potential and the history of exploration and development in Chapter 1.  Chapter 2 discusses the Arctic environment and exploration and development potential and challenges.  Chapter 3 provides insight on the U.S. National Strategy for the Arctic.  The prudent development theme concludes with Chapter 4, which outlines policy and regulatory barriers, other than research and technology, that are currently limiting large-scale offshore exploration and development in U.S. Arctic waters, and makes actionable recommendations to address these barriers.  The prudent development theme provides the necessary foundation for the more forward-looking Arctic technology and operations chapters, which focus on research that could potentially promote prudent development in the Arctic.

			In the NPC’s 2011 report Prudent Development: Realizing the Potential of North America’s Abundant Natural Gas and Oil Resources, the term “prudent development” was used as one of the key concepts for developing policy recommendations for harnessing North America’s emerging petroleum renaissance.  In his study request, “prudent development” was used by then-Energy Secretary Steven Chu; he called for “advice on policy options that would allow prudent development of North American natural gas and oil resources.”  

			The NPC defined prudent development in its report as  “Development, operations, and delivery systems that achieve a broadly acceptable balance of several factors: economic growth, environmental stewardship and sustainability, energy security, and human health and safety.… [P]rudent development necessarily involves trade-offs among these factors. Consideration of the distribution costs and benefits is a key part of prudent development.”  This same definition is used as a lens for evaluating and making recommendations in this current report on developing Arctic resources.

			The NPC recognizes that it is the responsibility of both industry and the government to work together with stakeholders in developing resources prudently in this important and unique area of the world.  To address the factors of prudent development and other challenges, the analysis and recommendations in the first four chapters will cover the activities associated with prudent development—that is, finding, developing, producing, and transporting these resources to markets.  It is also recognized that technology employment is inextricably linked to the policy and regulatory requirements, and that international as well as U.S. government and industry cooperation and advocacy will be required to address these challenges constructively and proactively.  Furthermore, although not discussed in detail until later chapters, respect for Arctic indigenous populations and increasing an already-broad understanding of the various Arctic ecosystems and human environment will be integral to prudent development.

			In issuing the administration’s National Strategy for the Arctic Region (NSAR) in May 2013, President Barack Obama stated:  

			Through the National Strategy for the Arctic Region, we articulate our strategic priorities to position the United States to meet the challenges and opportunities that lie ahead.  We will seek to prioritize and effectively integrate the work of federal departments and agencies with activities that are already underway in the State of Alaska and at the international level.  And we will partner with the State of Alaska and Alaska Natives, as well as the international community and the private sector, to develop innovative solutions and new ways of operating.  

			Responsibly developing Arctic oil and gas resources to ensure energy security is a key aspect of the U.S. NSAR and, in consideration of the U.S. government’s Implementation Plan for the NSAR, Chapter 3 provides context on how elements of this strategy might be implemented.

			Arctic resource potential is expected to be significant and there is a high potential for large oil and gas accumulations.  However, resource potential estimates are inherently uncertain given the methods used for their estimation and the fact that many accumulations are yet to be drilled or produced.  Despite the anticipated potential, the economic viability of any accumulations is yet to be determined and depends on many factors.  To date, petroleum activities in the global Arctic have resulted in the production of over 25 billion barrels of liquids1 and 550 trillion cubic feet of natural gas.2  Additionally, a reserves base of 38 billion barrels of liquids and 920 trillion cubic feet of natural gas is estimated.  The Arctic is also estimated to contain an additional 525 BBOE3 of resource potential, 426 BBOE of which is undiscovered conventional liquids and gas.  This 426 BBOE represents 25% of the global undiscovered conventional resource potential.  The majority of the Arctic resource potential is expected to be gas and offshore, with most of the U.S. offshore potential in water depths less than 100 meters.  While Russia is estimated to have by far the largest Arctic resource potential and will continue to be a dominant player in Arctic oil and gas development, the future development of U.S. Arctic resources can play an important role in U.S. national, energy, and economic security.  Furthermore, development of U.S. Arctic resources can help maintain the long-term viability of the Trans-Alaska Pipeline System (TAPS), a strategic asset for energy security that provides financial benefits to federal, state, and local entities.

			Projections in the U.S. Energy Information Administration’s Annual Energy Outlook 2014 indicate that U.S. energy consumption will increase by about 0.4% per year through 2040.  Growing domestic production of oil and natural gas continues to reshape the U.S. energy economy, largely as a result of rising production from shale and tight oil.  However, the effect could vary substantially depending on expectations about resources and continued technology enhancements to ensure the United States remains competitive in the global Arctic.  Higher oil and natural gas production could spur even more industrial growth and lower the use of imported petroleum.  Also, the shift away from the more carbon-intensive coal for electricity generation to reduce the U.S. energy-related carbon dioxide (CO2) emissions provides additional interest in developing the oil and natural gas resources in the United States.  The cycle of leasing, exploration, discovery, appraisal, and development takes longer in the Arctic than in other offshore regions because of remote and ice-prone conditions, long supply chains, the need for environmental stewardship and sustainability, and a need for active and continuous dialogue with many stakeholders.  Considering, the time frame for developing any significant drilling activity over the next 15 years or so, offshore Alaska could reasonably be expected to yield material new production by the early 2030s and sustain this level of production through mid-century and beyond.  Given these lengthy lead times, timely exploration of the U.S. offshore Arctic resources will be required now to support U.S. Energy security in the medium to long term.

			Key Findings of Part One: Prudent Development 

			The key findings of the first four chapters are relatively consistent with and respectively build upon the findings and conclusions from previous related NPC reports.  The NPC reports U.S. Arctic Oil and Gas (1981) and Prudent Development (2011), both highlighted several findings and recommendations related to U.S. Arctic development that are consistent with the findings of this study.  Three examples are listed below. 

			•There is a significant resource base within North America that could help the United States reduce its reliance on imported oil.

			•Effective regulation and a commitment by industry and regulators to continually improve practices are required.

			•Lease terms in the Arctic are not commensurate with the challenges faced in the Arctic relative to other areas of oil and gas exploration and development.

			The following are the key findings of the four prudent development chapters.

			•Arctic oil and gas resources are estimated to be large and can contribute significantly to meeting future U.S. and global energy needs.

			−The global Arctic has 525 BBOE of resource potential with 70% (372 BBOE) expected to be gas. The United States (Alaska) has approximately 20% of the Arctic conventional resource potential.  Alaska and Russia both contain the largest estimate of undiscovered conventional oil in the Arctic.

			−Globally, 75% (389 BBOE) of the Arctic resource potential is expected to be offshore.

			−The majority of Alaska’s offshore undiscovered conventional volumes are in the Chukchi and Beaufort OCS.

			•The petroleum industry has a long history of successful operations in Arctic conditions enabled by continuing technology and operational advances.

			−Successful exploration and selective development has been demonstrated globally in onshore and offshore Arctic and subarctic locations such as Cook Inlet, U.S. and Canadian Beaufort Seas, Chukchi Sea, offshore Newfoundland, South Barents Sea, Sea of Okhotsk, and many other areas over the past 50 years or more.

			−Most of the U.S. Arctic offshore conventional oil resources are in less than 100 meters of water and can be developed using existing field-proven technology.

			•The Arctic environment poses some different challenges relative to other petroleum production areas.

			−There is not one Arctic physical environment.  Water depth, ice presence and type, meteorological and oceanographic conditions, and open water seasons vary from country to country, basin to basin, and year to year.

			•The economic viability of Alaskan Arctic development is challenged.

			−A discovery of material size and quality is needed to justify the significant investment necessary for development, including required infrastructure. 

			−Exploration and development timelines are long and costs are high in the Arctic relative to other oil and gas production areas given the general remoteness, presence of ice, and lack of infrastructure.

			−The offshore drilling season length can be safely extended into the ice season through use of available technologies to enable more cost-effective prudent exploration and development.

			−The scope of work (exploration, appraisal, and potential commitment to produce) required to be completed during the lease term, for both onshore and offshore in the U.S. Arctic, is not commensurate with the current 10-year lease period, especially when one considers the limited operating window available compared to conventional areas in the Lower 48. 

			•Realizing the promise of Arctic oil and gas requires securing public confidence.

			−Prudent development is the development, operations, and delivery systems that achieve a broadly acceptable balance of several factors: economic growth, environmental stewardship and sustainability, energy security, and human health and safety. 

			−Industry must operate responsibly, bringing appropriate technology and operating practices to bear and continuously improving technologies and operations.

			−Government must establish high-level policy and ensure alignment and consistency among agencies in promoting those policies and develop and maintain regulatory processes that provide for safe and effective operations.

			−Both industry and government must engage the local community.

			•There is a long history of U.S. Arctic strategy and policy.

			−Cooperation, coordination, and prioritization of U.S. initiatives will be required to constructively and proactively execute the Implementation Plan for the National Strategy for the Arctic region and support additional Arctic Council programs.

			−The U.S. has the opportunity to use its upcoming chairmanship of the Arctic Council to promote, sustain, and encourage scientific research and collaboration and to also use the Arctic Economic Council’s business advisory role as a way to improve the economic and living conditions of the people of the North. 

			•The oil and gas industry in the Arctic is well regulated.

			−The opportunity exists to move toward a more performance-based regulatory system to encourage the use of available technology and future innovation.

			−Coordination of Arctic regulation and timely permitting could be improved.
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					1     Liquids include oil and natural gas liquids.

				

				
					2     IHS, International E&P Database (online), September 3, 2014.

				

				
					3     Billion barrels of oil, or oil equivalent for gas; 6,000 cubic feet of gas is equivalent to one barrel of oil.
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			Arctic Resource Potential and History of Operations 

		

		
			Arctic Resource Potential

			Scope

			This section of the chapter discusses the resource potential in the Arctic, in areas traditionally defined as north of the Arctic Circle (i.e., north of the 66.56° latitude line).  The focus is on the volume of petroleum resource remaining in the Arctic assessed to be technically recoverable over the next 50 years and does not consider commerciality.  For context, a description of the primary data sources and data variability is provided.  Volumes are presented in categories including total resource, the portion discovered that is undeveloped, and undiscovered, as well as splits between oil, gas, and natural gas liquids (NGLs), and by water depth.  The focus is on conventional resources given the global data available.  Unconventional resource data has also been included for Alaska where available.  The collective Arctic region is summarized, with subsequent details provided on the five countries that have coastlines within the Arctic: United States, Canada, Russia, Kingdom of Denmark (via Greenland), and Norway.

			Introduction

			Estimates of Arctic resource potential are significant but can be highly variable given the limited amount of data available in many areas.  The Arctic may be the largest geographically unexplored area for prospective petroleum remaining in the world.  The Arctic Circle encompasses 21 million square kilometers (sq. km) (6% of the world’s surface area) split 40% onshore and 60% offshore.  Most of the exploration to date has been onshore with the majority of the offshore region still unexplored. Approximately 10% of the world’s known conventional petroleum resource has been discovered in the onshore Arctic over the past 50 years, offering insight into the region’s significant resource potential.1  Probabilistic methodology of geological analysis and analog modeling has been used by the United States Geological Survey (USGS) and others to estimate resource potential.  Estimates for the Arctic continue to be revised and updated, particularly as exploration and production data become available, and consistently show large volumes of recoverable oil and gas remaining in the region—approximately 25% of the world’s remaining undiscovered conventional petroleum resource.2,3

			The resource potential discussed in this section is limited to technically recoverable volumes and does not consider commerciality.  The focus of near-term and long-term strategies to address technology, regulatory, and environmental challenges of developing the Arctic will be based heavily on the size, type, and location of the remaining resources.  For example, exploration and development plans must consider whether the resource is oil versus gas, located onshore versus offshore, in shallow versus deep water, or located in the United States versus other countries in the Arctic.  As a result, characterizing the resource potential becomes as important as quantifying it since the resource characteristics will determine exploration and development plans. 

			Defining Resource Potential within the Arctic 

			In this section, resource potential is defined as discovered contingent petroleum resources, plus mean, risked, technically recoverable, undiscovered petroleum resources.  Cumulative Arctic production and current reserves are also provided to provide context for the resource potential discussion.

			Discovered contingent resources are quantities of petroleum estimated, as of a given date, to be technically recoverable from known accumulations without consideration of commercial viability.  Reserves are quantities of discovered resources anticipated to be commercially recoverable from a given date forward by application of development projects under assumed economic conditions, operating practices, and government regulations.  Reserves must be discovered, technically recoverable, commercial, and remaining based on the development project(s) applied. 

			Undiscovered resources are believed to exist outside of known accumulations on the basis of geologic studies and represent the technically recoverable portion of the in-place oil and gas endowment.  As these volumes have not yet been discovered, they are calculated based on the probability of occurrence (i.e., risked). 

			The resource potential discussed in this section is confined to the Arctic.  The Arctic has traditionally been defined as areas north of the Arctic Circle, that is, the 66.56° north latitude line as shown in Figure 1-1.  Five countries have coastlines within this region: the United States, Canada, Russia, Kingdom of Denmark (via Greenland), and Norway.  The resource potential discussed is exclusive to these countries but, for practical purposes, is not limited to regions strictly north of the Arctic Circle.  Several of the prospective basins are partially south of the Arctic Circle and have volumes that will require considerations for prudent development similar to their northern counterpart, as shown in Figure 1-2.  As per USGS methodology, the prospective basins included in the estimates have a 10% chance of one or more accumulations containing recoverable volumes of at least 50 million barrels of oil equivalent (MMBOE).4  (Note: A barrel of oil equivalent [BOE] is used to quote gas volumes in equivalent oil barrels; 6,000 cubic feet of gas equals 1 BOE and is used in this chapter.)
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			Focus is given to conventional petroleum resources, but, where possible, unconventional resources are discussed.  For example, shale oil and gas and coalbed methane are included in the assessment, but gas hydrates are excluded because this type of resource is currently not considered developable.5  Additional research and technology development will be required to produce natural gas from gas hydrates in the future.

			Methodology and Assumptions

			No new assessment was performed to estimate resource potential for the exclusive purpose of this report.  Instead, existing studies and publicly available databases were leveraged to source relevant, credible and reliable data.  The main data types that are used to define resource potential and their primary source are as follows:

			•Undiscovered Conventional Resource Potential Estimates were provided by the USGS, based on their 2008 Circum-Arctic Resource Appraisal (CARA).6,7  The CARA involved defining prospective basins (termed assessment units or areas), mappable volumes of rock with common geologic traits, and used probabilistic methodology and analog modeling to quantitatively assess these assessment units for petroleum potential.  Using a global database of known reserves and types in various geologic formations, comprehensive estimates for the circum-arctic were generated.  However, they excluded assessment units that were assessed to have less than 10% chance of one or more accumulations containing recoverable volumes of at least 50 MMBOE and only considered conventional petroleum resources.  

			One of this report’s objectives is to summarize the undiscovered resource potential in the five Arctic nations.  In the CARA, assessment areas were based on analog basins that typically do not have uniform field densities (number of accumulations per unit area).  However, for simplicity, it is assumed in this section that the mean risked resource estimated for an assessment unit is evenly distributed and correlates directly to the assessment area’s geographic area.  The ratio of an assessment area’s resource allocated to a given country is assumed to be equal to the ratio of the assessment area’s area that falls within that country’s exclusive economic zone.  The only exception to this is if the assessment area extends into international territory, in which case that portion is allocated among the nations that share the assessment area.  A similar methodology was used in determining the resource potential distribution by water depth. 

			•Estimates for Alaska are based on USGS fact sheets for onshore and state waters and Bureau of Offshore Energy Management (BOEM) fact sheets for the Outer Continental Shelf (OCS).8,9,10,11,12,13   These estimates compare well, but do not match exactly, to the estimates generated for the United States (Alaska) using the CARA method previously discussed.  For consistency, estimates from the CARA method are referenced when comparing resource potential by country, and the USGS and BOEM estimates are referenced for the detailed Alaska discussion.  

			•Undiscovered Unconventional Resource Potential Estimates are sourced from the USGS fact sheets for shale oil and gas and coalbed methane on the Alaska North Slope.14,15  The USGS has also published estimates for heavy oil and natural bitumen in terms of oil in place (approximately 9 trillion barrels of oil globally), but no assessment of how much is technically recoverable has been published to date.16  For this reason, resource potential estimates for heavy oil have not been included in this report.  Resource potential estimates for gas hydrates have also been published by the USGS17 but, as previously mentioned, production of natural gas from gas hydrates is considered to require additional research and technology development, preventing these volumes from being categorized as resource potential as defined in this section, given the timeframe of this study.  Several studies are ongoing to assess Arctic unconventional resources, which are believed to be quite significant even when compared to conventional resources.  However, due to a lack of publicly available data, this report’s discussion on unconventional resource potential is limited to Alaska.   

			•Discovered Resource Potential Estimates are based on international exploration and production data from IHS Inc., as reported by governments or operating companies as of September 2014.18  The IHS database includes cumulative production, resource in place, and resource recoverable for discovered reservoirs and fields globally, as shown in Figure 1-3.  The discovered resource potential is based on the IHS recoverable resource estimate from reservoirs or fields that are undeveloped and are not currently being developed (i.e., a project final investment decision has yet to be made).  These volumes may also be considered contingent resources.  Cumulative production and current reserves, which are referenced in this section, were also sourced from IHS.  Reserves were calculated as the recoverable volumes from producing and developing fields excluding volumes already produced.  The only exception to this is for Alaska, where recoverable gas volumes from producing and developing fields are categorized in this section as discovered contingent due to the lack of gas export infrastructure.
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			Variability of Resource Potential Estimates

			A high degree of uncertainty is associated with estimates for undiscovered resources, particularly for less developed regions like the Arctic.  All resource estimates are generated based on an underlying set of assumptions and modeling techniques, which usually employ analogs and statistical analyses.  Understanding these assumptions and techniques is an important part of properly interpreting the results.  For example, the undiscovered resource potential of the Arctic described in this section is the sum of mean estimates from the CARA study, but the range of estimates is relatively large.  The CARA gives a low side estimate of 44 billion barrels of oil (BBO) and 770 trillion cubic feet (TCF) of gas, and a high side estimate of 157 BBO and 2,990 TCF of gas.  These ranges represent an aggregation of the estimate distribution in all the assessment areas, though it must be noted that areas with discovered and producing fields, such as those in Alaska, will have lower uncertainty in the estimates than areas with no discoveries, such as those in Greenland.  Despite the uncertainty of the CARA, it provides the most comprehensive and consistent assessment of undiscovered conventional resource potential throughout the Arctic and remains one of the most widely referenced and recognized public sources. 

			Several other institutions have published estimates of resource potential for various Arctic areas.  It is important to recognize that scope, technical assumptions, and definition of resource potential are likely to vary even for assessments with similar objectives when performed by different parties.  The results of other studies often vary significantly for similar regions in the Arctic.  Following are examples of how resource potential estimates, including technically recoverable resources, from other sources differ from the primary sources used in this section.

			•Canadian Arctic (2013): The National Energy Board estimates Northern Canada to have 12 BBO and 116 TCF of natural gas in resource potential.19  By comparison, the resource potential cited for the Canadian Arctic in this section is 15 BBO and 112 TCF of natural gas. 

			•Russian Arctic Offshore (2012): The Russian government estimates a total of 471 billion barrels of oil equivalent (BBOE) comprising of 64 BBO in the Russian Arctic.20  A smaller estimate is cited in this section for the same area; 315 BBOE, comprising 36 BBO (65 billion barrels if NGLs are included). 

			•Norwegian Barents Sea (2013):  The Norwegian Petroleum Directorate estimates 4 BBO and 30 TCF of natural gas in the Norwegian Barents Sea.21  This compares to the higher estimate of 4 BBO and 93 TCF of gas for the Norwegian Barents included in Norway’s total resource potential in this section. 

			Global Arctic Summary 

			Petroleum activities in the Arctic have resulted in the production of over 23 billion barrels of crude oil and 550 TCF of natural gas.22  Almost 30 billion barrels of crude oil and 920 TCF of natural gas are also estimated in reserves.23  Most of the Arctic petroleum, however, has yet to be developed or even discovered; these make up the resource potential, which is estimated to be over 60% of the Arctic’s petroleum as shown in Figure 1-4. 
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			Table 1-1 summarizes the resource potential for the global Arctic, split by discovered and undiscovered, offshore, onshore, by type, and by country.
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			The Arctic is estimated to have 525 BBOE of resource potential.  Of this, 426 BBOE is undiscovered, as shown in Figure 1-5, which represents 25% of the world’s undiscovered conventional resource potential.24  The total Arctic resource potential includes 106 billion barrels of crude oil, 2,232 TCF of natural gas, and 47 billion barrels of natural gas liquids, distributed among five countries.
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			Natural gas alone makes up over 70% of the total Arctic resource potential in oil equivalent barrels as shown in Figure 1-6.  Such an abundance of natural gas is an indication of the Arctic’s potential to provide the world with long-term sustained energy supply.  This, however, will require gas export infrastructure, which, in general, is currently lacking.  Crude oil and NGLs account for the remaining 30% in the Arctic; a significant endowment considering it represents approximately 20% of the undiscovered conventional crude oil and NGLs remaining in the world.25
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			It is estimated that 389 BBOE (almost 75%) of the resource potential in the Arctic is located offshore, as shown in Figure 1-7.  This is not surprising considering most Arctic production to date has been onshore.  Given the additional complexity associated with offshore development, this part of the Arctic has remained largely underexplored and undeveloped.  The Arctic offshore remains one of the most promising areas in the world for petroleum resource, a significant portion of which is assessed to be developable using existing ice-resistant technologies such as bottom-founded or gravity-based structures (GBSs).26  The offshore estimate includes 348 BBOE of undiscovered conventional resource potential, as shown in Figure 1-8, 145 BBOE of which is assessed to be in water depths of less than 100 meters (m) and likely developable using bottom-founded structures.
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			Russia is estimated to have 60% of the resource potential in the Arctic as shown in Figure 1-9.  Most of Russia’s endowment is assessed to be natural gas (almost 80% in oil equivalent barrels).  Continental North America, including Greenland, accounts for 35% of the resource potential in the Arctic, with the United States (Alaska) having the largest endowment.  Alaska is estimated to have approximately 100 BBOE, over 75% of which is undiscovered.  Of Alaska’s undiscovered portion, 32 billion barrels is assessed to be crude oil, making the United States and Russia the nations with the equal largest endowment of undiscovered conventional crude oil in the Arctic.
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			The resource potential for each Arctic nation is now discussed in more detail.

			United States (Alaska) 

			The United States (Alaska) has produced over 16 billion barrels of crude oil in the Arctic, more than any other country to date,27 and holds over 5 BBO reserves, which is second to Russia.28  Most of the petroleum exploration and development in Alaska has been concentrated onshore, north of the Brooks Range, as shown in Figure 1-10.  This area, commonly referred to as the North Slope, has been producing crude oil primarily from the central North Slope region between the National Petroleum Reserve in Alaska  and the Alaska Wildlife Refuge (ANWR 1002).  Oil production and export from the North Slope has been enabled by the Trans-Alaska Pipeline System, which was built in 1977 after discovery of the Prudhoe Bay field in 1968.  Both oil and gas discoveries have been made in the North Slope, but gas is currently not exported due to a lack of gas export infrastructure.  Instead, produced gas is used for fuel and reinjected into the reservoirs to enhance oil recovery.
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			Table 1-2 summarizes the total resource potential for Alaska as characterized in this section.  Alaska is estimated to have 118 BBOE of resource potential (including undiscovered unconventional resource estimates for the North Slope and undiscovered conventional resource estimates for south and central Alaska).  This includes 46 billion barrels of crude oil and NGLs and 430 TCF of natural gas.
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			The North Slope is estimated to have 61 BBOE of resource potential; over 50% of Alaska’s total, as shown in Figure 1-11.  Of this, only 18 BBOE is discovered. 
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			Most of the North Slope’s resource potential is assessed to be gas, as shown in Figure 1-12, with a significant portion already discovered but currently stranded due to a lack of gas export infrastructure.  The region’s long production history, combined with the lack of gas export, has contributed to the North Slope’s current ratio of oil to gas potential.  Only ANWR 1002 is estimated to have a larger liquid potential than gas in the North Slope; there has been no petroleum production from this area to date.  ANWR 1002 is currently subject to a moratorium, which prohibits exploration and development. 
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			The unconventional resource potential in Alaska comprises 1 billion barrels of oil and NGLs and 60 TCF of gas.  This represents almost 20% of the North Slope’s total resource potential, though this only accounts for recoverable volumes of shale oil and gas and coalbed methane.  The portion of Alaska’s petroleum potential due to unconventional resources will increase with consideration of other oil and gas sources, such as heavy oil and gas hydrates, which are the focus of ongoing studies to assess unconventional resources in Alaska and other parts of the Arctic. Gas hydrates in the North Slope alone are estimated to have a resource potential of 85 TCF of gas.29

			The north Alaska offshore area, which comprises state waters and the Alaska OCS of the Chukchi Sea, Beaufort Sea, and Hope Basin, is estimated to have 51 BBOE of conventional resource potential. This includes 27 billion barrels of oil and NGLs and 143 TCF of gas.  Of this, only 6 BBOE is discovered.  The remaining 45 BBOE represents 55% of the undiscovered conventional resource potential in Alaska.  Over 90% of Alaska’s undiscovered offshore endowment is assessed to be in water depths less than 100 m, which, as previously mentioned, could be developed using bottom-founded structures.  Past exploration efforts in both the Chukchi and Beaufort Seas have yielded discoveries, but development and production have been limited; the only OCS development to date is from the Northstar field, which straddles both federal and state waters in the Beaufort Sea.30  The north Alaska offshore is still considered to be one of the more promising areas for petroleum in the Arctic, as reflected in lease sale participation in recent years.  In 2008, several oil and gas companies placed bids totaling almost $3 billion for leases in the Chukchi OCS, an area estimated to have almost 65% of the undiscovered resource potential in the north Alaska offshore. 

			South and central regions of Alaska, though not Arctic regions, are mentioned because they are likely to experience similar design and technology challenges as those areas within the Arctic (e.g., permafrost).31  South and central Alaska areas, including onshore and state waters, are estimated to have 5 BBOE, about 5% of Alaska’s undiscovered conventional resource potential.  Approximately 75% of this is in the Cook Inlet area of southern Alaska.  Cook Inlet has been widely explored, with many mature fields producing since the 1950s.  Despite this, the Cook Inlet area is still considered to have exploration potential for petroleum, especially because exploration activities waned upon discovery of the Prudhoe Bay field in 1968.32

			Canada

			The first commercial petroleum activities in the Arctic began in the Northwest Territories of Canada in the 1920s.33  Canada’s Arctic has produced over 270 million barrels of oil to date and is estimated to have over 790 MMBOE in reserves, most of which is gas.34  Production from Canada’s Arctic has come mainly from the Northwest onshore region.  Several exploration wells have been drilled in the eastern offshore regions of the Canadian Arctic with some demonstrating the presence of hydrocarbons; however, no production or development is currently underway.  Most of the petroleum activities on the eastern coast of Canada have been concentrated in the sub-Arctic regions of the Labrador-Newfoundland Shelf.  Production from these areas is quickly increasing through developments of the Hibernia, Terra Nova, and White Rose fields, which have collectively produced more than 1 BBO.35

			Canada is estimated to have 35 BBOE, which is approximately 25% of North America’s Arctic resource potential (20% if Greenland is included in North America).  This includes both discovered and undiscovered resources, with the undiscovered portion accounting for more than 80% of the total endowment.  Canada is assessed to have more natural gas than crude oil, in oil equivalent barrels, most of which is located offshore and in the Northwest regions; only 6 BBOE is estimated to be in the eastern regions of the Canadian Arctic. Unlike Alaska, however, most of Canada’s undiscovered offshore resource potential is located in water depths exceeding 100 m, which will likely require floating or subsea technologies for development. 

			Russia 

			Russia has produced the most gas from the Arctic, more than any other country to date, and is the largest gas producer.  Over 8 billion barrels of crude oil and NGLs have been produced, representing almost 35% of the total Arctic liquid petroleum production.36  Over 550 TCF of gas have also been produced, which is almost all of the total Arctic gas production.37  In addition, Russia is assessed to have over 31 billion barrels of crude oil and NGLs and 906 TCF of gas in reserves.38  Major discoveries in the 1960s led to Russia’s first commercial Arctic production from the Nenets and Republic of Komi regions in the 1970s and 1980s.39  Similar to Alaska, most of the current production in the Russian Arctic has been onshore, leaving the offshore largely underexplored, though there have been sizable discoveries made.  One of the world’s largest gas fields, Shtokmanovskoye, discovered in the Russian Barents Sea, is estimated to have approximately 95 TCF of natural gas and 300 million barrels of condensate recoverable.40

			In addition to having the largest production of gas in the Arctic, Russia is also assessed to have the largest resource potential in the region.  Russia is estimated to have 315 BBOE (60% of the Arctic resource potential), almost 80% undiscovered.  Most of Russia’s endowment is assessed to be gas with only 20% being oil and NGLs in oil equivalent barrels.  While Russia’s liquid resource potential may represent the minority share of its hydrocarbon portfolio, it is still the largest of any other nation in the Arctic at 65 BBOE; these large volumes suggest that Russia will likely continue to play a significant role in Arctic oil and gas production over the next 50 years. 

			More than 203 BBOE of Russia’s resource potential is located offshore, a large portion being gas concentrated in the Barents, Laptev, and Kara Seas.  Both shallow and deep water regions in Russia’s Arctic offshore are assessed to have significant undiscovered conventional resource potential: 89 BBOE in less than 100 m and 114 BBOE in greater than 100 m.  Russia’s Arctic offshore represents one of the world’s most promising and least explored offshore areas. 

			Greenland 

			Petroleum activities in Greenland date back to the 1970s when the first exploration licenses were issued.41  Exploration wells drilled in the 1970s and 1990s demonstrated the presence of hydrocarbons, but no discoveries were significant enough to facilitate commercial exploitation.  Greenland remains the only of the five Arctic nations without petroleum production. 

			Despite having no commercial petroleum production, Greenland is considered to have the third largest resource potential in the Arctic at 48 BBOE, behind Russia and the United States.  This represents almost 10% of the total Arctic endowment.  More than 50% of Greenland’s undiscovered conventional resource potential is assessed to be liquid (in oil equivalent barrels), consistent with other countries in continental North America. 

			Almost all of Greenland’s resource potential is assessed to be offshore, approximately 90% in water depths of over 100 m.  Historically, exploration efforts have been almost exclusively concentrated in West Greenland but, following Cairn Energy’s extensive but disappointing exploration campaign in 2010 and 2011, Greenland’s northeastern region has come into focus.  More than 30 BBOE is estimated to be in this region, where leases have been awarded as recently as December 2013 to companies such as Statoil, ENI, and Chevron.42  Offshore Northeast Greenland is considered one of the most challenging environments in the Arctic, with both sea-ice and icebergs frequently occurring.43

			Norway 

			Norway’s Arctic petroleum production has been primarily from the Norwegian Continental Shelf in the Norwegian and Barents Seas.  Over 1 TCF of gas have been produced from the Norwegian Arctic to date.  The region is also estimated to have over 376 million barrels of crude oil and NGLs and 8 TCF of gas in reserves.44  Norway’s petroleum industry began systematic operations in the 1980s, with exploration beginning in the Norwegian Sea and discovery of the Snøhvit gas field in the Barents Sea.45  Continued exploration efforts in the Norwegian Arctic have been quite successful and have led to pioneering developments such as the only LNG facility north of the Arctic Circle.46  Exploration efforts are also expected to increase in coming years, with additional acreage in the Barents Sea now available following recent resolution of a border dispute with Russia.

			More than 25 BBOE of resource potential is estimated to be in the Norwegian Arctic, including 2 BBOE already discovered.  Norway’s resource potential represents 5% of the total Arctic endowment.  Approximately 80% of Norway’s Arctic resource potential is assessed to be gas, similar to Russia.  Almost all of Norway’s Arctic resource potential is concentrated in the Norwegian and Barents Seas, most of which is in water depths 100 m or greater and in generally open water.  Future exploration efforts are expected to be focused in the Barents Sea, which is estimated to have approximately 75% of Norway’s Arctic undiscovered conventional resource potential.47  The Norwegian government proposed to offer 61 blocks in its 23rd licensing round with 54 from the Barents Sea (34 from the previously disputed areas) and 7 from the Norwegian Sea.  At the time of writing, a final decision on the blocks to be offered had not been made.48

			Conclusions 

			There is significant Arctic resource potential globally and within the United States.  Extensive exploration over many years will be required to reduce the estimate uncertainty.  The resource size and distribution, as well as the physical ice and bathymetric environment will continue to underpin the timing and methods for prudently developing this vast resource.  

			Following is a summary of the key conclusions relating to global Arctic resource potential.   

			•The global Arctic has 525 BBOE of resource potential with 70% (372 BBOE) expected to be gas.  80% (426 BBOE) is undiscovered conventional which represents 25% of the global undiscovered conventional resource potential.

			•Globally, 75% (389 BBOE) of the Arctic resource potential is expected to be offshore.

			•The majority of the global potential is in Russia, which is assessed to have 251 BBOE gas, 36 BBO, and 29 billion barrels of NGLs.

			•The United States is estimated to have approximately 20% (100 BBOE) of the global Arctic resource potential, with approximately 40% (40 BBOE) estimated to be liquids.  

			•Both the United States and Russia are estimated to have similar volumes of discovered plus undiscovered conventional oil at around 35 BBO each.

			Considering Alaska’s resource potential:

			•90% of Alaska’s offshore undiscovered conventional volumes are in water depths less than 100 m and can likely be developed using gravity-based or bottom-founded fixed structures. 

			•Approximately 55% (24 BBOE) of Alaska’s undiscovered conventional liquid resource potential is in the Chukchi Sea and Beaufort Sea OCS combined.

			•Though data are limited, unconventional resources, both globally and in Alaska, could be significant; however, some of these resources, such as gas hydrates, are not expected to be developable in the United States for the next several decades. 

			History of Arctic Operating Experience and the Development of Enabling Technologies

			Scope

			This section of the chapter provides a historical context of exploration and development in the onshore and offshore Arctic and sub-Arctic.  A summary of technology advancements and key milestones is provided upfront.  The remainder of the section is primarily organized geographically, generally with the onshore discussion first, followed by the offshore discussion.  For each region, historical activities and the corresponding technology developments are summarized.  The regional descriptions begin with Arctic Canada and Alaska, where the bulk of the foundational technologies evolved, followed by summaries for Russia, Norway, and Greenland.  The section concludes with a brief description of some of the key recent or planned Arctic exploration and development activities.

			Introduction

			The presence of petroleum in the Arctic has been known for centuries.  The Dene people of the region around Norman Wells in Canada have long called the area “Le Gohlini,” which means “where the oil is.”  In 1789, explorer Sir Alexander Mackenzie wrote about seeing oil seeping into the Dehcho River as he paddled through the region.    

			The first commercial discovery of oil in an Arctic-like area was by Imperial Oil at Norman Wells in 1920.  It has been followed by the drilling of thousands of onshore and offshore wells across the Arctic, with the majority of the early offshore exploration wells being drilled in the United States and Canada, as shown in Figure 1-13.  Billions of barrels of oil and trillions of cubic feet of gas have been produced.  Along the way, industry has developed experience in exploring, developing, and producing in this remote region.  
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			Innovation has been the foundation for progress and overcoming the challenges of Arctic development.  From the installation of the first platform in Cook Inlet in the 1960s, to the construction of the Trans-Alaska Pipeline System, to the more recent development of the Hibernia platform in “Iceberg Alley,” technology has progressed to allow development in more complex environments.  Industry has benefited from the local knowledge and experience from preceding developments, both Arctic and non-Arctic, and has advanced engineering design, technology, and operating practices.  What began with a single onshore Arctic well has led to successively more complex onshore and offshore developments that have allowed over 23 BBO and 550 TCF of gas to be produced over several decades.  Industry has demonstrated a strong track record of safe and responsible development and a commitment to continually improve, with few major incidents that have mainly occurred outside of the Arctic, as shown in the text box titled “Safety Improvements in the Oil and Gas Industry.”  
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			Summary of Arctic Milestones and Technology Advances

			Arctic exploration and development has advanced over the last 50 years.  Technology and operating experience have enabled more complex challenges to be overcome to prudently develop the world’s energy resources.  Beginning with the discovery of oil in Alaska’s Cook Inlet, industry has engineered designs to overcome some of the significant challenges associated with ice loads on platforms.  That experience served as the foundation for subsequent developments that overcame other elements of the physical environment, such as water depth and winter drilling in ice.  Figure 1-14 depicts the technology progression in offshore Arctic exploration and development over the last 50 years, and Figure 1-15 provides a chronology of major Arctic milestones of the last century.
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			Canada

			From the first major onshore Arctic-like development in North America at Norman Wells to extensive onshore and offshore exploration in the Arctic Islands and Canadian Beaufort Sea, activity in Canada has been foundational for development of offshore technology for oil and gas exploration and development.  Together with U.S. advances, the learnings from Canada activities from the 1960s to 1980s remain key to how some of today’s largest and most complex offshore Arctic projects are explored, developed, and produced.  Figure 1-16 highlights Canada’s key Arctic and sub-Arctic oil and gas areas.
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			Norman Wells—First Major Onshore Arctic Development in North America

			The Geological Survey of Canada confirmed the presence of oil in the Norman Wells region in 1888.  By 1911, traces of an oil-bearing formation were found.   Nine years later in 1920, Imperial Oil drilled the discovery well that would ultimately become the first oil production in Arctic conditions in North America. 

			Given its remote location and extremely cold winter temperatures, early production from the field was seasonal and intermittent and only produced crude oil to meet local energy needs.  That changed at the onset of the Second World War when investment and activity flowed into the field to provide a year-round oil supply for Allied forces.  The Canol project included 67 new wells and a pipeline from Norman Wells to Whitehorse, Yukon, where production was delivered to a new purpose-built refinery until it closed at the end of the war.

			Most of the Norman Wells field is under the Mackenzie River, which is about 2 miles wide at this location.  As a result, when Imperial began its expansion in 1982, the development included 6 artificial islands designed to withstand seasonal water level changes and loads from ice floes.  A total of 253 new wells were drilled and a 520-mile pipeline installed from Norman Wells to Zama, Alberta. 

			Since its discovery, Norman Wells has faced significant operating and logistical challenges.  The climate can be extreme with winter temperatures dropping as low as −60 degrees Fahrenheit.  The field has no all-weather roads to access the nearest major community of Edmonton, Alberta, which is more than 1,000 miles away.  Supplies are trucked over 300 miles of winter ice roads or barged nearly 350 miles up the Mackenzie River during the summer months.  During winter months, access to the fields’ islands with heavy equipment is limited to across-ice transportation.

			Arctic Islands—First Exploration Drilling from Ice Islands

			After the first well was drilled in the Arctic Archipelago in the winter of 1961-62, exploration in the Sverdrup Basin of the Canadian Arctic Islands region was primarily performed between 1968 and 1986 by Panarctic Oils Limited (a consortium of 37 companies and the Canadian government established to explore for oil and gas in the Arctic Islands).  Panarctic drilled 150 wells over an area measuring more than 1 million sq. km.49  As shown in Figure 1-17, although the majority of Panarctic’s wells were onshore, 38 offshore wells were drilled from floating ice platforms in water depths up to 550 m.  All other operators accounted for an additional 37 onshore wells drilled in the area.50 
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			Approximately 17.5 TCF of natural gas and 12 million barrels of oil were discovered at Bent Horn on Cameron Island.51  In 1985, the first shipment of 100,000 barrels of this oil was delivered by an icebreaking tanker to a refinery in Montreal.52  When these shipments were discontinued in 1997, a total of 2.8 million barrels of oil had been produced.53

			Onshore drilling was logistically challenging given the extreme remoteness and harsh weather conditions.  The majority of equipment, including drilling rigs, supplies, and fuel, was annually sealifted into Rea Point during a short 2-week window at the end of summer.  These supplies were then moved across the region by aircraft and trucks or by tracked or rubber-tired all-terrain vehicles. 

			Offshore drilling required a major technological step due to the very limited open water season and minimal ice-free months.  Instead of drilling in the open water months, offshore drilling was conducted in the winter on ice platforms up to 5 m thick, constructed by either flooding the existing sea ice with seawater or spraying with high pressure pumps.  A modular rig design was developed to allow for air transportation to improve efficiency and cost effectiveness and reduce rig-up time.  Well duration, including rig-up, drilling, logging, and testing, was limited to about 90 days to meet same season relief well requirements.

			Canadian Beaufort Sea—First Use of Sand Islands and Arctic Drillships

			Exploration activity in the Mackenzie Delta/Beaufort Sea region began onshore in 1957 with early reconnaissance-level ground and air studies.  In 1962, the first two wells were drilled on the Beaufort Sea coast followed by onshore drilling at the Reindeer site on Richards Island.  In 1970, Imperial reported the first oil discovery at Atkinson Point followed by major gas discoveries by Imperial at Taglu (1971), Gulf at Parsons Lake (1972), and Shell at Niglintgak (1973).  This resulted in increased exploration and investment and spurred the 1974 proposal for a Mackenzie Valley Pipeline. 

			Offshore drilling in the Canadian Beaufort Sea began in 1973 with Imperial drilling two wells from artificial islands.  In 1976, drilling from ice-strengthened drillships accessed deeper waters and activity continued until 1990.  The most significant discovery was that of the Amauligak oil and gas field by Gulf Canada Resources.  

			Unfortunately, beyond these discoveries, the Mackenzie Delta/Beaufort Sea region was characterized by a large number of smaller, widely scattered resources.  As a result, interest in continued exploration activity in the region waned.  In 1999-2000, increasing North American gas prices and the revival of plans for the Mackenzie gas pipeline drove increased seismic exploration and drilling activity in the Mackenzie Delta.  However, it was short lived with Devon’s Paktoa C-60 well, drilled in 2005-06, the only Canadian Beaufort Sea offshore well drilled in the last 24 years.54

			Despite the difficult environment, National Energy Board records show that 92 offshore wells have been drilled in the Canadian Beaufort Sea region without significant incident,55 with numerous innovative drilling platforms and techniques developed and operated successfully.  These techniques later became foundational for activities across the global Arctic.

			Sandbag retained islands were first used in 1975 in shallow waters with limited open water season and landfast ice.  A ring of sandbags is placed on the seafloor to contain the fill.  The fine grain material allows for a relatively steep slope, offering protection against waves.  Clam-shelled local seabed materials and soils barged to the site from remote submarine borrow pits were used for fill.  A schematic example of one of 13 such islands constructed is shown in Figure 1-18.  Although they served their purpose, the construction method and materials meant that they had a limited depth of around 7 m.
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			To extend the use of islands in deeper water, sacrificial beach islands like Issungnak were created as shown in Figure 1-19.  The flat beach-like slopes allowed wave energy to be attenuated and provided an erosion buffer.  However, given the amount of material required, these islands were primarily constructed from fill dredged locally.  As deeper islands were considered, this method became cost prohibitive. 
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			To reduce island fill volumes in depths beyond 15 m, caissons56 were used in the 1980s.  The main caissons included:

			•Tarsiut caissons

			•Single Steel Drilling Caisson 

			•Caisson retained island 

			•Molikpaq mobile Arctic caisson. 

			Although the details of each system varied, deployment of all systems commenced with the building of a steep-sided subsea sand berm on the seafloor on which the caisson was set.  Then the caisson was filled with water.  While the basic design issues were similar to any other major civil work, the unique environmental loads necessitated extensive instrumentation to monitor structure performance to ensure well safety was maintained.  Installation was also challenged by the short working season and presence of ice.  Figure 1-20 shows the initial placement of the Tarsiut caissons in 22 m water depth and Figure 1-21 shows the Molikpaq caisson in 30 m water depth.  The Molikpaq was later modified to become a production platform off the coast of Russia’s Sakhalin Island.  
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			As water depth increased, artificial islands became impractical, but the desire to drill in deeper water continued, and specially converted ice-strengthened drilling ships began to be used during the summer months.  Three such drillships, Canmar Explorers I, II, and III (see Figure 1-22), were initially used starting in 1976 and, given the ice conditions, were supported by four icebreaking tug/supply vessels and a bulk supply carrier.  The drillships were equipped with eight mooring lines incorporating remote anchor release units, which, in conjunction with other equipment, allowed quick disconnection from the anchors.  This enabled the ship to withdraw from the drilling location quickly—to keep people and equipment safe and to protect the environment—in the event of ice encroachments that could not be managed within the levels of mooring capacity.  Additionally, ice management operations including ice alert procedures were used, the “big bit” was developed to drill mudline cellars,57 and drilling procedures were modified to deal with subsea permafrost.  In 1979, the fleet was boosted by the drillship Canmar Explorer IV, which used underwater fairleads58 to protect the anchors from winter ice and was supported by an icebreaker.
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			To improve on the limitations of ice-strengthened conventional drillships, an axis-symmetrical drilling vessel called the Kulluk, shown in Figure 1-23, was constructed in 1983 and began operations shortly thereafter.  With its double-walled, inward-sloping hull, this vessel could operate safely in open water conditions in the summer and also withstand ice loads encountered during late thaw and early freeze-up, thus extending the drilling season.  When on station, it was held in position by 12 radially deployed mooring lines.  The barge was supported by a fleet of purpose-built icebreakers and supply vessels.  Ice management that allowed activity into December, involved advanced ice-monitoring activities, icebreaking by the unit itself as well as by the icebreaking support vessels.
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			Newfoundland—First Iceberg-Resistant GBS and FPSO in Sea Ice and Iceberg Regions

			Exploration and development of eastern Canada’s offshore oil and gas resources in the Newfoundland and Labrador areas has progressed over several decades.  Long open water seasons combined with use of traditional deepwater development systems that have been adapted for ice prone conditions have allowed several fields to be developed.  From the Hibernia GBS to the White Rose and Terra Nova floating production vessels, production system technology suitable for an area where icebergs are present has continued to evolve.  

			The Hibernia field was discovered offshore Newfoundland in 1979, and, with 1.3 billion recoverable barrels, it is one of the largest fields ever discovered in Canada.  Following ten appraisal wells, Hibernia was developed in the 1990s.  In 80 m of open water, far beyond the reach of artificial islands, and with the threat of an iceberg as a key design challenge, a gravity-based structure with offshore tanker loading and extended-reach platform wells was designed.  The first of its kind, the GBS, as shown in Figure 1-24, was designed and built using high-strength, steel-reinforced concrete with pre-stressed tendons to withstand a 6-million ton iceberg impact.  Additionally, a sophisticated ice management program is employed where the platform monitors for, and is alerted of, approaching icebergs.  Support vessels are then used to divert the course of any icebergs using ropes or water cannons.  The Hebron platform, currently under construction and planned for placement in 95 m of water, has a similar design and incorporates learnings from Hibernia as well as an improved understanding of ice loads.  In almost 20 years of operation, Hibernia’s ice detection and management system has effectively protected the platform from icebergs.
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			In deeper water still, 30 km south of Hibernia, the Terra Nova field was discovered in 1984 in approximately 95 m of water and is estimated to hold over 500 million barrels of recoverable oil.  Following two additional exploration wells and six appraisal wells, the development plan was finalized in 1998 as a subsea tieback to a floating production storage, and offloading vessel (FPSO).  The FPSO was specially designed with a double hull to withstand ice impact and the turret-moored system is equipped for quick release for emergency disconnection in the event an iceberg remains undetected and comes within close proximity to the vessel.  Additionally, in case of iceberg scour,59 the subsea drill centers were installed in mudline cellars and pipelines were buried.  White Rose, discovered in 1985, 50 km northeast of Hibernia was also developed using similar FPSO and subsea technologies and remains in operation today, with plans for additional tiebacks to the FPSO under development. 

			United States 

			Activity in the United States, in parallel with Canada, has pioneered several Arctic drilling and production technologies, with many used as the basis for global Arctic projects today.  From the installation of ice-resistant steel piled platforms in Cook Inlet to the use of gravel islands in the Beaufort Sea in the 1960s and the Prudhoe Bay development via the purpose-built 800-mile Trans-Alaska Pipeline System (TAPS) in the 1970s, technology has continued to be developed and deployed.  Figure 1-25 highlights the key U.S. Arctic and sub-Arctic oil and gas areas.
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			Cook Inlet Onshore—First Alaskan Onshore Producing Field

			In the early 1900s, the first three wells were drilled in the Cook Inlet region of Southcentral Alaska.  Although only one discovered oil, it spurred additional drilling activity in the region.  However, high costs, lack of infrastructure, and a short drilling season driven by the difficult Alaska winter created significant challenges.  Therefore, serious exploration did not begin until the mid-1950s.  Richfield Oil Corporation drilled in the Swanson River region on the Kenai Peninsula and discovered oil in the summer of 1957 and, within a year, Swanson River became Alaska’s first onshore producing oil field.  Two years later, Union Oil Company of California and Ohio Oil Company made the first major gas discovery in the Cook Inlet area near the town of Kenai.  These discoveries led to extensive exploration and production on both sides of the inlet.  

			North Slope Onshore—Advancements in Arctic Logistics and Pipeline Export

			A key to the eventual development of North Slope hydrocarbon resources came as a result of the relationship developed between the Iñupiat and the U.S. Navy and USGS in the early part of the 20th century.  The Navy/USGS looked to the inhabitants of Arctic Alaska for their expertise and knowledge of their environment, and the Iñupiat looked to the Navy/USGS for a chance at an improved quality of life.  

			In 1923, with the need for a long-term reliable supply of fuel for the U.S. Navy, President Harding established the Naval Petroleum Reserve #4 (which later became the National Petroleum Reserve in Alaska) on the North Slope.  This massive tract of land spans almost 23 million acres,60 similar in size to the state of Indiana.  From 1945 through 1952, dozens of core and test wells were drilled inside and adjacent to Naval Petroleum Reserve #4, resulting in discovery of the Umiat oil field and two small gas fields at Barrow and Gubik.

			To complete this work, the Navy/USGS pioneered advancements in exploration and development techniques to overcome many challenges unique to the Arctic environment.  Transportation across the tundra provided a particular challenge because summer travel created significant environmental damage, yet travel during the dark cold winter season was not desirable either.   As a result, a gravel road design was created that would protect the active layer of the tundra.  Another challenge was the presence of permafrost.  To support stable civil structures, a system was developed where vertical supports were placed into the permafrost and cemented in place with a slurry of sand and water.  This system is still universally used throughout the Arctic.  

			The Navy/USGS team had a similar learning curve for seismic and exploration drilling in the permafrost environment.  Seismic data acquisition in permafrost and over partially frozen lakes presented seismic interpretation challenges.  In drilling, after at least one well casing failure, they learned that a nonfreezing fluid (such as diesel fuel or a salt solution) had to remain in the annular space between the surface pipe and interior well casing strings.  This moderated the thaw process that occurred in the permafrost intervals of the wellbore.  These innovations remain relevant today and the lessons learned have contributed to the success of America’s largest Arctic oil and gas fields.

			In June 1968, the largest oil field in North America, Prudhoe Bay, was discovered.  However, given the harsh remote and logistically challenged environment, significant time and cost and a viable hydrocarbon export system was needed for its development.  Shortly after the discovery, a joint venture was formed to construct an 800-mile overland pipeline to the nearest ice-free port in Valdez.  However, before the pipeline could be constructed Native title claims, environmental group opposition, and design and construction challenges all needed to be addressed.  After the pipeline was approved in 1973, work continued to address the significant engineering and technical challenges associated with the pipeline’s crossing of three major mountain ranges, 800 streams and rivers, and the seismically active Denali fault.  Furthermore, to protect the permafrost from melting due to the hot oil flow and to ensure the pipe did not subside, more than half of the pipeline had to be elevated.  However, the above-ground design potentially allowed for heat transfer to the permafrost via the vertical support members.  Therefore, a passive refrigeration system was created and over 124,000 thermosiphons61 were installed along the pipeline.  Additionally, due to the variations in ambient air temperature (ranging from 50 below to 90 degrees above Fahrenheit), a unique zigzag pipeline configuration was developed to allow for expansion and contraction of the pipeline and allow for movement in the case of earthquakes, as shown in Figure 1-26.  This same design is used on the above-ground pipelines on North Slope fields today. 
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			Construction began in 1975 and was completed in 1977, when on June 20 the pipeline went into service receiving its first crude oil from Prudhoe Bay.  

			In addition to TAPS and infield gathering lines, the development of Prudhoe Bay required a network of roads and well pads to be constructed from locally mined gravel deposits.  To help address the high costs of major construction in the Arctic, modularized construction techniques were employed.  Large process facilities were constructed in shipyards and other coastal industrial areas and then barged to the North Slope where they were transported via crawler to their site, placed on a piled foundation, and the various modules were connected together.  This same technique is still used today.  

			Currently, the field has six major processing facilities, one of the world’s largest gas handling facilities, a gas recompression facility, 38 well pads, over 2,000 wells, a seawater treatment plant, and over 1,000 miles of gathering lines.  

			Over the past three decades, Prudhoe Bay has been a proving ground for oil field technology that has helped improve recovery.  Large-scale gas cycling, water flooding, miscible gas injection, and a technique called water alternating gas injection have been used.  Additionally, advanced horizontal and multi-lateral drilling and advanced well completion methods have been used to reduce the surface footprint of the development.  Wells that were once drilled from 65-acre pads in the 1970s are now drilled on much smaller 13-acre pads and, given the significant advances in horizontal drilling techniques, can access more than ten times the subsurface area as shown in Figure 1-27. 
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			Today, Prudhoe Bay remains North America’s largest oil field with over 12 billion barrels of production to date, and is among the top 20 oil fields ever discovered worldwide.  Prudhoe Bay has historically counted for the majority of Alaska North Slope production.  The size of the accumulation has allowed for investments in infrastructure such as TAPS to be economically attractive and therefore has created opportunities for smaller accumulations to be developed.  Today, there are multiple onshore units producing on the North Slope, as shown in Figure 1-28, built upon the technologies pioneered by the Prudhoe Bay development.  
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			The Alpine field in the Colville River Delta to the west became the first North Slope development to be developed exclusively with horizontal drilling technology and thus significantly reducing the surface impact while still allowing access to a 50-square-mile subsurface area.  The Point Thomson field, a remote oil and natural gas field currently under development, involves a high-pressure gas condensate cycling project of an offshore reservoir via extended-reach drilling almost 2 miles from shore.

			Cook Inlet Offshore—First Steel Piled Platform in Moving Sea Ice

			After exploration success onshore Cook Inlet, the next logical step was to explore for hydrocarbons in the offshore region; however, significant challenges needed to be overcome.  In addition to long, dark, and cold winters, the inlet hosts tides as high as 30 feet that travel at velocities up to 8 knots.  From November to April, the inlet’s cold and silty waters are often filled with ice that moves with the tides.  In 1962, Pan American Petroleum Corporation discovered the first offshore oil field in the Cook Inlet, at Middle Ground Shoal.  The first production platform was installed by Shell in 1964 using a specialized steel platform concept adapted from the U.S. Gulf of Mexico experience to withstand the harsh conditions and strong tidal forces and stop the bridging of the ice between the platform legs. 

			In all, there have been 16 platforms installed in the inlet with the last production platform installed in 2000.62  An example of one of these platforms is shown in Figure 1-29.
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			North Slope Offshore—First Gravel Islands and Mobile Bottom-Founded Structures

			Early exploration drilling in the Beaufort and Chukchi Seas began in 1969, with the first gravel islands built in the Beaufort Sea in very shallow water.  Shell’s Sandpiper Island was, in 15 m of water, the deepest man-made gravel island built.  Gravel islands were generally the preferred island construction method in Alaska because of the availability of gravel, as opposed to Canada where only sand was generally available.  Figure 1-30 shows the typical construction for these man-made islands.  
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			While drilling on ice islands was occurring in the Canadian Arctic, the first well drilled from an ice island in the United States occurred in the 1970s in state waters, 3 km offshore in 3 m of water.63  As experience grew and gravel and ice island technology was developed, drilling progressed to the deeper federal OCS waters where exploration expanded following the 1979 federal lease sale.  Since 1982, a total of 35 wells have been drilled in the OCS using a variety of man-made drilling platforms and ice-strengthened drillships.64

			In an effort to reduce cost, spray ice islands were also pioneered in the U.S. Arctic and built on earlier experience from the Arctic Islands and U.S. state waters exploration.  High-pressure spraying, as shown in Figure 1-31, resulted in considerable reduction in construction times and cost versus seawater flooding.  Islands were constructed in 7 m of water in the OCS in 1986 at the Mars prospect, and by Chevron at Karluk prospect in 6 m of water.65 
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			As the water depth limitations of ice and gravel islands were reached, a move to gravity-based structures occurred.  The first GBS wells were drilled in 1984 by Exxon’s Concrete Island Drilling Structure (CIDS).  CIDS drilled four wells, the last in 1997.  Likewise, Canmar’s SSDC/MAT (Single Steel Drilling Caisson with MAT66) was used between 1986 and 2003 and consisted of the SSDC used in the Canadian Beaufort Sea with the addition of a new steel base, the MAT, as shown in Figure 1-32.
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			Moving further outboard into deeper water necessitated floating drill rig solutions, and the first floating wells were drilled by the Shell-Amoco-Union consortium at Camden Bay in 1985.67  Ultimately, nine wells were drilled in the Beaufort Sea by the Canmar Explorer II and Kulluk, with the last in 1993.68  The Chukchi Sea has seen less drilling, with exploration starting in 1989 using the Canmar Explorer II drillship.  Five wells were drilled between 1989 and 1991 by a Shell and Chevron operated consortium.69

			After discovery in 1978, the Endicott field, located about 3 miles offshore in 6 m of water, was developed in 1985 using two offshore gravel islands connected to shore via a 5-mile causeway.  This was the first continuously producing offshore field in the Arctic.  As the third major oil field developed on the North Slope, Endicott employed the lessons learned from the construction of Prudhoe Bay and the Kuparuk oil field and used a tight well spacing (10 feet apart) and directional drilling to reduce the surface foot print to about 70% smaller than previous North Slope developments.   Additionally, constructing the two islands, a 45-acre main production island and a 10-acre satellite drilling island, and a causeway required the major logistical effort of hauling over 6 million cubic yards of gravel.  Furthermore, to address concerns about potential disruption to the migration route of Arctic cisco fish, a bridge was constructed as part of the causeway.  Finally, all of the facilities were designed and built to protect against ice, and wave and current erosion.  Production began in 1987 and almost half a billion barrels of oil have been produced since then.

			After discovery in 1984, the Northstar development, located about 12 miles northwest of Prudhoe Bay in nearly 14 m of water, began in 200170 and also employed a gravel island concept.  This was the first Arctic offshore field to shore without a causeway.  Additionally, Northstar, shown in Figure 1-33, is the only field to produce oil from the federal OCS in Alaska.  The self-contained drilling, production, and housing is located on a 5-acre artificial island and is protected from sea ice and wave and current erosion by concrete armor, a steel sheet pile wall, and an underwater bench and berm system.  Furthermore, the 6-mile subsea oil pipeline to shore was installed at a depth several feet below the deepest ice gouges ever recorded to protect against possible ice damage.  Additionally, to avoid damage caused by strain, the pipeline was built with a wall thickness triple those of typical onshore North Slope pipelines and included three separate leak detection systems.  Northstar has produced over 150 million barrels of oil since start-up in 2001.
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			Following Endicott and Northstar, Oooguruk and Nikaitchuq have been developed with a combination of offshore gravel islands and onshore facilities.  The Liberty oilfield, discovered in 1997, is under consideration for development and if it proceeds would be only the second offshore Arctic development in U.S. federal waters.

			Russia—First Offloading Terminal and GBS Production North of the Arctic Circle

			Given its massive Arctic coastline, Russia has long pioneered developments in icebreaking vessel capabilities and has also established the Northern Sea Route to connect the Pacific and Atlantic Oceans.  Additionally, oil and gas production off the coast of the sub-Arctic Sakhalin Island has paved the way for the later development of the Prirazlomnoye field and the Varandey offshore tanker loading terminal.  Both of these are north of the Arctic Circle and operate in close to year-round pack ice conditions.

			The 1930s saw the beginning of onshore Russian Arctic oil and gas exploration in the remote Yamalo-Nenets region of the Soviet Union.  This was followed by several large onshore discoveries across the Russian Arctic in the 1960s, with extensive development and the start of production in the 1970s.  Similar to other Arctic locations, development was challenged by permafrost and the distance to market.  Despite this, over 6 billion barrels of oil and 550 TCF of gas have been produced to date, with production concentrated onshore western Siberia.71

			Significant activity has also occurred in the Russian Arctic offshore, and in 1988 the Shtokmanovskoye gas field was discovered.  The only offshore development is Gazpromneft’s Prirazlomnoye in the Pechora Sea, discovered in 1989 and estimated to have over 350 million barrels of oil.72  Development of the field was achieved with the first manned offshore gravity-based platform north of the Arctic Circle.  This is a significant historical achievement considering ice coverage can last up to 10 months of the year with temperatures dropping to −60 degrees Fahrenheit.  Production from Prirazlomnoye commenced in late 2013, with oil exported via ice class tankers.  Figure 1-34 highlights some of Russia’s Arctic and sub-Arctic oil and gas areas.
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			Although south of the Arctic Circle, Sakhalin Island located north of Japan has been home to several developments in Arctic-like ice conditions over the past 20 years.  Sakhalin-1 includes the offshore shallow water Arkutun-Dagi, Chayvo, and Odoptu fields and, after discovery in the 1970s and 1980s, the fields have been developed in phases starting in the late 1990s.  Chayvo, developed first, uses both an offshore drilling platform that is one of the largest ice-resistant concrete substructure platforms ever constructed and extended-reach wells drilled from an onshore drilling pad.  The platform design allows it to operate year-round in ice-prevailing waters that can experience ice ridges more than 30 m in thickness.  Additionally, the onshore drilling rig has achieved record-breaking drilling with the longest extended-reach well ever drilled at almost 13 km.73  Odoptu followed, using the Yastreb rig to drill extended-reach wells to the offshore reservoir.  The Arkutun-Dagi field, in its final stages of development, is the first of its kind to use friction pendulum bearings and a design to withstand both ice impact and earthquakes of magnitude up to 9.0.74  The oil from all of these fields flows back to onshore processing facilities before being carried via pipeline to an export terminal at Dekastri.  Tankers are loaded year-round and escorted by icebreakers as required through the Tatar Strait.  In 2009, the Dekastri Terminal was named Terminal of the Year at the oil terminal conference in St. Petersburg, voted by industry and experts for its efficiency in such areas as economics, environmental, and social.

			Sakhalin-2 comprises two major field developments: Piltun-Astokhskoye oil and gas field to the north and Lunskoye gas condensate field to the south.  Similar to Sakhalin-1, both are in shallow water off the east coast of Sakhalin Island.  These fields were discovered in the mid-1980s.  The first phase targeted early oil production from the Piltun-Astokhskoye field by converting the Molikpaq caisson, as shown in Figure 1-35, to a fixed drilling, production, and quarters platform and using a floating export and offloading system and tanker export.  Seasonal production from this system commenced in 1999.  Phase 2 began after this early production system was decommissioned in 2008.  The second phase included year-round production from two new platforms, with production transported via subsea pipelines to the onshore processing facility.  Then, two 800-km onshore pipelines feed LNG facilities and an oil export terminal at the south of the Island.  The LNG plant, located in Prigorodnoye, is the first of its kind in Russia, with two trains for a combined production capacity of almost 10 million tonnes per annum.  LNG is transported via ice-strengthened ships designed to operate in very low temperature year-round. 
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			Sakhalin-3 is the third set of developments on the island and is located to the south of Sakhalin-1 and Sakhalin-2.  The fields in this gas development were discovered between 1992 and 2011.  The development of Sakhalin-3 will also be in phases beginning with the Kirinskoye block, located in water depths averaging 100 m to 250 m with ice coverage several months of the year.  A subsea tie-back 29 km to shore, the first of its kind in Russia, has been constructed to deliver gas to Russia’s mainland.  Production commenced in 2013. 

			Norway—First Subsea to Shore LNG in the Arctic

			Norway has developed many Arctic technologies with a historical focus on subsea production, given the countries long coastline and deep seas.  Additionally, the long open water season has enabled deeper water developments compared to other Arctic regions.  Norway developed the world’s first subsea to shore gas development in Arctic waters.  Development of the Snøhvit field has allowed for commercialization of offshore deepwater Arctic gas using onshore LNG facilities designed for cold Arctic temperatures.

			Norway has a long history of offshore oil and gas development, with over 100 exploration wells drilled in both Arctic and sub-Arctic areas since exploration activity started in the North Sea in the mid-1960s followed by activity in the Barents and Norwegian Sea in the late 1970s.  Barents Sea drilling had limited success with many of the discoveries being gas and not large enough to commercialize given the distance to markets.  Some of these discoveries (Snøhvit, Albatross, and Askeladd) were declared commercial in 2004, and production started in 2007.  Snøhvit, shown in Figure 1-36, was the largest of the three and the first field in Norway’s Arctic to be developed without any offshore surface structures.  It is located 140 km from shore.  Subsea wells flow gas through pipelines to Melkøya, outside Hammerfest, where the first LNG export plant in Europe processes the gas.  Figure 1-37 highlights some of Norway’s Arctic and sub-Arctic oil and gas areas.
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			Exploration activity has increased significantly in recent years, and several large discoveries have been made.  The Goliat field was discovered in 2000, with production scheduled to start in 2015.  Additionally, the Johan Castberg field is currently under development, and Wisting is currently under evaluation for potential development.  Furthermore, in 2014 a number of wells were drilled in the Hoop area and are some of the northernmost wells ever drilled.  Development of these fields will encounter similar challenges to other remote offshore Arctic locations.

			Greenland—Exploration Has Begun in One of the Most Challenging Arctic Environments in the World

			Since the 1970s, there has been varying levels of interest in Greenland’s offshore potential.  In the early 1970s, exploration focus was on the western offshore region where five wells were drilled in 1976 and 1977 without a discovery.  In 2000, another well was drilled in the region with similar results and, again in 2011 and 2012 additional wells were drilled with no significant discovery reported.  With waning interest on the west coast in Baffin Bay, recent lease sales were awarded in 2013 on the northeast coast.  

			Northeast Greenland offshore is considered by many as one of the harshest Arctic environments in the world.  Almost year-round multi-year ice, fast ice floes, and icebergs and ice islands traveling from the north provide for a complex operating environment.  Although the northeast is considered to have significant oil potential, only seismic surveys have been completed to date, with exploration drilling and development yet to occur.  Figure 1-38 highlights some of Greenland’s Arctic and sub-Arctic oil and gas areas.
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			What Lies Ahead—Continued Development of Arctic Technologies

			As exploration and development continues, technology development is expected to continue to progress and enable prudent exploration and development in more challenging Arctic environments.  Below are just a few examples of recent or planned major activities in the Arctic.

			In the summer of 2014, ExxonMobil and Rosneft commenced exploration drilling of the Universitetskaya-1 well in the south Kara Sea, an area more than 125 thousand sq. km with water depth ranges from 20 m to 200 m.  Drilling began in August 2014 with the West Alpha semi-submersible rig, and it is the Russian Federation’s northernmost well.75  Given the harsh cold and icy environment, the West Alpha was upgraded and winterized to withstand temperatures as low as −50 degrees Celsius and a sophisticated ice management system was employed to ensure continued safe drilling operations.  The well was successfully drilled to total depth in October 2014.

			Novatek’s Yamal LNG project will develop the massive South-Tambeiskoye gas condensate field near Russia’s Yamal Peninsula.  Discovered in 1974 and estimated to hold 25 TCF of gas and 210 million barrels of condensate, the plan is to build a three train, 15 million tonnes per annum LNG facility and produce from approximately 210 production wells.  Plant facilities and additional infrastructure including a 375-megawatt power plant will be designed to withstand the extreme winter conditions.  Additionally, approximately 16 ice class, world-scale LNG tankers will be specially designed and built to manoeuver through waters with ice 2 m thick and transport LNG from Yamal to markets in Asia via the Bering Strait during the summer and fall, and to Europe via the Kara and Barents Seas year-round.  Currently, Yamal LNG is expected to start up around 2017 and will mark one of the largest developments in the Arctic.  

			Also in Russia, Shtokmanovskoye (Shtokman) is one of the largest global gas discoveries made.  It is located in Arctic waters 300 m to 350 m deep and approximately 550 km from the coast of the Russian Kola Peninsula.  Discovered in 1988, the field is estimated to hold almost 95 TCF of recoverable natural gas and 300 million barrels of condensate.76  A three-phase development has been proposed, with Phase 1 to include subsea wells tied back to an offshore floating production unit, with processed gas sent to an onshore LNG plant before being exported via pipeline.  Condensate would be loaded offshore to tankers.  Phase 2 and 3 would expand LNG capacity.  The major technical challenges for this development include the short open water season, large icebergs, severe storms, earthquakes, and subfreezing temperatures that occur most of the year.  Development is currently on hold to finalize commercial agreements; project start-up is not expected before 2030. 

			In the United States, the proposed Alaska LNG project is another major undertaking in Arctic gas development.  Since the discovery of Prudhoe Bay in 1968 and Point Thomson in 1977, about 35 TCF of gas have been stranded on the North Slope due to a lack of a gas export infrastructure.  While there have been a number of proposals over time, they have not been economically viable given the high cost of construction.  Recently, a consortium made up of the three major North Slope producers, the state of Alaska, and a Canadian pipeline company has advanced plans for a proposed $45 to $65 billion project77 to enable the development and commercialization of that North Slope gas.  The project would take gas from the Prudhoe Bay and Point Thomson fields to a new world-scale gas treatment plant on the North Slope where around 3.5 billion cubic feet of gas per day would be treated (including removing the CO2) before being delivered to a new large-diameter, 800-mile long natural gas pipeline to the liquefaction facility presently planned for the Kenai Peninsula.  It is expected that the pipeline will face many of the same challenges as TAPS; however, the gas will be chilled and the pipeline buried in areas of permafrost.  The liquefaction facility is planned to have three trains capable of producing about 20 million tonnes per annum.  Loading facilities and ships will be designed to contend with the large tides and the winter ice floes of the Cook Inlet.
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			Development Potential and Challenges 

		

		
			Scope

			This chapter provides an overview of the different Arctic physical environments and outlines the elements of prudent Arctic exploration and development.  Topics covered include a general description of the global ice environment followed by a high-level discussion of the key drivers for economic prudent exploration and development.  A discussion of the factors that result in high cost and long timelines for exploration and development in the Arctic is provided, including an outline of typical timelines from lease sale to production.  A general description of the typical drilling, production, and oil and gas transport options as well as Alaska focused logistics considerations is provided, including how the various physical Arctic environments impact the ability to explore and develop both globally and in the U.S. Arctic.

			Introduction

			The Arctic is a different environment often distinguished by the presence of ice and its general remoteness.  Polar nights bring periods of up to 24 hours of darkness during the winter months with continuous daylight in the summer.  Year-round ambient temperatures are generally low and mostly well below freezing.  Arctic operating conditions can vary substantially from country to country, basin to basin, and even year to year.  Differences in the physical operating environment can impact the complexity associated with exploration and development activities.  Compared to other global oil and gas locations, to prudently explore and develop in the Arctic requires many different technologies, significant investment, and long timelines.  Quality oil and gas resources of sufficient size are required from exploration programs to enable economic and prudent development.  While there are a number of different aspects of the physical environment that can impact prudent exploration and development, the predominant aspect is ice type and abundance, with water depth and the length of the open water season also important.

			There is Not One Arctic Physical Environment 

			Ice Environment

			The first key parameter is ice type and abundance.  The typical ice regimes found in the Arctic are landfast ice, pack ice, and icebergs/pack ice, as shown in Figure 2-1.  Ice type and concentration impacts the forces on vessels and platforms as well as the ability to maneuver for operations.  
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			Arctic seas can contain several different ice types.  Examples can be seen in Figure 2-2.
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			•The open water season occurs during the summer melt season when there is essentially no pack ice cover (technically, it is when pack ice covers less than one tenth of the area).  Open water season length can vary substantially from year to year.

			•Landfast ice occurs when the water near the coastline freezes, attaches to the shoreline and seafloor, and is relatively stable.  

			•Pack ice is concentrated, mobile sea ice cover.  Pack ice compresses under the force of changing wind direction and deforms to form thickened ridges and rubble fields.  Pack ice is generally characterized according to its age, which relates directly to thickness and strength:

			−First-year ice is new ice that forms over the open water each winter.

			−Second-year ice is thickened ice resulting from refreezing of surviving first-year ice from the previous season.

			−Multi-year ice is thick ice built up from multiple freeze cycles of previous years’ ice.

			•Icebergs are large freshwater ice masses that break off from glaciers and drift with sea currents.

			•Ice islands are massive tabular ice floes that break off from multi-year ice shelves or glaciers and drift within pack ice.  

			In the U.S. Arctic, under the current climatology of diminished summer ice extent, landfast ice and first-year ice are the most common ice types.  However multi-year ice also occurs.  Historically, icebergs do not occur in the U.S. Arctic and ice islands are rare occurrences.

			Water Depth

			Water depth is the second key variable in determining the types of drilling rigs and production systems for exploration and development.  In shallower waters, drilling from shore or man-made islands can be used.  With increasing water depth, bottom-founded solutions, followed by floating solutions are required.  Bottom-founded solutions can be used in water depth up to approximately 100 meters (m) depending on local seafloor and ice conditions for both drilling and production.  Beyond 100 m subsea or floating solutions are required for production.

			Open Water Season

			The open water season is the third key parameter that has a significant impact on the types of technologies used and on executing plans for offshore activities.  The length of the open water season impacts the ability to conduct ice-free operations in a timely and efficient manner.  In general, short open water seasons can restrict access and require additional time and investment to complete various activities such as drilling a well or installing facilities.  Longer open water seasons generally allow for more activities in a given year.  Open water also allows for the use of floating drilling rigs for depths greater than approximately 20 m.  As noted elsewhere in this report, most of the U.S. Arctic undiscovered conventional offshore resource potential is in depths up to approximately 100 m and in general has an open water season of greater than a few months.  

			Key Drivers for Economic Prudent Exploration and Development

			Before progressing new prudent exploration and development, it is first necessary to understand what has been accomplished to date with existing technology, and then to define the key drivers that facilitate safe and efficient exploration and development in an Arctic setting.  Without exploration and discoveries of sufficient quality to justify significant investments, there can be no development.  Thus it is vital to examine the key drivers for exploration and development separately.  Figure 2-3 illustrates the five key stages for an oil or gas development.  While this is shown as a linear set of activities for illustrative purposes, seismic acquisition and subsurface mapping can and will usually start well ahead of a lease sale. 
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			Elements Required to Enable Prudent Arctic Exploration and Appraisal

			Several elements are required to support Arctic exploration.  Generally, exploration may proceed if there is uncertainty in one or two of the following elements, but the likelihood of exploration activity occurring is reduced as the uncertainty increases.  The following outlines the key elements to the exploration and appraisal phases.

			•Resource Potential:  An area must show resource potential to attract interest.  As documented in Chapter 1, there is estimated to be substantial oil and gas potential in the U.S. Arctic, both onshore and offshore.

			•Access to Acreage:  Lease sales are a prerequisite for exploration.  In the United States, companies purchase the right to access lands for exploration and development by bidding in lease sales with the lease awarded to the highest bidder.  The frequency of lease sales and the areas offered are determined by the government.

			•Lease1 and Fiscal Terms and Conditions:  Lease terms and conditions are a major consideration when entering a new area. This is especially the case in remote high-cost locations with limited access such as the Arctic.  Companies seek adequate time to carry out an exploration and appraisal program, the ability to retain a discovery until economics justify development, and appropriate fiscal terms that support economic development. 

			•Stakeholder Alignment: To enable exploration, a consultation process is required involving the demonstration of mutual benefits to, and meaningful engagement and participation of, local residents, regulators, and operators as partners in the resource development.  This alignment grants the partners a license to operate. 

			•Regulatory Alignment and Predictability:  A regulatory framework with clear process and timelines is needed to attract investment in high-risk exploration activities.  Permits are also required for a variety of activities before they can commence, including conducting seismic acquisition and drilling wells.

			•Environmental Assessment:  A key precursor to exploration is a comprehensive environmental assessment to highlight any potential positive or negative impacts that drilling operations may have on the area and, if required, how any negative impacts would be mitigated.  Local stakeholders, industry, and the regulator should be involved in such an assessment, thus ensuring that all issues are clearly understood before the acreage is acquired and exploration commences.

			•Expectation of Economic Viability:  It is a normal practice for industry to carry out an economic prescreening of any new exploration prospect to ensure that it ranks favorably within the portfolio of exploration opportunities available to the company.  Such assessment in an Arctic setting would involve a high-level screening economic assessment as well as consideration of the challenges and costs associated with key exploration activities such as seismic acquisition and drilling.

			Once the above elements have been satisfactorily addressed, and presuming a decision to bid is made and leases are won and awarded, the exploration operational phase begins.  This phase requires continued progression of the elements listed above.  However, the focus shifts to operations readiness and execution of the exploration program, and drilling proceeds only if it is safe to do so and after the well has been designed for safe operations.

			•Understanding the Local Physical Environment:  An understanding of the physical environment is fundamental to planning and conducting any activities.  Ice conditions can drive seismic and data gathering activities as well as the drilling system that can be used, including the drilling unit, marine support vessels, oil spill response, ice management vessels, and emergency escape and rescue systems.  Additionally, the physical environment drives the methods and timing by which equipment is mobilized to and from site and the length of time operations can safely occur.  Moreover, water depth and seafloor and soil conditions all need to be considered when planning exploration activities.

			•Logistics:  The ability to move vessels, equipment, people, and supplies into an area are important factors in determining the time and cost of exploration and development activities, especially for remote, harsh environments such as the Arctic where access can be severely limited.  In the U.S. Arctic, limited infrastructure, long distances, and the type and abundance of ice are the three factors that most influence the ability to move to, from, and within the area being explored.

			•Emergency Preparedness:  Exploration and development can prudently occur with a plan and appropriate equipment and people in case of emergency.  Emergency evacuation and response and oil spill prevention and response are key elements to any exploration or development activity.  The proposed plan and equipment need to adequately support the operations to be undertaken and meet local stakeholders and regulators expectations and requirements.

			•Acquire Additional Data:  The first few years of most leases are dedicated to planning and approvals for the seismic acquisition program and gathering data such as local soil conditions.  The physical operating environment will have an impact on the availability of appropriate seismic acquisition vessel and support craft, which, in turn, can impact the schedule.  In addition, there are often blackout periods where seismic acquisition is not permitted—these are often related to marine mammal migration or harvesting activities. 

			•Stakeholder Alignment and Regulatory Approvals:  To maintain stakeholder alignment and acquire the required regulatory approvals, it is critical to continue the productive dialogue that started in the exploration planning phase.  This continues to form the license to operate.

			•Drilling the Well(s):  Once all of the above is in place, drilling of the well(s) can occur.  To provide sufficient information for the operator to determine the size and the quality of any discovery, an initial exploration well, followed by several appraisal wells, is usually needed.  Furthermore, data gathering and flow testing of the well are also often required.  

			As illustrated, there are several elements to the process, including deciding to conduct, planning for, and executing an exploration program with no guarantees of making a discovery or of it being economic to develop.  The exploration operations usually last for several years. 

			Elements Required to Enable Prudent Arctic Development

			Having completed a successful exploration program, made a discovery, and delineated it, an operator now moves into a phase to define development viability and subsequently moves to development if justified.  A great number of factors can influence the economic viability of a proposed development.  Following are some of the key elements most likely to influence a successful development in the Arctic.

			•Discovery of a Material and Quality Resource:  For development viability, exploration must first result in a discovery.  Once discovered, the size, density, and quality of the resource are all critical in determining materiality and if and what type of development may be appropriate.  The resource needs to be of significant size (barrels of oil equivalent) to justify the substantial time and expense to develop it.  The resource density (spatial compactness) can drive the number of wells and number of production systems needed.  The quality of the resource also drives the number of wells.   All three collectively impact the economic viability of any proposed project to develop that resource.  

			•Development Concept:  This involves an assessment of the alternatives available to prudently develop the resource.  The elements of this assessment often include analysis of markets and fiscal terms and agreements, designing an appropriate depletion and drilling plan for the reservoir, assessing environmental impacts, understanding infrastructure and logistical needs, the use of appropriate technologies, and the type of production and export systems to be used.  This usually culminates with a detailed cost and schedule being developed from which the economic viability of the different development options is assessed.  Once a preferred concept has been chosen, front-end engineering design (FEED) is undertaken to further define the project scope, followed by detailed design.

			•Expectation of Economic Viability:  Given the already high cost to develop in the remote Arctic, a resource of sufficient size, density, and quality is needed to justify the cost and time to invest in the right development concept.  Operators require an expectation of economic viability before committing the significant financial and other resources required to execute such large-scale projects.  Additionally, it is important to note that even when a discovery has been made and a feasible development concept is available, market and economic conditions still may determine whether there is an economically viable project to proceed at that time.

			•Stakeholder and Regulatory Alignment:  It is critical to continue engagement and secure regulatory and other approvals throughout this phase to ensure a license to operate is maintained and permits for specific activities are granted.

			Once the above elements have been satisfactorily addressed, a decision to develop has been made by the operator, and required approvals and stakeholder support obtained, the full field development operational phase begins.  Given there are several overlaps with the exploration operational phase, the following key differences are highlighted.

			•Logistics and Infrastructure:  Setting up the air and marine supply routes, ports, airstrip, staging areas, roads, and camps for an onshore base to support full field development in a new area is a significant endeavor.  Depending on location, supplies may be delivered to a supply base by vessels in the open water, vessels operating in ice, or by overland methods.  Preplanning and logistics become critical to the success of a project.  For example, the open water supply window is relatively narrow and a full year of operations may be lost if the bulk materials or major equipment needed for the following year of operations are delayed by a few weeks and miss the open water delivery season.  

			•Increased Activity: The primary development activities—drilling, completions, pipeline and facilities construction, production operations, and product export—will overlap and require numerous supply and support vessels.  Maintaining a focus on safety, environmentally responsible operations, and local impact is paramount when coordinating simultaneous operations.

			•Year-Round Operations:  While exploration activities can be conducted seasonally, full field development of a major resource will require sustained year-round production and product export.  Policies and regulations that support a year-round operating season must give consideration to environmental protection, prudent ice management, and personnel protection systems.

			Development Scenarios and Typical Timelines

			Exploring for oil and natural gas deposits in the Arctic, though technically achievable, is expensive, and once discovered it will be challenging to commercially develop a given discovery.  As is common in remote areas, large fields are required to shoulder the economic burden of the front-end infrastructure needed to enter a new region.  For example:

			•Prudhoe Bay Onshore Oil:  Discovered in 1968, Prudhoe Bay field had a recoverable oil estimate of 9.6 billion barrels at the time, and the initial feasibility study estimated a cost of approximately $1 billion for the pipeline and oil export terminal.  The owners, including Amerada Hess, ARCO, Sohio, Exxon, Mobil, Phillips, Union Alaska, and BP, formed the Alyeska Pipeline Service Company to design, build, and operate the Trans-Alaska Pipeline System (TAPS).  As the design progressed the estimate was updated, and by the start of construction in 1974 the estimated cost was approximately $4 billion.  By the end of 1977, the final cost was closer to $8 billion.2

			•North Slope Onshore Gas:  The Prudhoe Bay oil discovery in 1968 also found an estimated 26 trillion cubic feet (TCF) of natural gas.  An additional 8 TCF of gas was discovered at Point Thomson in 1977.  Federal and state legislators have enacted numerous laws to spur on natural gas development, and various joint venture partnerships have explored alternatives for bringing this gas to market, but 40 years later it remains a stranded resource.  

			The North Slope examples above demonstrate the very large resource size and long development timelines needed to bring the initial onshore Arctic oil fields and infrastructure from discovery to production.  As exploration moves offshore into more challenging operating environments and the distance from existing infrastructure increases, the threshold for quantity and quality of hydrocarbon resource required for commercially viable developments will also increase.  After an initial development in a basin or region, there is a reasonable expectation that projects might use some of the existing infrastructure and therefore shorter timelines may result.

			Once major infrastructure is in place for an anchor field, it often becomes feasible to develop smaller adjacent fields.  However, smaller is a relative term, and still means very large satellite fields are required for follow-on development in the Arctic.  The Kuparuk field discovered in 1969 had an originally estimated recoverable oil resource volume of 1.6 billion barrels and started production in 1981.  The Alpine field discovered in 1994 had an originally estimated recoverable oil resource volume of 500 million barrels and production commenced from this field in 2000.  If either of these fields had been discovered before Prudhoe Bay, it is unlikely they would have been economically viable to develop at that time.  Proximity to TAPS is likely to continue driving oil development in Alaska, provided that areas are made available for exploration.  As the distance from existing infrastructure increases, the threshold resource size required to bear the burden of additional tie-in costs also increases. 

			Development Timeline Summary

			The seasonal nature of activities in remote Arctic regions imposes a significant burden on the development timeline making it extremely difficult to complete the basic exploration and appraisal activities to demonstrate a commercial discovery within the 10-year primary lease term, as discussed in Chapter 4, let alone commence production.  Figure 2-4 highlights the long timelines for several completed global Arctic and sub-Arctic oil projects and compares them to select Gulf of Mexico (GOM) projects and generic Alaska Arctic timelines.  The assumptions behind these generic offshore timelines are discussed below.  
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			Phase 1:  Oil and Gas Exploration—Lease to Initial Discovery

			Activities in the exploration phase are primarily directed towards obtaining seismic data and drilling exploration wells.  Planning the seismic program, contracting the equipment or vessels, gathering the seismic data and interpreting it to identify potential drill sites, could require 3 to 5 years of the initial lease term, as discussed later in Chapter 4.  While some seismic data can be, and often is, acquired before a lease term begins, in a frontier area, it is likely that additional seismic data will be needed.  Additionally, a survey of shallow hazards at the potential drilling area is needed.  A similar time frame (not shown in Figure 2-5) is required for planning the exploration drilling program, contracting for (and perhaps modifying or building new) drilling systems complete with ice management, and contracting for the support vessels required to conduct exploration drilling.  Operating within current regulatory boundaries in the limited open water season, as discussed later in Chapter 4, in the Chukchi Sea, a reasonable assumption would be one well per season for a shallow target depth, with this easily extending to one well in two or three seasons for deeper targets in deeper water with shorter open water seasons.  This is shown in Figure 2-5.  However, for targets in less than 100 m of water in the U.S. Arctic, it is anticipated that one to two seasons would likely be sufficient to drill a well.  For onshore or in landfast ice regions, it is unlikely that more than two exploration wells could be drilled in a single season.  Well testing would likely require an additional season.  
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			These typical exploration timeline scenarios assume that three prospects are explored and one hydrocarbon discovery is made.  They show the broad range of time that may be required just to conduct the primary seismic acquisition and conduct exploration drilling activities in the exploration phase.  Furthermore, this does not account for the time that may be required to conduct, either in series or parallel, activities such as environmental studies, stakeholder engagement, or shallow hazard assessments, which are all prerequisites for obtaining the permit to drill.  The projects listed in Table 2-1 highlight this variability in timelines for the exploration phase for a variety of Arctic and sub-Arctic basins.
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			Exploration drilling is not always successful, even where there is strong indication of resource potential.  There were 11 exploration wells drilled on the North Slope of Alaska before the Prudhoe Bay discovery.  In the Chukchi Sea Outer Continental Shelf (OCS), there were five exploration wells drilled on five large prospects between 1989 and 1991, but a commercial discovery was not made.  

			Phase 2:  Oil and Gas Appraisal—Initial Discovery to Project Investment Decision

			Following a discovery, the activity shifts from exploration to appraisal drilling to evaluate the size and quality of the discovered resource.  The number of appraisal wells needed to delineate the hydrocarbon accumulation and reduce uncertainty will depend on many factors, but it is reasonable to expect that the number will increase as the overall size or spatial extent of the prospect area increases.  For example, a new anchor field of greater than 1 billion barrels of oil equivalent (BBOE) size covering areas of tens of thousands of acres on the Alaska OCS would likely require a minimum of three to four appraisal wells and, depending on reservoir compartmentalization or other complexities, may require as many as six to nine appraisal wells, as shown in Table 2-2.
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			As reservoir data become available, engineering studies are conducted to define alternative development concepts, and supporting data are gathered to assist with screening for commercial viability.  Stakeholder engagement continues as onsite data collection and pre-FEED (front-end engineering and design) work are initiated to assess the best design to develop the resource and protect the environment. 

			Figure 2-6 outlines a range of timelines for the appraisal phase for a typical Alaska OCS opportunity.  Furthermore, the projects in Table 2-2 demonstrate that a significant amount of time is needed to explore and appraise prospects in the Arctic and that the range of uncertainty on the overall Phase 1 and 2 timeline is very broad.  Many developments are delayed in this phase due to commercial challenges, addressing stakeholder concerns, or litigation.

			
				
					[image: ]
				

			

			These high-level timelines outline a reasonable range of possible appraisal periods from 7 to 13 years, and this only considers two of the main appraisal activities.  It does not account for the time required to conduct shallow hazard surveys or obtain all the approvals, permits, and authorizations that are required for development.  Even so, the combined Phase 1 and Phase 2 timelines for both scenarios could total between 13 and 27 years, exceeding the current 10-year primary lease term.

			Phase 3:  Oil Development—Project Investment Decision to First Oil

			A project investment decision is achieved when operators have an approved work plan with funding in place as well as external support with stakeholder alignment, all regulatory approvals, marketing agreements, and primary contractors in place.  

			As shown in Table 2-3, the timeline from project investment decision to first oil (date when oil is first produced) is generally as quickly as is prudent, given stakeholder concerns have been addressed and support secured, and operators are committed to bringing production online.
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			To minimize the work done onsite in the remote and harsh climate of the Arctic, modular fabrication of production facilities generally takes place offsite in dry docks and fabrication yards.  Depending on the complexity, detailed design and fabrication of an offshore drilling and production platform can take 3 to 5 years.  Towing it to location and installation can take another year.  Construction of a transportation system (pipeline and/or trans-shipment terminal and tankers) can proceed in parallel with the production platform construction.  Development drilling from the platform follows installation, with commissioning and first oil usually within a year or two, once sufficient wells are drilled to start up the production and transportation system.

			By layering the typical range of time taken for development activities on top of the range of exploration and appraisal timelines, it is clear that a significant amount of time is required—20 to 35 years to explore, appraise, and develop a new oil field in the Alaska OCS, as shown in Figure 2-7.
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			Gas Development

			While the above discussion is focused on oil developments, it is important to note that gas developments often face many of the same challenges.  Additionally, given gas market dynamics, it may take additional time to commercialize a gas resource.

			The state of Alaska and the North Slope producers have a 40-year history of evaluating options to market gas to Canada and the U.S. Lower 48 and international markets.  However, given the high costs associated with Arctic development and the need for a gas pipeline, Alaska gas has not been competitive given that both Western Canada and the Lower 48 now have surplus gas and are looking to export LNG (liquefied natural gas).  Until there is an economic way to bring gas to market, there is limited incentive for further natural gas exploration.  The Alaska LNG project is the current project being advanced by the North Slope producers and the state of Alaska.  A description of this project can be found in Chapter 1.

			There remains uncertainty around the time required to obtain stakeholder alignment and all the permits and approvals needed to bring the Alaska LNG project to a final investment decision.  The anchor fields of Prudhoe Bay and Point Thomson are forecast to sustain a plateau rate of 20 million tonnes per annum for 20 years.  Follow-on gas development will be driven by proximity to the project’s infrastructure and plateau timing unless the new field is large enough to justify additional facilities.

			Typical Exploration and Development Concepts

			Exploration and development concepts can share many similarities, but a key difference is activity duration, with development requiring year-round operation.  Exploration wells are drilled to test for the presence of hydrocarbons and to establish materiality including size, density, and quality of the resource.  These wells could be converted into development wells but are typically plugged, made safe, and abandoned.  Exploration drilling, by its short-lived nature, can therefore often be completed in the open water season or into ice and take advantage of concepts that might not be feasible for year-round operation.

			Drilling Concepts for Exploration and Development

			The water depth and ice regime determine the type of drilling system used for offshore exploration drilling in the Arctic.  In shallow water, drilling has primarily been done from onshore, ice/gravel islands, or mobile bottom-founded structures such as the Steel Drilling Caisson with a conventional onshore rig.  As the water depth increases, a moored floating drilling unit can be used, and, in deeper water, a dynamically positioned floating vessel would likely be used.  Each drilling unit is supported by a marine complement that will manage ice, provide supplies, and respond in the unlikely event of an oil spill.  Crew change is typically carried out by helicopter to shore.  In general, the cost to operate a fully supported drilling system increases as the distance from onshore support bases, water depth, and severity of the ice regime increases.

			A description of the various types of drilling systems appropriate for use in an Arctic setting follows, with many shown in Figure 2-8.  
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			•Land-Based Rigs:  Land-based rigs are used for onshore drilling or drilling offshore targets from land or landfast ice.  These rigs can also be used on sand or gravel islands constructed to drill targets in relatively shallow water.  The limit on these options is out to approximately 15 to 20 m of water depth for islands.  This option also includes drilling extended-reach wells from onshore to offshore targets.  This has been achieved to a 13 km measured depth at the Odoptu field off the coast of Sakhalin island.3

			•Jack-Up (not shown):  Existing jack-ups can be used in open water and in some ice environments.  The legs of the present fleet of jack-ups are not designed for Arctic conditions and can only withstand limited ice impacts.  Ice management would likely be required.

			•Bottom-Founded Structures:  These are structures that sit on the seabed.  The Steel Drilling Caisson and previously the Concrete Island Drilling Structure are examples of bottom-founded structures and were purpose built for year-round Arctic exploration drilling in U.S. and Canadian waters but were limited for use in up to around 25 m water depth.  Gravity-based structures are a subset of this type of structure and can be employed in up to approximately 100 m of water depending on local seabed conditions.  An example of a gravity-based structure is the Hibernia production platform offshore Eastern Canada.

			•Drillships:  Ice-strengthened, moored drillships have been used in the open water season and during periods of ice in the U.S. and Canadian Beaufort and U.S. Chukchi Seas.  They incorporate remote anchor release systems and must be supported by an ice management system including icebreakers and support vessels in conjunction with ice alert procedures if there is a plan to operate during an ice incursion while on location.  Such vessels are suited for OCS areas up to approximately 100 m water depth.

			•Semi-Submersibles (not shown):  Existing semi-submersibles include harsh weather designs intended for Arctic open water operating environments.  These may be able to be used in some ice prone situations with appropriate ice management.

			•Dynamically Positioned Drillship:  These drillships are generally used in open water environments.  Deeper water ice prone areas will require a purpose-built drillship, such as the Stena IceMax, which incorporates special features to enable it to work in Arctic conditions.  It would also need to be supported by an ice management system.

			Production System Concepts for Development

			The development concept is shaped by both the physical environment for operations and the field that is required to be developed.  Once chosen, the selected development concept drives the timeline for the investment and revenue profile that can be expected for the field.  The development concept is primarily composed of the production platform and facilities, the drilling system, and the method of hydrocarbon transport.  Moreover, these components are driven by water depth, field geometry, geology and size, and resource type and quality.

			Globally, there are many different types of production systems that can be used in offshore oil and gas development and in particular in an Arctic setting.  A production platform can have fluid processing equipment only or can also include drilling equipment.  The production platform, topsides equipment, and transportation system can be considered the major components of an offshore development, and the costs are generally scalable as a function of water depth, production throughput, and storage volume.  Drilling costs, however, can rise exponentially when moving from platform to MODU (mobile offshore drilling unit) drilled wells (up to 10 times higher dependent on length of open waters season, well depth, etc.).  The main production systems suitable for Arctic offshore include the following and are shown in Figure 2-9.
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			•Onshore Facilities:  This is where the production system is located onshore to produce offshore accumulations.  Drilling can be completed offshore with a floating vessel and subsea production tied back to the onshore facilities, or extended-reach drilling can be used to drill offshore targets from onshore.  The limit for this type of development is, in the case of extended-reach drilling, the drilling reach or, in the case of a subsea tieback, the distance fluids can be physically piped back to shore.  An example of onshore processing of onshore drilled wells to produce an offshore resource is the Point Thomson development on the North Slope of Alaska.

			•Artificial Islands:  These are used offshore in water depths less than approximately 15 to 20 m and are usually constructed of sand or gravel.  They have been used extensively in the North American Arctic for exploration and production.  Examples of artificial islands are the Northstar and Endicott developments off the coast of northern Alaska.

			•Gravity-Based Structures:  These are usually large concrete or steel structures designed to maintain position on the seafloor under the force of gravity.  They can be used in up to approximately 100 m water depth (depending on local seafloor, soil, and ice conditions).  Where the reservoir is spatially compact, subsea tiebacks are not usually required.  However, as the extent of the reservoir increases, subsea tiebacks to these structures might be required.  Examples of gravity-based structures include the Hibernia platform off the east coast of Canada, Prirazlomnaya in the Russian Pechora Sea, and the platforms offshore Sakhalin Island.  All of these have been designed for Arctic or Arctic-like conditions including sea ice and in the case of Hibernia, iceberg contact.

			•Steel Pile/Jacket Platforms:  These are steel platforms that have piles driven into the seafloor to provide stability.  They can be used in similar water depths to gravity-based structures and have some applicability in ice environments depending on the expected ice loads on the structure.  Examples of steel pile/jacket platforms include the Cook Inlet platforms installed off the coast of Anchorage.  

			•Floating (Production) Storage and Offtake (FPSO and FSO) Vessels:  These are large ship-shaped floating vessels that house the production facilities.  They are anchored close to a subsea production system.  Hydrocarbons flow from the reservoir up to the vessel through flexible pipes.  FPSO vessels contain storage areas for subsequent tanker offloading, or pipelines are constructed to transport hydrocarbons from the vessels to shore.  The Sakhalin-2 early production system is an example of an FSO vessel, and Phase 1 of the proposed Shtokman LNG project has considered a subsea development tied back to a floating FPSO vessel for processing.

			•Subsea:  This involves a subsea production system where well fluids flow through seafloor manifolds and via pipelines to one of several locations (a platform, FPS[O] vessel, or to shore) for processing.  Depending on water depth, the subsea wells would typically be drilled with a floating rig of some sort.  The Snhøvit development in the Norwegian Barents Sea is an example of a subsea gas development tied back to shore for processing and conversion to LNG.

			Globally, including the Alaskan Arctic OCS, where water depths are between approximately 15 m and 100 m and where sea ice is present, existing gravity-based structure technology can be used.  Therefore, they are the most likely development concept one would expect to find deployed or proposed in this water depth range.

			Implications of the Physical Environment on the Ability to  Explore and Develop Globally

			The ability to explore and later develop in the offshore is governed by ice conditions, water depth, and the length of the open water season.  For exploration, water depth and ice conditions can determine the most appropriate drilling unit to use and combined with open water season information can dictate the support vessels required, the ease with which a drilling rig can be brought to location, and the number of wells that can be drilled in a season.  Ice conditions and open water length can also determine the time required to acquire seismic and other geophysical data.  For development, current gravity-based structures have a deployment depth limit, depending on soil and seafloor conditions, in the range of approximately 100 m.  Development in deeper water than this would generally require use of subsea and/or floating solutions.  Moreover, the length of the open water season also impacts the mobilization and installation period for development facilities and pipeline installation.  These factors are well understood, and as discussed in Chapter 1, many exploration wells have safely been drilled and numerous developments have been carried out in Arctic ice prone areas.  Figure 2-10 shows how the combination of these factors impacts the technical ability to explore and develop in various Arctic basins globally.  Commercial considerations have not been overlaid, and Figure 2-10 is indicative of many situations but not intended to cover all possible situations.  The U.S. Arctic resource potential is mostly in less than 100 m of water, has an open water season generally greater than 2 months, and encounters mainly first-year ice with the potential for multi-year ice.  Therefore, the U.S. Arctic is generally able to be explored and developed using existing gravity-based structure technology as demonstrated in the U.S. and Russian Arctic.
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			Hydrocarbon Transportation Options for Development

			Access to markets is a key element to enable development, and transportation systems are key to delivering hydrocarbons to market.  Depending on field location and size, different modes of transportation may be required and some may be more suitable than others.  This section outlines pipeline and railcars as possible onshore options and pipelines and tankers as possible offshore options.  All forms of transportation will potentially play a role in the energy future of the Arctic.

			All options have different operating environments and must be designed to contain the fluid and ensure maintenance and monitoring to ensure ongoing integrity.  Safety, reliability, cost, and stakeholder acceptance must be balanced when selecting a transportation option to ensure an acceptable solution is found.

			Onshore Pipelines

			Pipelines are a common method used globally to export oil and gas from the field to processing facilities and markets.  Once a decision to use a pipeline has been made, routes are selected considering terrain and soil stability and other geographic characteristics and also considering cultural and environmentally sensitive areas.  Once design is finalized, the required materials can be manufactured to specified standards and inspected and tested to assure quality control before shipping to the job site.

			In remote areas such as the U.S. Arctic, the construction cycle starts with the building of infrastructure needed to support the actual pipeline construction.  This can be a substantial construction project in itself, often requiring access roads, airstrips, staging areas, utilities, and housing for construction workers.  By contrast, a pipeline project in the U.S. Lower 48 rarely incurs many of these costs, as local infrastructure and a skilled nearby workforce is typically available.   

			The pipeline installation will depend on a number of factors, but soil conditions are a primary consideration.  In thaw stable soils,4 the direct burial of pipe is usually the most cost effective solution and provides the best protection for the line while also limiting the environmental impact to a reversible and relatively short-term construction time frame.  In contrast, in thaw unstable soils,5 where heat from the product in the line could cause melting and line subsidence, pipelines, particularly for oil, are often installed above ground.  For an above-ground oil line, passive refrigeration on the pipe supports is often required, as is the case with TAPS.  These measures to protect the permafrost also protect the pipeline from undue stress; however, they also significantly increase the cost of an Arctic pipeline relative to a conventional underground line.

			After fully inspecting and testing to ensure fluid containment, the pipeline is placed into service.  Once operating, the fluid flow and pipeline are continuously monitored to ensure the system remains within design parameters.  Additionally, methods to detect potential problems that might threaten the integrity of line are used, ranging from routine visual inspections to state-of-the-art inline methods using advanced sensing technologies, often referred to as “smart pigs.”

			At the end of its useful life, in the United States, the abandonment of a pipeline is subject to a regulated process.  For conventional onshore pipelines this may involve emptying and cleaning the line, filling it with an inert noncorrosive substance such as nitrogen and sealing it to prevent interaction with the environment.  Sometimes the pipe is removed.

			The Trans-Alaska Pipeline System

			The most important onshore pipeline in Alaska is TAPS, shown in Figure 2-11, a 48-inch diameter oil pipeline traversing an 800-mile route through three mountain ranges and across numerous rivers and streams from the Prudhoe Bay field on the North Slope to an ice-free shipping terminal at Valdez.  Although both oil and gas discoveries have been made in the North Slope, only oil production and export has been enabled by TAPS. 
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			Constructed in the mid-1970s, this pipeline used the best technology available to protect the permafrost and provide migration corridors for wildlife while also maintaining operating temperatures and pressures that would ensure reliable oil transport. 

			The useful life of TAPS can be defined as a combination of the physical life and economic life of the system.  The physical life can be extended as long as the integrity of the pipeline and facilities is maintained adequately to allow continued safe and environmentally sound oil transport.  The economic life of TAPS, however, will be determined by how long it can attract oil producers and provide its owners with a reasonable economic return.

			Since hitting a peak of more than 2 million barrels per day in the late 1980s, as shown in Figure 2-12, TAPS throughput has dropped and is currently around 500,000 barrels per day.  Less oil means slower-moving oil and slower oil means colder oil.  This slow-flowing cold oil results in challenging operating conditions. 
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			The best long-term solution for extending the useful life of TAPS is more oil.  In the meantime, the pipeline’s operator, Alyeska, has improved the line cleaning program with more frequent “pigging” and has redesigned pigs to ensure the line remains clear of deposited wax that precipitates from the oil as the temperature drops.  It has also modified several pump stations to add heat and recirculate oil, mainly to prevent ice formation.  Alyeska is continuing to research and implement adjustments necessary to operate TAPS safely and efficiently so that it can remain a viable component of the nation’s energy infrastructure for as long as possible.

			Onshore Gas Pipeline for Alaska LNG

			The $45 to $65 billion Alaska LNG project is now in the pre-front-end engineering and design phase, which is expected to be completed in 2016.  The proposed project facilities include: a liquefaction plant and terminal in the Nikiski area on the Kenai Peninsula; an 800-mile, 42-inch pipeline; up to eight compression stations; at least five takeoff points for in-state gas delivery; and a gas treatment plant located on the North Slope.  The Alaska LNG project participants are the Alaska Gasline Development Corporation (an agency of the state of Alaska) and affiliates of TransCanada, BP, ConocoPhillips, and ExxonMobil.  The Alaska LNG project has progressed further than any previous effort to monetize North Slope gas, but still has a number of commercial, technical, regulatory, and fiscal considerations that need to be addressed before a final investment decision is made.  

			Railcar 

			There has been limited use of railcars for hydrocarbon transportation in Alaska.  The rail system is limited in scope to a single combined passenger/freight line connecting Seward-Whittier-Anchorage to Fairbanks and the Eielson Air Force Base.  This railway is currently being used to import fuel products to interior Alaska.  The rail line also transports coal from interior Alaska to Seward.  This contrasts sharply with the Lower 48, where crude oil shipments by rail have increased substantially over the past few years.  Even though the cost per distance traveled is more expensive by rail than by pipeline, the existing rail systems in the Lower 48 have been able to respond to changing energy supply dynamics more rapidly than pipeline infrastructure.  Since Alaska currently relies on marine transportation to connect with the Lower 48 and global markets, railway will potentially play only a limited logistics role in the development of oil and gas in the interior of the state, at least in the near to medium term. 

			Offshore Pipelines

			The life cycle of an offshore Arctic pipeline is similar to onshore, but the design and installation methods also must consider strudel scour,6 ice gouging,7 thaw settlement of permafrost,8 and upheaval buckling.9  Considering these issues, offshore pipelines are generally buried.  All of these issues have been addressed in existing pipeline designs in developments such as Northstar and Oooguruk.  Therefore designs for future projects can address these four considerations.

			In shallow water, conventional pipeline equipment can be used in the winter season to trench through the ice and bury the line.  The BP Exploration’s Northstar pipeline, shown in Figure 2-13, is an example of this shallow water construction technique. 
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			In deeper waters where ice gouging is not an issue, the lines can be designed and installed on the seafloor as is done for deeper water non-Arctic offshore pipelines.  Installation would take place in summer open water season.  Longer pipelines may take multiple seasons to install, and the mobilization/demobilization or overwintering of equipment would significantly increase the cost of offshore Arctic pipelines compared to non-Arctic applications.

			Additionally, the existing global fleet of vessels and barges for offshore pipeline construction are not designed for Arctic conditions.  Therefore, for offshore Arctic pipelines, ice-strengthened and upgraded equipment and vessels would be required to operate in the Chukchi and Beaufort Seas.

			Marine Terminals and Tankers

			Transportation of oil via marine terminals and tankers is routine in non-Arctic waters and experience is growing in Arctic waters.  The Valdez Marine Terminal at the end of TAPS, shown in Figure 2-14, is the most northerly ice-free port in the United States.  The terminal was designed for oil loading to tankers and storage to allow North Slope production to continue even if marine transportation was interrupted.  Tankers tie into a berth and oil spill containment booms are put in place before oil is transferred through the loading arms to the tanker.  The first cargo of oil departed from Valdez on August 1, 1977, and more than 20,000 tankers have been loaded there.
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			At locations where the natural water depth is sufficient for berthing of large tankers and transport vessels, marine terminals can be built near shore.  However, most of Alaska’s coastal areas are in shallow water, where offshore terminals can potentially be more cost effective.10

			The technical feasibility of marine terminals in Arctic areas has been established through successful experience in a wide range of port facilities.  Seasonal loading of the double-hulled tanker MV Arctic occurred at Bent Horn, Cameron Island, Canada, from 1985 to 1996.  Additionally, tanker loading has occurred for many years at terminals at Dekastri and Prigorodnoye off the coast of Sakhalin Island.  More recently, Varandey Marine Terminal in the Barents Sea also operates in ice conditions and uses icebreakers for ice management at the terminal and for tanker escort. 

			Logistics and Infrastructure Considerations

			Logistics and infrastructure are essential components for prudent development.  Logistics encompass all of the measures and capabilities that are needed to manage the supply chain for an exploration or development project or an ongoing operation.  The supply chain provides people, material and equipment, food, fuel, chemicals, spare parts, communications, etc., and also manages wastes.

			Infrastructure generally means the fixed land-based facilities that support oil and gas activities. These include buildings of various types, roads, gravel islands, docks, causeways, airstrips, pipelines, power lines, wells, mines, and landfills.   Both offshore and onshore oil and gas exploration, development, and production activities rely to some extent on land-based infrastructure.

			From a global perspective, most offshore areas of the Arctic have sparse infrastructure and are logistically challenged due to their remoteness and the presence of ice during the majority of the year.  There is a general lack of population centers, ports, and airfields to support offshore Arctic exploration and development activities.  Existing fabrication yards for construction of offshore structures are thousands of miles from most offshore Arctic opportunity areas.  In terms of delivering material and equipment to a site via sea and for hydrocarbon export, there are two marine entry/exit routes through the Bering Strait and Barents Sea.  The routes to access these marine entry points—through the Northwest Passage across Canada and the United States and the Northern Sea Route across Russia, as shown in the map in the Overview for Part One of this report—are challenged by heavy ice in the winter and variable ice conditions in the summer.  Icebreaking vessels are an important component of Arctic infrastructure, and most of the world’s modern, Arctic-capable icebreakers are concentrated in the Baltic countries and Russia.  The existing overland export infrastructure that could be used to transport offshore Arctic oil and gas are limited to TAPS for oil across Alaska and a series of large gas pipelines leading south from Russia’s Yamal Peninsula area.  The communications infrastructure servicing the Arctic region is also challenged because most large communication satellites orbit the equator, which results in atmospheric interference for transmissions to and from Arctic locations.

			In the U.S. Arctic, logistical and infrastructure requirements in the offshore vary widely depending on location (for additional information, see Chapter 7):

			•Areas with landfast ice:  Access to these areas is possible during the winter months via ice roads.  These are roadways where floating ice is artificially thickened to support the intended loads.  Construction of housing and power, and movement of heavy equipment, such as drilling rigs and drilling consumables, would be during winter months.  Personnel transfer and resupply outside of this period would be done with rotary wing aircraft and crew boats capable of safe navigation in shallow water given the few ports in the area.  Logistical and infrastructure requirements for this area can largely be met through an extension of the existing onshore capability and supply chain.

			•Areas beyond landfast ice:  These areas do not have road access, and all transport is via maritime vessels or aircraft.  The continuous maritime operation drives the need for reliable transport over water.  Exploration and development activities such as seismic, drilling, anchor handling and supply, and oil spill response are entirely dependent upon maritime vessels.  These vessels are typically of size that they cannot access existing ports.  Furthermore, air transport requirements place a significant burden on existing infrastructure. 

			Infrastructure to support offshore oil and gas development must undergo special considerations for the Arctic environment.  Considerations for air operations include temperature, visibility and impact on subsistence hunting, while considerations for maritime vessels include technical capability and suitability for operations in ice to ensure safety and reliability of operations.  Additionally, legal considerations must also be made to ensure vessels are compliant with the Jones Act, and environmental considerations to mitigate infrastructure impact on subsistence hunting and marine mammals.  The current reality for the U.S. Arctic is that limited infrastructure is available to support offshore development, and additional ports, airfields, and roads will be necessary. 

			Ports, Airfields, and Roads

			Deep draft ports are limited in Alaska.  The Port of Dutch Harbor, 1,650 nautical miles from Seattle, WA, and 1,076 nautical miles from the Chukchi Sea, is the only deep draft, ice-free port from Unimak Pass west to Adak and north to the Bering Strait.

			Air operations in the remote regions of Alaska are also limited and challenged due to weather conditions and the lack of suitably equipped airfields.  Aviation is constrained by the general lack of logistics and operations support—fuel supplies, maintenance services, communications, etc.  A further constraint is the lack of developed airspace that includes limited radar coverage to provide instrument flight rule (IFR) separation and limited communications and weather reporting.  Limited number of suitably equipped airfields (hangars, Jet-A fuel, suitable aircraft rescue and fire fighting response, IFR ground-based approaches, runway lighting, ground de-ice capability, etc.) restrict not just location selection but also limit IFR range and payload.  This is significant for offshore aviation due to the short range of helicopters, which require airfields/heliports to be as close as possible to the offshore operations.  A further challenge for air support comes from the Federal Aviation Administration not yet establishing air traffic routing for offshore helicopter operations in the region, limiting the amount of air activity that can be done safely and efficiently. 

			The only main road that exists from Fairbanks to Prudhoe Bay (Deadhorse) is the James W. Dalton Highway.  Access to and from Prudhoe Bay is also available by air.  The flight time from Prudhoe Bay (Deadhorse) or Barrow to Anchorage is more than 2 hours, requiring lead times to support any aviation movement of material or personnel.

			Maritime Vessels

			Maritime vessels needed for exploration (seismic survey ships, drilling rigs, anchor handlers, icebreakers, etc.) exist today, but with limitations.  These limitations include a very small population of globally resourced vessels having requisite ice class and an even smaller subset that also satisfies the requirements under the Jones Act as discussed in Chapter 4.  Compliance with the Jones Act results in ships being three times more costly to build and operate than vessels used by foreign-flag ocean carriers.  Alternatives to maritime vessels, such as airships and hovercrafts, exist today but remain undemonstrated and not without issues to be addressed.  For example, airship operability and reliability still need to be proven in Arctic conditions.  If qualified, however, these vessels may be suitable for resupply.

			In addition, ships operating in the Arctic will be exposed to ice and need to be specially designed and strengthened for the requisite operating conditions.  Rules for ship design in ice have been in existence for more than 100 years and have undergone continuous improvement.  This process is driven by a combination of experience, incidents, and improved calculation methods.  Further evolution of ship design and classification society rules (e.g., DNV GL, ABS, Lloyds) continue to take place and form the basis of the rules in force today.  The Polar Code, adopted by the International Maritime Organization’s Marine Safety Committee in November 2014, consolidates and provides common baselines of requirements for polar shipping.
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					4     Thaw stable soil is permafrost in bedrock or well-drained, coarse-grained sediments, such as sand and gravel mixtures, where thawing due to heat from a buried pipeline will result in minor soil movement with the foundation remaining essentially sound.

				

				
					5     Thaw unstable soil is permafrost in poorly drained, fine-grained soils, especially silts and clays, where heat from a buried pipeline will cause thawing resulting in loss of strength and excessive settlement.  In some cases, the soil can contain so much moisture that it flows.

				

				
					6     Strudel scour results from spring run-off water flowing onto the surface of a given sea ice expanse, which eventually drains away through cracks, seal breathing holes, etc.  The resulting turbulence is strong enough to carve a depression into the seabed.

				

				
					7     Seabed gouging by ice is a process that occurs when floating ice features (typically icebergs and sea ice ridges) drift into shallower areas and their keel comes into contact with the seabed.  As they keep drifting, they produce long, narrow furrows most often called gouges, or scours.

				

				
					8     Permafrost is a thick subsurface layer of soil that remains frozen throughout the year, occurring chiefly in polar regions.

				

				
					9     Upheaval buckling refers to the phenomenon that can occur when buried pipelines are subject to compression forces as a result of high temperature and pressure that can push the pipe through the soil cover.
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			Implementation of U.S. Strategy for the Arctic Region 

		

		
			Scope

			This chapter highlights the long history of policy relevant to prudent development of the nation’s Arctic resources.  The National Strategy for the Arctic Region (NSAR), the Implementation Plan for the National Strategy for the Arctic Region (IPNSAR), and the Arctic Council are described, and the challenges associated with making, implementing, and coordinating Arctic policy at the local, state, national, and international levels are discussed.  

			Introduction

			Since the end of the Cold War, the Arctic has been a region where economic development, environmental stewardship, and international cooperation coexist amidst changes in political as well as climatic conditions.  In recent years, greater international attention has focused on a changing Arctic environment and new economic opportunities that are facilitated by technological advancements.  The engagement of the international oil and gas industry in the Arctic, as discussed in this report, is an example of this coexistence.

			Continued development of Arctic energy resources is not yet guaranteed and will require nations, industry, and other stakeholders to balance the benefits of resource development and environmental stewardship.  While both the U.S. government and other Arctic nations acknowledge the importance of sustainable and responsible resource development in the Arctic (or, in the language of this report, prudent development), some nations place greater emphasis on development and others on stewardship.  As a result, there is an unevenness of approach related to resource development in the circumpolar Arctic.  For the United States, development of its offshore energy resources has been slow to proceed given the perceived fragility of the Arctic ecosystem and lingering policy questions following the Macondo incident in the Gulf of Mexico.  Therefore, to facilitate prudent resource development in the U.S. Arctic, confidence must be cultivated among all stakeholders, including, but not limited to, the U.S. and foreign governments, local communities, industry, and the environmental community.  Additionally, organization and prioritization of internal federal agency activities are paramount as the United States approaches its chairmanship of the Arctic Council in April 2015.

			U.S. National Strategy for the Arctic Region

			U.S. Strategy for the Arctic Region over Time:  A History of Bipartisan Support

			The U.S. strategy for the Arctic has evolved from President Richard Nixon’s National Security Decision Memorandum (NSDM-144) in 1971.  Since then, Presidents Ronald Reagan, Bill Clinton, George W. Bush, and Barack Obama have all issued national strategy documents pertaining to U.S. interests in the Arctic. Notably, one of the primary challenges for U.S. policymakers in implementing a national strategy toward the Arctic is, and has been since 1971, the challenge of coordinating federal activities across a multitude of federal agencies with responsibilities and interests in the region.  Table 3-1 provides a snapshot of presidential documents that have guided U.S. Arctic policy over the past four decades.
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			The four decades of national policy outlined in Table 3-1 serve as a reminder that the Arctic is not a new frontier for U.S. national interests.  Traditionally, these policies have included national security, environmental protection, economic development, and science.1  However, changes in the Arctic climate have raised the profile of the Arctic and increased the focus on international cooperation, economic development, and environmental stewardship.  Increased ability to access the Arctic as a result of declining sea ice cover, coupled with a growing need for new resources and changing geopolitical factors, have driven U.S. and other countries’ interest in the Arctic.

			Today, President Obama’s NSAR, which builds on the 2009 NSPD-66/HSPD-25, is the primary driver of U.S. Arctic policy.  The NSAR is described in the following section.  In line with this overarching 2013 national strategy, numerous federal agencies have developed their own Arctic strategy documents to clarify their roles and responsibilities within the national Arctic strategy.  Table 3-2 provides a catalog of the most recent documents.  As a general rule, the agencies that have been the most proactive with regards to developing strategies toward the Arctic have been the Departments of Homeland Security (via the U.S. Coast Guard), Interior, Commerce (via the National Oceanic and Atmospheric Administration), and Defense (and Department of the Navy), and the National Science Foundation and NASA.  The U.S. Coast Guard is one of the lead U.S. agencies in the Arctic, with its long history of operating in U.S. waters in the Arctic and its role in maritime safety, security, and stewardship.  While this chapter will not explore these department- and agency-level activities in great depth, it is important to note the breadth of federal government interest in and activity on Arctic issues—a significant issue for the coordination and implementation of Arctic policies.
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			Current National Strategy for the Arctic Region

			In May 2013, President Obama released the NSAR, as shown in Table 3-3.  The primary goal of the NSAR is to define U.S. national interests in the Arctic and to “position the United States to respond effectively to challenges and emerging opportunities arising from significant increases in Arctic activity due to the diminishment of sea ice and the emergence of a new Arctic environment,” and to define the primary strategies for pursuing those interests.  The NSAR explicitly states that it seeks to build upon and clarify the existing Arctic region policy outlined in President Bush’s NSPD-66/HSPD-25 and is not intended to supplant that existing policy guidance.  
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			The NSAR outlines the goals, as shown in the text box on the primary goals of NSAR, that the Obama administration seeks in the Arctic, stating that “[W]e seek an Arctic region that is stable and free of conflict, where nations act responsibly in a spirit of trust and cooperation, and where economic and energy resources are developed in a sustainable manner that respects the fragile environment and the interests and cultures of indigenous peoples.”2  There are three lines of effort identified as the foundation for the NSAR: (1) the advancement of U.S. security interests, (2) the pursuit of responsible stewardship for the Arctic region, and (3) the strengthening of international cooperation.3  The guiding principles identified by the NSAR to inform the U.S. approach to the three lines of effort are: safeguard peace and stability, make decisions using the best available information, pursue innovative arrangements, and consult and coordinate with Alaska natives.4  
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			The NSAR provides strategic guidance on U.S. policy priorities in the Arctic, without providing specific direction or tasks for federal agencies as to what specific activities they should be undertaking or how they should seek to implement the strategy.  These specific tasks are promulgated in the Implementation Plan for the National Strategy for the Arctic Region, released in January 2014.  The IPNSAR is constructed around the three primary lines of effort and encompass existing and future projects and activities undertaken by the U.S. government, with a minimum of one initiative being identified for each of the goals in the outlined in the text box.  A fuller discussion of the IPNSAR initiatives that are relevant to this study can be found in the sections that follow.  For a full list of the initiatives and lead agencies in the IPNSAR, see Table 3-3. 

			The Role of Oil and Gas Development in the NSAR

			The NSAR notes the importance of the Arctic in ensuring U.S. energy security in the future.  In doing so, the NSAR acknowledges the vast resource potential of the Arctic and the “fresh ideas for commercial initiatives and infrastructure development in the region”5 that those resources have inspired, all while reiterating the U.S. dedication to environmental responsibility and protection.  Of particular relevance to this study is the NSAR’s focus on energy security, integrated Arctic management, Arctic infrastructure, scientific research, and traditional knowledge—all of which will impact the development of energy resources in the Arctic.

			Prudent development of Arctic resources can further U.S. interests in ensuring national energy security and promoting regional development, which is important both for indigenous peoples and regional economies as well as the U.S. economy as a whole.  Resource development in the Arctic will spur investment in infrastructure, research and development, better scientific understanding of unique and changing ecosystems, and more responsive safety and search and rescue capabilities.  As is discussed throughout this report, the energy industry is already undertaking significant research and development to address those issues, and many of the initiatives both complement and support U.S. objectives and goals.

			The Implementation Plan for the National Strategy for the Arctic Region

			The IPNSAR, released by the White House in January 2014, “sets forth the methodology, process, and approach for executing the Strategy.”6  The IPNSAR is intended to complement and build upon initiatives and activities already being undertaken by federal, state, local, and tribal authorities, as well as by private industry and international partners.  The IPNSAR serves as a catalog of the initiatives and actions underway, providing information such as the objectives, next steps, metrics for measuring success, and a list of the federal agencies involved.  The IPNSAR is organized according to the lines of effort that were laid out in the NSAR: advance United States security interests, pursue responsible Arctic region stewardship, and strengthen international cooperation.  The IPNSAR also identifies a set of guiding principles that all agencies are to reflect as they carry out the implementation of the NSAR.  While the IPNSAR is directed by the same guiding principles identified in the NSAR, the IPNSAR places special emphasis on the need to foster partnerships with Alaska natives and to coordinate and integrate activities across the federal government, recognizing these as important to all three NSAR lines of effort.

			Successful Arctic prudent development can occur with existing scientific understanding, capabilities, and technologies given the breadth and depth of knowledge that exists about the Arctic as discussed in subsequent chapters of this report.  As this foundation of knowledge is built upon through continued improvements in scientific understanding of the Arctic environment, society and ecology, emergency response capabilities and technologies, infrastructure and logistics, and through effective international cooperation, prudent development of the Arctic will continue to be enabled.  The IPNSAR identifies multiple initiatives related to each of these areas.  The IPNSAR identifies 36 different initiatives, as shown in Table 3-3, each of which falls into one of the three NSAR lines of effort, and identifies multiple next steps for each initiative.  The Department of Energy is listed as the lead agency for three projects, none of them directly related to oil and gas production in the Arctic, and as a supporting agency for 10 initiatives, several of which do have direct applications related to energy development.  

			The Implementation Plan and This NPC Study

			As seen in Table 3-3, there are numerous initiatives identified in the IPNSAR that cover a wide variety of policy priorities, research areas, and technology needs, many of which overlap explicitly with the findings of this report.  The IPNSAR is particularly relevant to the Technology and Operations chapters of this report (Part Two), while later sections of this chapter and Chapter 4 discuss the Arctic Council directly.  The initiatives relevant to this report are identified in Table 3-3 along with a reference to the chapter that they relate to.  For more information on what this report has concluded with regards to those initiatives, refer directly to the chapters identified.

			Enhancing Coordination of National Efforts in the Arctic

			On January 21, 2015, President Obama issued an Executive Order on “Enhancing Coordination of National Efforts in the Arctic,” which created an Arctic Executive Steering Committee to “provide guidance to executive departments and agencies (agencies) [sic] and enhance coordination of Federal Arctic policies across agencies and offices, and, where applicable, with State, local, and Alaska Native tribal governments and similar Alaska Native organizations, academic and research institutions, and the private and nonprofit sectors.”  The chair of the steering committee will be the head of the Office of Science and Technology Policy or designee.  The vice chair of the steering committee will be the U.S. National Security Adviser or designee.  The other members of the steering committee are listed in the text box. 
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			As an important member of this newly established Executive Steering Committee and with the steering committee’s mandate to enhance coordination with the private sector, the Department of Energy should take the leading role in promoting prudent development of offshore U.S. Arctic energy resources to ensure U.S. energy security and provide economic benefits to the people of the North.  The role of the Department of Energy on the steering committee will be particularly important because no single point of contact exists within the federal government to coordinate industry’s engagement in the U.S. Arctic to improve the potential for prudent development. The Department of Energy should designate a senior official within the department who will serve as a formal liaison between industry and the Department of Energy, which would enable industry to engage on issues related to the economic benefits of energy development, the status of Arctic-oriented research matters, and the sharing of best industry practices on oil spill preparedness, prevention, and response with the department, which in turn can share this information with members of the steering committee.

			The Arctic Council

			What It Is

			Established in 1996 through the Ottawa Declaration, the Arctic Council traces its origins to the 1991 Finnish-led Arctic Environmental Protection Strategy initiative signed by the eight Arctic states (the United States, Canada, Russia, Norway, Denmark, Sweden, Finland, and Iceland).  Built on a foundation of environmental stewardship and focusing its energies and activities on the Arctic environment and sustainable development, the Arctic Council has become the most prominent and visible multilateral Arctic institutional body.  Although the Arctic Council continues its work on environmental and sustainable development issues nearly 20 years after its creation, the organization and its framework have evolved beyond their original purview. 

			Today, the Arctic Council consists of the eight Arctic states, twelve observer states (China, Korea, France, Germany, The Netherlands, Poland, Spain, the U.K., Italy, Japan, Singapore, and India), nine intergovernmental and interparliamentary organizations, eleven nongovernmental organizations, six permanent participant groups representing indigenous communities, six working groups, and four task forces. Representing approximately 500,000 Arctic indigenous inhabitants, the permanent participant groups have full consultation rights in connection with the Council’s negotiations and decisions and play a unique and important role in the activities and decisions of the Council.  The permanent participants are vested particularly in protecting their cultural heritage and their right to subsistence living, while also improving the health, well-being, and economic stability of indigenous communities.  The primary role of observer states is to observe the work of the Arctic Council and make relevant contributions at the level of the working groups.  While observer states do not have voting rights in the Council, they may propose projects through an Arctic nation or a permanent participant and may provide their views on issues under discussion in the Council’s subsidiary bodies. 

			As one of the eight Arctic member states, the United States plays a significant role in the Arctic Council and has helped to shape the institution’s goals and activities.  During its first chairmanship of the Arctic Council from 1998 to 2000, the United States helped to finalize the framework for the Council’s Sustainable Development Program, which affirmed the commitment of the Arctic states to sustainable development, including economic and social development, improved health conditions, and cultural well-being.  During the U.S. chairmanship, the Arctic Council also adopted the Regional Programme of Action for the Protection of the Arctic Marine Environment from Land-based Activities (RPA).  The RPA is designed to be a source of guidance in devising and implementing sustained action to prevent, reduce, control, and eliminate marine degradation from land-based activities.  RPA also provides the framework for the working group titled Protection of the Arctic Marine Environment, which aims to prevent and control marine pollution and has supported Russia’s efforts to improve environmental protection within its own Arctic region. 

			Role in the Implementation Plan for the National Strategy for the Arctic Region 

			The IPNSAR also contains a section devoted to international cooperation through the Arctic Council, subtitled “Work through the Arctic Council to Advance U.S. Interests in the Arctic Region.”7  This section, which includes two agenda items, recognizes the opportunities that participation in the Arctic Council offers the United States to advance its interests, most notably through its chairmanship of the Council, commencing in April 2015.

			The first initiative explicitly related to the Arctic Council directs the Department of State, in collaboration with seven other federal agencies and advisory organizations, to “develop a robust agenda for the U.S. chairmanship of the Arctic Council.”8  (The other agencies listed include the Department of Commerce, the Department of Energy, the Department of Homeland Security [U.S. Coast Guard], the Department of the Interior, the Environmental Protection Agency, the National Science Foundation, and the U.S. Arctic Research Commission.)  The IPNSAR also directs U.S. agencies, under the leadership of the Environmental Protection Agency, to continue ongoing work that strives to better understand and reduce black carbon emissions in the Arctic region. In preparation for the U.S. chairmanship of the Arctic Council, the IPNSAR specifies the following next steps: 

			•Hold listening sessions with targeted audiences, including partners such as the state of Alaska and Alaska natives

			•Develop an overarching theme for the U.S. chairmanship

			•Develop high-quality project proposals with useful, concrete deliverables

			•Determine U.S. chairmanship priorities within the Arctic Council by the end of 2014

			•Present U.S. priorities to other Arctic Council members and permanent participants and develop Arctic Council 2015 Ministerial Declaration by spring of 2015

			•Assume Arctic Council chairmanship in June 2015

			•Undertake projects and initiatives through Arctic Council working groups, expert groups, task forces, and other means between June 2015 and spring of 2017

			•Hold Arctic Council Deputy Ministers’ meeting in spring of 2016

			•Consider Presidential Arctic Summit in connection with the 20th anniversary of the Arctic Council in spring of 2016

			•Convene Arctic Council Ministerial meeting in May 2017.

			The proposed U.S. chairmanship agenda was briefed to the Senior Arctic Officials of the Arctic Council on October 21-22, 2014.  There were three overarching priorities: addressing the impacts of climate change in the Arctic (with particular emphasis on reducing black carbon and methane emissions), stewardship of the Arctic Ocean (contemplating designating marine protected areas), and improving economic and living conditions of the people of the North (with a focus on renewable energy and improved water and sanitation).

			While the agenda for any given chairmanship of the Arctic Council is vital, the real work of the Arctic Council occurs in its six working groups, four task forces, and various assessments.  Examples of particularly relevant Arctic Council assessments to prudent development have been the reports on recommended practices for Arctic oil spill prevention, the Arctic marine shipping assessment, and the agreement on cooperation on marine oil pollution, preparedness, and response.

			The Arctic Council’s Budget

			The Arctic Council has no budget of its own to complete projects, relying on funding from its member states to support its work.  The Arctic Council’s member states share equally the burden of funding the Council’s Permanent Secretariat based in Tromsø, Norway, but the budget is relatively small.  Typically, an Arctic Council member state contributes funding to the activities of the six working groups, task forces, and Arctic Council assessments, like the 2009 Arctic Marine Shipping Assessment.  Financial contributions vary significantly from country to country.  As the United States assumes the chairmanship of the Arctic Council in April 2015, the United States will continue to contribute financially and through in-kind participation in working groups and task forces, but it is unclear whether additional budgetary resources will be made available. 

			Role in Scientific Cooperation

			The United States is a science power in the Arctic and strengthening scientific cooperation is identified as a key goal of U.S. Arctic policy.  The 2009 National Security Presidential Directive (NSPD-66) identified the development of international scientific cooperation as a primary goal, as well as ensuring environmental protection and conservation.  The 2013 National Strategy for the Arctic Region also includes the priority “Pursue Responsible Arctic Region Stewardship,” calling for the protection of the Arctic environment and conservation of its resources, and the employment of scientific research to increase understanding of the region.  Through a variety of organizations, such as the National Science Foundation, the U.S. Arctic Research Commission, the National Oceanic and Atmospheric Administration (NOAA), and even the National Aeronautics and Space Administration (NASA), the United States has conducted extensive scientific research on the polar regions and in 2013 spent approximately $1 billion on science and research.9

			Internationally, the Arctic Council has been one of the most important venues for strengthening scientific and research cooperation.  Since its creation in 1996, the Arctic Council has studied key Arctic environmental and sustainable development issues, such as assessments and monitoring of Arctic biodiversity, and strives to develop actionable strategies to protect and preserve the Arctic environment and its populations.  In 2013, the Arctic Council established the Scientific Cooperation Task Force, which is currently working toward an international agreement to enhance scientific research cooperation.  The task force builds its work around science priorities set by independent science bodies, such as the University of the Arctic and the International Arctic Science Committee.  A great deal has already been achieved through international cooperation in the Arctic Council, including research on pollutants such as black carbon and methane, the Arctic Council’s Agreement on Cooperation on Marine Oil Pollution, Preparedness and Response, improving the health and well-being of Arctic indigenous communities, and climate change assessments.

			Role in Oil and Gas Development

			There are two working groups in the Arctic Council that deal directly with oil and gas issues.  The first is the working group on Protection of the Arctic Marine Environment (PAME).  In 2009, PAME produced its Offshore Oil and Gas Guidelines report.  In 2014, it produced a set of guidelines to supplement this report, on systems safety management and safety culture.  The second working group is on Emergency Prevention, Preparedness, and Response (EPPR).  In 2013, EPPR produced a paper on recommended practices for the prevention of oil pollution in the Arctic.

			The PAME working group deals with all Arctic Council activities related to the sustainable development in the Arctic marine environment.  It has the specific mandate of keeping under review the adequacy of global and regional legal, policy, and other measures, and where necessary, of making recommendations for improvements that support the Arctic Marine Strategic Plan.  PAME developed the first set of guidelines for Arctic offshore oil and gas activities.  These guidelines define a set of recommended practices and outline strategic actions to be considered by policymakers responsible for oil and gas activities in the Arctic.  The guidelines are nonbinding, but encourage the highest standards currently available.  PAME has been one of the primary Arctic Council drivers for using an integrated ecosystem-based approach to management that recommends development activities be coordinated in a way that minimizes their impact on the environment and integrates thinking across environmental, socioeconomic, political, and sectorial realms.  Development activities need to be focused on realistic, practical steps that are directed toward reducing environmental degradation, protecting biodiversity, and promoting the health and prosperity of local communities.  PAME also produced the Arctic Marine Shipping Assessment (AMSA) in 2009.  One recommendation from the AMSA was to make mandatory the International Maritime Organization’s (IMO) Polar Code for maritime operations in the Arctic. This code has been under review for nearly a decade but will likely be approved in 2015.  PAME has also undertaken a project to identify risks associated with vessel use and carriage of heavy fuel oil in the Arctic and the possible effects of a spill on the environment.

			EPPR was set up as a working group under the Arctic Council’s precursor, the Arctic Environmental Protection Strategy, and it continues today as a working group under the Arctic Council.  The mission of EPPR is to foster international cooperation on environmental protection and sustainable development in the Arctic.  The working group was instrumental in the development of a set of operational guidelines that are part of the Agreement on Cooperation on Marine Oil Pollution Preparedness and Response.  Their current work is on improving prevention measures, emergency preparedness, response capabilities, and information sharing. 

			The EPPR working group was tasked to develop draft operational guidelines in support of the Oil Spill Response and Prevention Agreement that was signed at the Kiruna Ministerial meeting in 2013.  The objective of the agreement is to strengthen cooperation, coordination, and mutual assistance among the parties on oil pollution preparedness and response to protect the Arctic marine environment from pollution from oil.  The agreement requires each Arctic nation to maintain a system for responding promptly and effectively to incidents and to work with the oil and shipping industries, port authorities, and other relevant entities to maintain a minimum level of prepositioned oil spill response equipment, maintain training of personnel, and develop a communications plan to respond to an incident.  Operational guidelines, developed as part of the agreement, were revised in January 2014 to add procedures for updating the operational guidelines.

			There are also other task forces and working groups that are undertaking work or developing agreements that may prove relevant to prudent development of the Arctic, including the Task Force on Arctic Marine Oil Pollution Prevention, the Task Force on Black Carbon and Methane, and the Sustainable Development Working Group. 

			The Arctic Economic Council

			The Arctic Economic Council (AEC), created during the Canadian chairmanship of the Arctic Council with significant support from a number of member nations, is intended to provide a forum to discuss the economic development of the Arctic region and to allow for the inclusion of the business community in those discussions.  While there was support for the creation of this forum from numerous Arctic Council member nations and the business community, not all members believed the Arctic Council’s mandate should have been broadened to include this initiative. 

			To facilitate the creation of the AEC, a task force was created to promote sustainable economic and social development as well as environmental protection.  The task force submitted its report to the Senior Arctic Officials (SAOs) for their amendment and approval with the hope that the AEC could begin its work in early 2014.  However, due to a number of issues, approval was not forthcoming until the SAO meeting in Yellowknife, Northwest Territories, Canada, on March 26, 2014. 

			The overall aim was amended to include the fostering of environmental protection and social development in the Arctic as well as sustainable development, including economic growth.  The SAOs deleted an implementation item, “Following the work of, collaborating with, and informing the Arctic Council, while seeking the perspectives of those interested in Arctic business and economic development,” and restricted the interaction of the AEC directly with the Arctic Council by allowing interface only “pursuant to Rules 39 and 40 of the Arctic Council Rules of Procedure.”  They also changed the number of representatives that would be sent to the founding meeting.

			The Canadian Minister, the Honorable Leona Aglukkaq, announced on July 10, 2014, that she would host the initial organizational meeting of the AEC in Iqaluit, Nunavut, September 2-3, 2014.  She also named Canada’s three representatives at that time.  Prior to this, the United States had chosen not to nominate representatives to the AEC and, after consultation with the U.S. SAO, Aglukkaq invited the Alaska State Chamber of Commerce, in collaboration with the Alaska Arctic Policy Commission (AAPC) cochairs, to name three representatives for the United States and Alaska.  The three U.S. nominees, as well as an alternate, were duly chosen and were also announced by the Alaska State Chamber and AAPC on July 10, 2014.  Since July 2014, most of the member country and permanent participant nominees have been named.  The United States is also represented by a number of permanent participant nominee representatives, from the Inuit Circumpolar Council, the Aleut International Association, the Arctic Athabaskan Council, and the Gwich’in Council International.

			Many nations and the business community have recognized the potential of the AEC to encourage sustainable economic and social development of the Arctic.  The Scandinavian nations in particular have supported the AEC, with Norway indicating that they would be willing to contribute financially to the establishment of the AEC Secretariat.  The future efficacy of the AEC will depend greatly on the participation of the member nations, the business community, and local indigenous groups and populations.

			See Chapter 4 for recommendations with regards to U.S. participation in and chairmanship of the Arctic Council. 

			Challenges to Implementing NSAR/IPNSAR Goals 

			Policy Coordination

			Since 1971, when President Nixon issued NSDM-144 and assigned responsibility to seven federal agencies (the Departments of State, Defense, Interior, Commerce, and Transportation, as well as the director of the National Science Foundation and the chairman of the Council on Environmental Quality),10 the number of federal agencies involved in Arctic policy formation has grown significantly.  By 2009, when President George W. Bush issued his Arctic directive, “twenty-four separate departments, agencies, and offices”11 were tasked with Arctic responsibilities. Today, U.S. government activity on the Arctic is housed within at least 39 federal agencies and organizations—39 is the number of federal agencies that participate in the Arctic Policy Group, an organization led by the Department of State that discusses issues, shares information, and convenes monthly.  In addition, the IPNSAR notes that there are other interagency organizations with authority over Arctic policy, giving the National Ocean Council and the Interagency Arctic Research Policy Committee as two other examples.  The text box on the next page lists the 27 agencies, working groups, and committees that are identified as having responsibility under President Obama’s IPNSAR. 
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			Even with regard to Arctic oil and gas development alone, there are numerous federal agencies with some level of ownership.  The Department of the Interior, which is responsible for leasing and regulation of U.S. Arctic oil and gas development, is likely the agency with the most influence over Arctic policy as it concerns oil and gas on federally managed areas, but it is by no means the only agency.  The U.S. Coast Guard and the Environmental Protection Agency both have jurisdiction over oil spills (offshore and onshore respectively), with the assistance of the other federal agencies that make up the U.S. National Response Team.  The National Oceanic and Atmospheric Administration and the Department of Energy maintain roles related to scientific research and technology development.  In addition, the Department of State maintains jurisdiction over diplomatic efforts, including those related to energy, with the assistance of the agencies that lead delegations to Arctic Council working groups and task forces.

			In addition to the federal departments, agencies, and offices with a role in Arctic policy formation, Congress and state, local, and tribal groups share those interests and responsibilities, further complicating coordination of Arctic policy development.  Coordination of so many stakeholders that represent a wide variety of interests, goals, and guiding principles is extremely challenging. 

			In March 2014, Secretary of State John Kerry announced a newly created position, a U.S. Special Representative for the Arctic Region, and appointed recently retired Coast Guard Commandant Admiral Robert Papp to the position in July 2014.  This position does not hold the rank of Ambassador and is not confirmable by the U.S. Senate.  The Special Representative reports to Secretary Kerry and is responsible for coordinating U.S. policy as it relates to the upcoming U.S. chairmanship of the Arctic Council.  The United States assumes the 2-year chairmanship of the Arctic Council in April 2015, which lasts until May 2017.  It is unclear if the Special Representative position will have broader policy responsibilities beyond the Arctic Council. 

			Despite the leading position of the Department of State of coordinating international issues related to the Arctic, there are also seven interagency Arctic policy coordinating groups, identified in the text box on U.S. interagency Arctic policymaking bodies.12  Figure 3-1 highlights the key players in Arctic mineral and energy policy.  The long-standing White House Interagency Policy Committee on the Arctic convenes at the assistant secretary-level and serves as a coordinating body for existing activities and initiatives rather than actively leading new policy formulation.  The Interagency Working Group on Coordination of Domestic Energy Development and Permitting in Alaska, is led by the Deputy Secretary of Interior, and specifically coordinates the efforts of the agencies responsible for oil and gas development on federal lands in Alaska, including the offshore Arctic.
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			The need to improve the internal organization of federal agency activities is particularly relevant as the United States approaches its chairmanship of the Arctic Council.  A 2014 report by the U.S. Government Accountability Office (GAO) cited concerns from government stakeholders that there was a lack of clear direction for U.S. engagement and participation with the Arctic Council and limited efforts to prioritize and effectively communicate ongoing work.  The report also cited concerns about the ability of federal agencies to consistently participate in Arctic work, specifically with regards to the Arctic Council, due to the lack of budget resources specifically allocated to those projects.  In short, stakeholders reported that while the NSAR does exist, in addition to numerous agency Arctic strategies, these documents do not articulate an overall approach for agencies to follow in Council participation. 

			In its report, the GAO makes several recommendations for how the United States can better direct and manage its participation in the various Arctic Council working groups and task forces.  The report calls for the Secretary of State to take three actions: (1) work with other agencies to develop a joint strategy that guides U.S. participation in the Arctic Council and identifies the resources needed to sustain “collaborative efforts and consistent participation;” (2) develop a process by which the Department of State can review and track agency progress toward implementing voluntary recommendations from the Arctic Council (a process that has already been initiated during the Canadian chairmanship); and (3) work with other Arctic States to develop guidelines that will ensure the production of clear recommendations with measurable actions and then to prioritize those recommendations.  The State Department has made strides toward the first recommendation, through the interagency Arctic Policy Group, but additional resources have not been identified. 

			The GAO report reveals that despite the release of the NSAR and its implementation plan, there is still a lack of clear guidance on U.S. priorities in the Arctic.  Limited resources, both financial and human, impact the ability of the United States to adequately engage on Arctic issues. 

			Budget

			U.S. Arctic policy formation is complicated and constrained by budget challenges.  Federal budget levels have been constant since 2008.  As a result, many agencies, particularly those relatively new to the arena of Arctic policy, are forced to prioritize new tasks and responsibilities within existing budgets, with little or no new funding for personnel or projects.  This is problematic for the development and implementation of cohesive and effective national Arctic policies.  In addition to the multiple challenges of articulating a coherent Arctic policy with so many stakeholders to engage, scientific research, technology development, support of commercial activities with infrastructure, and emergency response are all also undertakings that cannot be achieved without budgetary support.

			Lessons Learned from Other Arctic Nations

			Many other Arctic nations are engaged in efforts to balance energy security, economic development, and environmental stewardship and to establish bilateral and multilateral programs to complement national efforts.  The United States has partnered bilaterally with both Russia and Canada to create the Canada-U.S. Joint Marine Pollution Contingency Plan and the Russia-U.S. Joint Contingency Plan Against Pollution in the Bering and Chukchi Seas, which “provide frameworks for the respective governments to cooperate in establishing measures and mechanisms to prepare for and respond to pollution incidents.”13  Industry organizations have also been deeply engaged in standard setting efforts to ensure learning applied in one environment can be understood and considered in other environments.

			Cooperation on Standards and Best Practices 

			Throughout the history of oil and gas industry activity offshore, both in the Arctic and elsewhere, advancements have been made in technology and operating practices, best practices have been identified, and standards have been set by independent organizations, multilateral organizations, and industry groups.  Many of these standards have been set by well-respected organizations and have been designed to ensure that development of resources is done prudently.  A full examination of these standards and best practices, many of which are identified in the text box on international cooperation on Arctic standards, could assist the nation in creating regulations, expectations, and standards that incorporate the full range of existing knowledge and experience, best ensuring prudent development of U.S. resources.
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			Alternative Approaches to Economic Development

			The communities where the resource is located and developed, as well as state and federal stakeholders, should have the opportunity to share in the economic benefits of prudent development.  There are many approaches to delivering these economic benefits.  Several existing models from jurisdictions both within and outside of the United States are discussed below. 

			Revenue Sharing in the U.S. Gulf of Mexico

			Revenue sharing in the U.S. Gulf of Mexico was made law in 2006, as the result of the Gulf of Mexico Energy Security Act (GOMESA).  The purpose of the act was to ensure that the states of the Gulf Coast would share in the revenues generated by resource development that takes place in the federal waters off their shores.14  The first phase of GOMESA allowed for 37.5% of Outer Continental Shelf revenues (to include bonus bids, rentals, and production royalties) to be shared among the four coastal states from two specified sections of the Gulf Coast lease area and is to be expanded in a second phase to include most leases within the Gulf of Mexico program area.  Revenue sharing was intended to spur local economic development, and according to Department of Interior officials, resulted in the disbursement of more than $29.4 million between 2009 and 2013.15  

			CanNor

			CanNor, the Canadian Northern Economic Development Agency, is one example of government driven economic development in the Arctic.  CanNor, established in 2009, works to help develop a diversified, sustainable, and dynamic economy across Canada’s three territories, while at the same time contributing to Canada’s prosperity.  CanNor fosters growth and development in the North by delivering economic development programs and by collaborating with and aligning the efforts of partners in northern and southern Canada to respond to economic challenges and opportunities in the North.

			The agency also coordinates the activities of other federal departments to maximize their collective impact—particularly federal regulators in relation to major project development in the North—bringing insight, knowledge, and partnerships together and has three key, interrelated business lines and services that help drive economic development: contribution programs, the Northern Projects Management Office, and serving as a voice for the North.

			The Northern Projects Management Office (NPMO) provides issues management, pathfinding, and advice to industry and communities; coordinates the participation of federal departments in the regulatory review process; and publicly tracks the progress of projects to bring transparency, timeliness, and effectiveness to the regulatory system.  NPMO works with partners to advance community readiness, helping to maximize the positive socioeconomic impacts of major projects on northern communities.

			CanNor’s suite of programs provide funding to support the development of key economic sectors such as mining, tourism, fisheries, cultural industries, and community and business development.  The programs include: Strategic Investments in Northern Economic Development, Northern Aboriginal Economic Opportunities Program, Northern Adult Basic Education Program, Community Infrastructure Improvement Fund, and promotion of official language minority communities.

			Denali Commission

			The Denali Commission is a federal agency that was created by the U.S. Congress “to provide critical utilities, infrastructure, and economic support throughout Alaska,”16 with a particular focus on remote Alaskan communities.  The Denali Commission is a successful example of an interagency organization focused on infrastructure and economic development.  Of particular interest to this study is the Commission’s Energy Program, which funds energy infrastructure projects including Transportation and Distribution systems, community power generation and bulk fuel storage.  The Denali Commission has traditionally been funded through federal funds, primarily from the Energy and Water Appropriations Committee, but the legislation creating the commission has recently been expanded to allow funding from other agencies.  The commission also “receives funds from sources such as the U.S. Department of Agriculture and from the Trans-Alaska Pipeline Liability trust fund for energy projects.”17

			Challenges to Further Cooperation

			The Arctic is a rapidly transforming ecosystem where international cooperation is necessary, and the decisions and activities implemented by one Arctic coastal state can have a lasting impact on all Arctic nations.  Geopolitical tension, such as the deterioration in relations between Russia and the West ongoing at the time of writing, could potentially jeopardize this essential cooperation and coordination.  Diplomatic cooperation depends on a delicate balance of interests and politics and can be strongly affected by seemingly unrelated incidents and events.  Similarly, any militarization of the Arctic could have a similarly negative impact.  In the case of the Arctic, deterioration of cooperation would have a negative effect not only on the diplomatic side of the Arctic Council, but also on the scientific research, technology development, economic development, and joint safety operations that are undertaken under its auspices.
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			Policy and Regulatory Opportunities to Promote Prudent Development

		

		
			Scope

			This chapter provides recommendations in seven areas for suggested policy and regulatory improvements that would enable economic, prudent exploration and development.  The following topics are discussed, including reference to the relevant research and technology chapters in this report.

			•Recommendations specific to the Arctic Council, opportunities for improved coordination in both policy and regulatory arenas, and consideration of performance-based regulations.  As discussed in Chapter 3, the need for improved coordination among all agencies active in oil and gas is readily apparent and even more important in the context of the upcoming U.S. chairmanship of the Arctic Council.

			•Specific recommendations on regulations that do not allow the best solution to be brought to bear and where the United States differs significantly from other jurisdictions—four examples are:

			1.Season length that is constrained by policy and not by the technical capability of the drilling rig and system used

			2.Lease terms not commensurate with the realities of working in the Arctic 

			3.Overly broad critical habitat designations that restrict oil and gas activities without offering environmental stewardship benefits 

			4.Specific regulations that restrict land access or hydrocarbon transportation options and do not promote access to efficient and effective infrastructure and logistics.  

			Introduction

			As was done in both National Petroleum Council (NPC) reports, U.S. Arctic Oil and Gas (1981) and Prudent Development (2011), and with an understanding that increased development of U.S. Arctic oil and gas resources can only be realized if developed prudently, policy and regulatory recommendations have been provided based on analysis of hundreds of existing studies and input from many organizations. 

			Continued development of Arctic energy resources is not guaranteed.  Despite the release of numerous U.S. Arctic strategies, implementation plans, and assessments, very few Americans recognize that the United States is an Arctic nation—making it difficult to build momentum in favor of public policy initiatives.  While both the U.S. government and other Arctic countries acknowledge the importance of prudent development, some countries place greater emphasis on oil and gas resource development, thus creating an uneven approach to development in the circumpolar Arctic.  For the United States, some stakeholders are hesitant to fully support development of offshore energy resources in the U.S. Arctic as policy questions linger following the 2010 Gulf of Mexico oil spill and in light of the perceived fragility of the Arctic ecosystem.  Adding complexity are the 39 federal agencies that participate in the Arctic Policy Group—a dramatic increase from the seven named when President Nixon issued the first directive for federal government coordination of Arctic policy.  An improved framework for prudent resource development in the Arctic should be undertaken to encourage all stakeholders, including the U.S. government, foreign governments, local communities, industry, and interested stakeholder groups, to have confidence in the process of Arctic resource development. 

			These recommendations suggest how such an improved framework could be adopted to address broader policy issues, a cohesive approach to U.S. participation in the Arctic Council, increased cooperation between government and nongovernment stakeholders, improved regulatory function, and support for scientific research and technology development.  Several policy issues follow directly from the NPC’s 2011 Prudent Development study.  Fundamental to all of these issues is a commitment by both companies and regulators to excellent environmental performance and continuous improvement informed by local traditional knowledge.  All of these organizations should ensure that their operations evolve and keep pace with the development of new and highly effective practices.

			Opportunities to Promote Prudent Development

			Using the U.S. Arctic Council Chairmanship Can Promote Prudent Arctic Resource Development

			The U.S. government has proposed that its chairmanship of the Arctic Council be branded “One Arctic: Shared Opportunities, Challenges and Opportunities.”  The proposed efforts of the chairmanship are to be focused within three organizational areas: (1) Addressing the Impacts of Climate Change in the Arctic; (2) Stewardship of the Arctic Ocean; and (3) Improving Economic and Living Conditions.  These goals are compatible with the call for prudent development of Arctic resources, and this study has sought to explore how U.S. offshore Arctic resources can be developed while also ensuring stewardship of the Arctic Ocean.  

			As a platform designed to focus on the economic development of the Arctic, connecting business leaders from numerous industries with Arctic policymakers, the Arctic Economic Council could provide a key opportunity for industry engagement with the Arctic Council.  Such engagement could help to close the existing knowledge gap regarding economic development in the Arctic, allowing numerous stakeholders, including foreign governments, local governments, and representatives from the business community, to engage on development issues. 

			Recommendations

			•As Arctic Council members implement the two internationally legally binding agreements on search and rescue (2011) and on oil pollution preparedness and response (2013), the U.S. government should encourage engagement and participation with the international energy industry in the conduct of its search and rescue table top exercise in May 2015 and the full-scale exercise in the summer of 2016.

			•The U.S. government should seek to strengthen the Arctic Economic Council’s formal interaction and engagement with the Arctic Council as well as to promote its business advisory role.

			−The Arctic Economic Council should consider all aspects of business and economic development, including, but not limited to, science and traditional knowledge, quality employment, capacity building, partnerships with local businesses, and the promotion of best practices among all those operating in the Arctic.

			−This is in line with the 2013 Kiruna Declaration, which acknowledged the central role of business in the future sustainable development of the Arctic for the benefit of all in the region. 

			•The U.S. government should provide engaged federal agencies with sufficient financial support to fulfill their obligations to the Arctic Council in order to maximize their effectiveness during the U.S. chairmanship (2015-2017), as well as to ensure that the beneficial research efforts undertaken by the Arctic Council working groups and task forces continue.

			Enhanced Coordination and Capacity in Regulatory Agencies Can Facilitate Prudent Arctic Resource Development

			Enhanced Policy Coordination

			As discussed in Chapter 3, the fact that at least 39 federal agencies have responsibilities in the Arctic region is a challenge for successfully implementing national strategies and achieving national objectives with regards to the Arctic.  To be most effective, the president and the executive branch must actively promote high-level interagency policy coordination and direction.  Designating a senior official to lead domestic and international Arctic policy that goes well beyond a coordinating function during the 2-year chairmanship of the Arctic Council could help address this challenge.  The Arctic Executive Steering Committee, established in January 2015 by executive order is a step in this direction, as discussed in Chapter 3.  Because the next 4 years will be decisive for U.S. Arctic policy development, the 32-page-long Implementation Plan for the National Strategy for the Arctic Region must be prioritized, tasking streamlined, and budget resources allocated.  

			Enhanced Regulatory Coordination and Capacity

			This study has confirmed the conclusions of previous studies—including the NPC’s 2011 Prudent Development report and, more specifically, the Arctic supply topic paper prepared in conjunction with that report—that multiple, overlapping regulatory agencies with, in some instances, conflicting regulatory objectives bring a high level of uncertainty, additional cost, and delay to permitting processes and the predictability of regulatory oversight.  This complexity and uncertainty puts at risk current and future prudent development of oil and gas resources in the U.S. Arctic, since it is unlikely operators will be able to commit to the high level of investments needed to carry out their exploration programs without sufficient confidence that regulatory processes can be complied with in a reasonable and predictable time frame, consistent with lease term offerings.  Figure 4-1 and Figure 4-2 show the principal agencies and bodies responsible for regulation, oversight, or consultation regarding oil and gas activities in Alaska, from the federal, state, and local level, including agencies and bodies involved at each stage of the life cycle of exploration and development for an offshore Outer Continental Shelf (OCS) project in Alaska.
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			Large-scale projects can take several years to secure all the relevant permits, with the complexity of the system opening up multiple opportunities for legal challenge, furthering delay.  National Environmental Policy Act and Environmental Impact Statement requirements and time frames are particularly costly and onerous.  Lack of coordination between agencies results in uncertainty of outcomes for operators and other stakeholders.

			In 2011, by Executive Order 13580, the Interagency Working Group on Coordination of Domestic Energy Development and Permitting in Alaska (IAWG) was established to promote interagency communication with respect to permit applications and timelines.  This body is headquartered in Washington, D.C. and has a regional office in Alaska (RIAWG), in which both federal and state bodies participate. The working group is chaired by the Department of Interior (DOI) and includes representatives from the Department of Defense, Department of Commerce, Department of Agriculture, Department of Energy (DOE), Department of Homeland Security, Environmental Protection Agency, Federal Coordination Office for Alaska Natural Gas Transportation, Council on Environmental Quality, Office of Science and Technology Policy, Office of Management and Budget, and National Security staff.  Participants in this NPC study have commended these bodies for their real improvements in communication, but have pointed out that real coordination of regulatory objectives and timelines can continue to be improved and have expressed concerns about this group’s ability to handle an additional level of permitting.

			There is potential for the work of the IAWG and the RIAWG to enable more effective and timely permitting by identifying gaps, eliminating outdated and/or overlapping requirements, and harmonizing permitting timelines.  A framework for undertaking the analysis required to identify specific regulatory improvements exists in the Government Performance and Results Act (GPRA).  The GPRA was originally passed in 1993 and updated in 2010.  It is designed to require government agencies to adopt a rigorous, structured process to set performance improvement goals, establish plans to implement the goals, and report on results.  This includes provisions for setting cross-agency objectives, with targeted outcomes and transparent reporting of achievements against targets.  The Office of Management and Budget (OMB) is tasked with preparing an annual report on agency performance under the GPRA process.  It would therefore be appropriate for the OMB as a member agency in the IAWG, to play an important role in facilitating this process of identifying and implementing regulatory improvements.

			Other Arctic jurisdictions, including other countries and the state of Alaska, appear to have a more coordinated approach to Arctic regulation and permitting of oil and gas activities as follows:

			•Norway (Norwegian Petroleum Department and Petroleum Safety Agency) and Canada (National Energy Board) use centralized regulatory agencies for overseeing oil and gas activities. 

			•Oil and gas activities in Canada function under a single primary piece of legislation, the Canada Oil and Gas Operations Act, which provides significant clarity and defined timelines for permit applicants.

			•The state of Alaska also uses a centralized permitting agency (Office of Project Management and Permitting, within the Department of Natural Resources) as a single point of contact to navigate permitting requirements of other state of Alaska agencies.

			Reinforcing the conclusions of the 2011 NPC report, a 2013 report to the president found that:

			A fundamental goal for federal agencies is to improve interagency coordination on all aspects of science, management, stewardship, response, and permitting in the U.S. Arctic.  Whole-of-government solutions should be pursued to eliminate redundancies and promote efficient operations.1

			Recommendations

			With regard to broad policy coordination and in light of the executive order issued in January 2015 on “Enhancing Coordination of National Efforts in the Arctic,” which established the Arctic Executive Steering Committee, and with regards to regulatory systems and processes the study recommends the following:

			•The Arctic Executive Steering Committee should:

			−Reaffirm U.S. commitment to prudent Arctic oil and gas development and U.S. leadership in the region

			−Assess alignment across federal agencies in advancing prudent Arctic oil and gas development

			−Request DOE and the Department of Commerce to partner to inform U.S. policymakers across federal departments and agencies about the economic, energy, and national security benefits of prudent Arctic oil and gas development, consistent with the DOE’s mandate and the Department of Commerce’s recently announced Arctic affinity group

			−Clarify the process by which it will collaborate with the state of Alaska, Alaska Native tribal governments, and other stakeholders. 

			•The Arctic Executive Steering Committee as part of its mandated gap analysis should:  

			−Request regulators to compile a comprehensive and integrated inventory of regulatory requirements for offshore Arctic oil and gas exploration and development

			−Recognizing the significant progress by the IAWG on coordination of permitting in Alaska, the Arctic Executive Steering Committee should, as part of its gap analysis, review lessons learned for application to broader coordination of opportunities and identify areas for improvement

			−Recalibrate the existing IAWG to refine its mission and enhance its capabilities to coordinate Arctic activities and permitting  

			−Review the effectiveness of DOE participation in the working group. 

			•The Department of Energy should designate a senior advisor to support its representative on the Arctic Executive Steering Committee and be a focal point for Arctic policy, including:

			−Producing a department-wide Arctic strategy which clarifies its implementation of the National Strategy for the Arctic Region

			−Advancing prudent Arctic oil and gas development

			−Coordinating with the U.S. Arctic Council Chairman   

			−Coordinating the department’s Arctic science and technology, integrated analysis, and research agenda and effecting full coordination and engagement of the National Laboratories. 

			•The Department of Energy should engage Alaska institutions including the state of Alaska in the planning and conduct of its Arctic initiatives and consider public-private partnerships and data sharing platforms similar to the Alaska Ocean Observing System.

			•Under the Government Performance and Results Act, the IAWG, with the participation of all member agencies, could sponsor a review to identify duplication and conflict among existing federal and state jurisdictions.

			•For the longer term, pursue increasing interagency cooperation on all Arctic permitting activities covering the oil and gas sector and related activities.

			•Implement effective mechanisms for funding enhanced regulatory capacity and capability, including putting a higher priority on funding regulatory capacity versus other objectives, and extending existing authorizations for relevant government agencies to access third-party funding.

			Adaptive Regulatory Frameworks Can Allow for the Adoption of Improved Technology and Operating Practices

			There is no common set of standards or regulatory philosophies that is applied across the circumpolar Arctic.  U.S. federal regulation of offshore exploration drilling has historically adopted a predominantly prescriptive approach under which specific operating practices and technologies are explicitly allowed or disallowed in the body of regulation.  An example relevant to Arctic operations is that allowed oil spill responses in regulation only include mechanical recovery, when more effective solutions are available and can be enhanced further with technology development.  This regulatory approach has been built up over several decades of operating and regulatory experience, primarily in the Gulf of Mexico and Alaska.  However, this approach poses a challenge to both operators and regulators since it removes incentives to develop and deploy new and improved technologies.  This imposes constraints on the regulatory system’s ability to adapt to new, fit-for-purpose technologies and operating practices as they emerge, in spite of the benefits that they may provide.  This prescriptive approach is particularly disadvantageous in the Arctic where operating conditions, in terms of ice type and abundance, tides and currents, proximity to support assets, etc., can differ from location to location.  One size fits all prescription can result in suboptimal regulatory solutions for any particular operating location.

			The oil and gas industry has a long track record of developing innovative technology for all aspects of its operations—not only exploration drilling and development systems, but also safety and environmental protection.  It is in the interests of all stakeholders for such technologies and practices to be introduced where appropriate and feasible.  However, a prescriptive regulatory approach can act as a serious barrier to new innovation.  The issue was highlighted in the NPC’s 2011 Prudent Development report, which recommended moving to a more balanced regulatory system with both prescriptive and performance-based elements.

			A performance-based regulatory approach specifies the outcomes to be achieved with regard to any particular aspect of oil and gas operations.  This puts the burden on operators to demonstrate that the technologies and operating practices included in their exploration or development plans as submitted to the regulatory authorities achieve or surpass the specified regulatory objective.  This approach is therefore accommodative to new technologies and a better fit to deal with the challenges and operating practices for the particular locations where drilling operations are proposed.

			In the course of this study, the technology working groups identified a number of areas where current regulations disallow or restrict currently available alternative solutions and would thus not give incentives for ongoing improvement or wide dissemination of new technologies.  The following are the principal examples identified, most relevant to Arctic operations:

			•Federal Aviation Administration restrictions on unmanned aerial vehicles inhibit the ability to undertake more extensive and safer aerial ice surveys.  The same regulations pertain to open water and ice cover conditions when permitting seismic acquisition activities.

			•Regulations are not currently written to accommodate moored vessels capable of station-keeping in ice conditions.

			•Regulatory or permit requirements for same season relief well capability do not recognize more effective and lower environmental impact capping and containment solutions.

			•Well control regulations do not account for post-Macondo standards in capping and containment.

			•Regulations covering oil spill response do not take into account the capacity of the platform to store oil resulting from a loss of well control when calculating worst case discharge outcomes and thus response requirements.

			•Regulations do not allow advanced technology deployment for pipelines such as advanced integrity inspection, leak detection, and variable geometry of the pipeline to reduce the potential for gravity-induced loss of oil to the ocean in the event of a leak.

			•Lease stipulations currently unilaterally favor pipeline offtake only.

			•Allowed oil spill responses in regulation only include mechanical recovery, when more effective solutions are available and can be enhanced further with technology development.

			In this regard, the United States is unusual among Arctic nations in having a predominantly prescriptive approach to regulation.2  Other jurisdictions tend to have a regulatory approach in which adaptive, performance-based regulations are predominant or which incorporate a hybrid approach encompassing both systems, depending on the aspect of operations to be regulated.  For example:

			•The United Kingdom has a performance-based approach for the North Sea.  Operators must demonstrate that they minimize hazards and risks as much as reasonably practical, by presenting performance data to support applications to drill and produce against goal setting regulations.

			•Norway has a performance-based approach with guidelines and standards and is widely seen as a model for implementing effective performance-based standards.  Norway’s regulatory structures have differentiated responsibility for the safety and environmental aspects of operations (the Petroleum Safety Authority [PSA]) from the responsibility for overseeing hydrocarbon development and production (the Norwegian Petroleum Department).  Both agencies have a strong collaborative relationship and very open communication with operators regarding appropriate standards and technological solutions.  The PSAs regulatory vision has been articulated as follows:

			−The regulatory framework shall be flexible in terms of technological, operational, and organizational development in the petroleum industry. 

			−The regulations shall be developed in dialogue and cooperation with the employer and employee organizations in the petroleum activities (tripartite collaboration).3

			A recent report from the Pembina Institute has also highlighted Norway’s move toward a more adaptive, performance-based regulatory approach. 

			As Norway employs a performance-based regulatory approach, its regulations contain very few mandatory technical requirements. Instead, they establish requirements to manage operations and build facilities to meet certain objectives, often performance requirements for identifying and reducing risk, along with requirements for management systems to ensure performance attainment.  The PSA publishes and regularly updates a non-legally-binding guideline for each provision of each of the sets of regulations.  In this way, the PSA recommends practices for fulfilling the regulation (“should”), then offers alternatives (“may”) for offshore installations to meet the requirements where they can show that the method is equally effective in attaining the same objective.  Regularly, these recommended practices and suggested alternatives refer to industry standards.4

			•Canada has a strong central agency, the National Energy Board.  While geophysical operations are regulated with a prescriptive approach, most other activities are regulated with performance standards, making the system a hybrid blend of performance-based and prescriptive regulation. 

			•Greenland, like Norway and the U.K., uses a performance-based approach in which operators need to demonstrate that they are adopting international best practices for the Arctic operating environment.

			The contrast between performance-based (adaptive) and prescriptive regulatory philosophies, and their application across various Arctic jurisdictions, has been the subject of commentary from the Arctic Council.  The Arctic Council has defined a prescriptive approach as one in which standards are adopted as explicit regulatory requirements.  A regulatory body then evaluates and inspects operations in accordance with these set standards.5

			In contrast, performance-based regulations are designed to place more responsibility on and encourage innovation by the operators.  While the regulator remains responsible for setting quantifiable goals and evaluating compliance, the performance-based approach leaves the means of reaching those goals up to the operators.6

			There are an increasing number of regulatory systems that are moving toward performance-based standards.  However, as exemplified above, the two approaches are not mutually exclusive.  As the Arctic Council notes in its Arctic Offshore Oil and Gas Guidelines, a combination of prescriptive and performance-based standards is a viable regulatory option that allows some flexibility.7  This hybrid approach is often used when regulatory systems traditionally using prescriptive standards are being revised or adapted to performance-based standards. 

			A combination of regulatory approaches to balance the need for incentivizing innovation while prescribing minimum requirements in certain key areas could be a viable solution.  In support of this statement, the Arctic Council’s Emergency Prevention, Preparedness and Response Working Group concluded that: “A combination of prescriptive and functional (goal-based) requirements was identified as the optimum solution,”8 and the Council’s Oil and Gas Guidelines are also an example of a hybrid of performance standards and a prescriptive approach.

			In conclusion, Arctic operating environments are subject to substantial variation on both a local and regional level.  Performance-based regulation allows innovation and learning in operating practices, environmental performance, safety, and cost effectiveness of operations, incentivizing the development and deployment of technology advances.  Additionally, successfully implemented performance-based standards are consistent with stringent and effective regulation, as demonstrated in other Arctic jurisdictions, and can be set to the level of assurance that meets the critical regulatory objectives.

			Similar findings have been recorded by other relevant bodies in the recent past, indicating that performance-based regulation is worthy of serious consideration:

			•“The Department of the Interior should develop a proactive, risk-based performance approach specific to individual facilities, operations and environments, similar to the ‘safety case’ approach in the North Sea.”  Deepwater Horizon: The Gulf Oil Disaster and the Future of Offshore Drilling, National Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling, Report to the President, 2011, p. 252.

			•“There should be a clear process for approval of exploration plans, oil spill response plans, and applications for permits to drill based on performance standards alone.” Listening Session, Bureau of Ocean Energy Management and Bureau of Safety and Environmental Enforcement, Vol. I., Anchorage, Alaska, June 6, 2013.

			Lastly, current Bureau of Safety and Environmental Enforcement (BSEE) regulations provide for the authorization of equivalent solutions to meet regulations in Title 30 CFR 250.141 of the BSEE Mineral Resources Enforcement Code as shown in the text box on Title 30 CFR 250.141.  Thus there is an established precedent in the regulation for examining the expansion of adaptive, performance-based regulatory solutions more widely, whenever the regulatory objective can be achieved or surpassed using an alternative approach or technology.
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			Recommendations

			•Policies and regulations should encourage innovation by providing for incorporation of technological advancements.  

			−Authority already exists to consider industry proposals that provide for equivalent or better levels of safety and environmental protection, such as that already established in 30 CFR 250.141; use of that authority should be encouraged.  For example, BSEE could develop an Arctic Operating Plan patterned after the existing deepwater operating plan approach in CFR 250.286 as a basis for encouraging and driving innovation.

			−BSEE should continue to review existing and new regulations to identify candidate areas for implementation of performance-based regulation, considering lessons from other jurisdictions.

			•Such a review could be completed on a timetable allowing implementation of new regulatory approaches prior to the next round of Alaska Arctic OCS leases, encouraging operators that participate in the next lease sales to prioritize technological advances.

			•As part of the review process, define Arctic-appropriate regulatory objectives for operations and environmental performance, incorporating, wherever feasible, lessons from other Arctic countries on the definition of performance-based regulatory approaches covering specific areas.

			−Staff development should be pursued through ongoing recruitment and training of regulatory staff in Arctic-specific operations, and regulatory requirements should be pursued within regulatory agencies.

			The Application of Available Technology Has the Potential to Safely Extend the Drilling Season

			The Arctic is a different operating environment that requires some unique technologies, significant financial resources, and a long time to explore and develop.  A major factor in the time needed for successful exploration and development is the impact of the short offshore drilling season length given activities are currently restricted to the open water season.9   Seismic, data gathering, and drilling activities can take several seasons, and the number of exploration or appraisal wells that can be drilled per drilling rig in any given season is relatively low, thus impacting both the cost and the ability to decide if a resource is economically viable to warrant moving to the development phase.  If activities could be safely extended into the shoulder season,10  the additional time available could significantly reduce the total time required to explore, appraise, and develop a given resource.

			Currently, the length of the offshore drilling season for locations beyond landfast ice in the U.S. Arctic is limited by ice conditions and regulation and recent permit restrictions that only allow drilling activities to occur during the open water season.  The open water season is typically 3 to 4 months and can be even shorter in practice if ice incursions occur.  This time is further shortened by recent permit restrictions and regulatory expectations to be able to drill a same season relief well (SSRW)11 as the primary method to secure the well in the unlikely event of a loss of well control.  A SSRW in this area can take more than a month to drill.  Additionally, the season length can be further shortened by voluntary agreements between individual operators and subsistence users that, for example, limit activities during the open water whaling season in certain areas of the Beaufort Sea.  Combining these factors, the practical drilling season in parts of the U.S. Arctic could be as little as 40 to 60 days.

			Considering the short amount of time an operator has available to drill in a given season and the long time that it can take to determine the economic viability of a lease holding, addressing the length of the season is a key priority to enable prudent development.  Of all the aspects that must be addressed, prevention of major oil spills and effective response to a spill is of paramount concern to all stakeholders.  Concerns regarding industry’s capacity and capability to prevent spills and to responsibly and promptly deal with spills in Arctic waters, especially in the presence of ice, are in the forefront of any discussion about offshore drilling plans in the U.S. Arctic.  Addressing these concerns will be critical to acceptance of extended season drilling operations.  

			Allowing safe and efficient exploration requires four key aspects to be addressed:

			•Drilling, logistical support, and emergency response system capability in ice

			•Source control and well secure techniques

			•Oil spill response in ice

			•A regulatory framework to ensure technology innovation is advanced, as discussed in the previous section.

			The technology exists to drill during the open water season and into the early ice season also called the shoulder season.  As discussed in Chapters 1, 5, and 6 of this report, ice-strengthened drilling rigs and ice management techniques have been field-proven in shoulder season ice environments, including during the Beaufort and Chukchi Sea exploration drilling programs of the 1980s.  When drilling in ice, ice management is a key method used to ensure the rig safely stays on location and in the unlikely event of an oil spill to support the response.  This involves ongoing forecasting of ice movements over time, detection of thicker or stronger ice that could push the rig off location, and, in the case of active ice management, breaking ice to ensure the rig can withstand any ice impact.  Furthermore, controls and barriers are used to ensure well integrity, and technology and procedures are available to cease operations if conditions become unsafe.  Additionally, emergency and oil spill response equipment and techniques are available and have been demonstrated to safely evacuate personnel, secure the well, and respond to an oil spill in ice in the unlikely event of a loss of well control that results in oil spilled to the environment.  Season extension would be based on the capability of the entire drilling, logistical support, and emergency response system to operate safely.

			Fundamentally, drilling practices to protect against a loss of well control incident are the same for Arctic wells as they are elsewhere in the world.  While specific Arctic challenges such as ice conditions, cold temperatures, and remoteness can affect equipment selection and logistics, the design and construction of a well and the controls and barriers used to prevent incidents are common to worldwide best practices.  These barriers and controls include regulated and industry standard well designs including casing, cement, and mud to contain formation pressures.  Additionally, continuous monitoring of critical parameters during drilling is also performed.  Furthermore, barriers such as blowout preventers, which can rapidly shear well pipe and close the well in the case of a loss of well control event, are also used.  In the unlikely event that these methods fail, recent technological advances in additional well secure techniques such as capping stacks and subsea isolation devices have been shown to secure a well safely, more efficiently, and with less oil spilled than is possible with a relief well.  

			Technological advances, as discussed in Chapter 8, that could be used as alternatives to a SSRW include capping stacks (the device ultimately used to stop the flow of oil from the Macondo well) and subsea isolation devices.  The use of these technologies can significantly reduce the amount of spilled hydrocarbons, compared to a relief well as they can be implemented in a matter of hours, days, or weeks upon the loss of well control, compared to a relief well, which can take more than a month.  Extending the drilling season would be based on the capability of these systems to operate safely and reliably in an Arctic environment.  Furthermore, post-Macondo, the DOI has issued NTL 2010-10,12  which requires that wells must be designed to be capped, and if not, contained.  Additionally, if these technologies can be used to safely extend the drilling season length the resulting increase in cost effectiveness provides greater incentive for companies to invest as the longer drilling season provides a greater likelihood of completing the necessary exploration and appraisal program required to advance the project to the development phase.  

			In the unlikely event of a loss of well control resulting in an oil spill, there are many field demonstrated techniques that are effective in ice.  As discussed in Chapter 8, industry and government sponsored research show a variety of oil spill response methods, including mechanical recovery, in-situ burning, use of dispersants, and remote sensing to detect oil in and under ice, that are all effective in ice, as demonstrated with field trials in Canada and Norway.  

			The useful definitions text box provides several key definitions useful for understanding the subsequent examples.  The text box containing the current season length example shows how the drilling season length could be determined using the current approach applied to the U.S. Arctic.
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			The examples shown in the text box on drilling until freeze-up and the text box on drilling into the shoulder season highlight two options to extending the drilling season.  

			1.Allow the use of alternative well secure techniques in place of a same season relief well and maintain the requirement that drilling end at freeze-up

			2.Allow the use of alternative well secure techniques in place of a same season relief well and extend the drilling season into the shoulder season.  In the Oil Spill Response Plan submitted to BSEE, the operator would include how they would respond to a spill in the shoulder season, including the response equipment, strategies, and ice management capabilities.  
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			The key assumptions used in both of these examples are as follows:

			•An assumed freeze-up date of November 1st—actual freeze-up dates may vary.

			•Last drilling date in shoulder season of December 15th—with suitable ice class drilling system and based on historical capability—the actual date may vary depending on the capability of drilling equipment, marine support, and emergency support services.

			•As indicated in Chapter 8, it is understood that, depending on a number of factors, either a well capping system or a subsea isolation device may be used to stop the flow and safely secure the well.

			−Well capping duration—14 days (based on an in-field well capping system).

			−Subsea isolation device duration—0 days (essentially instantaneous).

			−The well secure duration values chosen in this example are indicative and, as such, do not necessarily reflect those that may be submitted by an individual operator in their drilling applications.  

			−The bar charts contained in the examples will thus indicate a well secure range from 0 to 14 days.

			•The well secure operation will be a two-stage operation, namely:

			−Stage 1:  Stop the flow and safely secure the well as quickly as possible in the same operating season in which the loss of well control event occurs.

			−Stage 2:  With the well safely secured, the well intervention operations required to safely plug and abandon the well can be planned for the following season at which time a relief well may, or may not, be required.

			In conclusion, a careful consideration of alternatives to the current prescriptive approach to the drilling season end date and the well secure option has the potential to safely extend the drilling season while significantly reducing the potential volume of spilled oil in the unlikely event of a loss of well control.  In recognition that extending operations into ice requires careful and diligent consideration, the regulator could allow, through authority granted under Title 30 CFR 250.141, any agreed and demonstrated capability of the drilling system to be used in determining the start and end dates for drilling.  This authority gives the regulator the option to accept available technologies that can be demonstrated to provide equal or superior environmental protection and safety (compared with the current system).

			Recommendations

			Oil Spill Prevention and Source Control

			•Industry and regulators should work together with government agencies and other stakeholders to synthesize the current state of information and perform the analyses, investigations, and any necessary demonstrations to validate technologies for improved well control and containment. Canada is using an approach described in the text box entitled “Evaluating Same Season Relief Well Equivalency.”   

			
				
					[image: ]
				

			

			
				
					[image: ]
				

			

			−The benefits and risks of advanced control and containment technologies should be assessed relative to the current practice of a same season relief well.  Alternatives include capping stacks and subsea shut-in devices independent of the standard blowout preventer.  These alternatives could prevent or significantly reduce the amount of spilled oil compared to a relief well, which could take a month or more to be effective.   This assessment should consider the benefits and risks of leaving the well secured using these technologies over the winter season.

			DOE should work with industry and DOI to perform this assessment, engaging the National Laboratories, the National Academies, and other stakeholders as appropriate.  Assessment techniques could include those used in the nuclear, aviation, and petrochemical industries, such as precursor analysis and quantitative risk assessment, where DOE already has expertise.

			−Future regulation and permit requirements should be informed by the results of this analysis including required demonstrations and testing.  DOI, DOE, and the National Laboratories should witness these demonstrations of improved well control and containment devices and include appropriate observers from the stakeholder community.

			Oil Spill Response in Ice

			•Regulators should continue to evaluate oil spill response technologies in Arctic conditions, considering past and ongoing research.  Future regulations and oil spill response plans should consider this evaluation such that other technologies could be used as primary response options.

			Drilling and Emergency Response 	Capabilities in Ice

			•Industry and regulators should work together with other government agencies and stakeholders to synthesize the current and evolving state of knowledge and perform the analysis, investigations, and any necessary demonstrations to validate technologies and capabilities that could safely extend the useful drilling season length.

			−These technologies include recent advancements in source control and containment and improvements in oil spill response in ice discussed above.

			−The capabilities include the drilling rig, ice management vessels, and emergency and oil spill response capability.

			Improved Lease Duration and Terms Will Facilitate Prudent Development in a Frontier Location

			The NPC’s 2011 Prudent Development report recognized the difficulty of frontier exploration and production in the 10-year lease term, recommending in the Executive Summary that the government should “Allow the length of leases to correspond to the long development lead times necessary to allow for appropriate incentives for private-sector investments in exploration and prudent development.”13  In addition to lease duration, more frequent lease sales in the Arctic can also advance prudent development by ensuring predictable access to new acreage.  We also address in this section the Outer Continental Shelf Lands Act (OCSLA) regulations, which require an operator who has ceased operating on a lease to resume operations within 180 days of lease expiry if they want to retain the lease.   

			The OCSLA limits the primary term of any OCS lease to a maximum of 10 years.  Similarly, leases on federal lands in the National Petroleum Reserve in Alaska (NPR-A) are also limited to a 10-year primary term.  If oil or gas is discovered, but cannot be shown to be commercially viable for development, the lease must be relinquished, leaving the operator with no return on the investment in exploration.  A recent Wilson Center study concluded:

			The length of lease terms in the Arctic has had the greatest influence on North American Arctic resource development. Given the extremely high costs of drilling in remote, icy Arctic conditions, and the severe limitations of the Arctic drilling season (drilling on average can be conducted only during a 3- to 4-month window in the summer), longer-term leases are one of the few incentives governments can offer to companies to justify the immense up-front exploration and drilling capital expenditure commitments.  The 10-year lease term in effect in the Alaskan Arctic is inadequate to support ongoing exploration and evaluation of oil and gas potential.  Given the infrequency of lease sales and the lengthy permitting processes that involve multiple federal and state-level government agencies, the 10-year timeline is hardly long enough to accommodate a preliminary drilling program; it also poses serious risks to cost recovery prospects.14 

			Lease Duration

			Longer leases in the Arctic could increase and improve opportunities to prudently develop the resource there, improving U.S. economic growth and energy security.  The 2011 NPC study found that “current and future development of U.S. and Canadian oil can translate into energy security benefits through reducing oil imports.  Other potential benefits include improved balance of trade, jobs, and economic multiplier effects from domestic drilling, production, and delivery.”15  Longer lease terms would not necessarily result in being onsite longer.  It will take the same number of wells to explore and appraise a prospect, and it is clearly to the benefit of the operator to conduct exploration and appraisal expeditiously and prudently to commence development of the resource.  To ensure environmental, health, and safety protections, the OCSLA regulations provides the Department of Interior with authority to add any appropriate stipulations in the leases in response to concerns raised by coastal states, federal agencies, tribes, and other stakeholders, and longer lease terms would not change this.  

			To provide some context for the need for longer lease duration in the Arctic, consider a comparison with the U.S. Gulf of Mexico (GOM).  In the Gulf and the rest of the United States, OCS lessees can explore 12 months of the year.  As described in the previous section, in the Alaska OCS, there is only a 3 to 4 month open water operating season, and it can be even shorter in practice if ice incursions occur.  This time has been further shortened by a permit stipulation to allow for a same season relief well to secure a well in the unlikely event of a loss of well control.  The season length can be further shortened by voluntary agreements between industry and subsistence users that, for example, limit activities during the open water whaling season in certain parts of the Beaufort Sea.  Combining these factors, the practical exploration drilling season could be as little as 40 to 60 days.  Onshore in NPR-A, a similar situation occurs where winter tundra travel is only open when there is 12 inches of ice overlain by 6 inches of snow.  This often limits the available season from mid-December to late April.  Considering the mobilization time that often involves building an ice road, as well as the Bureau of Land Management requirement to preserve enough time to drill a relief well, the effective exploration season is often no more than 90 days.

			Exploration and appraisal (E&A) activity in the Alaska OCS is also different than in the GOM.  Beyond the initial exploration well on a given prospect, an operator in Alaska will typically require more appraisal wells on a given prospect to establish commercial viability.  This is in part because field sizes in Alaska are expected to be in the billions of barrels compared with smaller 300- to 500-million-barrel size fields in the GOM.  Alaska also has less available seismic information, which leads to the need for more appraisal wells than is typically required in the GOM.  The largest field in the GOM is an area approximately 10 to 12 square miles.  There is extensive seismic coverage in the GOM that can be obtained year-round.  So, operators can assess a field, determine the appropriate well locations, and move to exploration drilling within 1 to 2 years of lease assignment.  The hydrocarbon density is typically high in the GOM because the reservoirs are usually vertically stacked.  This size and type of prospect at most requires three to four appraisal wells to assess the scope and mitigate uncertainties before making a commerciality decision.  Furthermore, fit for purpose rigs are also more available in the GOM allowing wells to be drilled simultaneously.  Taking all of this into account, a full E&A program in the GOM can in general be completed in 4 to 6 years (depending on water depth and/or timing of the spud of the initial well).16

			In the Alaska Arctic offshore, prospects are much larger in both field area and volumetric size.  Volumes on the order of 1 to 2 billion barrels are possible and, for example, the Chukchi Burger prospect covers an area of 400 square miles.  The reservoir formations are typically not densely stacked but instead spread across large areas.  There is very little seismic data available in the Chukchi and it may take 2 to 3 years to acquire permits and then additional time to physically acquire the data given the short open water season.  For example, it took three open water seasons to obtain seismic data for the Chukchi Burger prospect.  Once seismic data are acquired, operators then need at least 1 year to undertake a technical evaluation of the data to determine the sequencing of appraisal wells up to an additional 2 years to obtain permits and conduct the required shallow hazards seismic surveys over the key well locations.  An operator in the Arctic may not be able to move to drill until 4 years into the 10-year lease term and even after an initial discovery and appraisal, additional seismic data might still be required to further delineate a prospect.  

			In addition to the time required to plan and conduct exploration and appraisal activities, the inherent uncertainty in prospective frontier areas such as the Alaska OCS means that the subsurface knowledge gained from each drilled well has an even greater impact on future drilling decisions, whether on the immediate prospect or other prospects in the inventory.  Therefore, exploration and appraisal activities must proceed serially—one after the other—because the results of the first well in each area will determine where the next well should be drilled.  With a very short season, and as discussed in Chapter 2, it may take 2 years to drill one well.  Given the very large geologic structures in the Alaska OCS, it is expected to take three to nine appraisal wells per prospect to mitigate uncertainties to the point where a large financial commitment to move to production is warranted.  As an example of the total amount of time required, consider this:  as described above, an operator in the Arctic may not be able to move to drill until 4 years into the 10-year lease term.  If completion of one well only requires a single drilling season, nine wells could take 9 years, which is more than the 6 years remaining on the lease.  Moreover, if two seasons were required per well, drilling could take up to 18 years on one prospect.  If the lease area holds multiple prospects, it is highly unlikely that an operator could execute assessments on more than one or possibly two prospects during a 10-year lease.  Limited rig availability in the Alaska OCS now and for the foreseeable future also means that an operator cannot have many rigs drilling at the same time unlike in the GOM where rig availability is in generally not an issue.  A complex regulatory environment that is open to litigation can further limit the time available for E&A and has resulted in the short 3 to 4 month drilling season being missed.   

			Other Arctic countries address the need for a longer lease term for frontier areas in various ways.  In general, Canada, Norway, and Greenland all have more flexible terms.  The U.S. lease system is development-based: to retain the lease an operator must be prepared to move into the development phase by the end of the 10-year lease term.  In stark contrast, the Canadian and Greenland lease systems are exploration-based, allowing more time in the initial lease term for exploration.  A recent press article indicates that Russian national oil company Rosneft may also seek to extend their Arctic lease duration.  

			“Canada offers lease terms that encourage greater [financial] risk-taking by energy companies willing to commit capital and resources to the Arctic.”17  The absence of a license time limit reflects the common reality that a discovery may be of a size and in a location that make it uneconomic to develop at the time.  The benefit of this approach is that it provides “some reasonable assurance to the initial explorer that marginal oil and gas discoveries can be retained until they can be economically developed at some point in the future.”18

			The Parliament of Canada website describes the program:

			An exploration license (EL) is granted for a maximum of nine years and, can be extended if an EL holder has begun the drilling of a well, and is pursuing it diligently.  The EL continues in force as long as may be necessary to determine the existence of a significant discovery based on the results of that well and provided that drilling is being pursued diligently. 

			Once a discovery has been made, the operator is allowed to retain their licenses by receiving a Significant Discovery License (SDL).  An SDL replaces the exploration license.  The SDL allows the operator to hold the leases indefinitely until the discovered field is economically capable of being developed and produced.  

			Once the developer has determined that the discovery can be commercially produced, a holder of an EL or a SDL is eligible to apply to the National Energy Board (NEB) for a declaration of commercial discovery.  A “commercial discovery” is defined by the legislation as “a discovery of petroleum that has been demonstrated to contain petroleum resources that justify the investment of capital and effort to bring the discovery to production.”  In order to evaluate the application, the NEB must make a technical assessment of the size of the commercial discovery area based on well data, and oil and gas reservoir characteristics.  The NEB must also assess whether the discovery justifies the capital investment that is required to bring the discovery to production.19

			The Norwegian system also provides more time for exploration and development compared with the United States.20  The regulatory agency, the Petroleum Safety Authority, explains: 

			As a main rule, the production license is valid for a so-called initial period (exploration period) of four to six years.  The licensees can apply to extend this period to up to ten years.  During this time, a specific work commitment shall be completed in the form of seismic data acquisition and surveys and/or exploration drilling.  When the initial period is over and the work commitment is completed, the licensees can apply for extension for a period as stipulated in the production license.  In general, this period is up to 30 years.  If exploration drilling does not prove oil or gas [or uneconomic in size to produce], the main rule is that the area shall be relinquished at the end of the initial period.  For production licenses awarded before 2004, the main rule is that the licensees in the production license can demand to retain up to one-half of the area of the production license for up to 30 years (if the work commitment is completed during the exploration period).21

			Greenland, too, provides longer and more favorable lease terms.  “Greenland permits operators to acquire much larger tracts of offshore blocks than the 3-square-mile blocks offered by the United States.  Furthermore, in the Northeast Greenland offshore, operators can extend the initial license term to 16 years.”22

			A debate on Arctic lease terms has also recently begun in Russia.  Current Russian law provides a maximum lease term of 10 years.  The CEO of Rosneft, Igor Sechin, wrote a letter in 2014 to the Russian Ministry of Natural Resources requesting that the legislation be amended because it does not fully take into account the lengthy time frame for working in these areas.23  Rosneft has requested that the ministry extend the lease duration to 15 years.  

			Table 4-1 summarizes the key differences in lease terms for each Arctic country.  The difference between an exploration-based system and the U.S. development-based system is in the scope of work required to retain the lease.  Exploration-based system regulations only require that a discovery is made within the lease term.  For example, as described earlier, in Canada once a discovery has been made, the license can be converted into a Significant Discovery License, which allows the operator to hold the leases indefinitely until the prospect can be technically or cost effectively developed.  In contrast, development-based lease system regulations requires that an exploration discovery and a field appraisal program are both executed to the stage of development planning (technical and commercial thresholds have been met) to retain the lease by the time it expires.  As described in Chapter 2, this can be difficult to do in the Arctic.  Depending on the shape of the geologic structures and what thresholds must be attained to reach commerciality, it may take a much more extensive drilling appraisal campaign for an operator to be ready to move to development.  
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			In conclusion, a fixed 10-year lease term for Alaska OCS leases reduces the ability to identify, appraise, and develop economic volumes in the Arctic, hindering economic growth and energy security.  There is no specific allowance made in the lease terms for the unique conditions in Alaska OCS or for time lost on a lease due to ice cover.  Other Arctic countries have recognized that this is an issue and generally provide longer lease terms or other mechanisms to encourage investment in exploration.  

			Lease Sales

			There are also other options to improve lease terms for Arctic exploration and development.  Lease sales in the Alaskan Arctic OCS have been intermittent, limiting access to new lease blocks.  DOI held a lease sale for the Chukchi Sea in February 2008 and has recently announced another sale in 2016—an 8-year gap.  Four Chukchi and Beaufort Sea lease sales that were included in the 2007-2012 program were cancelled.  In contrast, lease sales in the GOM are held every year.  All of the exploration acreage currently leased in the Chukchi Sea will expire simultaneously with no assurance of future lease availability—a problem when exploration must take place serially.  Conducting a serial E&A campaign relies on access to new acreage; understanding of the geology of a basin matures over time as new wells are drilled and new acreage accessed and the evolution of that knowledge brings into play new approaches as more wells are drilled in the basin.  The effective application of this influx of new data is dependent on new acreage opportunities made available in more frequent and regularly spaced intervals.  Staggering the lease expiration dates through new lease sales promotes continual activity within the basin.  More frequent lease sales are also warranted given current OCS rules that require release to the public of specific well data 26 months following the completion of a well.  Operators should be able to act to acquire acreage opportunities based on their proprietary findings and further explore and appraise their leases before the data is public.  

			Similarly, conducting an E&A campaign also relies on certainty that leased acreage will continue to be available over time.  The DOI has the option to limit a sale to only certain areas.  OCSLA regulations provide a collaborative process of identifying these areas to be leased.  There is an initial request for industry to identify blocks within an OCS planning area in which they have interest, referred to as a “call for information.”  The public is also invited to comment on areas that should or should not be considered for leasing.  The Bureau of Ocean Energy Management (BOEM) then analyzes the information received in addition to environmental and community objectives in the area, and then defines the proposed sale area, called “area identification,” and issues a final notice of sale.  

			For the Chukchi Sea, BOEM has recently announced that certain environmentally sensitive areas will not be available for leasing.  In applying this approach, care must be taken that lease and access rights already conveyed in the Chukchi are not compromised.  In the longer term, if certainty of areas available for exploration over the life of the basin is increased with this targeted area approach, there are clear investment benefits; however, if over time more acreage is removed from exploration this can constrain the predictability and certainty that helps companies make the long-term decisions required for offshore development, particularly at the magnitude required for frontier areas like the Arctic.  In addition, in determining the lease area, DOI initial requests to industry to identify areas of interest must take care to not require that potential lease bidders identify the specific or narrow block areas they consider most prospective as this can compromise proprietary company information.  Operators typically need to develop a regional view of the basin as they explore rather than an OCS block or prospect view.  This is especially true in frontier areas about which existing information can be limited.  Clear and certain access to opportunities promotes the efficient development of the resource while changing and uncertain requirements prevent the most effective planning and mitigation activities.  A more certain program also encourages robust participation in lease sales, which improves revenue from lease bids to the federal government.  Uncertainty can also lead to increased surface disturbance and more activity as operators try to address difficult access requirements.  DOI planning rules and the multitude of environmental statutes that govern exploration and development can, and do, ensure protection of sensitive areas.  

			In conclusion, in addition to the benefits previously described for longer lease terms, more frequent lease sales also promote energy security and economic growth as they can increase government revenue by encouraging more activity in a basin.  Revenues from OCS leases consist of bonuses, royalties, and rentals and are collected by the Office of Natural Resource Revenue.  These revenues are shared with coastal states in the Gulf of Mexico, as discussed in Chapter 3.  The remaining funds are deposited in the U.S. Treasury.  OCS revenues provide annual deposits of nearly $900 million to the Land and Water Conservation Fund and $150 million to the Historical Preservation Fund.24  The last Chukchi Sea lease sale set a bonus bid record at $2.6 billion.  

			Work Plans

			OCSLA regulations also require an operator who has ceased operating on a lease to resume operations within 180 days of lease expiry if they want to retain the lease.25  This would be impossible in the Arctic due to the short exploration drilling season.  The same section of OCSLA allows an operator to ask the regional supervisor to allow more than 180 days to resume operations on a lease beyond its primary term when operating conditions warrant.  The request must be in writing and explain the operating conditions that warrant a longer period.  In allowing additional time, the regional supervisor must determine that the longer period is in the national interest, and it conserves resources, prevents waste, or protects correlative rights.26  A multi-year work plan concept, modified for the Alaska OCS, could satisfy these conditions and provide the predictability and certainty that is critical in a frontier area such as the U.S. Arctic.

			Recommendations

			To address insufficient lease duration, infrequent lease sales, and the difficulty in holding a lease unless drilling continues within 180 days of the initial lease term expiry, the following could be considered: 

			Lease Length 

			•The Department of Energy, working in collaboration with the Department of the Interior and with input from other stakeholders, should conduct an assessment of the timelines required to progress an offshore exploration prospect from lease through a decision to proceed to development.  This assessment should be completed before the next lease sale.

			−These timelines should include the time to plan, permit, and safely execute seismic surveys, exploration drilling, and any necessary appraisal wells, as well as conduct and interpret results from these activities.  The time required to complete engineering studies, including an economic feasibility assessment to enable a development decision, should also be included. 

			−The assessment should consider the season length limitations imposed by the Arctic operating environment and ecological/subsistence considerations, as well as approaches used by other Arctic nations with similar geological and operating environments.

			−If warranted, based on this assessment, congressional action to amend the OCSLA to reflect the lease term for Arctic operations could be pursued.  For existing leases, DOI could clarify suspension authority via a Notice to Lessees.

			Lease Sales 

			•More frequent and predictable lease sales that maintain protections for lease rights should be considered.

			−Prior to lease sales, DOI could hold detailed consultations with operators and other stakeholders to examine critical issues specific to lease areas, and identify fit for purpose lease stipulations to be applied for the life of the lease.  Any significant subsequent alterations to lease sale terms should continue to be justified by science and meet a cost-benefit test.

			180-Day Term 

			•A work plan approach to meet the 180-day due diligence terms of the OCSLA should be pursued.

			−This could require submittal of a schedule of activity showing due diligence in E&A to the point where commercial viability can be determined, taking into account the short season length, scarcity of drilling assets, and logistical challenges.  An approval process for multi-year work plans would be most suitable coupled with a directed suspension for times when operations cannot occur.  BSEE should approve these work plans early enough in a lease term to minimize planning and investment uncertainty.  BSEE could use the Notice To Lessees process to put this into effect. 

			Focused Conservation Measures Are Likely to Be More Effective Than Overly Broad Critical Habitat Designations

			When appropriately identified and delineated, critical habitats are one of many important conservation tools, protecting the ability of plants and animals to thrive and be protected from direct harm. Through focused conservation measures, human activity may be restricted or prohibited in specific areas, which can contribute to sound environmental stewardship and environmental sustainability.  Overly broad critical habitat designations, by contrast, have the potential to result in restrictions or uncertainty over very large areas with limited benefits.  This approach could create a hindrance to economic growth and energy security, and even to human health and safety if operations cannot be conducted in optimal ways.  If, on the other hand, overly broad designations result in few or no restrictions, then it is not clear that they provide any meaningful benefit to environmental stewardship or environmental sustainability.  Alaska Native communities rely on marine mammals and other species for cultural, nutritional, and spiritual purposes, but their interests are not served either by ineffective conservation measures.

			Critical habitat designations are required under the Endangered Species Act (ESA).  Critical habitats can include areas of dense aggregations of a species, breeding areas, feeding areas, and other places that are necessary for essential behaviors and life history stages.  Absolute prohibitions of activities are relatively rare under critical habitat designations and are most often limited to highly restrictive areas of habitat for critically endangered species (e.g., specific hot springs where desert pup fish occur or known nest locations for certain bird species).  In most cases, existence of designated critical habitat within a project area requires an additional consultation among federal permitting agencies including consideration of mitigation measures that will protect the species, species habitat, and accommodate project activities.

			Although the ESA calls for determination of critical habitat for listed species within 1 year of a listing determination, designations currently exist for fewer than half (661 of 1,499, as of March 1, 2013, according to the Fish and Wildlife Service) of species listed as threatened or endangered.  Increasingly, however, species listing decisions, critical habitat designation, and recovery plans are being driven by litigation and settlement that impels the trustee agencies to make decisions on a timeline that is not supported by the available information or the funding for additional research needed to make high-quality decisions.27   In the absence of sufficient information to focus critical habitat designation specifically upon areas that “contain the physical or biological features that are essential to the conservation of threatened species and that may need special management or protection,”28 critical habitats may be designated broadly to make sure they encompass the areas that meet the stricter criteria intended by the ESA.  When critical habitats are defined too broadly, however, they may contribute little to conservation while raising obstacles to prudent development and significantly increasing the liability of proposed activities to litigation.  This has been recognized by the courts, for example, in finding that polar bear critical habitat was too extensive and inadequately justified.29 

			A key difficulty with overly broad critical habitat designations is the considerable ambiguity that currently exists regarding what these designations mean and when during the life of a project critical habitat might be designated, thus changing the requirements for operations.  To take one example, Arctic marine mammals either require or prefer sea ice habitats for much of the year.30  If all sea ice throughout the year is designated as a critical habitat for one or more marine mammals listed under the ESA, any human activity in or around sea ice will be subject to the close scrutiny of an official consultative process that is itself subject to legal challenge, and may be affected by subsequent regulations concerning sea ice habitat.  This includes icebreaking, ice management, and other activities that, for much of the year, are essential to safe offshore oil and gas operations in Arctic conditions and have few if any conservation impacts when conducted in accordance with existing practices for marine mammal protection (see below).  The habitat limitations for ice-dependent marine mammals at present are the distribution of sea ice in relation to bottom depth, which affects walrus distribution and behavior, and the overall extent of sea ice in the Arctic Basin, which may affect polar bears.  Neither of these parameters is affected to any measurable degree by icebreaking or ice management.

			If a broad range of industrial activities is limited by critical habitat designations, then the ability to explore and develop Arctic oil and gas reserves may be similarly limited.  The uncertainty associated with the regulatory effects of overly broad critical habitat designations makes planning difficult or impossible, adding a large uncertainty to industrial operations.  It is important to note that the ESA is specific that potential economic impacts should be evaluated in relation to critical habitat designation and areas should be excluded from restrictions if the economic benefits outweigh conservation benefits, excepting where exclusion would result in extinction of the species, which is not a current concern for any Arctic marine mammal species. 

			A look at other countries suggests that the degree of uncertainty associated with overly broad critical habitat designations in the United States is unusual.  Norway also designates “valuable and vulnerable areas” as part of its marine spatial planning approach.  These areas can be extensive, but the rules in such areas tend to be clearly laid out, reducing ambiguity.31  Canada, similarly, designates Ecologically and Biologically Significant Areas (EBSAs) and also critical habitats and other provisions under the Species at Risk Act.  EBSAs cover half of Canadian Arctic waters, but the regulatory provisions and expectations for operators in those areas are usually clear.

			In terms of achieving conservation goals in U.S. Arctic waters, targeted conservation measures already exist.  For example, the Marine Mammal Protection Act governs any interaction between marine mammals and humans, including subsistence harvests by Alaska Natives as well as “incidental take” by industry and others.  The permitting process for incidental take is well established and provides a clear benchmark for industry performance.  During any offshore activity, and at all coastal industrial sites, marine mammal monitoring is conducted at all times, to identify potential interactions and take appropriate action in a proactive fashion.  All such interactions are reported to the appropriate federal agency, in accordance with the permits that are issued to allow any incidental “take” (defined as harassing, harming, killing a marine mammal; few “takes” involve physical harm to an animal, and very few, if any, involve the death of a marine mammal). 

			Broad general areas of critical habitat designation are not uncommon under the ESA in cases where precise mapping is impractical or unwieldy.32  In such cases, the designation proposal frequently narrowly defines those specific habitat characteristics and timing that can be differentiated from the total area of a species’ range.  Such specificity should ideally be incorporated in designation documents to provide guidance to consulting personnel with the appropriate federal agency.  In this way, critical habitat designation can be used appropriately as one among many conservation tools in the pursuit of prudent development.

			Recommendations

			•The available tools for and knowledge of species and ecosystem conservation should be evaluated to determine how best to achieve desired environmental benefits while avoiding unnecessary restrictions on, or uncertainty in planning of, oil and gas operations.

			−The U.S. Fish and Wildlife Service and/or the National Oceanic and Atmospheric Administration (the agencies with responsibility for marine mammals and seabirds in Arctic Alaska) should evaluate existing conservation measures, weighing their conservation efficacy against the degree to which human activity is restricted (i.e., through the lens of prudent development). This should be done with the involvement of industry, Alaska Native organizations, and the conservation community. Doing so should help in the design of an efficient, effective conservation strategy for species and habitats in Arctic Alaska.

			−The same agencies should develop a plan for and take the lead in carrying out ecological research and analyses to distinguish critical habitat areas within the overall range of a given species, again in cooperation with the same stakeholders.  Improved understanding will allow more targeted and focused habitat conservation efforts in areas that are indeed crucial to a species, while avoiding unnecessary restrictions on human activity elsewhere, fostering economic growth and energy security and potentially improving human health and safety.  Combined with other conservation measures, such an approach is fully consistent with the environmental stewardship and environmental sustainability requirements of prudent development. 

			−Appropriation of sufficient funds to support the research to develop accurate and targeted critical habitat designations is essential to accomplishment of conservation mandates and economic imperatives.

			Efficient and Cost-Effective Development Can Be Facilitated with Appropriate Policy and Regulations

			Several policy and regulatory items have been identified that, while not directly tied to research needs, have the potential to significantly facilitate efficient and cost-effective prudent development of U.S. Arctic resources.  As such, the DOE could play a role to encourage efforts for change in these areas.  Optionality for hydrocarbon export, pipeline corridor right of ways, a suitable and efficient statewide wetlands compensation mitigation plan, and access to limited gravel deposits are all critical for development.  Additionally, access to suitable Arctic-capable and cost-effective marine vessels is key to providing the best possible chance for environmentally sustainable, safe, cost-effective, and economically viable development of U.S. Arctic oil and gas resources.

			A variety of hydrocarbon transportation methods including pipeline, railway, and tankers may be required to efficiently and effectively develop a hydrocarbon discovery.  This openness to consider all viable alternatives enabled the developers of Prudhoe Bay to identify the Trans-Alaska Pipeline System (TAPS) as the preferred transportation method to balance reliability, energy security, and environmental stewardship with economic growth.  The key to establishing the economic viability of the pipeline option was the sheer size of the resource, and, at almost 20 billion barrels ultimate recovery, the $8 billion TAPS pipeline was economic.  However, a smaller field probably would not have justified such investment at that time.

			Since TAPS was placed into service, oil production has declined on the North Slope, with TAPS throughput dropping from a peak of more than 2 million barrels a day to a 2013 average of approximately half a million barrels per day.33  With further reduction in throughput, TAPS could cease flow as discussed in Chapter 2.  If this occurred, as well as stranding significant oil and gas resources, Alaska’s oil and gas based economy would be jeopardized.

			While future developments could extend the life of TAPS, consider both that the initial resource size needed to justify TAPS and that the prospective hydrocarbon areas of the U.S Chukchi OCS are 400 miles from TAPS.  As such, it follows that selecting the right hydrocarbon transport option and ensuring access to onshore lands required for development is critical to facilitate the most economical and prudent development concept to be progressed. 

			Access to lands, including subsurface gravel deposits and wetlands, are critical to the prudent development of both the onshore and offshore hydrocarbon resources.  The U.S. federal government is the largest landowner in the state of Alaska, with ownership of 60% of Alaska’s 365 million onshore acres,34 as shown in Figure 4-3.  In addition, Alaska’s coastline accounts for more than half the miles of coastline of the entire United States,35 and all waters outside of Alaska’s 3-mile territorial limit are under federal control.  To ensure that offshore discoveries can be efficiently and prudently developed and to facilitate the sustainability of TAPS, companies require reasonable and cost-effective access to these areas in a way that connects the discovery with existing infrastructure.  
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			However, current access rules and management regimes for the NPR-A and the Arctic National Wildlife Refuge (ANWR) could likely restrict or prohibit efficient development in and around these areas, thereby jeopardizing the resource needed in the short and medium term to sustain TAPS.  National Wildlife Refuge System managers deny access for oil and gas transportation and production related utility and other rights-of-way corridors by finding these activities “incompatible” with the refuge’s purpose and need.  In contrast, the Alaska National Lands Interest Conservation Act was written with the intent that state and other landowners would have access across conservation lands for such necessary corridors, however, this intent has been gradually eroded by subsequent regulations and management plans.  As a result, access corridors and areas needed for any discoveries made offshore near ANWR would be very difficult to obtain and could result in alternative corridors being proposed that are less environmentally sustainable and more costly, and may ultimately result in a discovery not being economically viable to develop.

			Furthermore, in the NPR-A, the Bureau of Land Management’s 2013 Record of Decision on the Final Integrated Activity Plan/Environmental Impact Statement (IAP/EIS) restricts multiple land use of specially designated areas.  This could potentially prevent construction and operation of a pipeline across NPR-A from the Chukchi to TAPS.  Furthermore, a stipulation in Lease Sale 193 (Chukchi)36 uses language that, while not categorically excluding the use of tankers as a transport option, also does not make specific reference to their acceptability.  This apparent contradiction that, on one hand advocates the use of pipeline export, while on the other hand restricts the use of the NPR-A for pipeline rights of way, creates significant uncertainty when planning for development and could limit the use of either export option as a potentially suitable concept.  

			The NPR-A Final IAP/EIS also discusses sand and gravel resources.37  The IAP/EIS points out that the state of Alaska issued a directive calling for the reuse/recycling of gravels on North Slope state lands due to the “general scarcity of suitable material and an attempt to limit additional mining activities in river systems.”  While the disposal of sand and gravel in the NPR-A is specifically authorized to be used in energy production and development, the IAP/EIS also describes the areas north and west of the Colville River area as being characterized by an “apparent scarcity of suitable construction materials.”

			The state’s Division of Geological and Geophysical Surveys (DGGS) prepared a discussion paper about the availability of construction materials between the Colville River and the Chukchi Sea for this study.38  DGGS identifies the lack of information about the availability of sand and gravel in the Chukchi Sea-Colville River corridor, and describes sand and gravel resources as “not obviously abundant,” which presents challenges for development of production from the NPR-A as well as for pipeline construction and the associated infrastructure that would bring Chukchi Sea production to the Dalton Highway to tie-in to the TAPS.   More complete information about the materials available across the northern sections of the NPR-A will be essential to successful development of further production within the reserve and of infrastructure associated with Chukchi Sea development. 

			In addition to the need for access to surface lands and subsurface gravel deposits, an appropriate model for wetlands compensatory mitigation that reflects Alaska’s unique wetlands characteristics and facilitates prudent and cost-effective development is critical.  Alaska’s wetlands cover approximately 174 million acres, or about 43% of Alaska’s surface area,39 and as a result, most development projects where onshore support for offshore development is likely to occur, will require the Clean Water Act’s Section 404 permitting and some form of wetlands compensatory mitigation.  However, the current system to determine such compensation has several drawbacks:

			•The U.S. Army Corps of Engineers (USACE) is responsible for administering Section 40440 of the Clean Water Act and has recently rescinded its guidance (RGL 09-01) on the preparation of wetland functional analyses.  Instead the USACE has requested that all applicants prepare an aquatic site assessment (ASA) but has provided little guidance on ASAs.  The ASA is used to determine the appropriate category of wetland impacts for purposes of assigning a mitigation ratio that can be translated into an in-lieu mitigation fee.  This change and lack of regulatory guidance introduces uncertainty for companies seeking to develop hydrocarbon resources in wetland areas.

			•When the current federal no net loss policy for wetlands and aquatic resources was being developed, federal regulators recognized that Alaska’s wetlands were ubiquitous and were not rapidly declining as was the case with wetlands in the Lower 48 states.  To recognize this, the “Alaska Initiative” was proposed in 1994 and ultimately concluded that a flexible regulatory framework was necessary to reflect circumstances in Alaska.41  Despite this, the Alaska Initiative is not currently in effect.  

			•The Conservation Fund is currently the sole provider of a federally approved in-lieu fee compensatory mitigation program for projects on the Arctic Slope of Alaska.  The Conservation Fund recently published a new in-lieu fee program instrument where the cost per acre for any gravel fill depending on wetland type and function could be as high as $44,000 per acre.42  This cost per acre has significantly increased over time and poses a real threat of making potentially viable resource development projects for economic growth no longer feasible.

			While access to onshore lands is required to support and tie back offshore developments, the development of offshore resources can also not occur if appropriate Arctic-capable marine vessels cannot be acquired.  For oil and gas activities, ice-strengthened and winter-hardened drilling ships, emergency and oil spill response vessels, icebreaking vessels, tankers, tugboats and pipe-lay, trenching and supply vessels are all required.  However, the global market has both a limited supply of these that are capable of operating in the polar regions and a limited number of ship yards capable of building such vessels.  Furthermore, the Merchant Marine Act of 1920, commonly referred to as the Jones Act, places additional restrictions on vessel use between United States ports as it requires U.S. flagged, owned (75%), and crewed vessels to be used.

			As an example of the need to access ice-hardened tankers, in the recent (October 2014) BOEM issued Draft Second Supplemental Environmental Impact Statement for the Chukchi Sea, the statement is made that tanker offloading is not a viable strategy.  One of the supporting arguments noted, is that “to be compliant with the Jones Act, the tankers would have to be constructed in the U.S.  The timing and logistics of constructing the ice-hardened tankers would be difficult given that none have ever been built in the U.S. and that the U.S. shipbuilding industry has little experience with icebreakers in general.”43  This example highlights the difficulty of accessing the required vessels, limits the use of potentially viable hydrocarbon export development options and therefore poses a threat to cost-effective and efficient access to the ice class vessels required for many U.S. Arctic exploration and development activities.

			Furthermore, the limited availability of oil and gas Arctic specialty vessels, the remoteness of the U.S. Arctic, the number of vessels required for oil and gas exploration and development, and the lack of critical infrastructure present major logistical challenges for prudent exploration and development.  A typical non-self-propelled drilling unit may require up to three or more ocean going tugs to tow to location.  Once on location, two to three anchor handling vessels may be needed to deploy anchors to keep the drilling rig in position.  Furthermore, the drill rigs have around 120 to 150 personnel on board and require resupply of drilling materials and perishable provisions while on location.  With the nearest deepwater port more than 1,000 nautical miles away, multiple offshore supply vessels (and possibly a floating supply base) would be required to provide this service.  Moreover, several vessels would be required for fuel resupply and to transport waste from site for suitable disposal, and a dedicated vessel is required as part of the National Pollutant Discharge Elimination System permit specifically to complete the environmental monitoring program as described in Chapter 9.  Additionally, oil spill, and emergency response vessels would be on continuous standby in the region.  In total, approximately 25 vessels and barge/tug combinations would be required to support a two-rig open water exploratory drilling program.

			Once development starts, vessel requirements will only be greater.  Specialized vessels such as pipe-lay, dredging and trenching vessels, and well maintenance vessels will also be required to support facility installation and year-round operations and, in the case of oil export by tanker, several oil tankers, associated support craft, and potentially additional escort icebreakers will be required to transport the produced hydrocarbons.

			When comparing U.S. practices with other countries, Canada’s Coasting Trade Act provides practical solutions.  The Coasting Trade Act generally requires a Canadian flagged vessel to be used if it exists and is available; however, exemptions can be, and many have been, granted for up to 12 months if there are no suitable Canadian vessels available to perform the service or activity.44

			In summary, flexible and consistent terms of access across federal lands and ensuring that reasonable options for wetlands compensatory mitigation are utilized can facilitate efficient development and, in the case of pipeline routing, may allow for more optimum and cost-effective placement that limits surface impact.  Additionally, promoting consistency in regulatory decisions and providing optionality for hydrocarbon export options reduces uncertainty, increases the likelihood of development, and provides a positive impact on Alaska’s oil and gas dominated regional economies.  Furthermore, and specifically for offshore developments, timely and cost-effective access to the Arctic-capable vessels will facilitate safe, environmentally sustainable and economic development.

			Recommendations

			The Administration should champion policies that enable effective and efficient logistics and infrastructure.  Examples of current regulatory requirements that constrain Arctic development include: 

			•Limited access to federal lands for oil and gas transportation systems where no practical alternative exists. 

			−Allow reasonable access, for example through a transparent Alaska National Lands Interest Conservation Act Title XI process, across ANWR and other conservation unit lands for transportation and utility (oil and gas transportation) systems where no practicable alternative exists.

			−Revise the NPR-A IAP Record of Decision to impose Alternative D to remove many barriers and limitations on access to effective and efficient rights of way corridors.

			•Presupposing oil transport solution for potential new discoveries.

			−Allow adaptive management and phased decision-making processes to facilitate decisions that are based upon the actual resource discovered in a particular location.

			−Provide optionality within permit and lease conditions for consideration of all viable hydrocarbon transport methods and ensure consistent guidance among agencies.

			•The Jones Act rules on tankers and support vessels mandate largely unavailable and uncompetitively priced ships, unduly increasing the cost of operations in the U.S. Arctic.

			−Consider providing exemptions to the Jones Act for the non-U.S.-flagged, ice class vessels used in U.S. Arctic exploration and appraisal operations. This will ensure that ice class vessels are available at competitive rates given the long lead times required for Arctic offshore operations.

			•Wetlands mitigation requirements that are inconsistent with the ecological landscape of Alaska and impractical to execute. 

			−Support additional wetlands hydrological and ecological function research to develop a statewide mitigation plan (research typically conducted by the USACE or other regulatory agencies).

			−Implement a more flexible and effective regulatory approach that considers all mechanisms of wetlands mitigation including mitigation banking, in-lieu fee mitigation, and permittee-responsible mitigation.

			−The USACE could evaluate the “Alaska Wetlands Initiative” for appropriateness and suitability and consider re-implementing it.  The USACE could also standardize and make available its regulatory guidance on the preparation of wetland functional analyses (aquatic site assessments).
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			Overview

		

		
			The following four chapters examine the state of industry’s capability to explore for and develop oil and gas resources in an arctic environment.  The spectrum of technologies and operations considered include (1) characterization of the ice environment; (2) exploring for, drilling, producing, and exporting oil; (3) logistics and infrastructure; and (4) preventing and responding to oil spills.  The objective of the chapters is to describe the current state of art and then explore opportunities for conducting research or pursuing technology/capability enhancements that could materially facilitate prudent development in the U.S. offshore Arctic.  Opportunities were sought that address the multiple dimensions of prudent development.  Accordingly, we asked what enhancements could:  

			•Make operations safer? 

			•Reduce environmental impacts?

			•Mitigate impacts on local inhabitants?

			•Improve the economics of costly Arctic development?

			A broad set of research and technology enhancement opportunities were identified and are summarized in the table that follows.  They represent a mixed set of opportunities ranging from what could be categorized as research to design/development and demonstration projects.  Consistent with the already fairly mature state of the technology, the majority would fall into the category of engineering design/development opportunities versus more basic research.  It should be noted that any number of engineering-based technology improvement opportunities can be identified, but their existence does not imply that current technology is insufficient or lacking.  There is and always will be room for improvement.

			The opportunities were prioritized with a view toward the magnitude of impact they could have on making substantial, measurable progress toward facilitating prudent U.S. Arctic development in the next several decades.  The items in the table are prioritized first on the basis of priority for prudent development of U.S. offshore Arctic oil.  Categories of H (high), M/H (medium high), M (medium), and L (low) were assigned.  Items within each of the categories were further prioritized by giving preference to technologies that facilitate Exploration or Both over Production.  No attempt was made to further prioritize items within a category or to develop an overall prioritization.  Hence, the numerical order of items in a category does not imply prioritization of say, one high priority item versus another, with the exception of demoting those that pertain to Production only. 

			The process for identifying and prioritizing research and technology/capability enhancement opportunities was consistently applied across the full spectrum.  The technologies were first parsed into categories or areas.  Subject matter experts from the industry were then tasked with documenting for each category: (1) the role of the technology in Arctic development considering all of the prudent development implications, (2) historical development and application of the technologies in the Arctic, (3) current state of the art (U.S. and global), (4) current worldwide research activities, and (5) potential technology advancement opportunities.  Study topic papers were used to capture facts, draw conclusions and key messages, and to identify technology enhancement opportunities for each of the major categories considered.  These papers, developed or used by the study’s Technology & Operations Subgroup, are included on the NPC website.  They formed the base for various study segments, such as Ice Characterization and Offshore Arctic Exploration and Development Technologies, and were heavily used in the development of the chapters in Part Two.  A list of the topic papers appears in Appendix D.

			NPC study participants held a workshop to build consensus around key facts, conclusions, and messages, and to prioritize key research needs across the spectrum of technology areas.  This workshop included broad representation from the study team.  Priorities were assigned based on the impact the technology enhancements could make toward prudent development in the U.S. Arctic offshore over the next several decades.  Since economic discoveries are required prior to any development, technologies that facilitate exploration were given more priority.  The findings of the topic papers were used as background for subsequent workshops with federal and Alaskan state and local representatives to (1) inform government participants of the preliminary study findings, (2) broaden the study perspective beyond that of the NPC membership, (3) understand alignment between research opportunities and government capabilities, and (4) identify potential opportunities for government or collaborative research that would facilitate prudent Arctic development.

			The basic technologies and capabilities to accomplish prudent offshore exploration and production for the U.S. waters within this study scope already exist as a result of the decades of practice and experience.  Nonetheless, research to advance Arctic development technology continues, driven by relentless pursuit of gains in operations integrity and economics.  The extensive list of technology enhancement opportunities identified in the table is not inconsistent with the conclusion that adequate technology already exists.  There will always be opportunities to do things in a more efficient and effective manner.  In fact, it is the imperative of oil and gas industry engineers to constantly pursue better technology in the effort to deliver affordable energy.  The majority of items identified in this study reflect continuous improvement-type opportunities that can contribute to improved operations integrity and economics.  They will advance at a pace commensurate with the incentives identified by exploration and their potential for contributing to the overall prudent development objective.  

			In addition to technology enhancement opportunities that fall into this category of continuous improvement, this study has identified several important research opportunities—especially in the realm of demonstration trials for recent technology enhancements that could be instrumental in advancing prudent development.  The highest priority opportunities are ones that both (1) address the issues of highest public concern and (2) can be key in enabling extension of exploration drilling operations beyond the open water period and into the shoulder seasons where ice is present.  These include technologies that can quickly shut off the flow of oil from a blown-out well (source control technologies) and technologies for effective mitigation of the environmental impacts of spilled oil.  Significant recent advancements have been made on these technologies, and there is opportunity to work with all stakeholders to build confidence in their effectiveness.  

			Since extended season operations involve breaking of sea ice around the drilling rig, there are also opportunities to better understand and mitigate potential impacts of these operations on ice-dependent species and the subsistence habits of indigenous people.  This is discussed more in the ecology chapter in Part Three of the report.  Finally, enhancements to the broad suite of technologies and infrastructure required to support station-keeping in ice could widen the boundaries of the safe extended-season operating period.
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			Characterization and Measurement of the Ice Environment 

		

		
			Introduction

			Arctic operating conditions can vary substantially from basin to basin and from season to season.  While there are a number of different aspects of the physical environment that can have an impact on prudent exploration and development, proper characterization of the ice environment is key for safe and reliable operations and design.  For example, data are used to determine seasonal operating windows for exploration drilling, design ice loads for engineering offshore structures, defining the ice strengthening (ice class) for ships operating in the region, pipeline burial depths so as to avoid damage caused by ice gouging the seabed, etc.  The specific needs for defining the ice conditions will vary depending on the activity (exploration drilling; platform design; pipeline designs; logistics; escape, evacuation, and rescue [EER]; or oil spill response), and are discussed in more detail later in the chapter.  It is also important to note that users of ice characterization data extend beyond the oil industry and include the U.S. Navy, Coast Guard, commercial marine traffic, fishing industry, academia, and others for their own mission requirements.  Given the broad user base and industry’s position that ice characterization is a noncompetitive area, our preferential model for data acquisition has been collaboration.  This collaboration has included a long-time reliance on government (U.S. and foreign) assets and data products (optical and radar satellites, ice charting services provided by national ice centers, metocean data, and weather forecasting) and it is important that these continue into the future.

			Industry’s knowledge base of the Arctic ice environment, specific to our needs, is extensive and our understanding of the challenges presented by it have been well developed through extensive studies over the many decades since initial interests in the Arctic offshore in the late 1960s and early 1970s up to the present day.

			The focus of this chapter is to provide: 

			•An overview description of the Arctic ice environment with specifics to the Chukchi and Beaufort Seas

			•A history of the significant studies to date that have gotten us to where we are 

			•Observed and projected changes to the ice environment in the next few decades 

			•Industry needs and standard practice for collecting and disseminating the results

			•Identification of key areas of technology research with direct benefit to enhanced ice characterization.

			Ice Conditions

			General Ice Conditions in the Arctic 

			Ice conditions, and the challenges they present, vary widely across the Arctic.  The ice in the Arctic Ocean is mobile due to prevailing winds and currents, and the area that it covers undergoes an annual cycle that varies from about 15 million square kilometers (sq. km) in late winter to about 4 to 6 million sq. km in late summer.  The types of ice that influence the design and operation of offshore facilities in the Arctic include first-year ice, multi-year ice, icebergs, and drifting fragments of shelf ice known as ice islands.  Depending on local conditions and overall Arctic Ocean ice transport, these primary ice types may or may not be present in a given Arctic basin.

			First-year ice grows each winter to cover essentially the entire Arctic Ocean surface.  Depending on weather conditions, first-year ice will generally grow to a thickness of about 1.5 to 2 meters (m).  Wind and current-induced movement within the Arctic pack compresses some zones of the ice to the point of failure, which forms localized thickened areas of pressure ridges and/or rubble fields within the surrounding level ice.  The thickened features, once refrozen, present the primary design and operational challenges for a first-year ice environment.  Figure 5-1 shows an aerial view of first-year pack ice, which contains ridged and rubble features.  Due to buoyancy effects, there is about 8 times as much ice in the keel section below the surface as in the visible sail section above.
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			Multi-year ice is ice that has survived two or more melt seasons.  Each year around mid-September, about 5 million sq. km of Arctic pack ice persists after the summer melt season and enters the next freeze-up cycle.  Surviving first-year ice becomes second-year ice; surviving second-year ice begins its third-year and is then defined as multi-year ice.  During each freezing cycle, multi-year ice thickens and gains strength, and the loosely consolidated blocks that once made up the first-year ridge keels freeze into a solid mass. This multi-year ice presents greater challenges to design and operations than first-year ice due to its greater thickness and strength.  For example, multi-year ice that is more than 4 m thick is very difficult to break with even the largest nuclear icebreakers.  The largest and oldest concentrations of multi-year ice lie northwest of the Canadian High Arctic islands and north of Greenland.  Some of this ice is transported southwestward and then westward across the Beaufort and Chukchi Seas by the Beaufort Gyre and southward along the northeast coast of Greenland by the East Greenland Current.

			Rare but extreme ice features that occur in the U.S. Beaufort and Chukchi Seas are “ice islands.”  Ice islands are large pieces of thick, multi-year shelf ice that breaks off of areas such as the northwestern coastline of Ellesmere Island.  Ice islands like the one shown in Figure 5-2 can be tens of meters thick and several kilometers across and may become entrained in the Beaufort Gyre and drift into U.S. Arctic waters. 
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			Unlike the sea ice features discussed above, icebergs are freshwater ice masses that calve off of glaciers that terminate in the ocean.  Icebergs do not occur everywhere in the Arctic—glaciers that produce large icebergs exist on both coasts of Greenland and on most of the islands across the Russian Arctic such as Franz Joseph Land, Novaya Zemlya, and Severnaya Zemlya.  Icebergs can range in size from a few meters to hundreds of meters with a mass of tens of millions of tons, and they present impact risks for facilities and operations.  Under the current climatology, icebergs are not present in the U.S. Beaufort and Chukchi Seas.

			Seasonal Ice Conditions in the Beaufort Sea

			Drifting pack ice can occur year-round off the Alaskan coast, although summer season occurrence has become less frequent in recent years.  Landfast ice (ice that forms and remains fast along the coast, also referred to as fast ice) begins to form along the coast in shallow nearshore waters in October.  By late January the extent of this relatively stable ice zone can stretch out from shore to between 15 and 30 m of water and persist in those depths into June.  

			In the summer months from July to September, the fast ice breaks up and melts and is replaced by open water while the mobile pack ice retreats to the north, normally leaving the offshore drilling locations and shipping route free of ice for up to several months.  The patterns and timing of ice break-up and clearing vary greatly from year to year along with the geographic extent and continuity of the ice-free window.  

			Recent observations show that dramatic changes have occurred in both the composition and timing of the Beaufort Sea ice cover over the past 20 to 30 years.  These changes include:  

			•Significant expansion in summer open water duration by as much as 2 to 3 weeks (equivalent to an increase of 30 to 40%) 

			•Accelerating northern retreat of the ice edge during the August to October time frame as illustrated by the ice severity index maintained by the National Ice Center

			•Loss of a substantial portion of the perennial ice cover (multi-year ice) calculated recently as up to 40% by area 

			•Reduced stability of the landfast ice possibly related to less extensive areas of severe grounded ice on shoal areas along the North Slope.   

			There are three primary ice zones found in the offshore Beaufort Sea (Figure 5-3): the landfast ice zone, the shear ice zone, and the polar pack ice zone.  The landfast ice zone contains a bottom-fast area where the ice is in direct contact with the seabed (extending out to ~2 m of water late in the winter) and floating fast ice, which is anchored at its seaward boundary by a complex zone of partially grounded ridge systems.  The shear ice zone spans the transition from the landfast ice to the polar pack ice boundaries.  An area of active ridging and rubble formation, the shear ice zone is highly variable in extent but generally occurs between the 15 m and 25 m isobaths.  The shear ice zone is composed of mainly first-year ice, with some multi-year ice that clears through the summer and the polar pack ice zone, which is predominantly multi-year ice and persists through the summer.  Normally located far off the coast, the polar pack edge can advance closer to shore and into the currently proposed drilling areas (i.e., Sivulliq prospect) in extreme years.  This has not happened during the past decade although some multi-year ice has been observed there.
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			Offshore ice concentration throughout the winter is in the range of 8/10 to 9+/10 with scattered openings and frequent leads within this so-called seasonal pack zone.1  A broad, open flaw (coast following) lead often separates the seasonal pack from the landfast ice during periods of offshore wind flow (easterlies). 

			Beaufort Sea Ice Seasons 

			The offshore Beaufort Sea can be characterized by four seasons: ice break-up, a summer or open water period, ice freeze-up, and winter.

			Ice Break-Up.  Break-up is characterized by a high degree of annual variability in the ice conditions during a period of 3 to 6 weeks where dynamically changing ice concentrations mark the transition from winter to summer.  Following the over flooding of landfast ice by river water in late May, initial open water corridors appear along the shore and in the lagoon areas by mid-June in most years.  Beyond the barrier islands, fast ice remains stable and intact off Prudhoe Bay (in the vicinity of Northstar Island) until early July on average.  By that time the sheet ice has ablated through melt to a variable thickness of 70 to 120 centimeters (cm) with numerous open holes and extensive melt ponds. 

			Following initial fracturing and movement of the landfast ice, the ice sheet nearshore deteriorates into increasingly thinner and smaller floes, leading to open water in late July in the vicinity of 10 to 15 m water depths. 

			Ice concentrations in deeper water sites (30 m and beyond) in the last half of July are highly variable, ranging from open water in unusually mild years (e.g., 1998) to a more typical condition of 7/10 to 8/10 thick first-year ice with floe sizes in the medium to big category (100-500 m to 500-2,000 m).  Intermediate ice concentrations (4-6/10) are less common and generally occur for a brief period of 1 to 2 weeks from late July and early August. 

			Summer.  Ice conditions in the summer months are largely dictated by the wind patterns.  Persistent and predominant easterly winds tend to move the pack away from shore, promoting extensive clearing along the coast, while westerly winds tend to keep the pack ice close to shore and limit the extent of summer clearing (e.g., 2006).  Open water (defined as ice less than 1/10 concentration) predominates at the drilling locations from August 20 to October 10, reaching a maximum extent in the latter half of September.  Ice incursions lasting up to several weeks (often referred to as “invasions”) can occur after the initial ice clearing when the offshore pack ice is driven into shore by less common sustained westerlies and/or when thick grounded remnants of the shear zone float free in August and drift through the offshore area.

			Ice Freeze-Up.  The freeze-up transition from the first appearance of new ice to almost complete ice cover (8/10 or more) occurs rapidly with a small range of variability from year to year (±8 days).  The first ice appears along the coast and in the lagoon areas near Prudhoe Bay in the first week of October on average. This ice generally becomes stable within 1 week following initial freeze-up.  

			In deeper water (typically 5 to 15 m) north of the Barrier Islands, the first continuous sheet of new ice forms on average by mid-October.2  Initial ice growth rates are extremely rapid, with the sheet ice reaching 30 cm (marking the transition from young ice to thin first-year) nearshore within 2 weeks after the first occurrence of new ice at the coast.3  By late October or early November, ice movements inshore of the 10 m water depth are infrequent, and the young ice is considered relatively stable out to the vicinity of the Northstar production island off Prudhoe Bay.4 

			Deeper water (30 m+) tends to be the last region to form new ice, and freeze-up is characterized by substantial amounts of slush in the water before the first consolidated new sheet ice appears.  Ice takes longer to consolidate and progresses in a patchy fashion as wind and waves act to break up the ice as it forms (less than 15 cm).  Rafting is common, as the thin ice fractures and rides over itself, forming multiple layers.  A range of different ice forms will commonly occur at the same time in a localized area.  In the last half of October, the ice sheet offshore is still thin enough to be easily broken in the wake of a moving vessel. 

			Winter.  In the early winter period, the pack ice in the vicinity of the 30 m water depth isobath is composed almost totally of first-year ice.  In recent years, ice charts from the National Ice Center in the October to December time frame reported no multi-year ice beyond trace amounts (much less than 10% coverage).  Offshore ice composition at this time tends to be made up of young ice less than 30 cm thick to thin first-year ice up to 70 cm.  Once the ice begins to raft and rubble in November, level ice areas are much reduced and eventually 30% or more of the ice surface can appear as deformed ridges or rubble.  

			Depending on the wind direction, a band of flaw leads and openings commonly occurs along the fast ice edge.  The interaction between the dynamic offshore pack and the static fast ice can lead to grounded ice features in water depths out to about 25 m and can reach elevations up to 15 m above sea level.  The most active shear zone of severe ice deformation tends to be fairly narrow and concentrated between about 15 and 20 m of water, with no distinct east/west trends in severity. 

			Beaufort Sea pack ice in the winter moves in an episodic, meandering fashion with a net westerly drift in response to wind and currents.  Ice speeds are at their maximum (typically 9 to 13 km per day) in November and December and gradually decrease as the ice pack thickens and becomes consolidated through January and February.  Average speeds reach their minimum in March and April with typical values in the 2.5 to 5.0 km per day range.5  Historical satellite drifter buoy observations show that the ice moves without any predominant direction for 40 to 60% of the time. 

			As the winter progresses and the ice becomes more consolidated, there are often periods of weeks or more with little or no ice movement in the transition zone.  For example, a long-term ice drift record over seven seasons shows that the monthly incidence of no ice motion typically increases from around 20% in November to between 30 and 40% of the total time in December.6  During these static periods, the boundary between the fast ice and pack ice zones becomes blurred and indistinct as the two zones merge.  

			Seasonal Ice Conditions in the Chukchi Sea

			Sea ice dominates the marine operating environment in the Chukchi Sea for at least 8 months of the year, from November to early July on average, 4 to 6 weeks shorter than in the Beaufort Sea.   

			In terms of thickness, ice severity for multi-year ice encounter and open water season is related strongly to latitude.  The winter ice cover tends to be highly dynamic in response to wind and current driving forces and the predominant coastwise openings in ice cover (polynyas7 and flaw leads) could provide relatively easy ice conditions for high ice class vessels even in mid-winter.  To date, the only vessels that have taken advantage of this phenomenon were the Polar Class icebreakers during a series of winter research cruises in late winter during the early 1980s.8

			Recent evidence shows that dramatic changes have occurred in both the composition and timing of the Chukchi sea ice over the past 30 to 40 years.  Observed changes include:  

			•Significant expansion in summer open water duration by as much as 4 to 5 weeks (from average of 12 to 13 weeks historically in the vicinity of the Burger prospect to more than 17 weeks over the past decade).   Most of the increase in season length appears to be occurring at the end of the summer, resulting in much later freeze-ups—into early December in some years for the southern Chukchi Sea. 

			•Accelerating northern retreat of the ice edge during the August to October time frame.  

			Multi-year ice floes in high concentrations (5/10 or more) can be found as far south as 70°30' N  (Wainwright), but only infrequently south of 69°30' N (Point Lay).  The south Chukchi Sea is mostly free of old (second-year and multi-year) ice throughout the year, except after extended periods of northerly winds when old ice from farther north can be found here. 

			Chukchi Sea Ice Seasons

			Ice Break-Up.  The duration of break-up generally spans a 2-month period from mid-May at southern latitudes to mid-August at northern latitudes.  Due to the latitudinal range of the Chukchi Sea, break-up will occur in the south (north of Bering Strait) much earlier than in the north (northwest of Point Barrow). In most years, the range in timing of initial break-up falls between early June to late July.  The break-up period along the Chukchi coast tends to be relatively short, with ice concentrations often decreasing from almost complete ice cover to open water within a 5 to 10 day window.  

			In the spring, warm water influx from the south rapidly erodes the pack ice along the Chukchi coast.  Winds and currents often combine to accelerate clearing of ice adjacent to the landfast ice edge as far north as Point Barrow as early as mid-May, but more commonly in late June and July. 

			Figure 5-4 depicts transitioning ice conditions within the Chukchi lease area in the spring of 2014.  During this period, referred to as the spring shoulder season, conditions can be highly variable with open water present over some of the lease acreage and high ice concentrations over others.
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			Summer.  Summer ice conditions are highly variable from year to year.  There is a significant south to north gradation in open water duration, from a historical average of 20 weeks or more off Cape Lisburne, to less than 4 weeks (no break-up at all in many summers) north of 72°.  These durations have increased due to the recent climate warming.

			Maximum ice retreat occurs in the third week of September, but ice retreat has occurred much further north in recent years.  The range of open water extent is highly variable, with extreme summers seeing heavy concentrations of ice remaining as far south as 69° (historically, but not in recent years) or as far north as 75°.   

			Ice Freeze-Up.  Freeze-up along the Chukchi coast begins in early October off Barrow and progresses gradually south to Cape Lisburne by late October.  The occurrence of freeze-up can be highly variable both in time and space, occurring as late as the end of November in some years.  Figure 5-5 illustrates the onset of freeze-up in the most northeasterly blocks within the Chukchi lease area.

			
				
					[image: ]
				

			

			Winter. Prevailing northeasterly winds across the northern Chukchi Sea often create an open water flaw lead or polynya offshore of the landfast ice zone along the central Chukchi coast.  The flaw lead’s broadest extent (up to 50 km) occurs between Cape Lisburne and Point Lay an average of 65% of the time in winter.  The lead increases in frequency and extent after April.  

			Frequent “break-away” events can substantially alter the extent of landfast ice in a matter of hours as large floes (miles across) fracture and drift out into the polynya area.  In early winter, the landfast ice remains unstable right into the coast until December.  This is related to a general lack of well-grounded ridge systems to anchor the ice sheet and steeper bottom slopes in many areas.  The fast ice extent tends to be a minimum in terms of seaward extent (often less than 3 km wide) along the coast north of Wainwright, in the vicinity of Point Belcher. 

			Winter ice drift speeds in the Chukchi average 9 to 18 km per day and can exceed 40 km per day for a day or more.  Peak ice speeds can exceed 5 km/hour for shorter periods.  Offshore ice in the Chukchi Sea tends to be highly mobile for about 85% of the time in the winter.  Winter winds tend to be from the east or northeast over half the time, leading to a generally low level of ice pressure along the coast and creating ice drift patterns trending to the southwest (generally against the prevailing northerly residual currents).  As a result of this highly mobile ice, deformed ice (rafting, rubble, and ridging) predominates over level ice throughout the offshore pack.  

			Maximum late winter (March/April) thickness of level first-year ice ranges from around 1 m off Point Hope to 1.5 m in the central part (70°N) and 1.6 m of more (equivalent to the Beaufort winter pack) off Point Barrow.  At the end of winter, the average calculated ice thickness along the central Chukchi coast is 1.7 m, although recent years have seen a decrease to 1.4 to 1.5 m.  

			Ice Sources for the Chukchi and Beaufort Seas

			There is an enormous body of accumulated knowledge, data, and published information on sea ice conditions in the Alaskan OCS, stretching back well over 40 years to the present.  This overview identifies selected studies and references covering a broad base of sea ice research in the Chukchi Sea and U.S. Beaufort Sea from the 1960s to the present day.  The period of highest intensity in publicly available studies of the Alaskan OCS marine sea ice environment spanned a little more than a decade from the early 1970s to the early/mid-1980s.  For example, from 1970 through 1992, 452 joint industry projects related to the Alaskan offshore were performed under the umbrella of the Alaska Oil and Gas Association (Table 5-1).  These projects defined, or characterized, the physical environment especially the ice environment, investigated the structural concepts required to explore and develop any discoveries and the operations of these platforms in ice environments.  The subsequent decline in oil prices and along with it, industry activity in the Alaskan Beaufort, was accompanied by a general decrease in related research in that area.  With more recent activities surrounding the offshore leases in the last decade, the number of ice related studies is again on the rise.
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			Most of the early studies in the Beaufort and Chukchi Seas focused on the Beaufort Sea break-up and freeze-up patterns, and morphology and dynamics of the floating landfast ice and shear zone.  Overflights with side-looking airborne radar and laser profilers collected data on floe sizes, proportions of old ice, ridge counts, and deformed ice severity in the seasonal pack ice.

			In contrast to the Beaufort Sea, the Chukchi Sea offshore marine environment remained the subject of numerous consulting studies from 1985 to 1990, the result of extensive exploration activity and development proposals from a number of companies (e.g., Shell, Sohio, Exxon, Elf Aquitaine, Mobil, etc.).  In the early 1990s, increasing interest in moving North Slope gas to market led to a series of comprehensive studies of ice conditions affecting LNG port design and tanker routes serving several locations, including Kivalina in Kotzebue Sound and Wainwright on the Chukchi Coast.  The 1994 Alaska North Slope Gas Commercialization Study contains some of the most comprehensive documentation of historical ice data along shipping routes connecting the Bering Sea and north Chukchi.  The paucity of new research in the public domain lasted from the 1990s through the early 2000s.  A notable exception was the Northstar development and associated ice and environmental studies connected with the island and pipeline design—many of the original ice design basis reports and associated environmental assessments were filed as part of the development permit application.9

			Starting in the mid-2000s, several factors in combination led to steadily increasing levels of ice research activity on the Alaskan OCS: a highly successful lease sale in the Chukchi Sea, renewed interest in developing previously explored areas in the eastern U.S. Beaufort, and new research projects involving extensive use of new high-resolution satellite image sources, sponsored by the Anchorage office of the Minerals Management Service (MMS) and involving consultants and researchers at the University of Alaska Fairbanks.  During this period, industry and government-sponsored ice studies (e.g., Shell, ConocoPhillips, BP, MMS, and Alaska Department of Environmental Conservation) examined long-term and real-time conditions within the fast ice zone and pack ice in the offshore transition zone of moving pack ice.  Examples of this work include: annual surveys for density and location of strudel scours affecting the integrity of buried pipelines, sea ice over-flood boundaries affecting new developments such as Liberty and Oooguruk, reviews of landfast ice freeze-up and break-up patterns and Acoustic Doppler Current Profiles from moorings on the Chukchi and Beaufort shelf, sponsored by the oil industry.10,11

			With impetus provided by the International Polar Year (2007-2008) and growing concerns about accelerating changes to the ice regimes in the Bering, Chukchi, and Beaufort Seas, a large number of studies were initiated to study the composition and dynamics of pack ice in the region.  Major institutions such as the University of Washington, Institute of Ocean Sciences (Canada), the National Oceanic and Atmospheric Administration (NOAA) and the University of Alaska Fairbanks (UAF) led collaborative international efforts to study and model ice in the Beaufort/Chukchi area.  The UAF, with a long history of sea ice research in Alaska, continues to lead much of the active ongoing activities related to Alaskan sea ice characteristics, composition and morphology.  These activities include the following:

			•Barrow Sea Ice Observatory (1999 to present).  UAF maintains a number of sea ice monitoring activities in Barrow that support a broad research program including studies of ice growth and melt processes, landfast sea ice dynamics, break-up forecasting, human–sea ice interactions, and range of biological and ecological studies.  The principal components of the UAF’s Barrow sea ice observatory include: sea ice mass balance program (1999 to present); ice coring (1999 to present); coastal webcam (1999 to present); coastal sea ice radar (2003 to present); and local sea ice observations (2006 to present). 

			•Seasonal Ice Zone Observing Network (2007 to 2014).  The Seasonal Ice Zone Observing Network (SIZONet) is an interdisciplinary NSF-funded project that implements an integrated program of seasonal sea ice observations in the context of sweeping environmental, (geo)political and socioeconomic change in the north.  In addition to sampling of sea ice state variables, the observation-system design is guided by the concept of sea-ice system services (SISS).  By assessing the nature and extent of SISS, an integrated observation network can be built that will lead to prediction of key trends in a changing Arctic in a way that provides maximum benefit for the broadest range of affected interests. In addition to the Barrow Sea Ice observatory described above, SIZONet is comprised of a number of other inter-connected components:

			−Airborne sea ice thickness surveys (2007 to 2014): Data from annual campaigns to measure sea ice thickness using electromagnetic techniques are available through the Advanced Cooperative Arctic Data and Information Service (ACADIS).

			−Under-ice oceanographic mooring data (2009 to present): continuous time series of under-ice temperature, salinity, and ocean currents at two mooring locations near Barrow are also available through ACADIS.  As of this writing, coincident ice draft measurements from ice-profiling sonars are currently undergoing final processing.

			•Leads and Landfast Ice Mapping (1994 to 2010).  UAF has led a comprehensive analysis of leads and landfast ice in the Chukchi and Beaufort Seas relevant for offshore development activities.  The final report and associated datasets provide GIS-ready grids of Advanced Very High Resolution Radiometer (AVHRR)-derived lead patterns and RADARSAT-derived landfast sea ice extent as well as monthly climatologies.  A recent paper by Mahoney et al. presents a detailed summary of the landfast ice data including an assessment of multidecadal trends.12

			Traditional Knowledge

			Traditional (or indigenous) and local knowledge are relevant in the study of the ice environment for a number of reasons.  They can provide a long-term perspective on average and anomalous ice conditions as well as extreme ice events and hazards; inform field sampling and study design at the local level; and are relevant in the context of ice uses and adaptation to rapid climate change by Arctic coastal residents.13 

			Studies of indigenous knowledge of the sea ice environment have a long history, with Nelson’s 1969 study at Wainwright, Alaska, as a landmark in the field.14 Recent advances owe much to the International Polar Year 2007-09, and in particular the international SIKU (Sea Ice Knowledge and Use) project, summarized in a volume edited by Krupnik et al.,15 with several contributions from the U.S. Arctic.  While much more focused locally, another important effort was the Barrow Symposium on Sea Ice in 2000 that helped establish a common framework for discussing the sea ice environment from a Western and Iñupiaq perspective.16  A study focusing on sea ice hazards, such as ice break-out events, ice-push events, and a general change in the stability of the shorefast ice, and on adaptations by the Iñupiaq hunting community to such decadal-scale change,17 was derived from this meeting. 

			Building on the successes of the International Polar Year, parts of the SIKU project led by the University of Alaska Fairbanks have evolved into an ad hoc but reasonably robust network of community-based observations of the ice environment by indigenous sea ice experts in Alaska (SIZONet).  The approach of this work and first results from 8 years of observations are summarized in a study by Eicken et al.18  Observations include important dates in the annual sea ice cycle such as freeze-up and break-up as well as in-depth reports of ice processes (such as formation of coastal ice berms, which have been identified as an important factor in protecting the shoreline during fall freeze-up) and their impact on the community. 

			The Sea Ice for Walrus Outlook (SIWO) is a cooperative project that takes this approach of knowledge exchange about the ice environment one step further.  In a collaboration between the National Weather Service, the Eskimo Walrus Commission, Yup’ik and Iñupiaq sea ice experts, UAF, and the Arctic Research Consortium of the United States (ARCUS), improved weather and ice forecasts, satellite data, and community-based observations of ice conditions are shared on a weekly basis to improve safety of hunters and other community members out on the ice or the water.19  In the context of ice and weather forecasts, local observations and traditional knowledge can provide important feedback on the accuracy of model output in regions with complex ice circulation, strong currents not captured by simulations and ice distribution patterns not fully detectable through remote sensing. 

			In the context of this chapter, several points are worth noting with respect to emerging approaches and technologies relevant in capturing and sharing traditional and local knowledge.  First, digital technology can greatly enhance the access as well as the extraction of specific information content from traditional and local knowledge.  This ranges from development of dedicated databases that take strong guidance from indigenous experts and communities on database design, access and other relevant constraints,20 to digitization and transcription of recordings of elder and expert knowledge.

			The Changing Arctic Environment

			Changes in the Arctic environment have been an ongoing phenomenon and a topic of discussion for some time.  In recent years, the ice conditions have been primarily monitored by researchers with satellite imagery, field visits, and by those who live in the region.  This section describes how the Arctic has changed over the past several decades by discussing sea ice extent, sea ice thickness, and observations by Alaskan Natives.  Collectively the completed work and observations made may be indicators to the future conditions of the Arctic.  Effort is ongoing on the development of climate and forecast models to predict the future Arctic environment; however, spatial patterns of ice thickness are poorly represented in most climate models at this time.21 

			From an engineering perspective, any projected changes to environmental conditions over the time span of a project are dealt with a degree of conservatism.  If conditions are projected to become less severe, the common approach is to base your design on current conditions rather than the projected “lighter conditions.”  If conditions are expected to worsen over time, added conservatism must be considered in design to accommodate these changes.  So from the perspective of a potentially less severe ice regime in the Arctic, the approach to design is to base it on the best understanding of current ice conditions.

			Sea Ice Extent

			Sea ice extent has been decreasing in every season and in every decade since 1979 (Intergovernmental Panel on Climate Change, Fifth Assessment Report), with some interannual variability.22  The decline has been more pronounced during the summer, almost 30% over the past 30 years, from an ice covered area of 7x106 sq. km to 5x106 sq. km.  This decrease has been observed using passive microwave data, and although there may be some errors in calculating sea ice concentrations due to melt ponds, resolution, land masking, and weather, sea ice extent has indisputably decreased.   

			The recent persistence of record summer sea ice extent minima or near-minima has been attributed to the depletion of multi-year sea ice and a shift to a state of predominantly first-year ice that is more susceptible to summer melting.  Currently over 90% of the sea ice is estimated to be less than 3 years old.  This is a stark difference to the conditions reported more than 20 years ago.  In 1989, multi-year ice older than 10 years covered more than 80% of the Arctic Ocean, and by 1994 covered less than 40%.23  The decrease was attributed to changes in wind and ice drift patterns due to an extended strongly positive phase of the Arctic Oscillation beginning in 1989, and it was believed that sea ice would recover only if persistent negative Arctic Oscillation conditions occurred over a number of years.  Other factors that are reported to have contributed to loss of sea ice since the early 1990s include effects of a prolonged Arctic dipole anomaly and increased melting due to ice-albedo feedback mechanism, influx of warmer Atlantic and Pacific Ocean currents, and global atmospheric warming.

			Arctic Ice Thickness

			Ice thickness measurements in the Arctic are most often estimated utilizing capable satellite platforms and upward looking sonar.  Satellite platforms such as ICESat and CryoSat-2 launched in 2003 and 2010 respectively have the ability to provide estimates of sea ice freeboard and thickness over broad areas. Upward looking sonar from submerged platforms has been most useful in measuring sea ice thickness.  Data from upward-looking sonar deployed on submarines in the Arctic extend as far back as the late 1950s.  Much more local but highly detailed information from self-contained ice-profiling sonar has been routinely obtained from fixed subsea moorings since about 1990.  

			Most ice measurement studies over time indicate that the polar ice pack has thinned.  A comparison of Arctic sea ice thickness from ICESat data collected between 2003-2008 and submarine sonar data between 1958-2000 revealed a decrease in ice thickness of approximately 50%.  The overall mean winter thickness decreased from 3.64 m in 1980 to 1.89 m in 2008, an average thinning of 17.1% per decade.  Additionally, ice thickness by the end of the melt season decreased by 1.6 m (53%) within 40 years.24  These results suggest the gradual replacement of multi-year ice with first-year ice in the region. 

			Although the thickness and presence of multi-year ice is decreasing, thick multi-year ice floes and features still exist and some locations remain unchanged.  Very thick multi-year ice floes (with ridges 5 to 15 m deep) are still readily found in the Canadian High Arctic two decades after the abrupt thinning of the mixed ice population of the central Arctic Ocean.25,26  Similarly, a drifting ice thickness observation program across the Canadian polar shelf, (Nares Strait, Penny Strait and Byam Martin Channel) revealed that the average thickness of pack ice is identical to that measured in the 1970s and the probability distribution of thick ice is also unchanged.27,28  Collectively, these studies suggest that extreme multi-year ice features are still produced in the Canadian Arctic now under much the same conditions as in the past and have been unaffected by climate change.  

			As one would expect, the decline in sea ice thickness is resulting in a decreasing volume of sea ice.  Satellite records between 2003-2008 (ICESat) and 2010-2012 (CryoSat-2) show a decline in sea ice volume during both fall and winter season (36% and 48% respectively).29  

			The impact of climate change on first-year ice thickness has also been investigated in the Canadian Beaufort and northern Chukchi Seas.  Studies from both areas utilizing data dating back to 1990 and 2003 for the Beaufort and Chukchi Seas respectively indicate that the thickness of first-year pack ice has not significantly changed.30,31  A similar conclusion was found with fast ice thicknesses in the Canadian and Russian Arctic.32,33  

			Changes as Observed by Alaskan Natives

			Alaskan Natives, for whom subsistence fishing and hunting is an important part of their food supply, monitor seasonal changes to keep their activities safe and productive.  As environmental changes are observed (i.e., freeze-up dates of lakes and rivers, onset of sea ice formation, spring break-ups and “brown-ups”), they are documented by hunters, thus enabling them to compare recent conditions to those of years past.  Generally, local observations validate the measured data; for example, for the past 30 to 50 years the Arctic is getter warmer, freeze-up is occurring later, and break-up is occurring earlier.  In addition, marine mammal hunters (see SIWO program description in preceding section) have observed and corroborated the satellite-observed reduction in multi-year sea ice cover and its attendant effects.  Examples of these effects are:

			•More first-year sea ice

			•Potentially less stable landfast sea ice 

			•Longer shoulder seasons of broken sea ice cover in the fall 

			•Generally more rapid retreat of deteriorating first-year sea ice cover in late springtime–early summer.

			Ice Characterization Needs

			In describing ice characterization needs below, it is important to note that these describe the manner in which the available data are organized and analyzed for a particular operation rather than identifying gaps in our knowledge that need to be addressed.  The way the data are described is often governed by the needs of the user.  For example, engineering design for structures and vessels will focus on defining the extreme features or conditions that contribute to the limiting design whereas routine conditions are often used by others operating in the theater (coast guard, navy, shipping, tourism, fishing).

			At high level, the needs for various operations are: 

			•Exploration drilling.  Ice edge location, forecasts of ice edge movement, concentration and ice types if operating in ice, meteorological and oceanographic conditions and forecasts.

			•Platform design.  Statistical characterization of governing ice features that produce design-level loads (thickness, frequency, drift speed).

			•Pipelines.  Ice gouging rates as a function of water depth and any sheltering bathymetry, statistical characterization of ice keel depth and frequency of occurrence.

			•Logistics.  Routine operations, ice concentration, type, ice charts, forecasts, ice pressure.

			•Escape, evacuation, and rescue.  Statistical description of ice concentration, drift characteristics, ice topography, rubble accumulation tendencies (also noting difference between exploration systems and platform designs).

			•Oil spill response.  Statistical description of ice concentration, drift characteristics, timing of freeze-up, transition to winter conditions, presence of leads and polynyas, operational conditions.

			Required Information for Preplanning and Design

			Ice data collection and analysis during preplanning and design will build on existing knowledge and focus on building as complete a picture as possible of the ice environment.  The various parameters, described in this section, are typically assembled into distributions and ranked, according to severity, thus defining light, normal, heavy, and extreme conditions.  Notionally, normal and heavy conditions are used to describe the range of expected operating conditions, and extreme conditions define the limiting conditions that drive the design of vessels, structures and pipelines operating in the region of interest.  

			Open Water Season

			Activities such as seismic acquisition, exploratory drilling, and early phase development will most often take place in the summer period during the open water season when encounters with ice can be minimized.  Key parameters used to describe an open water season include:

			•Length of open water season.  The number of days when pack ice is absent from the region or is present in concentrations less than the operational thresholds of the platform being operated.

			•Ice break-up date.  The date on which the ice concentration drops below 1/10th (or the operational threshold) and remains at that level for a period of time at a predefined operational radius around the site.

			•Ice freeze-up date.  The date on which the ice concentration exceeds 1/10th (or the operational threshold) and remains at high concentrations for an extended period of time.

			•Ice incursions (frequency and duration).  Ice from the nearby polar pack or residual seasonal ice travels through an open water area.  Statistics on the frequency (number per year), duration (days), and severity (total and multi-year ice concentrations and information on floe sizes, if available) is useful for preplanning.

			Describing the Ice: Type, Thickness, and Floe Size

			Describing the ice by type, thickness, and floe size is important for Arctic operations to ensure that the operability of a system (platform, ice management fleet, tankers, etc.) is adequate for the expected conditions during the operating window (e.g., open water, late season with freeze-up, or year-round operations).  The World Meteorology Organization, in conjunction with national ice centers (U.S., Canada, Denmark, etc.), have standardized the reporting of ice conditions describing the total concentration of ice present in a defined region, which is then further broken down into partial concentrations of ice by category type (age and thickness range) and the predominant size of ice floes present.

			Deformed Ice.  Through the dynamic processes that transport ice, level ice is frequently deformed from interactions with other pieces of ice and form ridges and rubble fields, grounded ice features, and hummocks (see Ice Conditions section earlier in this chapter). 

			Ridges.  When characterizing ridges, the most commonly captured parameters include the maximum depth of the ice below the surface (keel draft), the height it protrudes above the surrounding level ice (sail height), and the length of the ridge.  Ridging intensity is also an important parameter and is usually a measure of how many ridges can be expected along a given length or within a given area.

			Grounded Ice Features.  When a ridge keel or rubble feature comes in contact with the seabed, the feature can often become stationary.  Another term used to define these features is stamukha.  Grounded rubble features that remain stationary for long periods of time will consolidate into large ice masses.  Occasionally, these large ice masses may have the potential to refloat, while still intact, and present challenges from an ice management or ice loading perspective.  For example, Katie’s Floeberg is a commonly occurring feature on the Hannah Shoal in the Chukchi Sea, composed of multiple grounded ice features some of which can refloat in summer.

			Deformed Multi-Year Features.  Multi-year ridges are typically ridges that first form through the deformation process of first-year ice (see above) and then survive multiple melt/freeze cycles.  Through this process, the feature becomes more weathered and any void spaces within the ridge freeze solid.  In much the same way, hummock features are highly compressed ice rubble features that have survived multiple years.  Unlike multi-year ridges, which are distinct singular features, hummock fields are best described as large masses of multi-year ice that can extend tens or hundreds of meters in all directions and have thicknesses extending beyond 10 m.  In regions that multi-year ridges and hummocks are present, they will often govern the calculation of design loads for permanent structures.  For floating operations, they often represent “unmanageable ice,” which typically must be avoided by suspending operations and moving off station. 

			Ice Drift Trajectories

			Knowing the general ice drift behavior for a region is required for engineering and planning activities such as ice load determination, ice management, and EER measures, and for developing and validating region specific ice drift models.  

			Physical Properties of Ice

			Field measurements of salinity (or brine volume) are useful for tracking the progression of ice from first-year to multi-year.  Relating ice strength to ice temperature and salinity is an important relationship that is used by engineers to calculate ice loads.  

			Extreme Ice Features

			Extreme ice features in the U.S. Arctic generally refer to ice islands and ice island fragments.  These features are important design considerations for permanent structures, and understanding the risk they pose is a key objective of ice characterization studies.  Likewise, understanding how a changing climate could impact the frequency of occurrence of these features in the coming decades is also required.  

			Required Information During Operations

			The type and sensitivity of the operation to changing ice conditions will dictate the need for and type of “real-time” ice data.  In open water drilling, tracking potential ice incursions is required.  The minimum ice feature size to be tracked will depend on vessel type, ice class, and station-keeping system.  For extended season and year-round operations, detecting potentially unmanageable features is critical.  This adds the requirement for ice thickness and strength data.  The areal extent over which the real time observations are required will also depend on the operations.  Typically any ice within 2 to 3 days drift from the facility is monitored multiple times per day, while ice further upstream will be updated on a daily basis.  

			In summary, real time ice monitoring and forecasting of short-term ice conditions requires observing:

			•Location and extent

			•Ice drift (actual and forecast)

			•Ice concentrations (total and partial)

			•Ice thickness

			•Pack ice pressure.

			Knowing the type and amount of ice upstream of an operation enables a project to plan daily and short-term (1 to 3 days) ice management operations.  Drift data and forecasts may be used to determine when ice will reach an installation.  Understanding the ice concentration, thickness, and pack ice pressure moving toward the installation identifies where ice management is needed and the acceptable managed floe size.  Real time ice monitoring is important in predicting if platform limitations will be exceeded. 

			Technology Utilized for Ice Characterization

			The previous section highlighted industry needs in characterizing the ice environment to enable safe operations in an Arctic offshore scenario.  This section will provide a brief summary of the current practice for characterizing the ice environment utilizing available technologies.  These technologies have been categorized into the following groups:

			•Satellite platforms

			•Airborne remote sensing

			•Marine systems

			•Underwater platforms

			•Direct measurement

			•Ice drift monitoring and forecasting. 

			Each of these technology groups is defined below.  It is also important to note that the approach to monitoring ice conditions will bridge across multiple technologies.  A heavy reliance on a single sensor, for example, could severely impact an active operation should it suddenly become unavailable.

			Satellite Platforms

			Current Practice

			Satellite remote sensing of the ice environment has been widely used for decades.  Because of the remoteness of the Arctic and the large spatial area, satellite data provide the best means to provide continuous and complete long-term monitoring of the polar regions.  Fortuitously, the contrast between ice and ice-free surfaces is distinct in several bands of the electromagnetic spectrum, thus allowing numerous technologies to be employed.  However, all sensor types have limitations and no single sensor can provide complete information.

			Synthetic Aperture Radar.  Synthetic aperture radar (SAR) is the most utilized satellite data due to its ability to provide imagery in polar darkness, night, and periods when the area of interest may be obscured by cloud cover.  Spatial resolution available from SAR satellites ranges from <5 m to 100+ m, depending on the satellite used, and can be remotely programmed to meet the needs of the client.  Resolutions in the 30 to 100 m range are typically used to generate regional “pictures” of the prevailing ice conditions and produce operational ice chart products.  Finer resolutions (<10 m) are used to identify and characterize specific ice features; however, they often capture a smaller scene area thus limiting their use in an operational setting.  In recent years, advancements in multi-polarized beam modes have improved the ability of SAR to classify ice types and detect icebergs and ice islands in pack ice. 

			SAR has some limitations due to summer ice surface melt water and more ambiguity due to wind roughening than passive microwave.  The backscatter characteristics of ice vary through the year, making automated detection very difficult, but this can be overcome with semi-automated processing with manual intervention provided by an expert interpreter.

			Visible/Infrared.  Ice and ocean/land are distinguishable in the visible spectrum due to different reflectance (ice is more reflective) and thermal (ice is colder) characteristics.  The visible spectrum imagery in particular is generally easy to interpret.  Two significant limitations on the use of these data are the need for sunlight, limiting its use in polar regions to daylight hours between March and October, and masking due to cloud cover, which precludes its use as a reliable operational tool.  Nonetheless, visible band data can be a very useful tool for characterizing the ice environment.  Low sun angles in early spring and late fall, for example, can be used in conjunction with high-resolution data (SPOT, 5 m; Worldview, Quickbird, Pleiades, <1 m) to estimate the heights of ridge sails, grounded rubble features, and freeboard of ice island fragments.  Data in the sub 1 m resolution range can also rival aerial photography for resolution and cost effectiveness, especially in remote locations and where large areas require surveying.  Freely available data in mid (Landsat 8, 15 to 30 m) to low (Modis, 250 m+) resolutions are also useful datasets that are available at no cost.

			Passive Microwave.  Imagery from passive microwave sensors has been available since 1972, and multichannel radiometers have been available since November 1978.  These sensors have provided one of the longest satellite climate records and have been instrumental in detecting long-term changes in the ice cover. 

			The sensors are wide swath and can provide nearly complete daily coverage of the polar regions, but this also limits their direct use in describing the ice environment as their low spatial resolution (approximately 5 km) is too coarse for operational use.  Regional scale ice charts, for instance, provide a more useable data product and are discussed below. 

			Microwave Scatterometers.  Like passive microwave instruments, active microwave sensors are sensitive to water phase and thus very useful for ice-covered regions.  Scatterometers measure backscatter from the surface and can provide ice extent and ice edge detection and indicate melt onset.  They are even more sensitive to salinity in the ice and thus more effective in winter at discriminating ice age.  Scatterometer data have been employed for sea ice extent and multi-year fraction.34  Since scatterometer data resolution is very coarse (>20 km), its use is limited to large-scale ice and climate studies. 

			Satellite Altimeters.  Ice thickness is a key parameter of interest for design and operation of Arctic facilities.  However, most remote sensing technologies can only determine surface properties.  The exception is altimetry.  Using a laser or radar, signal pulses are emitted by the sensor and the reflected signal is detected.  With precise calculations, the surface height can be estimated.  For sea ice, this surface height corresponds to “freeboard” or height above the ocean surface.  Total sea ice thickness is calculated from freeboard using information on ice and water densities. 

			This technology is still relatively new, especially for sea ice, and there are several limitations.  First, even with precise orbit determination, there is uncertainty in the measured signal.  For ice in water, because of the density differences, 80 to 90% of the ice is below the water line.  Thus uncertainty in freeboard is magnified when converting to total thickness.  Snow cover is also a significant contributor to uncertainty.  The small footprint size and largely vertical viewing limit spatial coverage and limit repeat visit cycles.  Thus complete fields are available only at roughly monthly timescales.

			Despite these limitations, satellite altimeters are now providing important information on sea ice and ice sheet thickness.35,36  Currently, the large footprint size of the data limits the direct use by industry to characterize ice thickness on the scale required for operations or design.

			Use of Temporally Spaced Satellite Images.  Successive satellite scenes have been used for estimating ice movement through tracking identifiable features.  Currently, the largest gap in operational use is temporal spacing of SAR images and time lag between data collection and delivery of data product to a field location.  The increasing number of SAR satellites now available and being planned for launch will allow for multiple satellite images to be acquired per day to track ice movement and to update ice conditions.

			Ice Charts (Derived Product).  Ice and iceberg charts serve tactical (day-to-day) or strategic (longer-term) planning and operational purposes.  They illustrate ice or iceberg conditions at a particular moment in time.  The ice information is presented using a standard international code, known as the Egg Code.  Satellite data, mainly SAR, is the primary data source used by national ice centers for producing ice charts, although “in-field” operational ice charts may also be produced based on localized aerial surveillance.  Digitized historical ice charts, developed by the U.S. National Ice Center (NIC) and the Canadian Ice Service (CIS) since the 1970s, have been particularly useful for defining open water season, quantifying long-term (decadal) trends in season lengths and documenting annual variability in ice conditions. 

			Current R&D Satellite Systems

			Advancements in satellite technologies are expected to play a crucial role in the continued advancement of ice characterization.  Numerous satellite remote sensing missions with various Earth observation purposes have been planned and/or executed in Europe and Canada.  These missions can potentially be beneficial to ice monitoring as they do the following:

			•Provide significantly shorter revisiting period over the interested Arctic regions through the formation of constellations, such that the improved temporal resolution of image acquisitions will enable near continuous monitoring of dynamic ice conditions 

			•Offer high flexibility in choosing desired imagery acquisition modes whose combinations of spatial resolution and swath width are appropriate and optimized for various specific ice monitoring objectives  

			•Allow for existing satellite remote sensing data services to be performed at reduced costs based on projected open data 

			•Potentially allow the estimate of specific physical features of ice such as ice type, ridging, leads, and low-resolution thickness estimates through fusion of the data collected in multiple radar frequencies and polarization.

			In addition to the conventional satellite systems, proposed small satellite systems may be able to provide powerful and cost-effective tools to react flexibly to Earth observation requirements.  The motivation of most small satellite missions is to make remote Earth observation more affordable to a customer and to open application-oriented missions. 

			Advancements in satellite technologies are not solely limited to hardware and physical assets.  Research into fully exploiting the technology through quantifying sensor performance has been critical in identifying the sensors best suited to ice surveillance.

			The following are examples of current satellite technology development.

			RADARSAT Constellation Mission (RCM).  The RCM is the evolution of the RADARSAT Program with the objective of ensuring data continuity, improved operational use of SAR, and improved system reliability.  The three-satellite configuration will provide complete coverage of Canada’s land and oceans offering an average daily revisit, as well as daily access to 95% of the world to Canadian and international users.  

			TanDEM-X.  As part of the Interferometric SAR mission of German Aerospace Center, TanDEM-X was launched in June 2010.  This satellite is an extension of the TerraSAR-X mission, which operates as a second almost identical SAR on X-band.  Flying these two satellites in a close formation with cross-track distances of 300 to 500 m provides a flexible single-pass interferometry configuration to generate global, consistent, and high-precision Digital Elevation Model (DEM).  The current data product can archive 12 m planar and 2 m relative height accuracy for flat terrain. 

			Sentinel.  In the frame of the European Space Agency’s Global Monitoring for Environment and Security program, a new family of missions called Sentinel is being developed for the European polar orbit satellite system.  Each Sentinel mission is based on a constellation of two satellites to fulfil revisit and coverage requirements and provide robust datasets.  These missions carry a range of technologies, such as radar and multispectral imaging instruments for land, ocean, and atmospheric monitoring to achieve specific objectives. 

			Sentinel-1A, the first satellite of the imaging SAR mission, was launched in April 2014.  System design has been driven by the need for continuity of ERS/Envisat satellites with improved revisit, coverage, timelines, and reliability of service.  The Sentinel-1 mission is designed to work following a preprogrammed conflict-free scenario, which means there is no need to make data acquisition requests.  The two-satellite constellation offers 6 days exact repeat based on four main operational modes.  As for current status, Sentinel-1A is testing its on-orbit operational qualification, and a full operation commenced in October 2014. 

			ICEYE.  ICEYE is a planned constellation of small SAR satellites, which is dedicated for Arctic ice surveillance.  The design of this system was initialized in 2012 by Aalto University in Finland.  An independent entity is currently being formed to finish the system development and execute mission operation.  This constellation is designed to be a dedicated commercial system, which aims to provide Arctic image acquisition service that is timely, reliable, and free of priority conflicts. 

			The actual configuration of constellation has not been defined, but it has been proposed that with 6 satellites’ setting, less than 3 hours revisit period over an area of interest at 70 to 80 latitude can be expected.  Given the proposed small payload size and limited onboard power, each ICEYE satellite is proposed to acquire at maximum 30 seconds data over the Arctic region within a single orbital pass, and then the system switches to charging mode during the rest of the orbiting period.  The design lifetime of each asset is 2 years. 

			The main payload of ICEYE is an X-band SAR, operating on a single mode.  One special feature of this system is the operation in circular polarization.  This feature theoretically makes the system less subjective to the rain and fog clutter, but this polarization has not been tested on sea ice monitoring.  The ground prototype is being built and a flight trial validating the sensor’s imaging performance on sea ice has been planned for early 2015.  The first launch of the system has been scheduled in 2016. 

			CryoSat-2.  As part of the European Space Agency’s Earth Explorer mission, CryoSat-2 was launched in April 2010.  This satellite replaced the original CryoSat, which was lost owing to a launch failure in October 2005. 

			The primary payload of CryoSat-2 is a Ku-band SAR/Interferometric Radar Altimetry (SIRAL) designed to measure the ice sheet elevation and sea ice freeboard.  SIRAL is the first altimeter to operate in SAR and SAR Interferometry (SIN) modes, which generates a burst of radar pulse at a much shorter interval, less than 50 microseconds.  Using these two modes simultaneously has proven to significantly reduce the noise level and achieve as accurate as 1.6 cm vertical measurement resolution with 1-month temporal sampling rate over Arctic sea ice.  

			Canadian Ice Service’s SAR Remote Sensing Research.  The assimilation of remote sensing data from a multitude of platforms will be a valuable advancement in sea ice analysis for CIS.  The development of advanced remote sensing techniques is a strong research thrust at CIS, particularly the exploitation of SAR data.  Once launched, the Sentinel-1 constellation and the RADARSAT Constellation Mission will significantly increase the amount of imagery available to CIS. 

			Current remote sensing research initiatives underway at CIS, in anticipation of the upcoming SAR constellations and other current and future Earth observation missions relevant to sea ice monitoring are described below.

			•Automated SAR Classification. There are two different methodologies being examined for automated or semi-automated ice classification.  One methodology, being developed in conjunction with MDA Systems Ltd, derives sea ice information from co- and cross-polarized (HH and HV) ScanSAR Wide RADARSAT-2 images using a multichannel data fusion algorithm.  This method is designed for sea ice-water separation and sea ice type classification using spectral and textural information from both the HH and HV channel.

			The second methodology being examined uses the MAp-Guided Ice Classification (MAGIC) software system has been designed and built by Prof. David Clausi at the University of Waterloo.  MAGIC is the development platform used to implement the necessary computer vision algorithms to solve the current ice/water classification problem using RADARSAT-2 SAR imagery.37

			•Compact Polarimetry.  The availability of a compact polarimetry mode aboard the RADARSAT Constellation Mission will provide an alternative to current single- and dual-polarization SAR modes.  It is understood that fully polarimetric SAR modes and associated analyses have the ability to fully explain and describe sea ice scattering.  These high power modes on existing missions (e.g., RADARSAT-2), however useful for providing improved ice information, are of little operational value to the CIS and other ice services due to their narrow swath widths.  The RADARSAT Constellation Mission’s compact polarimetry mode has the potential to provide polarimetric-like ice information at surveillance swath widths (i.e., over 100s km).  This mode may represent an important improvement over the range and type of ice information that can be extracted over large operational areas.  CIS will be working with the Canadian Space Agency (CSA) and Natural Resource Canada’s Canada Centre for Remote Sensing to establish a prelaunch understanding of the potential of this new mode for operational ice monitoring.

			•SAR Ice Motion.  The CIS Automated Sea Ice Tracking System (CIS-ASITS) computes the two main components of ice movement (translation and rotation) from two overlapping SAR images that are sequential in time.  The CIS-ASITS employs a phase-correlation approach to estimate both the translational and rotational components of any sea ice motion.  The original algorithm has recently been ported to a new language in an effort to increase the computational speed and make it ready for full operational implementation.  CIS hopes to run this algorithm on many or all incoming SAR images.

			•Data Fusion.  Two critical issues are related to an expected increase in data from the new satellite constellations: being able to fully exploit the data from different sensors and the ability to efficiently automate data processing and produce useful products.  The CIS is looking at the fusion of MODIS and AMSR-E data using a regression based method; and an IHS based method to fuse RADARSAT-2 and MODIS. These methods will be transferable to future sensors.

			Canadian Space Agency—Earth Observation Applications Development Program.  The mission of the Earth Observation Applications Development Program (EOADP) is to stimulate and maintain a self-sustaining, innovative, growing Canadian industry that is able to respond to mainstream user requirements and commercialize internationally.  EOADP is an essential element for the development of Canadian Earth observation and space-related capabilities, and essential for the exploitation of CSA-supported Earth observation missions.  The program also prepares the industry to take advantage of CSA investments in new sensors.

			Main program objectives are:

			•Increase accessibility and use of satellite data

			•Stimulate the development of innovative appli- cations

			•Increase the level of expertise and competitiveness of Canadian industry

			•Prepare the Canadian industry to benefit from the technology advances in Earth observation.

			Enhanced Satellite Radar-Based Iceberg Detection and Sea Ice Monitoring.  A multi-year research program, conducted under the Newfoundland, Canada, R&D initiative, with a goal to develop automated techniques to optimize the effectiveness of satellite radar for sea ice and iceberg monitoring and integrate satellite-derived products into existing operations specifically for the oil and gas industry.  Major elements of this work have included algorithm and software development, field validation, demonstration, and training.  Based on the outcomes of the project, recommendations have been made on sea ice and iceberg services, satellite data types for these services, and information requirements necessary for successful delivery of the services. 

			National Snow and Ice Data Center—Cryospheric Applications of Landsat 8.  Landsat 8 was launched on February 11, 2013, and has begun to acquire excellent images of the globe, including polar ice sheets, mountain glaciers, and sea ice.  The quality of the Landsat 8 sensor supports several applications for mapping of snow and ice surfaces.  This contract supports work on development of algorithms using Landsat 8 visible and thermal data for snow, ice, and sea ice research. 

			Technology Enhancement Opportunities

			There is a strong reliance, by all users, on satellite imagery for ice characterization, making satellites one of the most critical pieces of infrastructure required for safe and reliable operations in the Arctic.  It is important to note that all of the SAR satellites (and most of the optical satellites) used are owned by foreign governments (Canada, Germany, Italy, European Union) and the highest priority for data access is often assigned to government agencies within these countries followed by commercial users.  The best way to ensure the highest priority for U.S. national interests is for the U.S. government to consider an investment in a SAR satellite to minimize reliance on other providers for data.  

			Data costs and access can also be a barrier to advanced academic research as both real time acquisitions and archived data for most of the current satellites come at a price that is often unaffordable within university research budgets.  There is a move toward an open data policy for some of the newer satellites (Sentinel, RADARSAT Constellation) to provide the data at no cost.  This would be the preferred approach for data access of any new U.S. SAR satellite.

			Developing satellite technology to characterize ice thickness on the dimensional and temporal scales required for operations (sub 100 m resolution every couple of days) would be of interest although more immediate benefits could be obtained by focusing this technology on airborne platforms (see next section).

			Existing satellites operated by NASA (MODIS) and USGS (Landsat) are also important tools for ice characterization and support for these platforms should continue.

			Airborne Remote Sensing

			Current Practice

			Aircraft platforms can offer distinct advantages for ice surveillance and combine any or all of visual observations, optical data, or microwave data.  The lower altitude provides higher spatial resolution from sensors compared to satellite platforms, and aircraft have the capabilities to fly under moderate or high cloud decks to observe surfaces not detectable by similar satellite-borne sensors.  Of course, there is a significant limitation in coverage.  Aircraft can only fly under acceptable flight conditions and can only cover limited distances.  Repeat visits can be limited due to logistics and the cost of flight hours.  Manned flight operations in remote/harsh environments also increase the exposure to risk by personnel operating in these environments.  Nonetheless, aircraft can obtain validation data for satellite products and provide valuable complementary data.

			Aerial Surveillance.  Aerial surveillance through visual observation by qualified personnel enables collection of local ice cover information near the operational area in near real time.  These operations will often be in the form of helicopter flights based from the operating vessel or drilling platform.

			Aerial SAR Systems.  Aircraft-based SAR systems work on the same principle as satellite SAR (see previous section) and have been used for decades in ice surveillance.  Some of the earliest uses, in fact, were in support of Alaskan OCS activities in the 1980s and 1990s (STAR-1 and STAR-2 platforms).  While still in use today, the role of airborne SAR has been reduced over the years with the advent of satellite platforms.  More recently, multiband SAR systems have been explored for potential use in measuring ice thickness (see R&D section).

			Photography.  Cameras mounted or used from aircraft can provide valuable qualitative information about sea ice.  This can be a useful record, since an experienced analyst can note considerable details about the ice, such as approximate size, location, and quantity of multi-year ice floes and ridging, stages of development, descriptions of cracks, leads, polynyas, and location of the ice edge.  Aerial photography has proved valuable to “ground truth” or validate features observed in satellite products.  This helps analysts to calibrate themselves for better interpretation of satellite images.  However, unless flying low (<150 m), it is difficult to estimate details like ridge height and rubble size, since spatial references are difficult at altitude.  Another issue is that it is difficult to georeference features. 

			Electromagnetic Sensors.  Electromagnetic induction (EMI) sounding devices have been developed that are dedicated to the measurement of sea ice thickness.  With EMI sounding, the distance between an EMI instrument and the ice/water interface can be determined by means of active induction of eddy currents in the water and measurements of the resulting secondary EMI field amplitude and phase.  The method relies on the strong electrical conductivity contrast between the conductive seawater and resistive sea ice and snow.  No induction takes place in the latter, and the derived thickness is total thickness (i.e., ice plus snow thickness).  In addition, the distance between the EMI instrument and the snow/ice surface needs to be determined.  EMI measurements can be performed while walking or driving over the ice (e.g., by snowmobile).  They can also be carried out from helicopters and airplanes, wherein the EMI sensor is typically tethered to avoid induction in the metal of the aircraft.  EMI fields strongly decay with height above the water.  Therefore EMI sensors need to be flown low above the ice, typically less than 30 m.  The low-frequency EMI fields in the kilohertz range are diffusive and result in a large measurement footprint of 2 to 4 times the flying altitude, over which measurements are averaged.  Therefore the maximum thickness of ridges is usually underestimated since the EMI footprint averages across the maximum ice thickness in the ridge keel and adjacent thinner ridged or level ice.38

			Light Detection and Ranging (LIDAR).  LIDAR is an active remote sensing technology, similar to radar, that transmits laser pulses to a target and records the time it takes for the pulse to return to the sensor receiver.  This technology is currently being used for high-resolution topographic mapping by mounting a LIDAR sensor, integrated with Global Positioning System (GPS) and Inertial Measurement Unit technology, to the bottom of aircraft and measuring the pulse return rate to determine surface elevations.  With LIDAR mounted to an aircraft, it is possible to create swath maps of sea ice freeboard and surface elevations. 

			Current R&D Airborne Systems

			Some of the most operationally challenging aspects of satellite operations are: (1) revisit times to specific Areas of Interest; (2) uncertainty in acquisition, especially if orders are made on a short notice; and (3) lack of control over the satellite acquisition modes and coverage to optimize the results.  It is therefore believed that airborne ice reconnaissance will remain as a complementary tool to satellite surveillance for some time to come.  This section focuses on presenting the need for acquiring detailed ice information in real time using airborne sensors to evaluate ice-induced hazards on offshore facilities.  Specific focus will be given here to all weather/wide swath sensors, mainly radar systems as premier candidates of supporting Arctic drilling operations. 

			With regard to radar systems, it can be observed over the last few years that airborne reconnaissance research efforts in Europe have been focused on developing and testing multiband/multi-polarization SAR systems.  These systems can prove beneficial in the area of ice characterization as they:

			•Feature a reconnaissance approach that balances between high resolution associated with high-frequency radar systems such as X-band, and lower weather attenuations associated with low-frequency radar systems such as P-band

			•Provide the ability to classify different ice features based on topography using advanced signal processing algorithms of different bands and polarizations

			•Allow making direct measurements of ice thickness remotely through employing low- and high-frequency radar bands.

			In addition, a multi-sensor airborne approach provides some redundancy that can be beneficial if a sensor malfunctions.  

			In addition to radar systems, ground penetrating radar and EMI, but mainly EMI, have been used to measure sea ice thickness and aid in predicting its breakability.  

			The following are examples of current activities.

			Fugro GeoSAR.  The Fugro GeoSAR Sea Ice Mapping technology is a single pass, wideband, dual frequency (X-band and P-band) interferometric airborne radar mapping system mounted on a Gulfstream II jet aircraft.  The system is designed to acquire sea ice data at a rate of 288 sq. km per minute, enabling large-area coverage over Arctic regions. 

			Sea ice thickness measurements include characterization of first-year sea ice from multi-year sea ice, as well as the identification of cracking ice networks and ice ridges.  These measurements are developed utilizing a combination of the 3 m X-band and 5 m P-band digital terrain models, 1 m orthorectified magnitude imagery, and volumetric decorrelation data.  Data are developed in the field, using a specially designed workflow that processes the raw radar data into sea ice mapping deliverables, available to clients within hours of the airborne mission.  These data provide actionable intelligence for assessing the risk of oncoming ice conditions and enabling operators to mitigate high-risk ice floes from fixed locations in the Arctic.

			F-SAR (Microwaves and Radar Institute/German Aerospace Center).  F-SAR is the newer generation of the E-SAR, operated by The Microwaves and Radar Institute of the German Aerospace Center (DLR).  F-SAR was developed to focus on simultaneous data acquisition at different wavelengths and polarizations at very high range resolution, a capability that was limited in the E-SAR.  F-SAR also operates on the DLR’s Dornier DO228-212 aircraft.  F-SAR features X-, C-, S-, L-, and P-bands with simultaneous all polarimetric capability.  Range resolution is determined by the available system bandwidth.  A special antenna mount that holds seven right-looking dual polarized antennae is used (i.e., 3 X-band, 1 C-band, 2 S-band, and 1 L-band).  The P-band antenna is mounted under the nose of the aircraft). 

			The authors could not find publicly available information about the use of this system for Arctic characterization; however, a system like the F-SAR that features multi-band/quad polarization capabilities can potentially provide significant improvements in small ice feature detection, sea ice classification, and making direct measurements of ice thickness.

			Near Real-Time Ice Thickness Measurement Technology Development.  A project, funded by industry operators in Newfoundland, Canada, was initiated to identify technology for acquiring, processing, and reporting in near real time, ice thickness over a wide swath.  A practical solution is an airborne multi-radar system.  The activities of this feasibility study included a thorough literature review, a survey of client requirements, and an investigation of available commercial sensors.  Results of the study recommended the development of a prototype instrument to combine two commercial radar sensors—an impulse radar for ice thickness profile measurements and a polarimetric synthetic aperture radar (polSAR) for surveying large swaths.  The impulse radar data will calibrate the SAR data and output a map of ice thickness over the surveyed area.  The final package would be suitable for deployment on an aircraft.  The proposed technology development would see an integrated sensing unit using advanced algorithms, processes, and models based on the radar data to generate tactical, near real time ice thickness maps for offshore operators.

			Autonomous Flight Platforms.  Manned flight is seen as an elevated safety risk for many operators and investigators in the Arctic, due to frequently poor flying conditions, limited choice of airframes, range limitations, minimal aviation infrastructure, and emergency response times.  The goal is to move aviation-based science observations and measurements to unmanned platforms.  In recent years, there has been good progress testing unmanned aerial systems (UAS), also called drones, in the Alaskan offshore through the Alaska Center for Unmanned Aircraft Systems Integration (ACUASI) at the University of Alaska Fairbanks.  In December 2013, ACUASI was selected by the FAA to operate one of six UAS test sites that will lead to the eventual approval of UAS use in U.S. airspace.  It is practical to assume that most of the observations and measurements currently possible on manned aircraft are achievable on UAS platforms.  The expectations are that once fully operationalized, UAS will provide more data due to lower operating costs, longer flight times, and greater availability. 

			Technology Enhancement Opportunities

			The largest impediment limiting a broader use of unmanned aerial systems are current regulations governing the use of UAS in U.S. controlled airspace.  Efforts should continue to demonstrate safe operations of UAS that will allow the FAA to move forward with respect to defining regulations for UAS use in remote, low-density air space, such as the Alaskan OCS.  The prospect of increased utilization of these systems would likely lead to more rapid advancement of work on reducing payload size of SAR and other sensors to allow for the use of smaller airframes.

			Additionally, continued research and field validation is needed for multiband SAR and/or SAR and impulse radar to improve airborne ice thickness surveillance.  This has the potential, through ice thickness surveys over broad areas, to identify potentially difficult or hazardous ice.

			Marine Systems

			Current Practice

			Marine Radar.  Marine radars are used routinely to detect and avoid ice hazards.  Recent advancements in “ice radars” utilize specialized workstations installed on vessels that combine advanced video processing and geospatial mapping tools.  Based on the Rutter Sigma S6 scan-averaging signal processor, integrated systems like the Enfotec IceNav and Ion Narwhal allow high-resolution imaging of ice, including small, slow-moving features, over the range of the radar, which is typically to the horizon.  Using the geospatial tools, georeferenced data such as satellite imagery, weather surface maps, and ice charts can be overlaid and individual ice targets can be tracked. 

			Unlike satellite radar, marine radar has difficulty distinguishing between first-year ice and old ice, but is currently an area of ongoing research.

			Ship Transits.  Ice observers’ logs can be used to extract ice thickness, sail height data, ridging intensity, and the occurrence of pressured ice.  If a time stamp and location information are included, the logs can also be useful for ground truthing, particularly with archived satellite imagery when available.

			Shore-Based Marine Radar.  Marine radar systems have been successfully used to monitor nearshore ice locations in Alaska.  Operated by the University of Alaska Fairbanks, these 10-25 kW X-band radars are mounted on buildings near the coast in Barrow and Wales and have a range of approximately 10 km. These systems produce still images and animations for observation of ice movement, deformation, break-out events, and stability of fast ice.39 

			Marine Radar Research

			The use of marine radar for ice detection and tracking is a major research area, especially in Canada.40  Current research is centered around improving ice tracking capability of slow moving ice targets and mitigating rain clutter effects on radar detection performance potentially through one or more of the following techniques:

			•Increasing the sampling rate through increasing the pulse repetition frequency or scan rate

			•Increasing dwell time and thus improving the signal to noise ratio

			•Increasing power level and gain (size)

			•Decreasing beamwidth, which decreases angular tracking noise

			•Using multiple polarizations

			•Using longer wavelength radar bands than X-band, typically S-band

			•Advanced signal processing such as scan averaging.

			Two advanced marine radar systems that are being used for ice characterization have been identified. These are: (1) The Selesmar Selux system developed by Consilium (Sweden) and (2) Rutter Sigma 6 marine radar (Canada). 

			Selesmar Selux Marine Radar.  This is the fifth generation radar developed and manufactured by Selesmar Consilium, three of these radars recently replaced old systems on the Hibernia platform offshore Newfoundland in Eastern Canada.  This system features: 

			•Automatic identification system that allows identification of up to 100 targets

			•Automatic radar plotting aid that allows creating tracks and calculates the tracked object’s course, and speed, thereby knowing if there is a danger of collision with other ships, ice features, or landmass 

			•An advanced guard zone system has been introduced, which automatically checks all targets around the vessel against the specified minimum safe parameters and provides acoustic and visual warnings when necessary. 

			Rutter Dual-Polarized Ice Hazard Radar.  This is a program to further advance the development of an integrated dual-polarized ice navigation and detection radar.  The project has included field trials of the system in the Canadian Arctic and northeast Greenland with further development planned.  This has been a multi-year program with additional support from other funding agencies (Canada’s Program of Energy Research and Development, Transport Canada) and support in kind from the Canadian Coast Guard and industry-supported field expeditions.

			Technology Enhancement Opportunities

			Technology advancements in marine radar systems, with focus on hazardous ice feature detection, is an area of high interest.  Research is ongoing through collaborative efforts between the technology developers, the Canadian government (Coast Guard/Transport Canada) and industry-sponsored trials.  The main challenge is to distinguish between first-year and multi-year ice.  While the main focus of this initiative is based on marine transport through northern routes, ice management activities are also likely to gain efficiencies through improved ice classification.

			Underwater Platforms

			Current Practice

			Technology and logistics capability for wide-ranging, all-season surveillance of sea ice thickness lags far behind that for mapping the presence, concentration and type of sea ice.  There are two reasons: first, sea ice is largely opaque to electromagnetic radiation that might otherwise be used to map its thickness from aircraft or satellite; second, sea ice thickness varies appreciably over distances of 1 to 10 m that are difficult to resolve from great distance in space.  Although progress is now being made in the development of topside remote sensors to address these challenges, it is acoustic remote sensing from submerged platforms that has been most useful in providing information on sea ice thickness and its variations during the past half century. 

			Ice measurements from submarines or subsea moorings share two attributes that inhibit their use in tactical (i.e., real time) support.  These are the difficulty of targeting surveys where and when they are needed, and the difficulty of timely delivery of data from the survey platform to operations.  In consequence, with the exception of the obvious tactical value for naval operations, data from subsea sonar have to date generally been used strategically, providing great value in the conceptual planning of offshore operations (e.g., rig supply, cargo transfers at sea, product loading and transshipment, spill countermeasures) and in defining the extreme conditions of loading that offshore structures, their foundations or anchoring systems, seabed pipelines, and ships must be designed to withstand.

			Autonomous Underwater Vehicles (AUVs)/Submarines.  The method of using sound waves to derive the thickness of floating ice is straightforward.  A single-beam sonar is positioned looking directly upward at a depth safe from moving ice (>35 to 50 m); the depth of the sonar is determined from the difference between measured total pressure at depth and local sea level atmospheric pressure, with knowledge of the ocean density profile enabling conversion from pressure to depth.  The distance to the bottom of the ice is determined from the echo travel time, with knowledge of the ocean sound speed profile allowing conversion from travel time to distance.  The ice draft (roughly 90% of it thickness) is calculated as depth minus distance to the ice, and ice thickness is estimated from knowledge of the ratio of sea ice to seawater density, assuming local isostasy. 

			Upward-looking sonar was deployed on nuclear submarines (United States, Russia, United Kingdom, France) in the Arctic starting in the late 1950s, for navigational purposes and later scientific analysis.  Resolution has been appreciably poor for submarine systems because of wide beamwidths (2-5°) and depth of submergence (up to several hundred meters).  Accuracy is in draft ranges between ±0.05 and ±0.5 m, depending on how well density and sound speed are known in the overlying ocean.  Observations from submarines developed a vast database of ice thickness distributions, distributions of pressure ridge depths and spacings, and occurrence of leads.

			Submarine sonar surveys ice-topographic transects in the conventional manner: the navigational data from the fast-moving vessel defines the survey track below the ice, typically the slow ice drift during the surveys is ignored. 

			Advancements in unmanned AUV technology enable similar observations to be made by civilian operators.  These missions can be run in shallower water and have more flexibility for the survey location and study timing. 

			Fixed Moorings.  Self-contained ice-profiling sonar (IPS) was developed for scientific purposes in the 1980s and has been in routine use from fixed subsea moorings since 1990.  A narrow acoustic beam is a key design feature of the under-ice sonar.  The 1-2° beam of the IPS provides nominal resolution on the order of a few centimeters of under-ice topography from normal operating depth as the pack ice drifts overhead.  IPS in the southern Beaufort Sea surveys 1,000 to 3,000 km of ice annually.

			The IPS on a mooring measures the under-ice topography as a time series, thereby accumulating a distorted geometric picture of ice topography as the speed and direction of drift changes.  If an acoustic doppler current profiler (ADCP), deployed either nearby (shallow water) or on the same mooring (deep water), is paired with the IPS to measure the ice drift at high temporal resolution (sub-hourly), a trajectory of the drift can be calculated.  A locally accurate topographic transect can be calculated by mapping the ice draft values onto the trajectory.  If the data are subsequently re-sampled to equal increments (1 m) of distance along the trajectory, spatially weighted statistical properties of ice draft can be evaluated.  Over short intervals of time (days) these statistical measures are analogous to those from submarines; over longer intervals (weeks to months) they track changes in the pack ice forced by storms and over the cycle of seasons.

			An added advantage to the IPS/ADCP mooring method is that these instruments also measure profiles of the water currents and water temperature at the depth of the sensor at high temporal resolutions (<1 hour) and can estimate wave heights and periods during periods of open water.  While the IPS/ADCP pairing generally works well, it can be complicated by the need of two moorings and data are recorded to separate internal loggers that require reconciliation during post processing.  Recently, similar utility to the IPS/ADCP combination has been achieved using a single instrument.  The Nortek AWAC (Acoustic Waves and Current) contains the vertical sonar and inclined Doppler sonar transducers and has been demonstrated in the U.S. Beaufort Sea.41  Aside from simplifying the mooring and data reconciliation issues of the IPS/ADCP, it can also estimate directional wave parameters.

			Multibeam Sonar.  Single-beam sonars on underwater platforms provide valuable data on under-ice features, but they provide a linear, two-dimensional view.  In 2004, a multibeam sonar, commonly used for bathymetric surveys, was mounted upward looking on the Autosub AUV to survey the underside of the ice canopy.  This effectively expands the field of view several tens of meters wide, capturing a 3D elevation (depth) swath of the underwater surface of the ice.  With these observations, first-year ice features are easily distinguished by their sharp, rough character, while older multi-year ice becomes apparent due to its smoother, weathered appearance.  This cross-track view also gives a better estimate of the overall volume of submerged ice features and highlights the highly irregular shape of ridge features.  Multibeam sonar has also been successfully used to survey the underwater profiles of icebergs, on Canada’s east coast, by mounting the unit on its side onto a remotely operated vehicle (ROV) operated from a nearby support vessel.

			Sidescan Sonar.  Similar to the application of multibeam sonar, sidescan sonar can capture a wide cross track swath of the underside of the ice when used inverted (upward looking) on an underwater vehicle.  Where multibeam sonar measures the time travel of an emitted acoustic pulse reflecting off of a surface, sidescan sonar measures the intensity of the returned pulse.  Surfaces with a lot of roughness results in more reflected energy than smooth surfaces.  Multibeam sonar is generally preferred, since it, unlike sidescan sonar, can estimate the depth or draft of the canopy over the entire swath.  However, sidescan can outperform multibeam when it comes to resolving detail or small features.  Sidescan sonar can measure range to a target and using this information, the keel depth along the path of travel can be estimated much like the upward-looking single-beam sonar discussed earlier.42

			Subsea Ice Characterization Technology Research

			There are two major systems that fall into this category.  The first of these is the moored ice-profiling sonar.  When deployed with an ADCP, ice velocities/trajectories and ocean currents can be calculated to add a spatial component to the ice drafts.  While the measurement technology is mature, interpretation of these data is the subject of ongoing research.  Given the draft profile of ice drifting over the sensor location, it is important to be able to classify the record by ice features (e.g., first-year/multi-year ridges, etc).  Algorithms have been developed by different organizations that accomplish this task but validation of the results is challenging in the absence of on-ice corings or other defensible measures of ice age.  

			AUVs can survey remote environments that are inaccessible to other submersibles (e.g., ROVs and submarines) and are completely autonomous, which results in high efficiency through increased survey speed.  They can be instrumented with a variety of sensors and provide a very stable and low-noise platform for measurements.  Several system manufacturers are working to extend AUV range through improved capacity of batteries or fuel cells, which may also lead to applications of AUVs for inspection, maintenance and repair of subsea installations.  Navigation under ice and launch and retrieval systems are also areas being improved.  Advances in sensor technology designed specifically for AUVs will allow each mission to carry more extensive measurement programs.  Longer-term development plans for the systems involve AUV gliders with a range of thousands of kilometers, AUV deployment from the air, underwater docking systems to mitigate risks associated with launch and recovery operations, and an AUV’s ability to cooperate thus allowing a team of vehicles to communicate and adapt to changing conditions of the mission. 

			Office of Naval Research Programs

			The Office of Naval Research (ONR) Arctic and Global Prediction Program is motivated by the rapid decline in summer ice extent that has occurred in recent years.  One of the focus areas of this program is investigating new technologies (e.g., sensors, platforms, and communications, for sustained operation and observation in the challenging Arctic environment).  From this, the following programs have been undertaken.

			•Evolution of the Marginal Ice Zone: Adaptive Sampling with Autonomous Gliders.  Seagliders have been deployed in the Beaufort Sea as part of the ONR “Marginal Ice Zone” project.  They will obtain water temperature and salinity, microstructure, and bio-optical data as they undertake surveys between late July and late September 2014.  All data will be stamped with GPS positions obtained from a network of acoustic sources, which will also send adaptive sampling instructions to the gliders—see entry on acoustic communications and navigation below.  Data are stored aboard the floats until they are able to surface and communicate via the existing Iridium satellite communication system.

			•Wave Gliders for Arctic MIZ Surface Observations and Navigation Support.  As part of the ONR “Marginal Ice Zone” project, two wave gliders, each equipped with an automatic weather station and an underwater acoustic source, were deployed in the Beaufort Sea in late July 2014.  The acoustic sources supplement an array of sources deployed in March 2014.  The wave gliders were due to be recovered in late September 2014.

			•Acoustic Communications and Navigation for Mobile Under-Ice Sensors.  Eight acoustic sources (25 Hz bandwidth, 900 Hz carrier, 183 dB SPL) were deployed in the eastern Beaufort Sea in March 2014.  Suspended ~100 m below the ice, the sources provide communications and navigation services to eight polar profiling floats and four sea gliders (see above).

			•LDUUV (Large Displacement Unmanned Undersea Vehicle).  The LDUUV is an Innovative Naval Prototype for a reliable, fully autonomous, long-endurance unmanned undersea vehicle capable of extended operation (60+ days).  The LDUUV might be tested in Arctic waters.

			Technology Enhancement Opportunities

			Arctic-class autonomous underwater vehicle systems are a technology with potential for increased use for ice and environmental study and possible surveillance for developments.  Key areas that need focus are:

			•Launch and recovery through ice

			•Collision avoidance

			•GPS-deprived navigation

			•Subsea docking, recharge, and information exchange.

			Direct Measurements

			Current Practice

			The previous sections discussed remote sensing methods that do not actually come in contact with the ice and can perform their observations or measurements at a distance.  While many of the remote sensing techniques excel at supporting wide area characterization, they tend to do so at the expense of spatial resolution.  In some cases, the results of remote sensing surveys are inferences or proxies based on clever processing.  Direct measurements, on the other hand, are those where the investigator or instruments are in contact with the ice it is measuring.  These methods are capable of performing highly detailed measurements at a point or of a particular specimen, but they tend to be impractical for wide area characterization.  However, when combined with remote sensing methods or used as a basis for validating remote-sensed estimates, reasonable characterizations over wide areas can be obtained. 

			Drill Holes.  Direct measurement of ice thickness can be obtained by drilling a hole through the ice with an auger, corer, or steam drill and utilizing a tape with a deployable anchor to measure the distance from the bottom of the hole to the surface.  Single-point measurements of this sort are poor characterizations of the pack ice since this yields a purely local estimate and there are likely many ice types and variations in floe thickness over short spatial distances.43,44  Therefore, multiple measurements at a site must be made—a time consuming activity unless a steam drill is employed.

			Other relevant variables can also be measured while drilling, such as information on snow thickness, ice elevation, draft, thickness, and void spaces in deformed ice, but such measurements are slow and laborious and therefore unsuited for routine monitoring or wide-scale characterization.45

			Coring.  Many studies require extraction and direct examination of samples obtained from an ice cover, in particular research into physical, chemical, and biological properties of sea ice.

			The prevailing method for obtaining ice samples is to drill cylindrical ice cores.  Typical corer diameters are on the order of 10 cm, a compromise between obtaining ice volumes large enough to minimize sampling errors while keeping core weight and bulk at a manageable level. 

			Borehole Indenter.  The borehole indenter system provides a convenient means of measuring a vertical strength profile through the full ice thickness.  Therefore, it remedies some of the problems associated with conventional strength tests that use specimens obtained from the uppermost few meters of ice.  Borehole strength tests provide a measure of the in situ confined compressive strength of the ice in an augured or cored borehole (borehole strength).  The borehole strength is useful for calculating forces on structures (particularly crushing against a vertical face) and for verifying the integrity (bearing capacity) of floating ice.

			Temperature.  Thermistor strings can be deployed through ice holes and allowed to freeze in place, which will allow for measuring the vertical temperature gradient in the ice.  Temperature is an important variable in determining the strength of ice, with lower temperatures suggesting stronger ice.

			Salinity.  Ice salinity is obtained by measuring the electrolytic conductivity of melted samples collected in the coring process. 

			Satellite Tracked Drifting Beacons.  Surface Velocity Program beacons are small satellite tracked devices that report positional data at regular intervals (typically hourly).  They can be outfitted with sensors to report sea level air pressure and surface air temperature.  Depending on their construction, they can be deployed by hand, tossed from a ship, or deployed from an aircraft. 

			Their primary purpose is to drift with the ice, providing a record of vectors of the ice motion.  This is used to characterize various traits of the ice movement, such frequency of movement/stasis, speed and direction, and distance travelled.  If drift beacons are deployed in an array, study of relative movement of the ice and rotation is possible.  When barometric pressure and temperature are available, these data are assimilated into Numerical Weather Prediction models that are used to forecast, and into the many long-term atmospheric reanalyses (e.g., National Centers for Environmental Prediction and the National Center for Atmospheric Research (NCEP/NCAR) Reanalysis) that are used for innumerable climate studies.

			An Air-Deployable Expendable Ice Buoy (AXIB) can withstand multiple freeze-thaw cycles and operate equally well in ice-prone ocean or fresh water.  The AXIB can be dropped from an airborne platform, land on an ice surface, right itself to the vertical position, anchor and stabilize itself in the ice, and continue to transmit data while anchored to the ice or floating in the ocean. 

			Ice Drift Monitoring and Forecasting 

			Current Practice

			The final area of Arctic characterization research is ice drift monitoring and forecasting.  Ice drift monitoring and forecasting are key components of an ice management system, because it is crucial to know where the ice is coming from and to estimate where it is going in order to efficiently deploy ice management resources.  Ice drift monitoring and forecasting can be classified into two primary regimes: near field and far field.  Near field (or tactical) ice drift monitoring and forecasting focus on short-term ice drift motions, while far field (or strategic) focuses on regional scale ice motion. 

			Ice drift monitoring involves tracking the motion of ice as a function of time.  Monitoring can be accomplished in several different manners, including satellite imagery, aerial surveys, enhanced marine radar, and by deployment of beacons directly on floes of interest.  Each of these methods has tradeoffs that must be considered when selecting ice monitoring methods.  For instance, analysis of successive satellite images or aerial surveys provides estimates of ice motion with coarse temporal resolution over a relatively wide region.  In contrast, enhanced marine radar and beacons deployed directly on floes of interest provide high temporal resolution of individual features.  The type of ice drift monitoring required will likely depend on the ice concentration during ice management operations—broad, lower temporal resolution will be needed when operating in high concentration conditions such as in pack ice, while high temporal resolution feature tracking will be needed when operating in low ice concentration conditions characterized by isolated floes along the marginal ice zone.

			Depending on ice concentration, the physics of ice drift forecasting change.  For low concentration conditions, the ice drifts freely, while under heavy concentration conditions, the ice does not drift freely.  This can be clearly seen in ice drift records.  In low concentration conditions, isolated floes tend to show strong inertial motion characterized by cusps and loops in the drift paths.  In high concentration conditions, such as found in pack ice, these inertial motions tend to be highly damped.  In order to cover the full range of expected ice conditions, ice drift forecasting must account for the physics of both low concentration and high concentration ice conditions.

			Current Research Activities

			Enhanced Iceberg and Sea Ice Drift Forecasting.  The objectives of this project, conducted as an industry-sponsored joint industry program (JIP) under the Newfoundland R&D program, were to: 

			1.Define industry needs for iceberg and sea ice forecasts, including the most important factors and the associated time and space scales of interest 

			2.Benchmark existing capabilities of forecasting models that are currently available and being used, including strengths and limitations in terms of the industry needs 

			3.Determine the sensitivity and expected improvements in accuracy of ice drift models to new developments, and the expected benefits to current and future oil industry operations 

			4.Evaluate the benefits of including more real-time data into the ice drift forecast models.  

			Additionally the project scope included the development of a scope of work, execution plan, and cost estimates for possible future phases including: 

			5.Identification and evaluation of new and enhanced technologies and methods 

			6.Data analysis, development of improved models and software, and validation 

			7.Field demonstration and evaluation of models and equipment and technology integration and training.  

			At this stage, only the first phase has been completed with decisions on future phases pending.

			Specific Model Development.  A model developed specifically for modestly deformed free (ice ridges remain within the mixed layer) drifting sea ice has shown skill forecasting isolated ice floes in the Canadian Beaufort Sea.46  The model is driven primarily by wind stress and the gradient of mean dynamic topography with a lesser contribution from the gradient of sea level pressure through the inverse barometer affect.  The model, freely run for 6 days after initialization, was able to accurately replicate the drift of a large ice floe.  It has also shown skill with other floes in the Canadian Beaufort, as well as for floes in other regions, as well.

			When ice concentration reaches a level such that the ice drift becomes constrained, different models must be employed.  One such model is the next generation Arctic Cap Nowcast/Forecast System (ACNFS).  The ACNFS is an assimilative coupled sea ice and ocean model that nowcasts and forecasts conditions in all sea ice covered areas in the northern hemisphere poleward of 40°N.47  The ACNFS is a high spatial resolution model (~3.5 km near the North Pole) with a 10-minute time step for the ice model component.  ACNFS is forced with 3-hourly wind fields from the Navy Operational Global Atmospheric Prediction System.  The ACNFS has shown skill at forecasting the ice drift, thickness, and concentration on broad scales throughout the Arctic.  

			Enhanced Verification and Interpretation of Freeze-Up Conditions for the Northeast Chukchi Shelf: field observations and process studies; freeze-up forecasts; and BOEM sea ice database enhancements.  BOEM analysts and managers within the Alaska OCS Region seek more detailed spatiotemporal information pertaining to seasonal freeze-up conditions at specific planned drilling locations on the Alaska OCS.  More reliable and extensive information is particularly needed during the late open water season when storm activity is anticipated, and during the seasonal freeze-up period when frazil ice formation and pack ice intrusions create environmental concern for safe operations.  Additional information pertinent to understanding the physics of freeze-up and associated forces that greatly impact Arctic offshore operations is also needed.  Study products will be used for NEPA (National Environmental Policy Act) analyses, including Environmental Impact Statements and Environmental Assessments, and related decision-making.

			Enhancement Opportunities

			Long-term “climate” modeling should be the continued focus of non-industry researchers.  These are generally long timeline efforts that require a dedicated focus.

			The (industry) high-priority item of extended season operations in ice places importance on developing reliable ice drift monitoring and forecasting capability on a local to regional scale.

			Conclusions and Recommendations 

			A number of technology enhancement opportunities were identified in the previous section.  A summary, ranked in order of priority, is provided in Table 5-2.
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			Offshore Arctic Exploration and Development Technologies 

		

		
			Introduction

			The technologies involved in exploration and development of offshore oil and gas resources are some of the most advanced in the world.  Likewise, the drilling and production facilities are among the largest and most complex civil structures in existence.  Much research has gone into advancing the state of the art to the current level, and advancements continue as the industry turns its focus to more challenging resources.  Over the decades, highly sophisticated methods have been developed for imaging subsurface geological structures and for ascertaining in advance of drilling the likely presence of hydrocarbons.  The world’s fastest supercomputers now process huge seismic datasets for months to render remarkably detailed three-dimensional images of rock formations miles below the earth’s surface.  Drilling has advanced to the point where a drill bit can be guided to a point 2 to 3 miles vertically below and 5 to 7 miles horizontally away from the drilling rig and hit within a meter of the target.  Offshore platforms that are hundreds of meters tall with a base the size of the largest professional sports stadiums are routinely constructed, floated to, and installed in remote and harsh locations.  From these platforms, as many as 60 to 80 wells may be drilled to tap reservoir rocks over an area of 10 miles or more in diameter.  The topsides portions of these platforms that extend above the ocean surface can weigh up to 70,000 tons and carry a small village of skilled crew who drill wells and operate the complex hydrocarbon processing facilities.  Many millions of barrels of oil a day are safely transported from these remote platforms to the world’s markets through pipeline systems whose integrity is monitored via robotic probes that can detect early signs of corrosion or even small changes in the position of the pipe.  

			This chapter is focused on the specific segment of offshore technology that is aimed at the unique challenges of the Arctic offshore environment.  The objectives of this chapter are to describe the current status of technology for offshore Arctic exploration and development (E&D) and identify technology enhancement opportunities with particular emphasis on the opportunities that would benefit from research by or collaboration with the Department of Energy or other federal and Alaskan state agencies.  The technologies considered span the full spectrum of E&D activities from seismic data acquisition and exploration drilling to permanent production platforms, pipelines, and tankers.  The E&D technology scope is focused on the U.S. Arctic offshore, which includes both Alaskan state waters (nearshore) and federal waters, also known as the OCS (Outer Continental Shelf).  The full scope of technology areas considered is provided in Table 6-1.  Note that well control and oil spill response technologies are not covered in this chapter.  The reader should refer to Chapter 8 for a complete treatment of spill prevention and mitigation, including blowout preventers and capping stacks, and the state of the art for responding to oil spilled in an offshore Arctic environment. 
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			The study focus is on technologies (1) driven by the challenges of the Arctic environment, (2) where substantial adaption of conventional technologies is needed to meet the challenges of the Arctic environment, or (3) where conventional technology is used in a new way.  An example of (1) would be offshore platforms and pipelines that must be designed to resist loads from moving ice.  An example of (2) would be storage and export where ice management may be needed to supplement tanker mooring in ice while oil is loaded on to them, and an example of (3) would be instrumentation and automation where new advances made for other industries may be applicable to Arctic development.  Not considered in the study are technologies whose use in the Arctic would be essentially identical to that in temperate environments (e.g., down-hole drilling components) because their advancement will take place independent of Arctic development.   

			The predominantly shallow Alaskan OCS water depth coupled with the anticipated pace of hydrocarbon development to the year 2065 eliminated any need to consider new development technologies for water depths beyond the reach of bottom-founded production platforms.  Hence, Arctic development technologies needed for deeper water, such as the capability to conduct year-round floating drilling of development wells or year-round floating oil production facilities, were not considered.  The E&D technologies considered include:

			•Exploration data acquisition 

			•Exploration drilling platforms 

			•Ice management  

			•Production platforms

			•Personnel safety 

			•Offshore pipelines and subsea installations 

			•Offtake and tankering.

			This chapter considers the implications of individual E&D technologies on the multiple dimensions of prudent development.  Prudent development depends on the ability to select an appropriate combination of technologies for both safety and cost efficiency.  Many technologies by their nature are important contributors to overall safety of offshore operations.  Some technologies, like escape and evacuation craft, are critical for personnel safety.  Well control systems, pipelines, and tankers all provide direct barriers to hydrocarbon releases and therefore are important technologies for sound environmental performance.  Many technologies, especially ice-capable drilling rigs and production platforms and Arctic pipelines, represent significant cost premium components for Arctic exploration and development.  Finally, although the study is focused on offshore technology, some of the technologies have potential to affect local inhabitants, especially if they involve marine operations within areas used for subsistence hunting or fishing or the utilization of onshore infrastructure.

			In the sections that follow, each of the key E&D technology areas are discussed within the following framework:

			•Role the technology plays in Arctic exploration and/or development (global and Alaska OCS specific)

			•Unique technical challenges associated with application of the technology in an Arctic environment

			•Brief history of the technology’s development and use in Arctic conditions

			•Current state of the technology (e.g., maturity of design and operating standards, extent of industry experience, performance record, key enhancements that have improved performance, and current capability limitations) 

			•Prudent development context considering all dimensions 

			•Key recent and ongoing research activities by industry, academia, and/or governments

			•Prioritized technology/capability enhancement opportunities that could facilitate prudent development.

			Overall recommendations regarding research opportunities and priorities are provided at the end of the chapter.  Technology enhancement opportunities were not limited to hardware improvements, but also consider people, capability, and even operational restrictions.  The primary conclusion is that technology to accomplish prudent offshore exploration and development for the U.S. waters within this study scope already exist as a result of decades of practice and experience.  Nonetheless, there are important research opportunities—especially in the realm of better understanding potential environmental impacts of E&D operations and field demonstration trials for recent technology enhancements—that could be very instrumental in advancing prudent development.

			The state of E&D technology is not static.  There will always be opportunity for technology enhancement, as the industry continuously strives for better safety, environmental protection, and cost effectiveness, or to extend safe operations into more challenging ice environments.  While these continuous, incremental improvements taken collectively over time will improve performance, no single technology improvement alone could be expected to make a material difference in the ability to prudently explore and develop the U.S. Arctic offshore.

			The highest priority E&D technologies are those needed to extend the drilling season length in ice while meeting the strict operational reliability requirements of hydrocarbon drilling and not creating unacceptable impacts on ice-dependent species or subsistence hunting.  At the core of such capability is ice management, which comprises a variety of component technologies that collectively support station-keeping in mobile pack ice.  The priority is deemed high due to the critical economic importance of extending the useful season for exploration drilling.

			Exploration Data Acquisition in Arctic Waters

			Acquisition of seismic data has been conducted in the various Arctic regions for at least five decades.  Early offshore efforts included acquisition of 2D (two dimensional) seismic profiles using both land acquisition equipment operated on the ice during the winter and towed marine streamer during the summer.  Before 2009, towed 2D marine streamer data were typically acquired during the open water seasons where the vessels and equipment could operate in areas where the ice was not present, or in some cases operating in the open leads of the ice pack.  Since 2009, and with the introduction of advanced technologies and techniques, a number of 2D seismic operations have been conducted in pack ice, including up to 90% coverage of mixed first-year and second-year, with traces of multi-year ice coverage. 

			Since the introduction of 3D (three dimensional) seismic technology and methodologies in the 1980s, there has been an exponential growth in exploration data acquisition, including 4D or time-lapsed seismic.  These technologies have been recognized as some of the most significant developments for reducing geological risk and improving drilling and production success in the oil and gas industry.  With the exception of conventional 2D and 3D seismic techniques, many of these advanced seismic technologies and methodologies have not been adapted for utilization in the Arctic.  To date, the need for advanced exploration seismic data acquisition in the Arctic has been moderated by the challenging economics in the more ice-bound areas of the Arctic, and the prioritization of more attractive opportunities in other regions with significant open water seasons or no ice.  

			Figure 6-1 shows acquisition technology and methodologies as they are applied currently in the various phases of the E&D lifecycle.  The actual choice of seismic acquisition system (land/marine towed streamer/ocean bottom system) and the specific acquisition methodology/geometry can vary based on the resolution of the information required, as well as the area of operation.
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			The value as well as the cost of the information/knowledge derived from each of these technologies and methodologies generally increase later into the E&D lifecycle.  Regional 2D seismic data can provide information relative to general geologic trends and structures, basin architecture and extent, source rock potential, and potential hydrocarbon migration pathways, whereas Exploration 2D grid surveys tend to be more focused on evaluating potential over lease blocks, including early prospect identification and targeting for additional studies.  Three-dimensional surveys provide enhanced imaging quality of complex geologic structures and stratigraphy and reduced uncertainty compared to 2D data alone.  As noted in Figure 6-1, there are a number of variations of specific 3D technologies and methodologies that can be applied currently, covering a significant range of the E&D lifecycle.  Specific choice of 3D technology and methodology to be deployed can be based on the required resolution of geologic complexity (subsalt/stratigraphy/complex faulting) and/or the area and project timing and logistics (multiuse areas/environmental requirements/cultural constraints/existing wells and platforms).  Time lapse, or 4D seismic, are 3D surveys that are repeated in the same location over specific time intervals during the production phase of the E&D lifecycle and provide information relating to changes in the reservoir resulting from production, which allows for planning of infill drilling or other interventions to improve overall hydrocarbon recovery rates and ultimately overall field economics. 

			Unique Aspects of Application in an Arctic Environment

			Acquisition of marine seismic data in many areas of the Arctic is challenged by the extreme operating conditions and local environmental sensitivities.  Operating conditions, including limited or no daylight, high winds and seas, extreme cold temperatures, and presence of ice, all shorten the time window for conventional seismic operations in Arctic environments.  The presence of ice either requires conventional towed systems to avoid the ice or new ways to work in and around the ice with icebreaker support.

			Conventional towed seismic operations use vessels and equipment that are not designed to operate in ice-covered conditions and that can be severely damaged by contact with ice.  With careful planning, the use of conventional seismic vessels and equipment is not precluded, but operating windows are limited to strictly open water conditions, and the risks of delay or cancellation due to inter-year ice variability can severely limit the ability to acquire the requisite data for any given season.  Even with the careful selection of maritime vessels of an appropriate ice class, there is still potential for damage to in-water acquisition equipment, and, in the case of icebreaking, unwanted noise can be introduced into the data.  It is important to note that delays in acquiring the seismic data can have a significant effect on the overall timeline for development of any project.  A number of these aspects are described in greater detail in Macdougall et al.1

			Beyond the aspects described above, there are other unique challenges in the Arctic.  The remoteness of Arctic locations also presents many logistical issues for project support, and the protection of customs and traditional lifestyles of the indigenous population, including their dependence on marine wildlife, may further limit seismic activities, both in terms of timing and type of equipment used.

			With regard to the acquisition of seismic data in the U.S. Arctic seas, much of the Chukchi Sea has sufficient, dependable open water seasons to conduct conventional seismic operations.  Ice conditions in the Beaufort tend to be more of a factor for seismic programs as the open water season is typically shorter and more varied year on year.

			History of Technology Development and Application in Arctic Conditions

			Seismic acquisition has been an ongoing effort in the Arctic for many years, as described by the U.S. Geological Survey.2  To date, significant offshore data acquisition effort has been conducted on the fringes of the Arctic using conventional technologies and methodologies applied during open water periods.  Arctic seismic surveys have generally been split between those conducted by the oil and gas industry in search of resources and non-oil and gas related acquisition activity conducted by government and academic research groups and consortiums.  The latter projects used private and government assets.  The majority of these regional studies were focused on developing knowledge and understanding of macro geologic structure and history, and in some cases to help develop estimates of the potential for hydrocarbon resources.  The broad regional surveys were well planned and produced significant learnings.  However, they were sparse, covered large aerial extents, were very expensive, generally nonrepeatable, and provided insufficient focus and resolution for advanced E&D requirements.  

			Early exploration seismic work was conducted in the 1970s in the Sverdrup Basin of Northern Canada utilizing land seismic technology placed on top of stable nearshore ice.  Such on-ice methods, which are limited to conditions of stable or landfast ice, were utilized in Alaska in the 1990s to map potential nearshore prospects.  Traditional marine 2D streamer data were collected offshore in the U.S. and Canadian Beaufort Sea throughout the 1980s and early 1990s.  Beginning in 2006, extensive regional 2D streamer and some ocean bottom cable (OBC) seismic data were acquired throughout the Beaufort and Chukchi Sea, using primarily conventional acquisition systems and methods.  There were greater than 50,000 linear kilometers of modern 2D exploration-grade seismic data acquired over a 4-year period.  Since 2009, there have been three exploration-grade 3D streamer surveys and at least two smaller 3D OBC projects conducted over specific Arctic lease blocks.  These projects produced greater than 8,000 square kilometers of seismic data.  In Eastern Canada, Russia, Norway, and Greenland, there have been similar efforts to acquire exploration-grade seismic data north of the Arctic Circle utilizing mostly conventional technology, taking advantage of the traditional summer open water seasons.  In 2014, there was no activity in the North American Arctic, while there were eight 3D surveys ongoing in the Barents and Kara Seas.

			Current State of the Technology 

			Current technology is based on an array of streamers containing receivers (hydrophones) and sources (airguns) towed behind an acquisition vessel.  Conventional towed seismic streamer configurations utilize surface-referenced floats for maintaining proper positioning of the streamers and sources.  These floats may have GPS or acoustic equipment attached for maintaining positional accuracy during the survey.  The presence of sea ice poses particular hazards for surface-referenced seismic floats, streamers, wires, lead-ins, and umbilicals as they transition from the vessel and into the water column.  Contact between the sea ice and the vessel(s), and/or any of the seismic devices or cables, can cause equipment damage that could lead to the failure of the acquisition project.  Given this risk and limited technology to overcome it, exploration data acquisition using conventional open water methods has generally been conducted in “ice free” conditions.  Some of the more recent Arctic surveys have used special mitigation provisions, including, but not limited to, ice classing of vessels (seismic, chase, etc.), emergency preparedness plans, and ice monitoring and management, in an effort to reduce any potential risk from the sea ice.  

			Seismic data acquisition in the Arctic can be defined by the operational requirement of the mission relative to the sea ice.  Three specific mission types are defined as “ice free,” “ice avoidance,” or “under ice.”  “Ice free” refers to the use of conventional seismic equipment and technology deployed in an operating environment where ice is not considered a hazard.

			“Ice avoidance” refers to the use of vessels and seismic equipment deployed in an environment that may require the operation to be carried out proximal to broken and/or pack ice, and/or in waters that may contain scattered broken ice, which in turn may require the vessel to plan operations so as to avoid the working in ice altogether and/or to deviate from its prescribed course in an effort to avoid contact with the ice.  Vessels and equipment need to be selected or adapted for these operating conditions.  Chase or ice-management vessels may be used as well.

			“Under ice” refers to the use of conventional and/or nonconventional seismic equipment and technology deployed in ice-covered waters with the expectation that the vessel(s) and in-water seismic equipment will likely come in contact with the ice during the course of normal operations. 

			The majority of exploration data acquisition to date has been conducted as “ice free,” and has used conventional seismic equipment and methods.  These are subject to the limits of the vessel and equipment utilized and the ice extent and conditions over the specific project area at the planned time of the operation.  While these types of surveys are planned to take maximum advantage of open water conditions, the underlying assumption is that if there is an unusual or bad ice year, the opportunity to acquire data for any given specific project may be severely compromised or lost.  

			Recent examples of “ice free” surveys would include:

			•2D Regional programs in the U.S. Chukchi Sea (2006 and 2009) conducted by ION Geophysical and TGS utilizing a towed marine streamer and conventional seismic airgun array. 

			•2D Regional programs in the U.S. and Canadian Beaufort Sea (2006-2010) conducted by ION Geophysical utilizing a towed marine streamer and conventional seismic airgun array.  

			•3D Exploration programs in the Canadian Beaufort Sea for Imperial/ExxonMobil (2008) conducted by WesternGeco; BP (2009), conducted by CGG; and Chevron (2012), conducted by WesternGeco, utilizing conventional 3D marine towed streamer arrays and conventional seismic airgun arrays.

			•2D Regional programs in the Russian Arctic (Laptev, Eastern Siberian, and Chukchi Seas), conducted by ION Geophysical (2010-2012), utilizing a towed marine streamer and conventional seismic airgun array.

			•2D Exploration programs in the Russian Arctic (Laptev, Eastern Siberian, Chukchi, and Kara Seas) conducted by Russian geophysical companies (DMNG, SMNG, MAGE) on behalf of Russian E&D companies (Rosneft, Gazprom, etc.).

			“Ice avoidance” surveys have been much more limited in extent and scope.  These surveys may utilize conventional seismic vessels with some ice class and/or weatherization, in-water seismic equipment adapted or configured to help mitigate catastrophic failure in the event there is incidental contact with sea ice, and with enhanced onboard ice management systems, personnel, and support.  The goal is to strategically forecast ice movements and tactically locate all proximal ice to ultimately avoid any contact between the vessel and in-water seismic equipment and the ice.

			Recent examples of “ice avoidance” surveys would include:  

			•Shell Chukchi Sea (2006) and Beaufort Sea (2007) 3D surveys, conducted by WesternGeco

			•Statoil Chukchi Sea (2010) 3D survey, conducted by Fugro-Geoteam3 

			•Exploration 3D in Western Greenland (2012), for Shell, conducted by Polarcus, utilizing two conventional multi-streamer/multi-source seismic vessels operating in tandem, with enhanced onboard ice forecasting and management tools and personnel  

			•2D Regional program in Labrador (2013), conducted by ION Geophysical utilizing a conventional 2D towed streamer and airgun source, with icebreaker escort.  

			For the latter two projects, the key was avoidance of the many icebergs of various large and small sizes that were present in the prospect area.

			“Under ice” surveys conducted by the E&D industry for exploration purposes have been very few given the risks discussed earlier.  However, there have been technologies and methodologies developed to reduce the ice contact risks with the in-water seismic equipment and have resulted in the successful execution of several 2D data acquisition projects in ice-covered regimes.  These developments have followed two approaches.  One is a method-based approach that has used a conventional 2D seismic vessel with some ice-class rating and equipment deployed in such a manner that reduces the surface footprint of the in-water seismic equipment.  The second is a technology-based approach that has focused on development of new equipment that allows for the complete elimination of any surface footprint of the in-water seismic equipment that trails behind the seismic vessel, as described in Rice et al.4  To date, these approaches have been applied to both conventional 2D seismic vessels with some ice-class rating, as well as to an Arctic-classed icebreaker converted to tow an exploration-grade seismic streamer and source array. 

			Recent examples of “under ice” surveys include:

			•2D Regional seismic projects, Northeast Greenland (2009-2011), conducted by ION Geophysical, using a conventional ice-classed seismic vessel outfitted with the under-ice technology and escorted by an icebreaker (see Figure 6-2).
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			•2D Exploration seismic projects, Northeast Greenland (2010-2012), conducted by TGS, using a conventional ice-classed seismic vessel, escorted by an icebreaker.

			•2D Regional seismic project, Russian High Arctic UNCLOS project (2011), with ION Geophysical, using a converted Arctic-classed icebreaker with under-ice seismic equipment, escorted by a nuclear icebreaker (see Figure 6-3).
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			•2D Regional seismic project, Russian Eastern Siberian and Chukchi Seas, as well the U.S. Beaufort and Chukchi Seas (2012), conducted by ION Geophysical, utilizing a conventional ice-classed seismic vessel, partially equipped with under-ice technology, and escorted by an icebreaker.

			There have been a number of additional “under ice” surveys conducted since the 1990s, but the majority were academic/government-based and utilized a very short streamer and a very small source, so the applicability of the data acquired for E&D purposes is limited.

			Prudent Development Context 

			Exploration data acquisition in the Arctic has implications for several of the prudent development dimensions.  It is important to conduct a complete and quality seismic survey prior to drilling an exploration well because the seismic data play a key role in the design of a safe well program.  Information derived from seismic data is used to design the drilling fluid and well casing strings, which are primary barriers for well control.  With regard to potential direct environmental impacts, the primary consideration is impact of sound from the seismic operation on nearby marine organisms, especially marine mammals.  Detailed examples of this are discussed in Funk et al.5  Other prudent development considerations for seismic operations in the Arctic offshore include (1) increased cost of operations in ice due to the use of ice-classed vessels and special equipment and often limited time windows for acquisition, (2) potential safety exposure for vessel crew in the harsh environment, and (3) the potential for schedule impacts due to more complex permitting processes.

			Recent and Ongoing Research 

			Given the difficulty that surface ice conditions cause in marine seismic acquisition, many alternative technologies have been proposed to address the issue, mostly related to keeping above or below the ice.

			An alternative to towed marine streamer would be the use of ocean bottom cable (OBC) or ocean bottom nodes (OBN).  These methods rely on deploying seismic cable, autonomous recording nodes, or a hybrid solution of autonomous nodes mounted on a cable.  Because of the time and effort required to place and retrieve sensors from the seafloor, these solutions are far less efficient than moving streamer surveys, but they can be the only feasible solution when surface seismic is not viable.

			Several seismic contractors are working to modify surface streamer equipment to work below the ice, using fully submerged equipment.  Buoyancy for this type of equipment is typically mated to the seismic gear to provide near neutral buoyancy with control surfaces to provide trim control.  However, this approach can be problematic because GPS cannot be used in the positioning of the seismic receivers.  The alternative is to use a fully submerged acoustic solution.

			To reduce the effects of seismic acoustic pulses on marine mammals, alternative sources have been developed that either spread the acoustic amplitude over a longer time period (marine vibroseis) or limit the frequencies that are generated by airguns (e-guns).  Both technologies reduce the decibel level of the acoustic energy introduced into the water column and therefore pose less of a concern than standard airguns to most marine mammal species.  These technologies, which could conceptually be used in ice-obstructed waters, require further improvements to address application issues.  

			Potential Technology Enhancements 

			This study identified the following technology enhancements that would support safe and responsible, cost-effective seismic data acquisition in the Arctic: 

			•Alternative seismic sources designed to reduce cumulative ocean noise effects as well as mitigate potential exposure of marine mammals and endangered species that may be sensitive to affects of conventional seismic sources (e.g., improvements to alternative sources currently under development such as marine vibroseis or other).  This need is not Arctic-specific, as the most sensitive species, whales, inhabit most of the world’s oceans.

			•Improved subsurface handling and towing equipment and capabilities to allow for the safe and uninterrupted collection of towed seismic data in and under ice-obstructed waters.

			•Improved battery/power technology to extend the useful cycle time for ocean-bottom based seismic sensor arrays.

			•Improved subsea acoustic transmission capabilities for command/control/quality control and real time collection of seismic information from ocean bottom-based seismic sensors.

			Because seismic acquisition is a form of marine operations in ice, the study identified technology enhancement opportunities that are common to other marine operations such as ice management for station-keeping.  Those include:

			•Improved high bandwidth, high latitude communication systems    

			•Improved ice imaging, modeling, and forecasting systems and database capability for conducting seismic data acquisition activities in the presence of sea ice.

			Finally, enhancements to both submarine and aerial unmanned vehicle platforms have potential to improve seismic data acquisition in Arctic environments.

			•Autonomous underwater vehicles (AUVs) have been in Arctic use for many years now, mainly for hydrographic use.  The potential to use submarines to pull streamer cables has been discussed in the literature for over 20 years but is still viewed as impractical or cost prohibitive.

			•Unmanned aerial vehicles (UAVs) have been discussed for use in ice scouting and marine mammal observation.  They can be deployed from a surface ship, transmit visual, infrared, or radar images in real time, and then be retrieved onboard.  Such aerial surveillance capability can be extremely useful during times of cloud cover when satellite imagery may be limited.  While UAV technology has reached a fairly mature state, it has not yet been used extensively in the Arctic.  Hence this opportunity would be focused on permitting of UAV use in the Arctic versus creating new technology.

			Exploration Drilling Platforms

			Offshore Arctic oil and gas exploration began in the Alaskan and Canadian Beaufort Sea almost 50 years ago beginning with the construction of artificial gravel islands in shallow Alaskan state waters during the late 1960s.  Similar activity took place in the shallow waters of the MacKenzie River delta in the Canadian Beaufort Sea in the early 1970s.  Both the U.S. and Canadian Arctic regions are considered herein due to their geographical proximity, the close similarity in the Arctic environments, and the commonality of the operating companies.

			This early exploration activity was responsible for significant advances in icebreaker design and the development of methods for conducting drilling-related marine operations in ice such as ice management to support station-keeping of a moored drill rig.  All of the icebreaking supply vessels designed and constructed for the Beaufort Sea in the 1980s are still in active service.

			Exploration activity in the farther offshore areas of the Alaskan Outer Continental Shelf regions began in the 1980s and continues to the present.6  Figure 6-4 shows the Alaskan offshore areas together with a tally of exploration wells that have been drilled therein.

			
				
					[image: ]
				

			

			Exploration wells have moved from shallow water to increasingly deeper water depths, and the technologies, using both fixed and floating structures, are described in Figure 6-5.
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			The original period of offshore Arctic exploration in Alaska and Canada saw rapid advancement in technology and experience.  It was a period of investment and innovation with respect to the Arctic sciences, Arctic design and construction, and other field activities.  These can be summarized as follows:

			•Major investment in the ice sciences through a large number of industry and government sponsored projects.

			•Large-scale ice imagery using synthetic aperture radar from fixed wing aircraft—prior to the widespread commercial access to satellite instruments.

			•The use of ice as an engineering material for floating roads, airstrips, drilling pads, and other structures.

			•Knowledge of ice loads on bottom-founded and floating structures through full-scale field measurements.  The observations and data acquisition from the Molikpaq and the Kulluk, in particular, remain the foundation for today’s engineering parameters for offshore Arctic operations.

			•Ice management to protect station-keeping vessels and operations in ice during different seasons and ice conditions.

			•Innovation in icebreaker design and construction.  All of the vessels constructed for the Beaufort Sea are working today and have provided direction for today’s ongoing technology developments for ice-class vessels.

			•The design and construction of bottom-founded structures for year-round deployment in a range of ice conditions from polar ice, seasonal first-year ice, and regions with iceberg incursions.

			Unique Aspects of Application in an Arctic Environment

			Drilling of exploration wells in the presence of mobile Arctic ice presents unique challenges compared to temperate regions.  The maximum forces or loads exerted on platforms by sea ice generally exceed those caused by wind and waves.  As a consequence, bottom-founded exploration rigs must be capable of withstanding significant loads in the event of ice interaction, or conversely, careful monitoring and operational measures must be taken to ensure that ice does not interact with the rig.  In the case of floating platforms, ice loads can easily exceed the capacity of the rig’s mooring system.  Hence, rigorous procedures are required to monitor and manage ice that approaches the drill rig.  The potential for unmanageable ice to cause an overload situation also means that floating rigs must have the ability to safely and quickly disconnect from the well/mooring system in order to avoid being pushed off station in an uncontrolled manner.

			The technical challenges in the offshore Arctic are primarily associated with ice monitoring and data acquisition, ice-class vessels, and station-keeping.  The Arctic marine environment is dominated by the influence of sea ice, which covers Alaskan Arctic OCS waters for the majority of the year.  Open water conditions occur in the late summer and early fall, which permits non-ice-class vessels to operate for limited periods of time.  Even during these periods of open water, the polar ice pack still lies relatively close to the north and can be carried by winds over a period of a few days into the open water areas.  Hence ice in the region requires constant monitoring.  Ice class vessels are an important component to ensure that all vessels can safely enter and exit the Arctic, to provide the capability to remain in the theater during periods of ice incursions, and to provide the capability to extend the operating season beyond the open water period.  Floating drilling vessels in the relatively shallow waters of the Alaska OCS will require a mooring system to maintain their position on station.  The majority of modern drillships use dynamic positioning for station-keeping in deeper waters.  There are only a few turret moored drillships that can operate in conditions that may include sea ice incursions, and even those cannot operate in significant concentrations of ice with large floes.

			History of Technology Development and Application in Arctic Conditions

			This history section is divided between discussion of bottom-founded structures and floating drilling rigs.  Bottom-founded structures rest on the seafloor and derive their resistance to ice and wave forces through the foundation resistance from the seafloor.  Examples would include man-made gravel islands, pile-supported steel jacket type structures, and large steel or concrete caissons (typically called gravity-based structures [GBS] because their large mass gives them on-bottom stability).  

			Floating drilling rigs derive their resistance to wind, wave, and ice loads through either a mooring system or by “dynamic positioning,” or DP, which uses computer controlled thrusters to maintain station over a fixed position on the seafloor.  Mooring systems can be either “spread moored,” which maintains the vessel in a fixed heading or, for some drillships, can be turret moored.  Turret mooring allows the vessel to rotate and to be orientated into the prevailing environmental conditions.  DP vessels usually cannot resist as much wave or ice loading as vessels that are moored to the seafloor, but they may have a more rapid disconnect capability.

			Design Codes and Standards

			Internationally accepted Arctic codes and standards are in place (or in a few cases being developed) for design and operation of platforms and vessels.  The most relevant codes and standards include the following:

			•The International Maritime Organization (IMO) MODU Code governs the construction and equipment of mobile offshore drilling units (MODUs).

			•The IMO Polar Code is in the process of being approved and is expected to come into force in early 2017.  This covers all shipping in polar waters, but it is not specific to Arctic drilling rigs.

			•For drilling rigs, Class Rules are the basic certification governing design and deployment of an Arctic class drilling rig.  An Arctic notation will be required for conditions with low temperatures and/or sea ice.  The International Association of Classification Societies (IACS) has recently published harmonized rules for Polar Class vessels.

			•The Oil Companies International Marine Forum document Offshore Vessel Operations in Ice and/or Severe Sub-Zero Temperatures provides guidance and cross comparison of class rules.

			•International Organization for Standardization (ISO) has published Standard 19906 for Arctic Offshore Structures—both fixed and floating.7	  This standard excludes MODUs (which are covered by ISO 19905 for non-Arctic conditions), but it does state that the procedures for assessing ice actions contained in the Standard are applicable to MODUs.

			•ISO TC67/SC8 is currently developing a new set of Standards for Arctic Operations including ice management, escape, evacuation and rescue, ice monitoring, and other activities.

			Bottom-Founded Exploration Drilling Structures

			Gravel island construction was used extensively in the 1980s for exploration in the Beaufort Sea to provide the foundations for a drilling rig and supporting facilities, with 17 wells drilled out to water depths of close to 15 meters using this technique.  

			Ice as an engineering material was also used to construct temporary islands to support drilling operations as shown for the Mars Spray Ice Island offshore Alaska and the Tarsiut Relief Spray Ice Island offshore Canada in Figures 6-6 and 6-7.   
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			The need to move exploration drilling into deeper waters led to the development of different substructure forms using caisson retained islands and then bottom-founded gravity-based structures.  Five different types of caisson retained islands and GBS exploration platforms have been deployed in the Beaufort Sea:

			•Tarsiut Caisson Retained Island (concrete caisson retained island)

			•Molikpaq Mobile Arctic Caisson (steel GBS type MODU)

			•Caisson Retained Island (steel caisson retained, sand-filled island)

			•Single Steel Drilling Caisson (SSDC, steel GBS MODU with later addition of steel substructure)

			•Concrete Island Drilling System (CIDS).

			The Tarsiut concrete caisson retained island was the first man-made structure deployed offshore in the Beaufort Sea.  This type of artificial island construction provided an economic extension of gravel island construction into deeper waters. 

			The Molikpaq steel GBS MODU was first deployed in the Canadian Beaufort Sea and was subsequently redeployed offshore Sakhalin Island as an early production facility and it continues to be in operation today.  The Molikpaq is the most important of these early exploration structures:

			•The structure was designed to resist interactions with both first-year and multi-year ice.

			•The structure experienced several encounters with major multi-year ice features in 1986.

			•A significant level of instrumentation was installed on the platform to measure ice loads.

			The Molikpaq currently remains as the most significant source of measured full-scale, multi-year ice loads on a structure, and the results from these events form the basis of the design ice load requirements contained in both API (American Petroleum Institute) and ISO standards for design of offshore platforms in ice.

			The steel caissons for the Caisson Retained Island are similar caisson structures as the Tarsiut Island except that the caissons were connected together to improve their stability when subjected to ice loads.   The SSDC is a large GBS-type MODU that was constructed from the midsection of a VLCC tanker (very large crude carrier).  The hull perimeter was strengthened to resist direct contact with ice loads.  The water depth range and the seabed stability requirements of the SSDC were subsequently enhanced with the addition of a new steel substructure called the MAT.  The combined structures are now referred to as the steel drilling caisson (SDC), and the system has been deployed both offshore Alaska and Canada.  The structure currently remains in storage in the Canadian Beaufort Sea but could be redeployed outside of the Beaufort Sea.

			The CIDS exploration structure is a concrete/steel hybrid GBS platform that was constructed in 1983 in Japan for exploration offshore Alaska.  The CIDS drilled three prospects offshore Alaska before activity in the Beaufort Sea slowed.  The CIDS structure was laid up in Alaska and then subsequently modified and redeployed in 2005 as a production facility offshore Sakhalin Island as part of the Sakhalin-l project.  It remains in operation today as the Orlan drilling and production facility.

			Floating Structures

			Offshore drilling in the North American Arctic using floating drilling units began in 1976, when Canadian Marine Drilling Ltd., a subsidiary of Dome Petroleum, brought a fleet of vessels into the Canadian Beaufort Sea by way of the Bering Strait and Point Barrow.  This fleet included three ice-reinforced, spread-moored drillships and a support fleet of four supply boats, along with a number of work and supply barges and a tugboat (Figures 6-8 and 6-9). 
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			 These vessels were designed to be overwintered in the Beaufort Sea, which allowed an early start in the following season as the drilling areas often had open water conditions several weeks before the approaches to the Beaufort Sea around Point Barrow, Alaska, opened.

			This equipment extended the ability to carry out exploratory drilling in water depths beyond the range of artificial islands and bottom-founded structures.  However, spread-moored drillships had their limitations for Beaufort Sea work as their mooring systems were not able to resist significant interaction with ice while drilling.  This was not a significant impediment during the open water season, but as freeze-up approached, this limitation was addressed by using ice-worthy support craft in ice-management roles so that ice loads on the moored vessels could be maintained within acceptable limits.

			A fourth drillship was added to the Canmar fleet and, in 1979, a unique icebreaking offshore vessel the Kigoriak (Figure 6-10) was added.  The Kigoriak incorporated many novel features that were designed to enhance the offshore operations and ice management capabilities in support of Arctic offshore drilling.
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			A second major player in the development and use of floating drilling units in Arctic waters was Gulf Oil Canada.  The company, through its subsidiary Beaudril, invested in a number of innovative purpose-designed and -built units including four icebreaking ships and a conical, ice-worthy drilling unit, the Kulluk. 

			The Kulluk (Figure 6-11) was designed to operate in early winter ice up to approximately 1.25 m thickness and did so successfully in the early 1980s.  However, with the downturn in Arctic drilling that followed the depression of oil prices in the 1980s, the unit was laid up in the Arctic for many years with only brief operational periods, until she was acquired by Shell and reactivated to support the Beaufort Sea-Chukchi Sea exploration program in the late 2000s.  The unit met an unfortunate end when she was seriously damaged on a tow out of the Arctic and was subsequently scrapped in China in 2014.
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			Current State of the Technology

			As described in the previous section, the technology for exploration drilling from artificial islands, fixed platforms, or floating rigs is well established.  However, the current inventory of exploration rigs is limited (e.g., Noble Discoverer, Stena DrillMax Ice) pending opportunities that would justify the investment in new equipment.  Most drilling contractors have new designs for Arctic-class drilling rigs of all types.  Enhancements to existing rigs and proposed new-build designs are in the areas of winterization, automation, design for ice loads, and station-keeping.

			The current state of practice is assumed to be represented by Arctic offshore activities in the recent years since 2000.  As in the previous section, the discussion is divided between bottom-founded and floating drilling platforms for exploration drilling.  

			Bottom-Founded Structures

			In recent years offshore Arctic and sub-Arctic exploration has moved further offshore into deeper waters, and the majority of exploration drilling has been conducted from floating rigs.  However, there have been two exploration drilling programs in the Beaufort Sea since 2000.  Both were conducted using the previously discussed bottom-founded structure referred to as the Steel Drilling Caisson/MAT:

			•2002/2003	Well: McCovey	Operator: Encana	Alaska

			•2005/2006	Well: Paktoa	Operator: Devon	Canada

			In the future, it is anticipated that exploration drilling in shallow water depths will continue to be conducted from bottom-founded structures.  These may include:

			•Artificial islands—either sand/gravel or temporary spray ice islands

			•Existing GBS exploration structures such as the steel drilling caisson

			•New purpose-built GBS exploration platforms

			•Self-elevating MODUs (commonly referred to as jack-up units because large jacks are used to push legs into the seafloor and then lift the drilling barge above the water surface).

			Due to their very high cost and lack of suitability for drilling outside of Arctic waters, future new-build mobile GBS exploration structures are unlikely to be constructed unless they are dedicated to a large, multi-well campaign in similar water depths or if they are also to be dedicated to appraisal drilling or development programs. 

			There are many offshore Arctic areas of potential exploration interest in relatively shallow water (<50 m), which may have a significant open water season (>12 weeks).  Consequently, there is increasing interest in using jack-up units for exploration during the open water season in several Arctic locations such as the Chukchi Sea, Pechora Sea, and also the Kara Sea.  Some jack-up rigs with moderate ice strengthening exist, but they are not intended for drilling in the presence of ice.  Designs of more ice-capable rigs have been developed within industry that provide protection for the drilling riser as well as strengthening of legs to withstand contact with some level of ice (an example of which is found in Noble et al.8).

			Floating Structures

			Recent Arctic or sub-Arctic exploration drilling from floating rigs includes the following exploration areas:

			•Chukchi Sea/Beaufort Sea (Shell)

			•West Greenland (Cairn Energy)

			•Flemish Pass Newfoundland (Statoil)

			•Norwegian Barents Sea (Statoil)

			•South Kara Sea (ExxonMobil)

			Chukchi Sea/Beaufort Sea.  During the 2012 exploration drilling season, Shell initiated drilling at the Burger Prospect in the Chukchi Sea and the Sivulliq prospect in the Beaufort Sea.  Shell submitted revisions to its previously approved Plan of Exploration in November 2013 to the Department of Interior for continued exploration in the Chukchi Sea.  Shell plans to complete the drilling of exploration wells at the Burger Prospect over a number of drilling seasons.

			West Greenland.  The government of Greenland first granted offshore licenses for petroleum exploration in the 1970s and to date 14 exploration wells have been drilled offshore Greenland. 

			The offshore waters of western Greenland are sub-Arctic with large periods of open water in the summer and fall months.  However, large icebergs are calved in the fjords of Disko Bay and other locations, and the protection of a drilling vessel from iceberg encroachment is the primary challenge.  Iceberg management is employed to identify, monitor, and ultimately to tow icebergs away from a potential encounter with station-keeping vessels.  Very large icebergs in the range of 5 million tons have been successfully towed or diverted.

			Nine wells have been drilled since 2000 using either a drillship or a semi-submersible rig.  These were harsh environment, but non-ice-strengthened, rigs with drilling conducted in open water conditions, free of sea ice.  Iceberg management used a strategy of either iceberg towing, or rig disconnect, to avoid contact with icebergs.

			Offshore Newfoundland.  Offshore Newfoundland is a sub-Arctic environment exposed to some seasonal sea ice and also significant icebergs incursions during the spring and summer months.  Exploration in the shallow water conditions in the Jeanne d’Arc Basin on the Grand Banks has been conducted from anchored semi-submersible rigs suitable for harsh environments.  Exploration drilling in deeper waters (1,000-2,500 m) is undertaken safely year-round using modern, winterized dynamically positioned rigs (drillships and semi-submersible rigs) suitable for deepwater.  Three wells have been drilled safely in the Orphan Basin (~2,500 m water depth), and seven wells have been drilled safely in the Flemish Pass Basin (~1,000 m water depth). 

			From May to July, icebergs driven by the Labrador Current are transported from Greenland, toward Jeanne d’Arc Basin and inboard areas.  Ice management is conducted to manage operational risk by detecting ice and avoiding contact with drilling and production installations. Iceberg management has been practiced successfully for the past 30 to 40 years using established industry capability.  Iceberg detection is by aircraft surveillance, radar, and satellite technologies, with management using dedicated supply vessels for physical towing or redirection.

			Norwegian Barents Sea.  The Norwegian Barents Sea is within the Arctic Circle, although the great majority of the area is free of sea ice year-round due to the influence of the Gulf Stream.  The Barents Sea South was opened up for exploration in 1980, and to date, 112 wells have been drilled, with a high percentage of discoveries, but only a few of them deemed commercial to date.  In 2013, new acreage was opened following the agreement of border delineation between Russia and Norway.  Exploration in the Barents Sea South is carried out using harsh environment semi-submersible rigs, with all-year drilling taking place in most parts.  There is the possibility for encountering sea ice in some years, and icebergs can be present.  The most northern licenses in the Hoop area were safely and successfully drilled in summer 2014, with winterized semisubmersible rigs and with the availability of capping stacks and the provision for relief drilling if required.  Ice management was applied to monitor and mitigate risk from ice and icebergs in the area.  Under the current framework for Barents SE, drilling into hydrocarbon bearing formations is not permitted within 50 km of the mobile ice edge for some months of the year.

			South Kara Sea.  The Rosneft-ExxonMobil Joint Venture has drilled an exploration well at the Universitetskaya structure in the South Kara Sea that began in August and ended in October 2014.  The well was drilled in open water in about 80 meter water depth using a conventional, winterized, moored semi-submersible rig, the West Alpha.  The West Alpha rig was towed from Norway through the Barents Sea and Kara Gate to the drill site.  With the exception of scattered small icebergs, ice in the South Kara Sea completely disappears in the summer and does not return until freeze-up, which usually occurs in mid-to-late October.  The Rosneft-ExxonMobil drilling program incorporated an “ice defense” program that used satellite and airborne imagery, along with enhanced marine radar, to detect any floating ice in the area so that support vessels could deflect or tow it away from a preset ice exclusion zone around the rig.  The West Alpha rig completed operations and was towed back to the North Sea prior to the return of sea ice to the South Kara Sea.

			Prudent Development Context

			It is well understood within industry and the general public that exploration drilling systems include many components that must perform reliably to insure crew safety and protection of the environment from a potential release of hydrocarbons.  Hence, prudent development requires a high level of performance for the drilling platform and supporting operations.  Exploration drilling platforms deployed in the Arctic may range from existing harsh-environment rigs to purpose-constructed Arctic platforms capable of year-round operations.  Prudent development requires that the type of rig deployed operates only within the design environmental conditions and that sufficient ice monitoring and ice defense capabilities are also deployed to ensure that all operations are conducted in a safe manner.  Ice management is discussed in detail in the “Ice Management” section later in this chapter, and the potential for interactions of ice management operations with ice-dependent species is highlighted in that section’s “Prudent Development Context” discussion.  

			Finally, the cost of a new, purpose-built Arctic exploration drilling rig (bottom-founded or floating) could exceed $1.5 to 2 billion.  This represents a significant capital expenditure for a rig that may not be readily deployable to temperate theaters if sufficient prospects are not found in the Arctic to keep such a rig gainfully employed.  Such rigs are unlikely to be developed for those regions where operations are limited to open water only.  Hence, prudent development will most likely be constrained by the need for early, large discoveries in those areas with sufficient open water season to use available exploration rigs (e.g., drillships or jack-up rigs).  Such discoveries would be needed to confirm the incentive for designing and constructing new purpose-built, high-capability Arctic rigs for more challenging environments.

			Recent and Ongoing Research

			The preponderance of research on Arctic exploration drilling is focused on season extension and addresses station-keeping and ice management.  Ice management and station-keeping for floating drilling platforms are discussed in later sections of this chapter.

			Recent Arctic drilling activities have included scientific coring programs, sometimes in high latitude locations within the polar ice pack.  These programs were relatively shallow coring programs that did not enter hydrocarbon zones.  However, these programs have been conducted in challenging ice conditions and provide good field experience with respect to station-keeping in ice.  These programs include:

			•2004 ACEX Program—Lomonosov Ridge

			•2008 Northeast Greenland

			•2012 Northwest Greenland

			ACEX 2004.  The Arctic Coring Expedition (ACEX) was an Integrated Ocean Drilling Program conducted by the European Consortium for Ocean Research Drilling and the Swedish Polar Research Secretariat in 2004.  This was a science drilling program of the seafloor to study environmental changes, deep biosphere, geophysics, and geodynamics of the earth.  The drill site was located on an elevated topographical feature of the seafloor, the Lomonosov Ridge, at a point only 250 km from the North Pole. 

			ACEX was a major logistical challenge for a science expedition as the coring vessel was required to station-keep in a fixed location while in mobile polar pack ice very near to the North Pole, similar to an offshore drilling program.  This required two polar class icebreakers, the Swedish icebreaker Oden and the Russian Sovietskiy Soyuz, to act as ice management vessels to protect the drilling vessel, the Vidar Viking.  The operation is shown in Figure 6-12.  The Vidar Viking is an ice-class anchor handling vessel that was specially converted for the drilling task.  The science drilling program was successfully completed and demonstrated the capability for drilling in heavy ice with a very capable ice management system.
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			Northeast Greenland 2008.  The 2008 Northeast Greenland Stratigraphic Coring Project was the second multi-icebreaker Arctic coring project.  Statoil acted as operator on behalf of the Kanumas group, consisting of BP, Chevron, ExxonMobil, JOGMEC, Shell, Statoil, and Nunaoil.  Two of the vessels used in ACEX 2004 were deployed, the Vidar Viking was again used as the drillship and the polar class supporting icebreaker was the Oden.  An aerial view of the ice management operation at one drill site is shown in Figure 6-13.  Nine boreholes were drilled in 28 days, penetrating a total of 731 meters.  The Vidar Viking operated in a dynamic positioning mode with some manual intervention.  The project was very successful and demonstrated that this type of operation can be safely undertaken with the appropriate risk assessment and mitigations using vessels of appropriate ice breaking capability, mastered by experienced officers, and supported by skilled ice management staff.
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			Northwest Greenland 2012.  During 2012 Cairn participated in a joint regional and shallow (up to 800 meters depth below mudline) borehole drilling program in Baffin Bay, operated by Shell on behalf of an industry consortium that includes ConocoPhillips, GdF, Nunaoil, Maersk, and Statoil.  This extensive core gathering program completed eleven boreholes and for the first time established a stratigraphy for the Baffin Bay Basin.

			Potential Technology Enhancements

			Significant technology development has occurred in the design of bottom-founded and floating ice-class rigs and supporting ice-class vessels since the 1980s.  As discussed above, the full deployment of these technologies requires a critical mass of Arctic exploration opportunities and an operating framework that will justify the future investment.  Construction of new rigs is principally the responsibility of industry to progress at a pace consistent with the identified incentives.  These are platforms for which the basic technology needed to construct them exists, but it is anticipated that improvements will derive from the process of designing new rigs.  These would include:

			•Bottom-founded MODUs for shallow water exploration

			•Floating rigs for exploration drilling in moderate/deeper water depths including sea ice incursions.

			Supporting technologies that will help enhance the capabilities of these rigs include the following.  Some represent research or design/development opportunities, some are more appropriate for industry investment, and some would serve to inform key policy issues.

			•Further full-scale field measurements of ice loads on floating structures under different ice conditions are required to advance safety and efficient station-keeping operations in ice

			•Higher-capacity mooring systems with commensurate quick disconnect/reconnect capability for effective station-keeping in heavier ice conditions

			•Technologies to support new purpose-built Arctic class drillships or other specialized drilling vessels that will increase the operability window for Arctic exploration drilling (e.g., automation, winterization) 

			•Enhanced positioning capability at high latitudes (geomagnetic reference field) is important for drilling activities.

			Not included in the above are exploration drilling-related technologies under the following headings:  data acquisition; ice management; oil spill response; escape, evacuation, and rescue (EER); ice monitoring and forecasting; aviation; and infrastructure.  All of these are captured in other sections and chapters.

			Ice Management

			Keeping operations safe around or in ice is the domain of ice management.  Ice management refers to a range of marine activities used to mitigate the impacts of sea ice or icebergs on (primarily) floating exploration or production operations.  The key elements of all ice management systems include: (1) ice and weather forecasting, detection, and monitoring; (2) an ice threat evaluation and ice alert system consistent with the objectives and risk of the operation; and (3) support vessel(s) conducting physical ice management by breaking, pushing, washing, or towing or providing ice reconnaissance.  Ice management can range from simply tracking ice features in the area of operations in order to inform ice avoidance decisions, to deflecting or towing ice features away from an operation, to using icebreakers to continuously break large sea ice floes into smaller fragments in order to mitigate loads on a station-keeping vessel.  Key to any ice management program is a common operational picture (COP) or dedicated situational awareness system to support the complex data acquisition, interpretation, and display needs and the need for optimized command and control of a multi-vessel fleet.  Figure 6-14 provides a schematic representation of the elements of an integrated ice management program.
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			While there are many potential roles for ice management in providing protection from ice interaction, the primary role of interest to this study is the reduction of ice-induced loads to facilitate station-keeping by floating vessels.  The station-keeping vessel(s) could be a drilling rig, a tanker engaged in offshore oil loading operation, a maintenance or repair vessel, or an emergency response vessel.  In some cases, the protected rig could be a bottom-founded drilling platform or even a jack-up rig.  Ice management allows these operations to be safely conducted during periods when there is potential for vessel interaction with sea ice or icebergs.  Hence, it is a key enabling technology because it prevents or reduces ice-induced interruptions and provides the opportunity to extend drilling or other key floating operations into the ice season.  Under the current Arctic ice climatology, there is no threat of icebergs in the U.S. offshore Arctic, so the focus of this chapter is on ice management to mitigate the effects of sea ice.  While ice islands would be detected by the monitoring program of an ice management system, they are unlikely to be breakable by vessels.

			Unique Aspects of Application in an Arctic Environment

			The U.S. offshore Arctic environment is characterized by mobile sea ice during 9+ months of the year.  Depending on the length of the open water season in a given location, many marine-based exploration operations, and some development operations, can take place when ice is not present.  When floating operations that involve station-keeping are conducted in the ice season, some form of supporting ice management is typically required.  This is because floating vessels, whether they are moored to the seafloor or dynamically positioned, have a finite ability to resist the loads imparted by moving ice.  The degree to which such vessels can safely withstand ice interactions varies with ice conditions and the vessel’s ice worthiness and station-keeping capacity, but owing to the practical limitations of mooring systems, all floating systems are vulnerable to being pushed off station by some measure of unmanaged sea ice or large icebergs.  

			The sea ice conditions under which ice management can take place represent a continuum that depends on the time of year and the local ice condition, which correlates generally with latitude in the U.S. Arctic.  The difficulty of conducting successful ice management operations correlates with ice conditions and can range from near trivial to quite challenging.  First-year ice conditions range from very thin newly formed ice during early freeze-up (October-November) to greater than 1.5 meters of ice near the end of winter (March-April), followed by rotten, melting ice in the late summer months (July-August).  Ridging and rafting of ice sheets during the winter can thicken the pack in localized areas.  The U.S. Arctic polar pack often carries multi-year ice floes or fragments of floes with level ice thicknesses that exceed 3 to 4 meters.  Unless this multi-year ice is very rotten near the end of the summer melt season, it presents a more significant challenge to ice management due to the difficulty for icebreakers to efficiently break it into smaller floes.  Hence, ice management to support extended season exploration drilling can vary in complexity depending on the length of the extension.  Winter season ice management to support offloading to tankers must deal with more challenging ice; however, the station-keeping time intervals are much shorter and positional tolerances are much higher than for drilling operations.

			COP systems are used in offshore Arctic marine operations to facilitate common situational awareness and decision-making.  Specific Arctic challenges motivating the use of a COP include the complexity and remoteness of the operations that include many geographically distributed parties and stakeholders, dynamic ice environments, and challenging weather conditions with limited visibility.  The need for COP systems is not limited to ice management, as it is a routine component of many complex marine operations and oil spill response. 

			History of Technology Development and Application in Arctic Conditions

			Offshore exploration and production operations requiring ice management have been successfully conducted since 1976 in Canadian, U.S., Russian, and Greenland waters and in the North Caspian Sea.  Dome Petroleum and Gulf Canada Resources Ltd. used ice management to extend the drilling season for exploration wells in the Canadian Beaufort between 1976 and 1993.  Both fixed-heading, spread-moored drillships (the Canmar drillships) and an axisymmetric floating drilling barge (Beaudril’s Kulluk) operated with up to four icebreakers providing ice management both during summer season ice invasions and during the “shoulders” of the summer open water season as thoroughly described by Timco and Frederking.9  In all, 51 wells were drilled using the Canmar ice-strengthened drillships or the Kulluk drilling rig with the aid of effective ice management programs.  With the support of ice management, the very ice capable Kulluk was able to drill in the presence of high concentrations of pack ice as early as June in the summer and into December during the freeze-up period.10  The drillships, which were spread moored and unable to weather-vane into the ice-drift direction, were able on a few occasions to stay on station and drill into the October-November thin-ice season.  During these campaigns, good records were kept of ice conditions and the corresponding vessel alert status.  

			The recently retired Kulluk was the only floating exploration drilling rig designed to operate in harsh ice conditions.  The vessel had a circular hull shape, with a downward-breaking conical hull and mooring system capable of resisting about 100 tons of ice load.  It was designed to resist the loads from interaction with unbroken level ice up to 1.2 meters thick.11  In some deployments, the Kulluk’s mooring loads were measured, and those load measurements are still being used by researchers to calibrate numerical and test basin measurements of managed ice loads on floating vessels.

			In recent years, floating drilling operations have been conducted in primarily open water with the support of ice management to track nearby sea ice or icebergs and prevent ice contact with the drilling rigs.  Such operations (as documented in the “Exploration Drilling Platforms” section earlier) were conducted by Shell in the U.S. Beaufort and Chukchi Seas in 2012, by Cairn in the iceberg environment off the west coast of Greenland in 2009-2012, by Statoil and others in the Grand Banks and Flemish Pass, and by ExxonMobil and Rosneft in the Kara Sea in 2014.  While these programs all avoided ice contact with the drilling rigs, they did involve extensive use of ice management system technologies to successfully avoid ice interaction and/or emergency disconnection.

			Experience with non-drilling-related ice management operations has been gained through several projects that involved tanker loading and construction in ice.  The Sakhalin Energy Investment Company used risk-based ice management operations offshore Sakhalin Island in the 1990s and early 2000s to extend oil offloading operations into the new ice growth season in November-December at the single anchor leg mooring system (SALM) buoy connected to the Molikpaq platform.  They also conducted a pioneering operation in the spring of 1999 wherein the dynamically positioned work vessel, the CSO Constructor, was successfully used to conduct under-water diver-based construction activities in dynamic, fairly thick first-year ice with the assistance of ice management.12

			Ice management is currently being used to facilitate two offshore tanker hook-up and loading operations in the Russian Arctic: Lukoil’s Varandey offshore oil loading terminal in the Pechora Sea and Gazprom’s tanker offloading operations from the Prirazlomnoye platform, also in the Pechora Sea.

			COP technology has been used in historical operations, including early Beaufort Sea exploration activities, the ACEX, and Grand Banks exploration and production operations.  These historical operations used COP technology to support ice management activities, including tracking and forecasting of hazardous ice conditions relative to alert zones around the ongoing operation.  Several commercial COP products are identified in a review of the marketplace by Tiffen et al.,13 and it is noted that proprietary tools have also been used in recent Arctic operations.  Moreover, considerable development activity is occurring for COP systems for management of other multi-vessel marine operations.  In particular, recent recommendations stemming from the Macondo incident have stimulated development efforts for COP technology targeted at oil spill response.  The general functionality of a modern Arctic COP includes the capability to process, store, display, and share common GIS formats that can include ice data, weather data, satellite imagery, and vessel and aircraft position data.  Taken in context of the required functionality, a review of recent and ongoing activity suggests industry efforts are targeted at assembly, customization, or enhancement of existing technology rather than development of new technology.  

			Current State of the Technology

			Ice management is a proven technology for assisting station-keeping in a mobile ice environment.  It is currently being used to support Arctic floating exploration drilling operations in the open water season.  It was used extensively to support exploration floating drilling in ice from the 1970s through the early 1990s.  These programs demonstrated the effective use of ice management to support floating drilling with the Kulluk rig and Canmar drillships during the late summer and early winter “shoulder” ice seasons.  Ice management has not been used since then in support of hydrocarbon drilling by a rig in contact with ice.  This is largely due to cost, operating framework restrictions, and limited availability of ice resistant drilling rigs.  The components needed to conduct an ice management operation, from ice surveillance and data processing to very maneuverable icebreakers, have advanced considerably since the early 1990s and have been demonstrated to a large extent by recent programs that are discussed later.  

			Depending on the season and location, the demands on an ice management operation in terms of intensity and criticality for drilling operation reliability can vary from relatively routine to quite challenging.  Current ice management capability has been demonstrated to be adequate to support extended season exploration drilling operations during a mid-season pack ice invasion or during several weeks into both shoulders of the open water season.  However, the combination of ice management and ice-capable floating rigs has not advanced to the state required to allow economic, year-round floating drilling of development wells.

			Ice management capability to support offshore tanker loading operations is much less demanding than for drilling because the time required to remain connected is short, the need for precise position control during the station-keeping operation is less, and tanker disconnection/reconnection operations can be accomplished quickly and with comparative ease.  As mentioned earlier, risk-based ice management was successfully used to support seasonal tanker export of oil by the Sakhalin-2 project prior to installation of permanent export subsea pipelines.

			COP technology is essential to control a complex ice management program.  This need is being adequately served by the marketplace, wherein multiple systems are available and are being actively enhanced to serve industry needs.

			Prudent Development Context

			Ice management operations typically require the support of multiple icebreaking vessels, which are costly to build and operate.  Use of ice management can generate a significant cost premium for operations in the Arctic that would not be incurred in temperate environments.  However, ice management can enhance prudent development by enabling extended season operations, which reduce the number of operating seasons and increase exploration commercial feasibility.

			Ice management operations are used to allow station-keeping and facilitate safe operations in ice for both exploration (e.g., drilling) and production (e.g., offloading).  In addition, ice management could have a role in facilitating emergency response activities during extended season operations.  Hence, ice management technology can play an important role in health, safety, and environmental (HSE) management throughout the E&D lifecycle.  

			Ice management operations conducted during times of significant ice coverage necessarily involve the breaking of sea ice into smaller floe sizes and the creation of numerous channels in the wake of the ice management icebreakers.  Such channels refreeze in a matter of hours in the winter, but may remain filled with broken ice during the summer season.  Depending on the season and the location of the operations, consideration must be given to the potential impact of ice management operations on usage of the ice by marine mammals in the area.  This requires understanding of the specific nature of any marine mammal usage in the local area of icebreaking activities.  There have been no documented incidents wherein historical ice management operations have impacted marine mammals.

			Another prudent development consideration is air emissions.  Ice management requires multiple marine vessels operating in an area, and depending on fuel type, they are potential sources of air emissions.

			Recent and Ongoing Research Activities 

			Considerable research has been conducted over the past decade on the topic of ice management.  This research is driven by renewed industry interest in the use of floating drilling platforms for exploration drilling in the Arctic along with the desire to understand the economics of floating development well drilling in water depths beyond the reach of bottom-founded structures.  The ice management research generally falls into categories of (1) ice management tactics and floating structure performance in managed ice and (2) improvement of supporting technologies (e.g., ice monitoring and forecasting) for ice management operations.  

			Several research projects have focused on prediction of managed ice loads on floating vessels (for example, see Petroleum Research Newfoundland & Labrador14).  Much of this research has been driven by considerations for design of dynamically positioned vessels for exploration drilling in the presence of ice.  Several researchers have reported on use of numerical simulation to study ice management tactics as a means to test system reliability and inform future field implementation (for example, see Hamilton et al.15).  Many have reported on floating drilling concept designs and disconnection capabilities for vessels drilling in a managed ice scenario (for example, see Løset et al.16 and Kokkinis et al.17).  Some have examined the question of how to achieve ISO standards for offshore structure reliability performance targets with systems that rely on active ice management to mitigate loads (for example, see Eik and Gumestad18).

			ExxonMobil and Statoil have conducted full-scale field trials of ice management operations using modern icebreakers operating in challenging ice environments.  ExxonMobil’s 2009 field trials (pictured in Figure 6-15) were conducted in largely second-year ice in the Fram Strait using the icebreakers Oden and Fennica as reported by Maddock et al.19  Icebreaker performance characteristics were measured along with corresponding local ice thickness profiles to develop vessel performance models for use in ice management simulation.  
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			Statoil performed similar trials in 2012 and 2013 using the icebreaker Oden in challenging ice conditions off of the northeast coast of Greenland.20  The 2005 Arctic Coring Expedition project (described in the “Exploration Drilling Platforms” section earlier in this chapter), which involved drilling geotechnical sample borings in ~1,500 m water depth near the North Pole,21 was a successful full-scale demonstration of modern ice management techniques in Arctic pack ice.

			Considerable research is/has been conducted on technologies that support ice management, such as instruments for ice measurement and monitoring and ice drift forecasting methods.  A good example of recent work on ice measurement instruments is discussed in Garas et al., who describe potential use of multiband airborne synthetic aperture radar for wide-swath ice thickness measurements.22  Research of this type is documented in Chapter 5 of this report, which deals with characterization of the ice environment.  Blunt et al. describes recent advances in ice drift forecasting methodology for support of ice management operations.23

			Technology/Capability Enhancement Opportunities

			While ice management operations were successfully employed to support past floating exploration drilling activities in ice, it has been more than 20 years since the industry has conducted hydrocarbon drilling using a floating vessel that is in contact with ice and relies on active ice breaking to keep station.  Hence, there are opportunities to integrate more modern technology components (ice surveillance, data processing, computer-based COP, better vessels, etc.) into the ice management toolkit.  Industry has been working toward this end for about a decade commensurate with the resurgence of interest in the Arctic, and many enhanced ice management technology components have been used to support recent open water drilling campaigns in the U.S. Arctic and the Kara Sea.  The desire to safely extend the operational window for floating drilling further into the ice season will continue to provide opportunity for advancement of ice management technology to improve performance in more severe ice conditions.  

			Since all of the component technologies needed to execute and control ice management exist, perhaps the most important research opportunity would be policy-oriented studies focused on understanding and mitigating potential impacts of ice management on ice-dependent species.  This would involve studies to develop a detailed characterization of marine mammal use of OCS sea ice to understand potential impact of localized ice management operations.  Such studies could include development of advanced means for monitoring animal presence in very specific areas representative of those surrounding a drilling operation.

			Also important for maximizing extended season for operations (beyond what has already been demonstrated for the June to early December shoulder seasons) would be field demonstration tests to define the maximum severity level of ice conditions under which modern ice management technology can reliably operate.  Such demonstration tests would exercise to the fullest possible extent all of the key components of an ice management program suitable for floating drilling station-keeping in pack ice.  Such demonstration tests would be very valuable in answering stakeholder and regulatory questions regarding the level of ice conditions under which such operations can be reliability conducted along with providing important data related to the above issue of how such operations interact with the environment.  Hence, such demonstration tests should be conducted in collaboration with key regulatory and stakeholder technical representatives.

			An additional technology enhancement opportunity involves ice management component technologies that could be enhanced to support operations in increasing severity of ice conditions.  The first four of these related to characterization of the ice environment and are discussed in Chapter 5, but repeated here to emphasize their importance to ice management.  There is always opportunity for more and improved icebreakers designed specifically for optimum performance in ice management operations.  However, this is more of an industry investment need versus a research need.

			•Improved airborne ice surveillance instrumentation for broad-area ice thickness measurement and identification of potentially difficult or hazardous ice

			•Improved ice drift monitoring and forecasting to aid the command and control of operations and reduce operating conservatism (e.g., improved multi-day weather forecasting methods and ice drift models)

			•Availability of satellite ice surveillance imagery at more reliable and more frequent revisit intervals, (e.g., a U.S. public synthetic aperture satellite imagery source)

			•Arctic COP is an area believed to be adequately supported by the commercial marketplace.  In line with ongoing oil spill efforts, the industry should consider potential benefits from establishment of uniform practices or standards.  Finally, Arctic COPs must be supported by a communication system.  Potential enhancements to communications in the U.S. Arctic are considered elsewhere.

			•Enhanced ship-based ice reconnaissance capability to allow better feature resolution and tracking in poor visibility conditions and also allow discrimination of multi-year and first-year ice (e.g., enhanced marine radar or ice imaging technology).

			Development Drilling and Production Platforms

			Development drilling and production platforms provide for year-round drilling and processing of produced hydrocarbons in the Arctic environment.  Drilling and production functionality can be provided on a single integrated platform or the functions split and provided on separate platforms.  For development drilling, the platform plays host to the producing wells and provides the specialized support for drilling and completion activities while protecting the wells from the physical environment.  For production, the platform supports and protects the equipment to process the produced fluids and gas to desired specifications (e.g., export, reinjection, discharge, or use for platform power generation).  Bottom-founded platform types are most suited to the offshore conditions of the Alaskan shelf.  Structures of this type include man-made islands and gravity based structures.  Man-made islands are suitable out to 15 to 20 m water depth, depending upon location, and require a nearby source of sand or gravel material.  Gravity-based structures (GBS) are suitable in deeper water depths and could be constructed from either steel or concrete or both and are usually constructed remotely from the field location and towed to position.  Platform size is a function of water depth, ice conditions, soil strength and desired drilling, and production functionality.  The platform would be designed using established design codes to withstand loads and effects from moving ice during the ice-covered portion of the year and wave and current loads and effects during the open water season.

			Unique Aspects of Application in an Arctic Environment

			The technology for bottom-founded platforms is well established, with numerous examples in both the oil and gas and civil sectors around the world.  Sea ice and cold temperatures are the unique aspects when bottom-founded platforms are used in an Arctic environment.  Sea ice typically presents the dominant load that needs to be resisted for stability and structural design.  Cold temperatures drive the need for winterization and special material specifications. 

			Man-made islands are best for shallow water depth, while GBS become viable when water depth provides sufficient float-in draft.  Floating systems are required beyond the feasible upper bound water depth range of GBS (70 to 120 m depending on ice and soil conditions) but are beyond the water depth range of the study focus area.  As discussed in the earlier section on exploration drilling platforms, key challenges of floating platforms are the loading capacity of existing mooring systems and cost.

			Ice Loads.  Sea ice is often not stationary, but moving.  Moving sea ice creates lateral and overturning loads that must be resisted by a fixed platform.  An offshore structure has to be capable of breaking the incoming ice while remaining stable.  Forces exerted on the structure by ice interaction should not cause damage to the structure in this process.  Design for serviceability should allow for continuous operations on an island surface or platform topside during these interactions.

			The principal design ice feature for nearshore structures in the Beaufort and Chukchi Seas will be first-year ice ridges and level ice.  Ice ride-up and pile-up are potential hazards to people and equipment on the island working surface.  The potential for ice damage to island slope protection also needs to be considered (as well as erosional forces from waves and currents during the open water period).

			Multi-year ice floe and ridges will be the principal design ice feature for structures in the >15 to 20 m water depth range.  Crushing or compressive loads will generally govern the design of vertical-sided GBS. Sloping sided GBS will predominately produce bending failure of the ice.  Ice loads from bending failure are lower than those from crushing and therefore loads will be lower on a slope-sided GBS than for a vertical sided structure for the same ice feature.  Ice buildup and clearing is also important.  Other considerations are ride-up, abrasion, current scour at the structure base, and accumulation of ice on topside components.  Finally, in addition to sea ice, the risk of ice islands and fragments needs to be considered in design.

			Winterization.  Topsides functionality would include facilities for oil and gas processing, utilities including power and living quarters, and drilling rig(s).  This functionality is similar to any oil and gas installation, regardless of location.  Arctic specific requirements are associated with winterization and human factor engineering.  A key implication resulting from the need for winterization is heavier and more costly topsides relative to temperate and tropical climates for the same functionality.

			Materials. The extremely low ambient temperature down to -50 degree Celsius requires special consideration for construction materials, most likely steel and concrete.  Steels need to be carefully specified to ensure that brittle fracture is avoided.  Ice abrasion is also of concern for concrete areas exposed to moving ice.

			Design Drivers.  Key aspects driving Arctic platform type and design are water depth, ice loads, and soil strength.  Also important are well count, topsides payload, consumables storage, oil storage if tanker offtake, and metocean conditions.  Other considerations include tow/float-in draft for a fixed platform (GBS) and wave and current effects for man-made islands.  Construction and installation considerations depend on platform type and include proximity to construction materials (sand or gravel) for man-made islands, suitable fabrication yards for GBS construction, and availability of installation and construction equipment.  Lastly, concept selection needs to address HSE considerations, including personnel safety, human factors design, health and environmental issues including marine sound, liquid and solids discharge, and air emissions.

			History of Technology Development and Application in Arctic Conditions

			The industry has 50 years of experience with the use of fixed platforms in mobile sea ice environments starting with the installation of Cook Inlet platforms in 1964.  Major civil marine structures have also been built to resist ice forces using the same methods. Some of the most notable (and highly instrumented and studied) are the Baltic Sea lighthouses and the Confederation Bridge piers between Prince Edward Island and New Brunswick.  Modern design practice with respect to external loads and stability of Arctic offshore structures is codified in the ISO 19906 international design standard released in 2010.24  A brief summation of this experience follows.

			Man-made island experience in the Arctic goes back to the late 1960s and includes both exploration and production islands.  Recent examples include the producing islands in the U.S. Beaufort Sea: Endicott, Northstar, Nikaitchuq, and Oooguruk.  Man-made islands are also used in the Kashagan development in the North Caspian Sea, which is sub-Arctic but experiences mobile sea ice some 5 months of the year.

			As described in the “Exploration Drilling Platforms” section, Arctic GBS experience goes back to the 1980s with the SSDC, CIDs and Molikpaq.  All of these platforms were used in the U.S. and Canadian Beaufort Seas.  Additionally, the SSDC and Molikpaq were instrumented with pressure panels and strain gauges that have contributed to improve understanding of ice loads and contributed to ISO 19906.  

			Recent GBS examples include:

			•Arctic: Prirazlomnaya platform

			•Sub-Arctic: Sakhalin-2, Lunskoye-A, Piltun-Astokhskoye-A (Molikpaq), Piltun-Astokhskoye-B platforms, and Sakhalin-1 Orlan platforms; and Berkut platform recently installed in the Sakhalin-1 Arkutun Dagi field

			•Iceberg: Hibernia GBS platform and the Hebron GBS platform under construction for offshore Newfoundland. 

			Monolithic concepts like Orlan, Molikpaq, and Prirazlomnaya, or GBS concepts optimized for design loads (e.g., conical shaped) are most likely candidates to accommodate multi-year ice loads.  Steel jacket structures as used in Cook Inlet and Bohai Bay, China, are not considered feasible for the U.S. Arctic due to insufficient resistance to withstand global ice loads resulting from interaction with multi-year ice. 

			Examples of the different structure types are shown in Figures 6-16 and 6-17. 

			
				
					[image: ]
				

			

			Current State of the Technology

			Design Standards.  The most important standard for Arctic offshore structures is ISO 19906. This standard, issued December 2010, codifies established practice based on input from leading experts across industry, contractors, government agencies, and academia.  ISO 19906 has been broadly adopted by the Arctic states as the national standard.  Numerous supporting standards from ISO, ABS, DNV, IMO, NORSOK, etc., complement and support ISO 19906.  The U.S. Arctic will likely involve the first installation of a permanent structure in a multi-year ice environment.  ISO 19906 has design methodology for structures in multi-year ice that is based on actual load measurements from the extensively instrumented Molikpaq mobile exploration drilling GBS, which experienced significant multi-year ice loads in the Beaufort Sea during the 1980s.

			Winterization.  Design for winterization is well established.  Design features include heating or insulation of working and machinery spaces, tanks or compartments containing liquids (ballast, firewater, potable water), and possibly process-related equipment for flow assurance.  Winterization requirements are also important for HVAC (heating, ventilation, and air conditioning) air intakes to accommodate snow accumulation.

			Materials.  Both steel and concrete are feasible construction materials.  The extremely low ambient temperature, down to -50 degree Celsius, does introduce additional requirements for the steel qualities to be used, but this can be accommodated with existing steel grades.  For concrete, the existing “standard” offshore quality (grades B55 or B60) is documented to have acceptable performance in the low temperature. 

			Construction, Transport, Installation.  Alaska construction of GBS-type platforms has so far not been considered practical due the unavailability of local fabrication yards and locations having suitable water depth for construction.  A main differentiator between a concrete and steel GBS would be that the steel version most likely will require some additional solid ballast to obtain sufficient on-bottom weight to be able to resist the ice load.

			Towing a platform (substructure only or complete platform) is an established practice.  A number of complete GBS platforms, the majority being multi-legged with topsides installed, have been wet-towed to final location and installed.  (GBS construction and towing examples are shown in Figure 6-18.)  A challenge foreseen for Alaska is the limited ice-free season, which will require good operational logistics management to enable completion of all operations including installation of ballast and scour protection within the available installation period.  The wet-towing distance from a potential construction site in Asia to the Beaufort and Chukchi Seas is relatively long, but feasible.  Shallow water along the towing route in the Bering Sea must be considered, depending on the tow draft of the GBS.
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			Offshore (or very often nearshore) mating of topsides and substructure is the preferred method because this will reduce the activities at the final location significantly.  However, if there is no deepwater area available allowing a mating, an offshore float-over at the final location, as was performed for the last three Sakhalin platforms, is feasible.

			Decommissioning.  The basic requirement when designing a GBS substructure is that it should be possible to remove it when the field life has come to an end.  This has been the case for large GBS structures designed and built for the past 30 years in the North Sea.  Examples are the Frigg Field Center at the border between Norway and UK in the North Sea and the Ekofisk Tank in the Norwegian sector of the North Sea.  

			Prudent Development Context

			Development drilling and production platforms allow for year-round drilling and processing of produced hydrocarbons in the Arctic environment.  The platform provides protection of equipment and people from the unique aspects of the Arctic environment including sea ice and cold temperatures.  ISO 19906 and other established design codes and standards provide the basis for ensuring a safe and reliable design. Potential environmental impacts include (1) marine sound, (2) disposition of produced liquids and solids (e.g., cuttings), and (3) air emissions.  These can be reduced through design (e.g., insulation and rotating equipment isolation and emission control equipment) or eliminated through reinjection wells. 

			Prudent development challenges of logistics to/from the platform during routine operations and Escape, Evacuation, and Rescue in the event of an emergency, while not related to development drilling and production platforms, can be addressed via reduced platform manning.  Technologies to enable reduced manning fall into the general category of topsides design and include automation, robotics, and instrumentation.

			The cost and construction time of a GBS platform in the U.S. Arctic will be higher relative to similar North Sea structures due to the need for winterization, ability to handle large ice loads which typically translates into greater mass, consumables storage, remote fabrication, remote and potentially multi-season installation, and waste handling.  Data regarding the ice environment is important to ensure cost effective and fit-for-purpose design to facilitate commercial development.

			Recent and Ongoing Research Activities by Industry, Academia, and/or Governments

			Fixed Structures.  Significant enhancement of ice-structure interaction technology has occurred post-2008 via industry and government sponsored JIPs (Joint Industry Projects).  These include: SILS (Sea Ice Loads Software) by Newfoundland-based company C-CORE; ISO 19906 implementation guidance by DNV (industry JIP); re-analysis of 1986 Molikpaq multi-year ice loading events by an expert consortium led by the National Research Council of Canada’s Canadian Hydraulics Centre; and a project to develop an engineering model to predict ice induced vibration by Olaf Olsen.  Details on each can be found in Topic Paper 6-5 (see Appendix D).  The U.S. government through the Department of the Interior’s Bureau of Safety and Environmental Enforcement (BSEE) participated in the DNV JIP.  Most offshore contractors have new design concepts for Arctic fixed platforms to work in a variety of ice conditions.  The enhancements represented by the new designs will be captured when economic discoveries are made to justify their construction.  

			Materials.  Activities are ongoing to further develop lightweight concrete to increase the ductility, especially at low temperatures.  This quality could be an alternative if the minimum platform draft for tow and/or installation is an issue.  These include a SINTEF-led JIP having the objective to establish criteria and solutions for safe and cost-effective application of materials for hydrocarbon exploration and development in Arctic regions.

			Floating Structures.  ISO 19906 covers floating structures in ice; however, the available design guidance is limited due to the lack of experience with floating structures.  Key issues were summarized as part of Barents 2020 Phase 4,25 which was an industry-government study.  New capability to address the acknowledged limitations are the subject of ongoing improvement initiatives with focus on ice load and structure response prediction, station-keeping in ice, and ice management.  Organizations involved in this work include academic and scientific institutions (e.g., NTNU, Memorial, TU-Delft, Marin, and HSVA), specialist contractors (e.g., AKAC and Global Maritime), Classification Societies (DNV and ABS), and industry trade organizations (e.g., IOGP and PRNL).

			New/Updated Standards.  Efforts are underway to update ISO 19906 as well as develop new Arctic standards in the areas of (1) working environment, (2) escape, evacuation and rescue, (3) environmental monitoring, (4) ice management, (5) Arctic materials, and (6) physical environment for Arctic operations.  The latter fall under the relatively new ISO/TC67 Subcommittee 8 on Arctic Operations that was a direct outgrowth from Barents 2020.

			Technology/Capability Enhancement Opportunities

			Key technology/capability enhancement opportunities for development drilling/production platforms include: 

			•Reduced offshore manning through demonstration of full system integration of automation, monitoring, and telemetry technologies for remote operation. 

			•A key factor in advancing design practice has been measurement and monitoring of structure loads and causal ice features.  This is an area for further technology development especially in light of the significant advancements that have been made in sensing technologies including fiber optics, etc.  Installation of advanced sensors on future platforms offers opportunities to further expand industry’s database of full-scale load measurements in ice.

			Other opportunities, seen principally as optimization, include: 

			•Characterization and mitigation of platform-related marine sound 

			•Optimization of winterization and icing prevention technology 

			•Cost effective steels and improved qualification procedures for structural applications at temperatures below -45 degrees Celsius 

			•Designs to optimize single-season topsides mating and adaptability of topsides facilities for future modifications

			•Improved low-temperature ductility of lightweight concrete.

			Personnel Safety

			Protection of the health and safety of its workforce is the first priority in the oil and gas industry.  This section reviews issues related to emergency evacuation of crew from an offshore asset, vehicle, or vessel.    

			Because the terms escape, evacuation, and rescue are not used consistently throughout the world, their definitions as used in the context of this study are consistent with the Arctic Offshore Structures Standard26 and are provided below. 
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			Unique Aspects of Application in an Arctic Environment

			The Arctic offshore environment can profoundly influence the design, operation, maintenance, and success of any EER system, necessitating that the full range of physical environment conditions be accounted for when developing and implementing an EER plan.27,28,29,30  Consequently, the full range of physical environmental conditions possible at the offshore installation, as well as between the shore base and the installation, need to be taken into account when developing and implementing the EER plan.31,32  Ice-related factors affecting the types of EER systems that could be used in different Arctic offshore settings include ice concentration, ice drift speed and direction, ice thickness, ice floe size, ice roughness, ice pressure occurrence, joint ice and wave conditions, and fall freeze-up and spring break-up conditions.  The nature of the interactions expected between the ambient ice cover and any Arctic offshore installation is another important aspect that must be accounted for in EER system design.  The range of ice-structure interaction factors affecting the type of EER system best suited to a fixed or floating offshore installation include: ice conditions immediately adjacent to the installation such as the presence of grounded or floating ice rubble, ice-failure processes around the platform in moving ice, and the possible presence of a down-drift wake.33,34,35,36  

			The presence of sea ice at the installation (and icebergs and ice islands if applicable) can significantly influence the reliability and performance of different evacuation and rescue systems.  Solutions for evacuation and rescue must account for survivability of systems in open water and waves, in various ice-wave combinations, between floes in pack ice, on a solid ice surface, and in the presence of ice rubble.  Other factors associated with the Arctic include, but are not limited to: sea spray and atmospheric icing, low air temperatures, high winds and wind chill, poor visibility, prolonged darkness, the effects of blowing snow, and fog. 

			An ideal evacuation system for ice-covered waters is one that allows installation personnel to abandon the facility in an orderly manner in response to an emergency under all anticipated ice and sea conditions, and to proceed to a safe distance from the disabled facility to await rescue.37  Most conventional evacuation methods employed in open water elsewhere in the world would have serious limitations in the presence of ice and simply may not be viable.  For instance, while survivability in the winter Arctic environment may demand a faster recovery of evacuees, the most effective open water rescue methods may be adversely impacted by ice, darkness, and extreme temperatures.  Consequently, the effects of cold air and water temperatures on survival time and potentially longer response times due to remoteness and/or ice conditions necessitate a greater reliance on dry evacuation systems whereby evacuees transfer from the mode of evacuation directly to the mode of rescue without entering the sea.  

			Ice rubble may have a major impact on the winter EER strategy.  As an ice floe or an ice sheet impacts a structure, it is broken into smaller fragments referred to as ice rubble.  Early in the ice loading event, ice rubble drifts past the structure.  The distance from the structure to the ice that was deformed as a result of its interaction with the structure is referred to as the ice damage zone.38,39  The ice damage zone width varies in response to factors including the ice thickness, ice failure mode, and ice drift velocity.  Additionally, the authors (referenced above) reported that the ice damage zone widths can vary depending on structure type and that 10 to 20 m widths were not uncommon.  An example grounded ice rubble field is shown in Figure 6-19.  Such ice rubble fields can be hundreds of meters in extent, with sail heights in the range of 10 to 20 m in places, and can pose significant challenges to evacuation systems.
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			History of Technology Development and Application in Arctic Conditions

			Improvements to EER in open water areas have been made over the past several decades, driven largely in response to major loss of life and/or asset incidents (such as Ocean Ranger,40 Piper Alpha,41 Petrobras 36,42 and Deepwater Horizon43).  Due to limited activity, less effort has gone into improving EER systems and procedures suitable for offshore environments where sea ice persists for at least a portion of the year.44  With the recent resurgence of commercial shipping and oil and gas industry interest in the Arctic offshore, Arctic EER is now receiving more attention.  However, the relatively limited commercial market reduces the manufacturers’ incentive to develop highly specialized Arctic EER systems as compared to ongoing research and development (R&D) initiatives aimed at improving open water systems.

			In the early to mid-1980s, bottom-founded exploration drilling structures were first deployed in the Alaskan and Canadian Beaufort Sea, where dynamic pack ice conditions were experienced throughout the year.  More recently, offshore petroleum operations have moved into regions like the Sea of Okhotsk offshore Sakhalin Island and the Kara and North Caspian Seas where dynamic sea ice conditions also occur.  Future Alaskan offshore exploration and development is planned for the U.S. Chukchi and Beaufort Seas where highly mobile pack ice is a common occurrence for much of the year.  

			Current State of the Technology

			A number of Arctic offshore EER systems have been developed and are currently employed in a range of ice and metocean environments around the world.  These EER systems have been designed to account for the sea ice, metocean, and major credible incident scenarios specific to the region deployed and to the installation.  

			The harsh Arctic offshore environment poses several challenges to EER system performance.  There currently does not exist one, single, universal evacuation method that would be suitable for evacuation in the full spectrum of environmental, metocean, and ice conditions under all credible incident scenarios.45  In cold regions, the EER strategy for the open water season can rely heavily on the use of existing technology.  However, for the most part, these conventional open water EER systems and strategies, even in modified form, can only cope with a relatively limited range of sea ice regimes.  Therefore in the interim, multiple, diverse means of evacuation, including modifications of open water systems for use in ice, are utilized to ensure that at least one method is available under the full range of environmental conditions, and incident scenarios are required to form a safe and credible EER system.

			Any EER strategy must account for the site-specific environmental conditions that persist in the particular region of interest.46  For example, rudimentary EER measures can be used for low freeboard structures in stable winter sea ice conditions.  In some instances, the EER strategy under such relatively predictable winter conditions could look similar to that for land based drilling operations and may potentially include a provision to evacuate to the surrounding ice cover along a prepared path over the ice to an intermediate place of safety beyond the hazard zone.47,48,49,50,51  In contrast, an effective winter EER strategy for a platform operating in an area of dynamic pack ice may look very different.

			A few systems have been specifically designed for applications in ice-cover scenarios.  These include the ARKTOS survival craft,52 the Ice Breaking Emergency Evacuation Vessel (IBEEV) (see Figures 6-20 and 6-21), and the full-scale prototype Seascape System of evacuation TEMPSC (Totally Enclosed Motor Propelled Survival Craft) with a conceptual articulated deployment arm.  The limited availability of Arctic evacuation systems reflects in part the relatively limited market that has existed to date.  It also reflects the challenge of designing a single evacuation system suited for a diverse range of ice and open water conditions. 
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			The capabilities of evacuation systems for use in ice-covered waters have been reviewed in a number of recent studies.53,54,55,56,57,58  While acknowledging that advancements have been made, the authors also identify a number of technological constraints related to EER systems, especially with regard to applying the strategy to dynamic ice environments.  These limitations are largely associated with evacuating during the Arctic shoulder seasons (i.e., during the freeze-up and break-up periods) when very thin new ice and melting floes predominate and from high-freeboard structures in dynamic pack ice.  

			In addition to recent technology advances, a major initiative to address Arctic offshore EER involved the development of the new ISO 19906 Design Standard.  This standard provides the oil and gas industry with a coherent and consistent definition of methodologies to design, analyze, and assess Arctic offshore structures worldwide, and is expected to replace existing standards and guidelines.  ISO 19906 emphasizes that the EER strategy be an integral part of the platform design and operations.  The standard’s objective is to ensure that offshore structures, deployed where Arctic conditions prevail, provide an appropriate level of reliability with respect to personnel safety, environmental protection, and the asset.59  The standard addresses EER design requirements that are largely performance-based and also provides background and guidance on the use of the document.  For evacuation in particular, the ISO Standard instructs that the same level of safety and reliability be achieved for personnel evacuations (and EER systems) on offshore platforms year-round. 

			Prudent Development Context

			Because the probability of having to abandon a manned offshore structure or vessel due to a major incident cannot be reduced to zero, a robust EER system is of paramount importance to protect offshore personnel.  The EER system must function under the full range of environmental conditions, including the ice conditions that the installation will be subjected to.  As previously discussed, there is currently no single evacuation system that can be used in the full range of physical environment and evacuation scenarios anticipated for a high-Arctic installation.  Hence, multiple systems are required, which are costly.  For example, the operational costs of a standby ice management icebreaker over the design life of an offshore facility could be in the $1 to $2 billion range.  

			In instances where there are multiple offshore installations, standby icebreakers may well have to be stationed at each installation during the winter (if ice management is integral to the success of the evacuation system) due to the longer transit times in ice.  Consequently, the increased costs associated with a robust EER strategy can affect the economics of developing some oil and gas fields.    

			Recent and Ongoing Research Activities

			A number of recommendations for improvements to EER systems were made in the Cullen Report60 and by the Royal Commission61 in response to loss of life incidents on the Piper Alpha and Ocean Ranger, respectively, which have led to improvements in open water EER capability.  By contrast, a limited number of new evacuation systems have been designed and purpose-built for in-ice applications or systematically evaluated and tested in different sea ice conditions.  That said, there are a number of recent and ongoing, noteworthy research and development initiatives inspired by renewed interest in Arctic development that include the following:

			•A Canadian Panel for Energy Research Development (PERD) funded effort to pursue and evaluate viable EER systems for use in the Canadian Beaufort Sea62

			•A Newfoundland, Canada R&D effort (via PRNL) to design, construct, and test an ice strengthened lifeboat in a wide range of sea ice conditions

			•A Canadian PERD-funded initiative to assess the use and limitations of direct support vessel applications for personnel evacuations from platforms operating in ice environments

			•A Joint Industry Study to assess the capabilities of a conventional lifeboat with the aim of ultimately designing a TEMPSC with a “Fram-shaped” hull designed to resist high ice forces by rising out of the ice (Figure 6-22)
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			• A Joint Industry Study with Seascape to design an articulated lifeboat launching arm (and an ice enhanced TEMPSC) designed to place a TEMPSC on an ice cover or in the sea beyond the hazard zone 

			•The development and implementation of EER systems in the northern Caspian Sea, including the IBEEV and ARKTOS evacuation crafts (Figures 6-20 and 6-21)

			•Refinements to the ARKTOS evacuation craft as part of its use at Northstar Island in the Alaskan Beaufort Sea, particularly during the freeze-up period  

			•A Joint Industry Study to modify the design of the Viking chute to allow deployment onto the deck of a standby icebreaker and/or onto the ice 

			•A Joint Industry Study to assess the performance of aviation and marine exposure suits

			•Field measurements of local ice impact loads on a full-scale TEMPSC moving through an ice choked channel in a fresh water pond in Newfoundland. 

			In addition to the aforementioned studies, industry has undertaken R&D initiatives aimed at modifying conventional open water EER appliances to extend their capabilities in sea ice.  Examples include the following:

			•Ice characterization and risk studies carried out to identify and verify the power and station-keeping requirements for the Orlan Platform standby icebreaker offshore Sakhalin Island.  The icebreaker proactively maintains a clear path through the ice rubble collar to the platform to enable launch of the TEMPSCs and a chute system directly to the vessel deck.

			•Studies performed on the flat-bottom keel Survival Systems Inc.  TEMPSCs to evaluate design modifications that enabled launch directly to a standby icebreaker vessel deck and to the ice, employing a “cushion mat” and slower winch descent speed.  Additionally, winterization enhancement studies were carried out resulting in the design of shelters placed over the TEMPSC winch and canopy to reduce the amount of sea spray and atmospheric icing and snow buildup, the use of low temperature lubricants and provision for fuel additives and the addition of cabin heaters and a coxswain window fan.

			•The Viking SES-2 Arctic chute underwent design modifications employing a slower winch descent rate, a rail launch system to store the system behind the wave deflector when not in use, and other enhancements allowing launch to a vessel deck and/or to the ice.

			Technology/Capability Enhancement Opportunities

			EER R&D initiatives are summarized below.  Given that the greatest challenges to EER are associated with limitations in the evacuation and rescue areas, the focus of the R&D initiatives is on these two components.  

			•Ice Capable Arctic Evacuation Craft.  This R&D initiative would include the design, construction, and evaluation of a full-scale prototype craft capable of successful evacuation in a greater range of sea ice conditions than current TEMPSCs.  It would also include an assessment of the requirements of ice management support of the craft in scenarios where this type of support is needed.

			•Mobile Arctic Evacuation Craft with an Enhanced Deployment System.  Strategies that can provide a successful means of evacuation independent of off-installation support are generally preferred as the primary means of evacuation compared to an evacuation strategy that relies for example, on the assistance of a standby vessel.  A mobile Arctic evacuation craft with an enhanced deployment system R&D initiative would be to develop an evacuation craft with mobility sufficient to transit beyond the hazard zone to an intermediate point of safety (e.g., onto an ice floe) without the need for icebreaker assistance over/through a range of stationary and dynamic sea ice and metocean conditions, including rough ice, ice rubble, and water.  This R&D initiative would include the design, construction, and evaluation of a full-scale prototype craft capable of successful evacuation from low and high freeboard offshore installations in a greater range of sea ice and open water conditions than current technology (e.g., the ARKTOS).  Craft mobility would need to be such that it could transit through all combinations of ice and water that might exist near an installation to reach a point beyond which the installation hazards pose no threat.  The need for a deployment system capable of launching the craft beyond the ice damage zone from low and high freeboard offshore installations would also be evaluated as part of this effort in the event mobility across ice and/or water was impaired to the extent that evacuation success criteria were not met.

			•Direct Transfer Methods for Personnel Between Installation and Standby Vessel.  Simple, relatively low-tech EER strategies utilizing systems with which installation personnel are already familiar are preferred, as they reduce the training requirements and ultimately the success of EER under an actual incident scenario.  Moreover, evacuation systems that transition directly to the means of rescue without crossing over or transiting through the sea ice or having to first enter the sea are desirable because rescue is achieved without evacuees having to survive for a period of time outside the hazard zone.  This R&D initiative involving direct transfer methods for personnel between the installation and a support vessel would improve upon any direct transfer methods currently available.  Methods could include gangways, chutes or some combination thereof.  These systems could originate either from the vessel or the installation.

			This R&D initiative would include the design, construction, and evaluation of a full-scale prototype direct personnel transfer system for use over a range of installation deck heights.  Note that for this evacuation and rescue strategy to be viable, the attendant vessel would require station-keeping capability in the range of sea ice and metocean conditions anticipated, over the anticipated duration of the transfer operation.  A range of vertical and horizontal motion design criteria at the installation or on the vessel would need to be agreed to as part of the system design.  

			•Education and Training Simulator.  The winter Arctic environment poses challenges to deployment of evacuation and rescue systems for the purpose of training and drills required to maintain personnel competency in response to an emergency.  Whereas damage to lifesaving appliances may be an acceptable outcome when deployed under emergency conditions, provided EER success is not compromised, damage to EER systems as a result of training exercises may compromise the operational readiness of these systems for use in an emergency.  Additionally, replacement of lifesaving appliances damaged during drills or training exercises may have long lead times and be cost prohibitive.  Finally, practical training may not be possible during the winter due to increased exposure to the elements by the trainees.  The education and training simulator R&D initiative would allow installation personnel the ability to maintain competency in the use of EER equipment and procedures.

			This R&D initiative would include the development of an EER simulator that can provide close to “real life” training without the risks involved in actual deployment of the lifesaving appliances onboard the installation and support vessel (if part of the EER strategy).

			•Situational Awareness.  In some regions and/or at certain times of the year, ice conditions at an offshore installation can vary widely over relatively short periods of time.  The success of the EER system may be challenged more so by certain ice environments than by others.  This may include both the performance of the evacuation system(s) as well as the ability to rescue evacuees once they have abandoned the installation.  Upon sounding of the emergency alarm, installation personnel generally head to a designated Temporary Refuge, which provides protection while the severity of the incident is assessed and the incident response managed.  The refuge is designed to withstand the effects of the incident for a prescribed period (i.e., the impairment time) until such time the incident is either brought under control or a decision to abandon the installation is made.  

			To address the potentially longer evacuation times in ice and advantages of selecting the optimum time to evacuate when ice conditions are less onerous, one EER strategy is to design a Temporary Refuge with a longer impairment time.  To aid the evacuation decision-making process, information regarding ice conditions at and up-drift of the installation as well as an assessment of the evacuation route integrity is needed.  The situational awareness R&D initiative would result in the incorporation of real-time situational awareness capability into the offshore installation’s extended life Temporary Refuge design, such that the optimum timing for evacuation (if needed) can be made as the environmental conditions and incident severity dictate.

			This R&D initiative would entail an assessment of on- and off-installation monitoring techniques, including the provision for drones to provide information on existing and oncoming ice conditions (both local and far-field) that could impact evacuation and/or rescue success as well as the viability of evacuation routes to the evacuation points.  

			Offshore Pipelines and Subsea Installations

			Offshore pipelines may be used to transport produced fluids from an Arctic offshore production platform to an onshore facility for treatment and further transport via overland pipeline or tanker to market.  Offshore pipelines may also be used for in-field transfer between platforms, from subsea wellheads to a production platform, or to carry fluids from a production platform to a nearby offloading buoy for export by tanker.  Finally, offshore pipelines may be used to export production from subsea wellheads directly to shore.  Subsea wellheads and production facilities are important technologies for deeper water Arctic developments because they can be tied back to shore or a fixed platform in shallower water, and hence eliminate the need for floating production facilities in ice.  Subsea wellheads may also be used to minimize the number of platforms required for drill centers in fields with distributed reserves.

			Unique Aspects of Application in an Arctic Environment

			There are a number of unique aspects of pipeline and subsea installation and operations that differentiate the offshore Arctic environment from an open water environment.  Key Arctic offshore factors (not present in every circumstance) include (1) interaction of ice keels with the seafloor and subsea facilities, (2) presence of a continuous sea ice cover during the winter, (3) cold ambient temperature, (4) finite duration of open water season, (5) strudel scour during thaw season, and (6) presence of near-surface permafrost in the pipeline burial zone.

			The most important design concern for offshore Arctic pipelines and subsea facilities is protection from interaction with ice.  In the U.S. Arctic waters, the keels of first-year and multi-year pressure ridges and occasional ice island fragments cut gouges up to several kilometers long into the seafloor, as is well documented by seafloor bathymetric surveys.63,64  Figure 6-23 shows a schematic of the ice gouge process.  First-year ice ridge keels consist of relatively lightly consolidated blocks of ice rubble, while multi-year ridge keels and ice islands consist of more consolidated, stronger ice.  Due to the mechanics of their formation (pushing of buoyant fragments of broken ice below the ice sheet), the maximum extent to which first- and multi-year ice keels extend beneath the sea surface is about 35 to 40 meters.  There is some evidence that a rare keel may reach deeper.  For instance, the Geologic Survey of Canada reports an extensive, multi-year database for the Canadian Beaufort Sea wherein the deepest water depth for what is classified as a modern seafloor gouge is 52 meters (from the 2008 repeat survey).65  Icebergs, which are not present in the U.S. Arctic, can also produce gouging, and experience from offshore locations with icebergs contributes to the overall design practice.
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			Any subsea facilities located in water depths within the reach of ice keels must be protected from interaction with the ice.  For seafloor pipelines, this usually means burial below the depth of gouging ice, and for subsea wellheads and production templates, this could mean use of an engineered protection structure and/or placement in an excavation or buried caisson that extends below the seafloor.  In some locations, deep trenching can be challenged by rock outcrops or presence of rocks and boulders.

			Buried pipelines installed in cold ambient temperatures must be designed to prevent upheaval buckling due to high thermal expansion when the pipe is later heated by production fluids.  All Arctic pipelines could be subject to flow assurance issues (gas hydrate formation or solidification of waxes in crude oil) because of the cold ambient temperatures, but both of these issues are also common to all deepwater pipelines where seawater temperature is just above freezing. 

			During the winter months in most Arctic offshore areas, sea ice grows to 1.5 to 2.2 meters thickness and covers 90+% of the sea surface.  Beyond the landfast ice edge (usually beyond the 15 to 20 meter water depth contour in the U.S. Arctic), the sea ice is dynamic and may drift up to tens of kilometers per day.  In most years in the U.S. Arctic, there is an open water season that varies depending on location and year from about 2 to 4 months.  The short open water season limits the time available to install pipelines, maintain subsea facilities, or perform workovers of subsea wells, if these operations cannot be conducted in the presence of ice.  Pipeline installation in the presence of thick, drifting sea ice is not possible with current technology due to difficulty of maintaining station and heading of the pipe lay vessel.  Hence, for a very long pipeline, installation may have to span multiple open water seasons, which is a significant cost factor for offshore Arctic pipelines.  Rapid detection of oil leaks under the ice is also important to avoid a long-term release.

			Subsea permafrost zones, remnants from the last ice age, are relatively common in shallow water in the Arctic, although the top of permafrost often lies many meters below the seabed due to gradual heating from the overlying seawater.  In some offshore Arctic locations, however, shallow permafrost exists near the seabed.  This permafrost would be susceptible to thawing from an uninsulated product line and hence, and in addition to being difficult to trench through, could also be the source of significant potential settlement of the pipe.  In areas where the subsea permafrost is discontinuous, high differential settlements can occur as the pipeline settles in thawed permafrost zones and remains stable in nonpermafrost zones.  These differential settlements can induce significant strains in the pipeline.  While no commercially operating offshore pipelines have been installed in permafrost, shoreline crossings in Alaska have been insulated to avoid thawing of nearby or underlying permafrost.

			History of Technology Development and Application in Arctic Conditions

			What follows are brief descriptions of installed Arctic subsea pipelines.  Extensive descriptions can be found in Palmer and Croasdale66 along with details of the overall Arctic pipeline technology development.  These descriptions illustrate the technology, capabilities, and experience that have been developed in the United States and elsewhere that are applicable to future U.S. Arctic offshore hydrocarbon developments.

			Drake Pipeline (installed 1978).  The first major subsea hydrocarbon-carrying pipeline to be installed in an ice environment in the Western Hemisphere was by Panarctic Oils in the Drake field in 1978.  This was a 1.1 km demonstration pipeline for transport of gas from the Drake 76 well to Melville Island.  The pipeline consisted of a pipe-in-pipe bundle of two 6-inch pipes plus other control umbilicals.  The pipe-in-pipe concept was used to introduce a refrigerant to keep the soil around the buried pipe frozen.  The shore approach was constructed by directional boring, and the offshore portion beyond the drilled-in section was buried to a depth of 1.5 meters by trenching from a floating vessel. 

			Alaska Nearshore (installed 2000, 2007, 2009).  Northstar, Oooguruk, and Nikaitchuq are all shallow water offshore developments in the Beaufort Sea that consist of a gravel drilling island with buried shallow-water pipelines to carry produced fluids to shore.  They were all constructed using a conventional onshore-type methodology, which involved excavation from thickened landfast ice using long-reach track hoes as shown in Figure 6-24.
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			The Northstar Production Island is located about 10 km offshore in the U.S. Beaufort Sea.  The oil export line was installed in the winter of 2000.  It consists of two bundled 10-inch pipes along with a hydrocarbon-permeable tubing that was included as a test system for pipeline leak monitoring.  Design burial depths of 1.8 to 2.1 m were established based on multiple seasons of surveys of seafloor gouges in the area.   The Oooguruk pipeline was installed in 2007 in up to about 2-m water depth.  It consisted of bundled 12-inch production line, 6-inch gas lift and injection flowline, and a heating fuel line, all contained within a 16-inch outer pipe.  The Nikaitchuq pipeline was constructed in 2009 in up to 3 m water depth.  It is 5.6 km long and consists of a pipeline bundle with a 14-inch pipe-in-pipe production flowline in an 18-inch carrier, a 12-inch insulated water injection line, 6-inch spare line, and a 2-inch diesel line.  Due to natural sheltering and very shallow water, gouging for the Oooguruk and Nikaitchuq pipelines is a minor issue.

			Sakhalin Island Export Pipelines (installed 2005-2013).  The Sakhalin-1 project installed export pipelines from offshore gravity-based platforms to carry produced fluids to onshore treatment facilities and injection water back to the platform.  The pipelines were concrete-weight-coated and of various diameters up to 28 inches.  They were installed during the open water season, which for this location is generally 6 months.  Because there were no existing international standards at the time, a strain-based design methodology was used in the Project Specific Design Code developed by the project in conjunction with Russian design institutes and with approval of Russian design authorities.67  With the exception of areas where water depth exceeded about 30 m (roughly maximum design ice keel depth), the pipelines were buried to a depth that exceeded the design ice keel gouge depth. 

			Design burial depths were based on extrapolation of hazard curves developed from repeat seafloor gouge surveys conducted along the pipeline routes over a period of several years.  The designs also accounted for potential seafloor erosion over the life of the pipelines.  Shore approaches through the surf erosion zone and through the dynamic shoreline were constructed by deep trenching in a cofferdam-supported section.  These pipelines have been in service since 2005 without incident or reported contact with gouging ice.  The latest is the pipeline (installed in 2011) connecting the Berkut platform in 35 m water depth to the Chayvo onshore production facilities.

			The Sakhalin-2 project has offshore pipelines totaling nearly 270 km in length connecting platforms in the Piltun-Astokhskoye and Lunskoye fields with the onshore oil and gas pipeline systems to the Onshore Processing Facility/LNG plant at the southern end of Sakhalin Island.  Four separate 14-inch concrete-weight-coated pipelines deliver crude oil and dry gas from two platforms to an onshore manifold at the Chayvo landfall.  Two 30-inch multiphase concrete-weight-coated pipelines run to the Lunskoye landfall over an offshore distance of approximately 15 km.  

			Sakhalin-2 pipeline design accounted for high strain capacity and extremes of ambient temperature.  Significant portions of the offshore pipelines lie in water depths shallower than 32 m and therefore burial was required to protect them from ice gouge damage.  Shore approaches through the surf erosion zone were constructed with extra-deep trenches, using major dredging equipment and cofferdams.  These pipeline systems have been in service since 2009 without incident or reported contact with gouging ice.  The pipeline systems are equipped with an Atmos leak detection system and an oil spill blockage system.  

			Varandey Oil Terminal Line (installed 2008).  The Varandey offshore oil export terminal consists of a fixed or bottom-founded platform located 18 km from shore in about 21 meters water depth in the Russian Pechora Sea.  The facility was installed in 2008. It is connected to onshore crude oil storage facilities via two 20-km, 36-inch pipelines that are buried with 1.5 meters cover for protection from potential first-year ice ridge keel gouges.  A fleet of icebreaking tankers evacuate oil from the platform year-round.  The Varandey pipelines were trenched using a trailing suction dredge and backfilled with barged-in sand.

			Baydaratskaya Bay Pipeline Crossing Project (installed 2008).  The project consists of installation in the summer of 2008 of two 48-inch concrete-coated gas pipelines to carry product from the Bovanenkova and Harasawejskoje gas fields on the Yamal Peninsula, Russia, 68 km across the Baydaratskaya Bay in the southern Kara Sea.  Water depth for the 40-km dredged portion varied between 9 and 23 meters.  The pipeline was buried with a cover depth of 1.5 meters in a dredged trench and backfilled with dredged sandy borrow material from near the Ural coast.  Preconstruction gouge surveys indicated deepest gouge depth of 1.0 meter.  The construction extended into November, and based on published photographs, some of the floating operations may have been conducted in very thin newly grown sea ice.

			Terra Nova and White Rose Excavated Drill Centers (installed 2001, 2005).  There are currently two operating floating production, storage, and offloading (FPSO) vessels on the Grand Banks offshore Newfoundland where there is potential for icebergs to gouge the seafloor.  Terra Nova was installed in 2001 and White Rose in 2005.  The subsea well templates for these FPSO developments are located within excavated pits in the seafloor, commonly known as excavated drill centers (Figure 6-25).  The excavated drill centers were dredged with cutter suction dredging equipment in about 100 meters water depth to produce large pits that would allow the wellheads to remain below the level of the seafloor to protect from seafloor-gouging icebergs.  Subsea flowlines for these fields are sacrificial—not buried, but instead designed to be flushed and isolated in the rare event that an iceberg threatens contact with them.  The seafloor in the Grand Banks area contains hardpan and boulders, rendering it very challenging to bury pipelines.  As a consequence, there are not pipelines to shore and product is transferred to tankers for export.
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			Current State of the Technology

			As evidenced by the relatively large number of installed facilities that have been performing successfully for years, this category of E&D technology is well established.  Design practice, installation methods, and integrity monitoring systems have been advanced significantly over the past several decades. 

			Offshore Arctic Pipeline Design Practice.  Protection from damage due to contact by ice is the primary unique design requirement for Arctic offshore pipelines.  Methods used for offshore Arctic pipeline design to date have been well documented by DNV68 and will not be repeated herein.  Design of offshore Arctic pipelines is discussed in section A.14.3.5.1 of ISO 19906.  Design of pipelines subjected to potential ice interaction is also discussed in DNV OS-F101 and API RP2N (3rd edition will adopt ISO 19906).  DNV OS F101 does not present an explicit methodology for the assessment of loads imposed on offshore Arctic pipelines, but does require ice load effects to be considered in areas with probable occurrence of ice gouging.  C-CORE prepared a report for the U.S. Minerals Management Service on design options for pipelines in the U.S. Chukchi and Beaufort Seas.69

			Establishment of pipeline burial depth requirements requires consideration of three components:

			1.No ice is allowed to contact the pipeline (i.e., the pipeline must be buried deeply enough to avoid any contact with the pipe by a defined, extreme gouge feature).

			2.An additional burial allowance may be required to maintain design pipeline cover in the event of loss of cover due to seafloor erosional processes.

			3.A further burial allowance may be required to avoid excessive pipeline strains from being induced by subgouge soil deformation.

			With regard to the first component, the extreme gouging feature is commonly based on a design return interval meant to yield a specific target reliability against failure.  It is determined primarily from an extrapolation of a gouge depth database collected over multiple seasons.  It is determined based on the gouge depth distribution and the frequency of gouges that occur per kilometer of pipeline length per season.  Gouge depth surveys are made during the open water season using multibeam sonar bathymetry measurement, which have accuracy on the order of 0.05 m.  In some cases, seafloor gouges can become infilled by sediment, so infill allowances may be in order.  In areas like the Beaufort Sea or Grand Banks, where gouges are not obliterated annually by seafloor lithodynamics, it can be very difficult to determine the age of measured gouges.  Hence, repeated surveys over a period of years are required to estimate the frequency of gouging occurrence.

			A subgouge deformation allowance is established based on an analysis of strain induced in the pipeline by soil deformations that occur for some depth below the gouging ice feature.  The subgouge deformation profile below a gouging ice feature is estimated from principles of soil mechanics, and the deformation field is applied analytically to the pipe using various models from structural spring models to three-dimensional finite element methods.

			In all design cases, the objective is to ensure that pipeline strains are limited to values that prevent rupture and leakage.  Typically a two-tier design criterion is used wherein the strain in the pipe for an intermediate return interval event (say several hundred years) is kept below a value that would lead to damage needing repair (i.e., a serviceability limit, but no leakage).  The extreme performance limit is meant to limit pipeline strains from the extreme design ice gouge below a level that could lead to pipe rupture.

			Pipeline Installation.  The primary challenge for offshore Arctic pipelines is in attaining the required burial depth in an expeditious and economical manner.  Based on the design considerations discussed above, required burial depths can be several meters of cover over top of pipe in the U.S. Beaufort and Chukchi Seas.  There are various technologies available for trenching and burial of offshore pipelines.  These include backhoe excavators in very shallow water, standard dredging equipment, pulled plow-type sleds, or even seafloor-crawling cutting and jetting excavators.  The choice of appropriate equipment depends on the water depth, depth of trench required, and the type of seafloor soil conditions.  The greatest challenges are associated with deeper water depths and hard or cemented seafloor soils or soils containing large boulders.

			Shoreline approaches and crossings in the Arctic can be particularly challenging if the shoreline soils consist of frozen permafrost.  Arctic shorelines are susceptible to rapid erosion due to the melting of permafrost.  Disturbance of the permafrost by excavation or the presence of a warm pipeline, can lead to accelerated erosion in the shoreline crossing area and potential exposure of the pipe.  Shoreline approaches are constructed either by tunneling, horizontal directional drilling, or direct excavation and backfill.  Excavated shore crossings in permafrost areas have been over-excavated and backfilled with thaw stable material and also include thermal siphons to keep surrounding permafrost frozen.  Excavated crossings usually involve the construction of a temporary cofferdam to maintain soil stability until pipe lay and backfilling are completed.

			Pipeline Tie-In and Subsea Wellhead/Equipment Protection from Ice Interaction.  As discussed previously, offshore Arctic pipelines are best protected in a sea ice environment by burial so that the seafloor soils shield it from gouging ice keel features.  Pipeline tie-ins to bottom-founded gravity-based structures typically enter the platform above the seafloor.  If the water depth is within range of ice interaction with the seafloor (say less than 40 meters), the tie-in spool is vulnerable to interaction by ice and hence requires protection.  Protection has commonly been achieved by structural tunnels and/or rock armament.  Likewise, subsea wellheads and subsea production equipment requires protection when within range of interaction with sea ice ridge keels.  Various subsea protection structures have been proposed, which typically involve embedded or partially embedded steel or concrete caissons or steel protection structures that extend above the seafloor.  Such structures must be designed with sufficient foundation capacity to resist ice interaction without being displaced into the protected wellhead or subsea template.

			Protection of subsea facilities from multi-year ice or ice island interaction involves significantly higher loads since the ice interacting with the structure can be much more competent than first-year ridge keels.  In the Subsea Ice Risk Assessment and Mitigation Joint Industry Program (SIRAM JIP), C-CORE developed conceptual designs for wellhead protection structures for a Grand Banks free-drifting iceberg environment.70  More substantial designs may be needed for protection of wellheads or subsea facilities that are susceptible to interaction with ice islands or multi-year ice keels.  The U.S. Arctic offshore would fall into the category of having potential interaction with ice islands and multi-year ice keels in water depths ranging from the landfast edge out to about 35 to 40 meters.

			Pipe-in-Pipe Designs.  Some of the offshore Arctic pipelines have been installed as pipe-in-pipe systems.  In every case, the functionality of these pipe-in-pipe systems was to provide insulation, confine a bundle of pipes and umbilicals, or provide for pipe-platform relative movements at platform tie-ins.  When not required for flow assurance purposes, pipe-in-pipe is not an effective, efficient, or economic system for increasing pipeline integrity against ice-induced damage, because it is only minimally effective in reducing local strains in the pipe material.  Potential losses of inventory can best be managed through means such as pipeline geometry and isolation valves.  The most reliable means for safeguarding against pipe damage is to bury the lines below the depth of extreme gouges and thereby avoid ice-pipe contact.

			Long-Term Monitoring of Subsea Pipelines and Production Facilities in the Arctic.  Routine surveillance of Arctic subsea pipelines can be challenged by the presence of ice cover.  Consequently, most Arctic pipelines either constructed or proposed include provisions for some form of enhanced leak detection so they can be shut-in quickly in the event of a breech and thereby minimize spilled product.  Leak detection can range from computational differential flow and/or pressure measurements along a pipeline segment, continuous fiber optic lines, or hydrocarbon-permeable detection lines buried in the pipeline bundle to regular pipeline route surveys with underwater vehicles equipped with sensitive hydrocarbon detection instruments such as fluorimeters or mass spectrometers.71  Emergency isolation valves could be located in strategic points along the pipeline (say at shore crossings) to allow the flow of product to be stopped in the event of a detected leak and to minimize the volume of product that might be released from a ruptured pipeline.  The subsea facilities industry has been developing sensitive leak detection instrumentation that could be readily adopted for Arctic subsea applications. 

			In areas of active ice gouging, the seafloor can be re-surveyed periodically (if warranted, say, based on observations of unusual ice features) at the end of the ice season to inspect for seafloor erosion and to characterize any seafloor ice gouging that occurred during the winter.  Ice gouge monitoring allows confirmation that gouges have not exceeded the design criteria and verification that there has been no potential for pipeline disturbance by ice.  Vessel-mounted multibeam bathymetry surveys are conducted in a swath around the pipeline so that gouge depths can be measured and gouge frequency determined.  The gouge survey might trigger a pipe deformation survey if any deep (i.e., design-level) gouges are observed crossing the pipeline.

			Another potential method to monitor pipeline integrity in the event of an unexpected gouge event is to use deformation monitoring.  Deformation monitoring is possible using a “smart” pigging device (e.g., geopig or caliper pig) capable of detecting changes in pipeline geometry and/or changes in pipe deformation or strain.  Such surveys would typically be run upon completion of the ice season as discussed above.

			Prudent Development Context

			With regard to human health and safety, offshore pipelines and subsea installations play a relatively minor role because there is minimal direct human exposure outside of potential crew exposure from gas line rupture near the platform tie-in.  Offshore pipelines and subsea installations play a major role in the prudent development dimension of environmental stewardship and sustainability because they are containment systems that provide environmental protection from spills stemming from ice interaction.  This functionality is thoroughly addressed in the design process, which provides for industry-standard minimum safety margins.  There is an additional minor environmental protection dimension associated with installation and operations, which involve potential for short-term ecological impacts due to the excavation of the seafloor for buried pipelines or subsea facilities and some long-term operations-related considerations such as marine sound emissions from subsea facilities.  All of these factors are normally addressed in Environmental Impact Assessment processes.  

			Potential impact to local inhabitants is also minor and is associated with installation activities and shoreline crossings.  Installation activities have the potential to temporarily impact seasonal migration paths of mammals important to subsistence hunting.  Such impacts and their mitigation are also normally addressed in the Environmental Impact Assessment process.  Improperly designed shoreline crossings have the potential to initiate or exacerbate shoreline erosion.  This dimension is addressed in the design process. 

			This technology plays a major role in terms of costs and economics of Arctic development projects.  Burial requirements make Arctic subsea pipelines more costly than their non-Arctic counterparts, and understanding of the ice environment is important to ensure cost effective design and protection.  Installation can take multiple years due to the short open water construction season.  The offshore pipeline challenge is exacerbated in the U.S. Arctic due to lack of availability of Jones Act-compliant vessels for seafloor excavation.  If the Jones Act is to be applied to offshore pipe laying in Alaska, then an initial development would have to bear the high cost of constructing a Jones Act-compliant fleet of pipeline burial and installation vessels, which may not be commercially feasible.

			Recent and Ongoing Research Activities

			Burial Depth Requirements.  Most of the recent and ongoing research work on pipeline burial relates to subgouge soil deformation and pipe strain prediction.  Large joint industry funded programs have been conducted since the mid-1990s to study the gouging process and associated soil deformations and induced strains in buried pipelines.  These programs included the Pressure Ridge Ice Scour Experiment (PRISE) and Pipeline Ice Risk Assessment and Mitigation (PIRAM) JIPs, whose results have been extensively documented.  Petroleum Research Newfoundland-Labrador (PRNL) is also progressing work using the Newfoundland-Labrador producer’s research obligation funding in conjunction with Petroleum Research Canada with the intent to ultimately conduct large-scale gouge tests in prepared soil beds with embedded instrumented pipes.  Scores of finite element modeling studies have been conducted by many academic and industry researchers to advance methods for prediction of pipe strain due to ice gouging.  All of these are well documented in the previously referenced DNV study. This work has advanced significantly over the past 20 years and is reaching a fairly mature state of incremental improvements aimed more at improved economics versus enabling technology.  For instance, the goal of the most recent work is to reduce pipeline burial depths and hence reduce the high cost of burial while maintaining target levels of reliability.

			Seafloor Gouge Surveys.  Seafloor surveys are discussed in more detail in topic papers developed for Chapter 5, “Characterization and Measurement of the Ice Environment.”  The need for historical datasets to help establish design criteria are site specific.  Much work has been done with repeat seafloor gouge surveys in various areas to better understand the frequency of occurrence and depth distribution of ice gouges.  The best work (from a perspective of long-term record of repeat surveys) has been performed by the Geologic Survey of Canada.  Industry has conducted proprietary gouge surveys in most areas of interest for exploration and development.  Since few datasets extend back more than a decade, additional repeat surveys will continue to improve the basis for design criteria and hence overall pipeline reliability.

			Pipeline Trenching Methods.  Since burial depth requirements in some theaters could be substantial (e.g., ~5 meters in the Beaufort Sea and Grand Banks and potentially 7 meters in the iceberg environment offshore West Greenland), some research has been conducted on improved trenching methods, both for trenches in deeper water iceberg environments and for deeper depth trenches.  One of the Newfoundland-Labrador research projects being stewarded by PRNL on behalf of the Newfoundland-Labrador producers has as its objective to develop an offshore pipeline trencher that can excavate to a depth of 8 meters in seafloor soils containing boulders and in water depths to 300 meters.  This is a proprietary study that for some confidentiality period will belong to the sponsoring companies.

			Subsea Wellhead and Production Facilities Protection.  The primary work in this area has been conducted under the SIRAM JIP and focused mainly on protecting seafloor facilities from ice or iceberg contact using fabricated steel structures.  This work, conducted by  C-CORE, is documented in the previously cited Randall et al.72

			Technology/Capability Enhancement Opportunities

			Due to a large body of work related to recent subsea pipelines installed in ice environments, current opportunities for research are mostly confined to cost saving as opposed to enabling—for example, shallower burial criteria, improved reliability, better leak monitoring instrumentation, and better trenching capability to deeper depths.  An exception would be radically quicker pipe construction and installation methods that could allow installation in a single season.  Depending on location and distance from shore, pipeline installation that takes numerous years to complete can be a significant barrier to commercial feasibility of a pipeline-based export strategy.  Solutions would most likely require methods and equipment for installation of buried subsea pipelines in drifting pack ice.

			An inventory of other areas where technology extensions would be useful (albeit probably not enabling) includes the following:

			•Methods for age dating of seafloor gouges to distinguish between relic and modern gouges and hence help mitigate the need for burial depths that accommodate deep gouges that are not part of the modern record

			•Pipeline trenching methods to more efficiently attain deep burial depths of 5+ meters that may be needed for some high-Arctic environments where multi-year ice ridge keels can interact with the seafloor and seafloor soils are soft

			•Adaptation of new and emerging sensor technologies for enhanced leak detection and pipeline integrity monitoring

			•Special designs for minimizing or avoiding product loss from a damaged pipeline

			•Improved shoreline approaches to preclude permafrost thaw or accelerated erosion

			•Improved ice gouge databases from repeat surveys in areas where data are sparse

			•Improved understanding of subgouge deformation phenomena with respect to soil conditions and trench configuration

			•Economic ice gouge protection structures for subsea wellheads and production facilities.

			Offtake and Tankering

			The use of tankers is well established as a means to transport hydrocarbons in ice-prone waters, as has been demonstrated with long experience in sub-Arctic areas such as the Baltic, Great Lakes and St. Lawrence River, Far East Russia, and in Cook Inlet Alaska, where navigation continues throughout the winter season.  In addition, there have been regular fuel oil deliveries made to Arctic communities in North America and Russia for decades and a few pilot programs have been undertaken such as the Bent Horn oil export in Canada from 1985 to 1997.  There is more limited, but growing experience with such tanker traffic, year-round, in the Arctic.  Since the Oil Pollution Act of 1990, and further reinforced by international regulations, all tankers operating in the Arctic are required to be double skinned (i.e., no cargo oil is carried against the outside shell plating).  In addition, the IMO Polar Code is expected to be fully in force by 2017, whereby ships operating in Arctic waters will be subject to regulations governing design (including a requirement for no pollutants against the shell), equipment (certificated against temperature), and operational aspects (recommendation of limitations for ice conditions versus ice class).

			Unique Aspects of Application in an Arctic Environment

			Operation of tankers in a sea ice environment requires ice-classed vessels and potentially the aid of escort icebreakers to create a channel in the ice ahead of the tanker.  Offloading of oil from an offshore platform to a tanker requires that the tanker be able to connect to the offloading line and maintain its position during the time it takes to transfer the product.  The presence of drifting sea ice in an Arctic setting presents unique station-keeping challenges beyond those for open water environments, as the mooring system holding the tanker in position must be able to resist ice forces on the tanker hull.  This is accomplished with the aid of an ice management system that reduces the size of incoming floes to maintain loads on the tanker that are within the capacity of the mooring system.  The ice management system may also assist the tanker in maneuvering for hook-up and possibly weather-vaning to remain aligned with the ice drift direction.  Offloading in the Arctic during winter months is particularly challenging as there may be thick ice cover with very high concentration of ice coverage.  Brash ice accumulation from repeated icebreaking and artificial thickening of the ice due to refreezing under slow drift conditions presents additional challenge.  The relatively short connection time of about 12 hours allows for some selectivity in ice and ice drift conditions in which to conduct tanker loading operations.

			History of Technology Development and Application in Arctic Conditions

			Tanker Loading and Navigating in Ice.  There is a long successful history over many decades of using tankers to transport hydrocarbons in ice-prone waters, such as the Great Lakes and St. Lawrence Seaway, Cook Inlet, Alaska, in the Baltic, and along the Northern Sea Route off Russia’s northern coast.  There have been some pilot programs in the Arctic such as the 1969-70 voyages of the SS Manhattan from the U.S. East Coast to the North Slope of Alaska73 and the seasonal export of oil from the small Bent Horn field in the Canadian Arctic Archipelago. 

			The following paragraphs describe some of the recent experience with tanker offtake and transport in Arctic and sub-Arctic waters, which illustrate well the advanced state of the art of design, construction, and operation of the physical plant required.

			Modern Tanker Operations in Baltic Ice.  In 2001, the Finnish oil company Fortum ordered two 106,000 DWT (deadweight tons) double acting tankers from Sumitomo Heavy Industries to replace the company’s older tankers that, because of their lower ice class, could not deliver their cargo all the way to the refineries in western Finland due to traffic restrictions during the worst part of the winter in the absence of icebreaker assistance.  The new ships are equipped with a single tractor-type 16 MW Azipod propulsion unit and have the highest Finnish-Swedish ice class, 1A Super.  They are designed to be capable of independent navigation and icebreaking in Baltic ice conditions with a possibility to operate also in the Pechora Sea, in the Russian Arctic.  The ships follow the double acting principle with a bulbous bow for open water performance and a stern designed for icebreaking performance as shown in Figure 6-26.  These ships can break level ice up to 1 meter thick at 3 knots when operating in the astern mode.74
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			SS Manhattan—Northwest Passage.  The oil tanker SS Manhattan (Figure 6-27) was built in 1962 in Quincy, Massachusetts, and became the first commercial ship to cross the Northwest Passage in 1969.  Extensive research and design went into developing a conversion suitable for Arctic transits.  She was fitted with an icebreaker bow and other reinforcements in 1968-69.
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			Manhattan’s first Arctic voyage began in August 1969 on the East Coast of North America and transited the passage from east to west and then returned to the U.S. East Coast.75  The following year, 1970, the Manhattan again went into the Arctic on an experimental voyage; however, the decision to build the Trans-Alaska Pipeline was made and oil is now tankered from southern Alaska to U.S. ports in the Lower 48.

			Bent Horn Oil Export.  In 1985, Panarctic Oil Company became a commercial oil producer in the Arctic on an experimental scale, exporting oil during the summer season from the Cameron Island field in the Canadian Archipelago.  This began with a single 100,000-barrel tanker load of oil from the Bent Horn oil field to Montreal via the double hulled OBO MV Arctic (Figure 6-28).  The MV Arctic carried two shipments per year until Bent Horn operations ceased in 1996.
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			Current State of the Technology

			There are several recent major projects and installations that characterize the current state of technology both in tankering in ice and for tanker offtake in ice.  The projects are described below.

			Sakhalin-1 Project Tanker Offtake.  Sakhalin-1’s oil transportation system was commissioned in August 2006. Construction was completed on a 226 kilometer (140 mile) pipeline to transport crude oil from the onshore processing facility across Sakhalin Island and the Tatar Strait to the De-Kastri Terminal in Russia’s Khabarovsk Krai.  Tanker loading operations (shown in Figure 6-29) began at De-Kastri in September 2006. 
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			The De-Kastri Terminal includes two 100,000-cubic meters (650,000 barrel) capacity storage tanks to hold the Sakhalin-1 crude oil.  From storage, the crude oil is transported via a subsea loading line to the single point mooring facility, located 5.7 kilometers east of the Klykov Peninsula in Chikhacheva Bay. 

			A dedicated fleet of double-hulled Aframax-class tankers each carrying up to 100,000 tons (720,000 barrels) is used for export of crude oil from the De-Kastri Terminal to world markets.  Sakhalin-1 was the first project to successfully operate tankers year-round in the sub-Arctic conditions of Russia’s Far East.

			In November 2009, the De-Kastri Terminal was named Terminal of the Year 2009 at the Oil Terminal Conference in St. Petersburg.  This prestigious award was voted on by top industry experts and government officials and granted to the international terminal achieving the best results in terms of the efficiency of its operations in such areas as economics, environmental, and social.  As of July 2011, the Sakhalin-1 Consortium had uploaded over 400 tankers from the De-Kastri Terminal without a single offshore spill incident. 

			Varandey Offshore Loading and Tanker Offtake—Pechora Sea.  The Varandey terminal (Figure 6-30) was placed in service in 2008 and in the first 5 years of operation, 26.37 million tons of oil were shipped by 381 ice-class tanker-loads through the fixed offshore ice-resistant oil terminal (FOIROT), a steel conical structure equipped with a loading boom for bow loading of tankers.  The FOIROT is located approximately 15 miles offshore and is in about 17 meters of water.  The terminal is serviced by three specially designed icebreaking tankers of 70,000 DWT, built by Samsung in Korea.  These ships operate year-round and are supported, at the terminal only, by two ice-management vessels, built in Singapore by Keppel.  The Varandey oil terminal serves as a venue for annual maneuvers dedicated to emergency oil spill response.  No actual emergency situations were registered during the above 5-year period.76 
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			Norilsk-Nickel Tanker.  Norilsk-Nickel, one of the leading nickel mining companies, has built a number of ships for year-round navigation to Dudinka on the Taimyr Peninsula in Siberia.  The initial ships in the fleet were cargo ships, but recently the company built a tanker to provide year-round service to its facilities.  The tanker Yenisei, built in Germany, is capable of breaking ice up to 1.5 m thick and is capable of operating in temperatures as low as -50 degrees Celsius.

			Direct Offtake Loading to Tanker—Prirazlomnaya Platform.  The field development for the Prirazlomnaya project is based on the single stationary fixed platform.  The oil platform, constructed by Sevmash shipyard in Severodvinsk, and entered service in the spring of 2013.  Produced oil is directly loaded onto tankers using arms at the opposite corners of the platform (Figure 6-31) and is transported by two icebreaking tankers built in Admiralty Shipyard, St. Petersburg, and operated by Sovcomflot, to floating storage and offloading vessel Belokamenka, located in Kola Bay near Murmansk. 

			
				
					[image: ]
				

			

			Yamal Arctic LNG Carrier on Order.  The double acting ship concept has also been selected as the main transportation concept for the Yamal LNG project.  In July 2013, Daewoo Shipbuilding & Marine Engineering won the tender for the construction of sixteen Arc7 ice-class LNG carriers and the contract for the first vessel, worth 339.3 billion South Korean won ($316.4 million), was signed in March 2014.  The Arctic LNG carriers are fitted with three 15 MW ABB Azipod propulsion units, and will be the largest icebreaking vessels in the world with an independent ice-going capability in level ice up to 2.1 m in thickness.

			International Regulations, Polar Code, and IACS Polar Class.  During the past decade considerable international effort has resulted in the creation a set of unified requirements for the construction of Polar Class ships.  These are now contained in the rules of members of the International Association of Classification Societies, resulting in a harmonized set of design and construction requirements know as Polar Class with ice classes PC1 through PC7 reflecting ship operational capability in ice conditions varying from PC1 in year-round operation in all polar waters to PC7 in summer/autumn operation in thin first-year ice which may include old ice inclusions.77

			Further, the multi-year effort at the International Maritime Organization (IMO) to create a Polar Code (formally the “International Code for Ships Operating in Polar Waters”) is being finalized and is anticipated to come into force in 2017.  The safety provisions in the Polar Code are incorporated into the IMO Safety of Life at Sea (SOLAS) regulations as the new Chapter 14 (approved at MSC93 in May 2014).   The pollution prevention measure in the Polar Code are incorporated into IMO Marine Pollution (MARPOL) regulations as amendments to Annexes I, II, V and VI (anticipated to be approved at MEPC67 in October 2014).  It is noted that the IACS Polar Class rules are included in the Polar Code by reference.78

			All ships that are certificated under SOLAS and operating in polar waters will be required to comply with the Polar Code.  Ships of 500 gross tonnage, engaged on international voyages are, in general, required to be in compliance with SOLAS and are certificated as such.

			Prudent Development Context

			Direct offtake of oil from an offshore platform and transport by tankers involves several dimensions of prudent development.  Since crude oil is being transferred, high integrity operations are required to protect against spills.  While large spill volumes are very unlikely due to the ability to rapidly shut off flow, transfer activities take place on a frequent basis, which presents more opportunity for incidental spills that must be managed.  Of course, tanker operations must be carefully managed to prevent grounding or holing from impact with ice that exceeds design and operational allowances.  

			Direct offloading from platforms would involve ice management whose potential impacts on ice-dependent species needs to be understood and minimized, as discussed previously in the section on ice management.  Likewise, year-round tanker traffic through ice could have impacts on ice-dependent species that need to be understood and minimized. 

			The cost of year-round tanker operations in ice can be very high due to the additional capital and operating costs of icebreaking tankers, and especially if escort icebreakers are required to facilitate on-schedule transit in heavy winter ice.  There are export option trade-offs between direct offloading to tankers from an offshore platform and pipelines to shore that will differ for every field depending on the location and ice conditions.  The choice of tanker or pipeline for crude oil evacuation may be linked to the presence or lack of existing pipeline infrastructure.  Depending on tax and revenue structures, the choice between offshore offtake and pipeline to shore may impact revenue to local communities.

			Recent and Ongoing Research Activities

			Considerable effort has been expended over the past three or more decades on R&D associated with ice transiting ships.  The majority of the vessels referenced above have been used through dedicated trials and ongoing operational studies to gain further knowledge of ship-ice hull structure interaction, propulsion system-ice performance, safe navigation practices, etc.

			Laboratories and research institutes such as Aker Arctic and VTT, Finland; HSVA, Germany; Krylov Institute, Russia; National Research Council and Memorial University, Canada; and others have all contributed to this knowledge base.  Much of the research on the basics that allow for safe operations of ice transiting ships has already been done in support of effort such as the IACS Polar Rules and the IMO Polar Code, but some recent research aimed at developing design and analysis tools has been ongoing, as well as work to look at improving the efficiency of ships navigating in ice.

			For example, the STePS2 project is a recently completed 5-year investigation into ice loads and structural response, conducted at the Memorial University of Newfoundland.  The aim was to develop scenario-based design and analysis tools that would enable progressively improving safety, durability, economic viability, and technical confidence.  The STePS2 project has examined range of load and strength behaviors by combining small and large-scale physical tests with high-performance and high-fidelity numerical simulations.79 

			Technology/Capability Enhancement Opportunities

			Research and Training Simulators for Arctic Navigation.  Technical developments of ships and offtake structures are well advanced, and opportunities for improvement lie mainly in training and operational experience development and in enhancement of aids to navigation and charting of Arctic waters.  As Arctic navigation expands, there is a need for more trained operational personnel.  Within the IMO Polar Code there are specific requirements for the competence and experience of deck officers on ships in polar waters.  This requirement combined with the need to establish operating envelopes as part of the front end design process suggest that the design, construction, and operation of ice navigation simulators might be desirable.  Such simulators could be used during the design process to test out various design features and to research operational techniques such as active ice-management around a drilling unit.  In addition these facilities could be used for direct training of deck officers who will be responsible for safe and efficient navigation of their ships in ice-prone waters.

			Aids to Navigation.  The Arctic is an area of the world where aids to navigation and bathymetric charting are less available, or less accurate, than in southern waters.  Enhancement of these systems is a governmental responsibility; however, the industry may have more assets available, so some level of cooperation should be of benefit to all parties. 

			Conclusions and Recommendations

			The technologies to accomplish prudent offshore exploration and development for the U.S. waters within this study scope (i.e., Alaskan state waters and the Alaskan OCS out to water depths amenable to development using conventional bottom-founded structures) already exist as a result of decades of practice and experience; and industry is continuing to improve its technology.  Overall, prudent development depends on the ability to select an appropriate combination of technologies for both safety and cost efficiency.  There will always be opportunity for technology enhancement, as the industry continuously strives for better safety, environmental protection, and cost effectiveness, or to extend safe operations into more challenging ice environments.  Many such advancement opportunities have been cited in the preceding sections that discuss the various technology components for offshore Arctic E&D.  While these incremental improvements, taken collectively over time, will improve performance, no single one of the technology improvements could be expected to make a material difference in the ability to prudently explore and develop the U.S. Arctic offshore.

			Exploration drilling is the important first step for progressing toward prudent development of oil and gas offshore Alaska because commercially viable oil accumulations are needed to justify development.  Better demonstration of the link between technology capability, operating season, and operating framework is needed to improve cost effectiveness and risk management for exploration drilling.  The highest priority E&D technologies are those needed to extend and enhance extended season drilling operations (in ice) that meet the strict operational reliability requirements of hydrocarbon drilling while simultaneously not creating unacceptable impacts on ice-dependent species or subsistence hunting.  At the core of such capability is ice management, which comprises a variety of component technologies that collectively support station-keeping in mobile pack ice.  The priority is deemed high due to the critical economic importance of extending the useful season for exploration drilling.  Extension of the drilling season must also be supported by robust emergency response capabilities (oil spill response and well capping) that are discussed in Chapter 8 of this study.

			The most significant opportunity under extended season drilling is to perform research studies and tests that directly inform key policy or regulatory issues regarding usable season length.  Such studies should be conducted as collaborative efforts involving industry, government, and key stakeholders.  Aligned with this objective are studies to determine the interaction of extended season ice management activities in specific locations with ice-dependent species and the potential impacts on local inhabitants’ use of the ice for traditional and subsistence activities.  

			Beyond studies to understand impacts of ice management on ice-dependent species, field trials of integrated ice management activities could be used to demonstrate the extent or severity of ice conditions under which reliable ice management can be conducted with the current state of technology (beyond limits already proven by past programs).  Such demonstrations could include how ice management operations can be used to facilitate other key technologies like installation of well control equipment in ice-covered water.

			As exploration drilling efforts prove up commercial accumulations of oil in the U.S. Arctic offshore, focus will naturally turn to making significant advancements of the technologies needed for the development phase.  In addition to the types of technology improvements discussed above, this will require collection of additional data characterizing the ice environment to facilitate the safest and most cost effective designs for platforms, vessels, and pipelines.
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			Logistics and Infrastructure

		

		
			Chapter Summary

			Logistics and infrastructure are critical components of exploration and development.  Logistical requirements for exploration include movement of people, drilling and support equipment, and supplies to and from the offshore drilling locations.  Infrastructure requirements for exploration include ports, airfields, power supply, and communication networks.  Logistical requirements for development include transport and construction of platforms, production facilities, and pipelines during the installation phase; ongoing movement of people and supplies during the production phase; and removal of platforms, production facilities, and pipelines during the eventual decommissioning phase.  Development places increasing demand on infrastructure requirements due to the increased activity.  These logistical requirements are typically met through chartering or building of aircraft and maritime assets for specific activities.  Alternatively, the infrastructure requirements are ideally met through access to shared resources, recognizing that infrastructure has dual use and benefit to non-oil and gas users, including local communities, military, shipping, commercial tourism, and fishing.  
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			Alaska, by virtue of its location, size, physical environment, and sparse population centers, presents significant challenges to logistics and infrastructure for all users: 

			•Large area:  Alaska is one fifth the size of all the Lower 48 states in the United States.  Key locations relevant to Chapter 7 are shown in Figure 7-1.
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			•Remoteness from the U.S. Lower 48:  Alaska is bordered by Canada, which separates it from the U.S. Lower 48, and by waters that include the North Pacific Ocean, Bering Sea, Beaufort Sea, Chukchi Sea, and Arctic Ocean. 

			•Access:  The Bering Sea connects the North Pacific Ocean to the Chukchi Sea and leads to the Northwest Passage past Canada and the Northern Sea Route past Russia.

			•Alaska’s northernmost point, Point Barrow, sits well above the Arctic Circle at 71°23'25" north latitude, 156°28'30" west longitude (the Arctic circle is 66°33'45.6" north of the equator).

			•Maritime Infrastructure:  There are no deepwater ports north of Adak and Unalaska in the Aleutian Islands, and few navigational aids exist from Kotzebue Sound to the Canadian border.1

			•Supply Routes:  The distance from Seattle to Dutch Harbor, Alaska, the nearest deepwater port to the area considered in this National Petroleum Council study (the U.S. Arctic offshore, which includes both Alaskan state waters nearshore and federal waters, also known as the Outer Continental Shelf), is nearly 1,600 nautical miles and the distance from Dutch Harbor to the Chukchi Sea is another nearly 1,000 nautical miles; and again another 400 miles to the Beaufort Sea.  Compounding this challenge is the general lack of road or rail access between locations in Alaska and the necessity for all supplies to be transported by either sea or air.

			•Aviation Infrastructure:  The four major public airstrips in northern Alaska that support commercial jet aircraft are in Deadhorse (also known as Prudhoe Bay), Barrow, Kotzebue, and Nome.  All other communities in northern Alaska are served by gravel runways.

			•Road Access:  The Dalton Highway, terminating at Deadhorse, Alaska, is the only road connecting Alaska’s North Slope (the northern slope of the Brooks Range, stretching along the Arctic Ocean coast from the Chukchi Sea on the west to the Beaufort Sea on east) to southern Alaska and the rest of the North American road network.  Road networks beyond Deadhorse only service oilfields and do not connect to any communities. 

			These factors, including distance, limited infrastructure, and lack of multimodal access, have implications on shipping cost and time.  The physical environment further compounds logistics challenges that include potentially harsh oceanographic and meteorological conditions in the Gulf of Alaska and the presence of seasonal ice and cold temperatures with increasing severity between Dutch Harbor and the study area.2  These challenges have implications for the type of maritime and aviation equipment that can be used.

			Nonetheless, Native activity in the study area has been ongoing for the last 10,000 or more years and Western activity the last two centuries, starting with whaling that began in the early 1800s with coastwise trade and associated commercial activity rapidly following.  Oil and gas activity started in the late 1960s with discovery of the Prudhoe Bay field and subsequent sealifts used to transport drilling equipment and large prefabricated facilities from the Gulf of Mexico to Prudhoe Bay.  This history, as well as the subsequent offshore drilling activity that has taken place, are summarized in Chapter 1.

			Based on this experience and in spite of the challenges and limitations of Alaska’s existing infrastructure, current logistics capabilities and infrastructure are deemed sufficient to enable and support safe exploration activities.  However, the current infrastructure comes with inefficiencies that add time and cost.  Upgrades will be required for future development because of the increased scale of operations associated with production, compared to those associated with exploration, and risk of overloading current infrastructure.  (Chapter 2 describes exploration and development concepts in greater detail.)  Additional perspective follows:

			•While Dutch Harbor is in many respects capable of supporting oil and gas activities, it is located far from the study area and currently serves the fishing industry.  Dutch Harbor is not currently set up for servicing the large vessels needed for oil and gas activities.

			•Current design and operational practices for maritime and aviation assets operating in the Arctic environment provide a suitable framework for safe operation.  These include international conventions such as the Polar Code, U.S. Coast Guard and U.S. Federal Aviation Administration (FAA) regulations, international standards, industry guidelines, and individual owner/operator requirements. 

			•As commercial activity in the Arctic expands, initiatives like the Polar Code will strengthen and standardize current practices across global operating regions.

			•The Arctic region imposes technical and commercial constraints on the pool of available maritime vessels:

			−Requirements for safe and reliable operation, including winterization that satisfies vessel ice classification standards, can substantially increase maritime vessels’ costs relative to temperate environments like the Gulf of Mexico. 

			−The Jones Act has an exaggerated impact on cost due to the very limited U.S. flag maritime vessels that can both meet the Jones Act requirements and have the requisite ice class to work in the study area.

			•While fragile permafrost and wetland ecosystems impact land-based logistics and supporting infrastructure, road technology in the Alaskan Arctic is well established and includes both seasonal ice roads and year-round gravel roads. 

			−For gravel roads, construction requirements are set by bearing capacity and heat transfer, and key constraints are the availability of and proximity to gravel resources. 

			−Social impact limits and constraints are well documented and result from the interdependency of land use of competing interests ranging from subsistence hunting to wildlife protection and critical habitat designation. 

			Infrastructure upgrades for exploration can increase operational efficiencies and at the same time reduce environmental impacts and provide positive social benefits, which together enable prudent development.  Examples of infrastructure upgrades include new ports closer to the study area, new airfields located away from existing communities and subsistence hunting areas, connecting roads, and higher bandwidth communication networks. 

			There are many synergies between the types of infrastructure that would facilitate oil and gas exploration and development and the infrastructure needs of local communities, the state of Alaska, and elements of the U.S. Armed Forces, such as the U.S. Coast Guard and U.S. Navy, that have Arctic missions.  Investments by any party in new or upgraded airfields, ports, roads, navigational aids, satellites, radars, and high-bandwidth communications facilities could confer wide benefits.  The Coast Guard and Navy, which play key roles in the areas of safety, search and rescue and security, and national defense, are subject to many of the same resupply and support requirements in the Arctic as the oil and gas industry.  These organizations could also play a complementary role in the sharing of infrastructure.

			The principal opportunity for improving logistics is in the optimization of existing transport solutions.  There are also opportunities in alternatives to conventional modes of transport that offer different approaches and may have different environmental impacts, but these are generally not without limitations.  These alternatives include hovercraft, airships (lighter than air), and new icebreaker designs.  In most cases, these technologies exist today; however, some level of adaptation or demonstration is required for the Arctic or the scale of the operation.  Further maturation of these technologies is probably best done by the technology provider on a speculative basis or in conjunction with an operator’s specific plans.

			Summing up, key opportunities for enhancement in logistics and infrastructure are in the form of equipment and infrastructure investment opportunities and not in the development of new technology per se.  Individual companies can be expected to invest as needed to support their plans, but incremental investment might bring substantial additional societal benefit.  Ideally, where infrastructure investment will benefit both public (federal, state, and local) and private sectors, decisions should be made jointly and costs appropriately shared.  A likely challenge will be alignment of timelines, with individual companies needing to make investment decisions that may run ahead of public needs.  At a minimum, private and public entities should collaborate to ensure informed decision-making.  Early engagement with the Native population in infrastructure and activity planning is key to maximizing the total societal benefit of investment.

			Careful study of new infrastructure is required to ensure that the desired functionality will be achieved, the risks have been identified, and that possible unintended consequences have been assessed.  Trade-offs will invariably exist.  For example, a new port would ideally be located close to the study area in an ice-free location and be accessible by road, but it may not be possible to satisfy all of these requirements at a particular location.

			The high-level logistics and infrastructure recommendations from this study are as follows:

			•Local, state, and federal government agencies should coordinate infrastructure planning by carrying out, where possible, joint scenario planning to identify the intersection of mutual needs, such as airfields, ports, roads, communications, to identify opportunities for investment synergies.  Planning needs and considerations should include those from oil and gas industry, U.S. Navy, U.S. Coast Guard, and local stakeholders.  Planning needs from the Trans-Alaska Pipeline System for life extension should also be included.

			•As an example, government, with relevant stakeholders, should consider review of the recommendations from Deep-Draft Arctic Port System Study final report with a specific focus on oil and gas infrastructure needs.  The final report is due mid-2015. 

			•Recognizing the potential for increasing needs in the Arctic from all industries, the U.S. Coast Guard icebreaker fleet and presence should be expanded and extended into the shoulder season to promote transportation safety, national security, and a longer exploration season.

			•The U.S. and Canadian federal governments should continue their long history of cross-border incident management and response.  Consideration should also be given to enhancing cross-maritime border coordination for incident response between the U.S. and Russian Coast Guards.

			•Government should consider carrying out a study of gravel resources and usage implications across the North Slope.

			•Recognizing the potential for increased vessel traffic in Bering Strait in the future, actions should be taken now to improve vessel safety:

			−The United States should support implementation of the International Maritime Organization Polar Code to ensure that maritime vessels transiting the Bering Strait and operating in U.S. Arctic waters meet the requirements of the Polar Code, including design, construction, equipment, operations, training, search and rescue, and environmental protection.  

			−The National Oceanic and Atmospheric Administration (NOAA) should complete hydrographic mapping of the region to improve nautical charts.

			−The U.S. Coast Guard should improve regional navigational and communication aids and continue development of comprehensive Arctic maritime traffic awareness systems.

			•Opportunities for policy/regulatory enhancements should be explored, including reducing restrictions on wetlands use, Jones Act exemptions in cases of emergency response incidents, and for highly specialized construction equipment, as discussed in Chapter 4.

			•Recognizing the potential of unmanned aircraft to significantly improve current monitoring and sensing capabilities, all stakeholders should work with the FAA Investigative Program to support permitting the use of unmanned aircrafts in the Arctic.  This technology is currently available and would improve safety and efficiency of logistics support, oil spill response, ice characterization, and environmental monitoring.

			•NOAA should maintain at least the current capability of polar observing weather satellites and evaluate the merits of a new U.S.-controlled synthetic aperture radar satellite accessible by all stakeholders.

			•Individual companies should continue/increase discussion with local communities, state and federal agencies, and Alaska universities on workforce requirements for all sectors and implementation plans.

			Introduction

			Purpose and Objectives

			This chapter reviews logistics and infrastructure requirements and challenges and risk management practices, and it identifies opportunities for enhancements in support of prudent development in the Alaskan Arctic.  Opportunities are broadly considered and include technological advances, collaborative investments, proactive planning and permitting, and the research needed to enable efficient planning and permitting.  There are vital roles for government institutions at the local, state, and federal levels in these activities.

			For definition purposes, logistics encompasses all of the measures and capabilities needed to manage the supply chain for an exploration/development project or an ongoing operation.  The supply chain provides people, material and equipment, food, fuel, spare parts, communications, etc., and also manages wastes.  Infrastructure generally means the fixed land-based facilities that support the supply chain for maritime-based activities and operations.  Infrastructure includes ports, roads, airfields, communication networks, housing, and supply depots.  Logistics requires access to both ends of, and all points along, the physical supply chain.  As the ease of physical access improves, logistics generally become simpler, timelier, and more efficient.  The ease of physical access relies heavily on the availability of supporting infrastructure.

			Existing logistics assets and the current state of Arctic infrastructure are assessed for their ability to maximize year-round operability for the study area.  Priority is given to infrastructure that could potentially be used to support future offshore oil and gas activities, consistent with the proposed focus on offshore resource development.  A holistic perspective is taken that considers all stakeholders (public, federal/state government, military, and private industry outside of the oil and gas sector), recognizing that infrastructure can be designed to maximize the benefits of the capital invested and minimize operating expenditures for all parties involved.

			Robust logistics solutions are needed to responsibly compensate for the physical environment and a general lack of existing infrastructure in the Alaskan Arctic.  Challenges of remote regions to efficient logistics and infrastructure include sparse population centers compounded by minimally developed roads, railroads, pipelines, airfields, deepwater ports, large-scale electrical power generation and distribution, and communications facilities.

			In the Arctic environment, effective risk management is essential to protecting fragile ecosystems and to respecting local cultures while at the same time striving to meet cost, schedule, and technical objectives.  Risks must be identified, analyzed to such an extent that they are adequately understood, and actively managed by preferably eliminating them in advance or by providing effective measures to mitigate them should they materialize during project execution.  Logistics and infrastructure challenges are at the heart of a number of project risks in the Alaskan Arctic.  Many of these challenges have been robustly managed over the past six decades in other Arctic operations, such as the North Slope.

			A recent study by the University of Alaska Fairbanks3 defined and estimated the infrastructure needed to support oil and gas activities as including buildings of various types, roads, gravel islands, docks, causeways, airstrips, pipelines, power lines, wells, mines, and landfills for the existing North Slope Alaska developments.  This is a fairly inclusive definition that also works well for the purposes of this report.  Both offshore and onshore oil and gas exploration, development, and production activities rely to some extent on land-based infrastructure.

			Scope

			The scope of this chapter includes:

			•Land access and onshore infrastructure

			•Pipeline infrastructure

			•Maritime port infrastructure

			•Maritime assets and alternatives

			•Aviation assets, infrastructure, and alternatives

			•Communications infrastructure

			•Remote sensing infrastructure

			•U.S. Armed Force synergies

			•Alaskan Native synergies.

			Non-Oil and Gas Interdependencies

			Infrastructure, and especially infrastructure expansion, is of potential value to many stakeholders beyond the oil and gas industry including both public and private interests.  Public interest would be from local communities, the state of Alaska, and federal government and specifically the U.S. Navy and U.S. Coast Guard.  Commercial interest includes the shipping, tourism, and fishing industries.  A common theme in this report is the opportunity for strategic planning to recognize these synergies.

			Physical Context

			A brief summary of the physical challenges of the Alaskan operating environment is provided for context.  Key parameters include remoteness, extreme temperatures, seasonal daylight extremes, seasonal ice, and visibility. 

			Remoteness

			A distinguishing characteristic of the study area is its remoteness as shown in Figure 7-1.  This remoteness is due to both the size of Alaska as well as the distance between Alaska and the Lower 48 states, with key distance metrics summarized in Table 7-1.  The distance, for example, from Seattle to Dutch Harbor, the deepwater port closest to the study area and the only deep-draft, ice-free port from Unimak Pass west to Adak and north to the Bering Strait, is 1,650 nautical miles, while the distance from Dutch Harbor to the Chukchi and Beaufort Sea is another 1,075 and 1,400 nautical miles respectively.  To add further perspective, the flight time from Anchorage to Deadhorse (Prudhoe Bay) or Barrow is more than 2 hours.
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			There are communities along the north and west coast of Alaska that can provide limited support; however, these communities are without deepwater ports, are inaccessible by land transport, and have limited onshore infrastructure such as communication networks and airfields relative to the needs of offshore exploration and development. 

			Several points of note: 

			•Resupply operations in Alaska involve long distances from a major maritime port or airfield. 

			•Resupplying an offshore facility becomes more of an issue when ice is involved.  Icebreaking vessels can be used, but at certain times of the year there may be restrictions on their use due to wildlife and subsistence hunting.

			•Many airfields in the North Slope do not have hard surface runways, limiting the aircraft types that can operate.  Additional considerations are as follows:

			−There is limited or no local emergency response. 

			−Most village airfields do not provide a full range of services, such as fuel. 

			−The FAA has not established air traffic routing for offshore helicopter operations.

			•There is only one road from Fairbanks to Prudhoe Bay, and only limited road access from Prudhoe Bay to northern Alaska municipalities, like Barrow, that are potential staging areas to support operations in the study area.  Additionally, the Prudhoe Bay infrastructure is privately owned, including roads and dockage, creating usage constraints.  Altogether, this makes Prudhoe Bay infrastructure of limited value to the study area.

			•There is no rail infrastructure north of Fairbanks.  The isolation of most population centers results in high costs for transportation services, infrastructure development, and maintenance support services.

			Extreme Temperatures

			Alaska air temperatures for January and July are summarized in Table 7-2.  Winter temperatures limit operational windows for outdoor activities for both people and equipment.  Cold temperatures can require specialty materials, such as in the case of steel to avoid brittle fracture.  Cold temperatures also impact aviation operations.  The minimum operating temperatures vary by aircraft type, generally −32°F to −40°F, limiting use during the winter months. 
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			Seasonal Daylight Extremes

			The high latitude of the study area results in extremes in both daylight and darkness.  Darkness affects aviation operations and worker morale.  During winter months, the sun drops below the horizon and “sets” for several months; however, twilight provides additional “light” as shown in Table 7-3 from the U.S. Naval Observatory model, so there is no time period of total darkness.  Civil twilight, as shown in this table, is defined to begin in the morning and to end in the evening when the center of the sun is 6 degrees below the horizon.  This is the limit at which twilight illumination is sufficient, under good weather conditions, for terrestrial objects to be clearly distinguished.  The minimum, maximum, and average values are for the given month.
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			Seasonal Ice

			Ice characterization is discussed in detail in Chapter 5 and key points needed to provide perspective on logistics and infrastructure requirements and constraints are recapped here.  Seasonal ice affects maritime equipment selection and operational windows.  The ice cycle in the study area as well as Bering Strait follows a similar pattern of formation, growth, decay, and open water, but dates vary depending upon location.  Ice formation starts in September in northern regions of the Beaufort and Chukchi Seas, and by October landfast ice can be found along the coastline.  By July, ice has disappeared in most shore regions of the Beaufort and Chukchi Seas with varying amounts of open water/low ice concentrations during the summer period.  Ice formation in the Bering Strait and Norton Sound starts in early November and by late December the northern Bering Sea is ice covered.  Ice reaches its maximum southerly extent by March.  Ice decay starts in April and reaches the Bering Strait in May.  Due to changing winds, large open water regions can be present during the ice season.

			Visibility

			Figure 7-2, from the Alaska Weather Aviation Unit study, “MVFR/IFR Climatology for Selected Alaska TAF (Terminal Aerodrome Forecast) Sites,”4 shows the percentage of time per month that aircraft operations occurred under various flight rules at Barrow Airport from 1973 to 2007.  The colored bars in Figure 7-2 represent progressive restrictions on flying conditions, with the green bar corresponding to Marginal Visual Flying Rules and the yellow, red, and blue bars corresponding to increasingly restrictive Instrument Flight Rules.  This shows that the least restrictive flying weather occurs during the winter months, whereas exploration activities in the study area primarily occur in the summer months when flying conditions are most restrictive.  Visibility can constrain flying both directly through required safety minimums and indirectly through potential impacts on wildlife and subsistence hunting and the requirement to meet minimum height ceilings.
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			Land Access, Onshore Facilities, And Roads

			This section considers land access, principally with regard to the unique characteristics of wetlands and regulations regarding wetlands use, onshore facilities, and roads.  Construction materials, including sand, gravel, and rock important for onshore facility construction, roads, and ports, are covered in the subsection on roads.

			Land Access

			Land access is a key enabler for all onshore infrastructure including roads, onshore facilities, pipeline corridors, ports, airfields, and communication physical assets.  Land access is also important for extracting gravel for onshore construction, including roads and pads that support facilities by protecting the underlying permafrost from melting.  Land access is critical for infrastructure, including roads, onshore facilities, ports, airfields, pipelines, and communication networks.

			Current Landscape

			As seen in Figure 7-3, the U.S. government is the largest landowner in the state of Alaska, with federal ownership of more than 60% of Alaska’s 365.5 million onshore acres.  In addition, Alaska’s coastline accounts for more than half the miles of coastline of the entire United States, and all the waters outside of Alaska’s 3-mile territorial limit are under federal control. 
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			Much of this surface land is considered wetlands, with this designation covering approximately 174 million acres, or about 43% of Alaska’s surface area.5  Since almost half of Alaska is considered wetlands, nearly every development project in Alaska, particularly in northern Alaska where onshore support for offshore development is likely to occur, will require permitting and some form of wetlands compensatory mitigation. 

			State lands sandwiched between the National Petroleum Reserve–Alaska (NPR-A) and the Arctic National Wildlife Refuge (ANWR) provide access to the North Slope from the rest of Alaska and the Lower 48 and Canada via the Dalton Highway.  The largest dock north and east of Point Hope is also on these state lands. 

			Under the present management practices of the NPR-A and the ANWR, the ability to access the corridors necessary for the efficient and economic development of offshore production of oil and gas is challenging because of existing land use restrictions (e.g., the 2013 Record of Decision for the final NPR-A Integrated Activity Plan/Environmental Impact Statement6 covering management of the 23 million acre reserve).

			Prudent Development Context

			Some amount of land access is necessary for resource development.  Responsible land development is important to local communities and the state of Alaska due to the economic benefits gained, including royalty payments, property taxes on infrastructure, and jobs.  Land access needs to be balanced with risks to the ecological and human environments: first through a focus on the potential for environmental damage and second on the increased accessibility to communities that are currently without road access and the advantages and disadvantages that come with road access. 

			Future Aspirations and Options to Achieve 

			Specific recommendations are made in Chapter 4.  Additionally, the following enhancement opportunities are seen:

			•A programmatic environmental impact statement might be considered to support onshore and offshore oil and gas exploration and development and other commercial/industrial activities on the North Slope.

			•Additional wetlands research could help decision-making with, for example, developing a statewide mitigation plan and a more flexible and effective regulatory approach where all mechanisms of wetlands mitigation are considered, including mitigation banking, in-lieu fee mitigation, and permittee-responsible mitigation.

			Onshore Facilities

			Onshore facility requirements include housing, equipment, storage, power generation, pipeline pumping and compression stations, and oil and gas processing facilities.  Construction and support of onshore facilities in the Alaskan Arctic is challenging and expensive.  The oil and gas industry typically relies on prefabricated housing/office/warehouse units to overcome the limited construction/transportation windows.  Industry also relies on modularization for process equipment, again to deal with the challenging construction conditions. 

			Current Landscape

			Supporting these facilities is a challenge due to limited transportation infrastructure.  Access is often only by seasonal ice roads, seasonal barging, or air, and access can often be interrupted by weather conditions.  The coastal waters off Alaska are typically shallow and there are no deepwater docks north of the Bering Strait to allow transportation of large amounts of heavy cargo directly to the region.  This requires extensive planning and logistical support to ensure supplies are where needed, when needed.  Additionally, there is typically no or limited power or telecommunications available.  These issues must be addressed during future development.

			Prudent Development Context

			Onshore facilities need to consider both separation from local communities for safety, security, and esthetics, and potential synergies, including road and air access, power, and communications.  Efficiency of land use, consumables, and power requirements are all important factors in enhancing prudent development. 

			During the initial development of the Prudhoe Bay Oil Field, individual oilfield support contractors leased state land and built gravel pads, camps, maintenance facilities, shops, and related infrastructure to support company specific operations, creating the unincorporated community of Deadhorse.  This resulted in inefficient development patterns, inconsistent quality of facilities, and at times no clear accountability for site maintenance and removal of outdated facilities and equipment.  By default, emergency response became the responsibility of the adjacent oilfield operator.  On the other hand, when the Kuparuk oil field was developed 40 miles west of Deadhorse, an industrial authority was formed to concentrate these services under a central authority, providing leased gravel pad space, shop facilities, office, and camp to oilfield support contractors.  As a result contractors providing oilfield support are able to operate without the need to first develop their own stand-alone support facilities.  This planned approach for support facilities at Kuparuk minimized both land use requirements and environmental impacts related to development.  In addition, these support facilities offer an opportunity for local community ownership and employment, and often cross the boundary into traditional municipal services like waste management, emergency response, and power generation as examples.

			Future Aspirations and Options to Achieve

			Ideally, the cost efficiency of remote onshore facilities will improve as infrastructure grows to support development of resources.  This may include roads in select circumstances, airstrips, improved search and rescue and emergency response capabilities, improved communications infrastructure (possibly along pipeline right-of-ways), and access to power.

			A specific onshore opportunity is seen in the area of power generation.  Hybrid and microgrid power systems have the opportunity to increase fuel efficiency and reduce emissions through the use of stored energy to meet peak load demands.  These technologies have advanced meaningfully in the past 5 years, driven by military research for battlefield applications.  An example of the relationship between emissions and fuel consumption and load factor is shown in Figure 7-4 for a marine engine.7  Load factor is defined as the average load divided by the peak load.  Emissions and power consumption vary inversely with load factor, so technology that increases load factor will improve environmental performance.
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			The net result of improved reliability and efficiency is a reduction in the environmental impact of power generation in remote Arctic logistics and infrastructure.  Enhancement opportunities include:

			•Development of hybrid and microgrid technologies to optimize electricity generation in the sparsely populated Arctic regions 

			•Development of communications and power systems in areas where both a local population and a long-term industry operation would benefit from combined resources 

			•Industry, local, state, and government agencies could coordinate infrastructure planning by carrying out where possible joint scenario planning to identify mutual needs.

			Roads 

			Roads are important to the oil and gas industry because they enable a continuous logistics supply chain.  Temporary or permanent roads are also important for onshore pipelines and other onshore facilities because they afford access to materials, equipment, and people during construction and for inspection and maintenance during operation.

			Current Landscape

			In areas of permafrost, roads are constructed by building up a roadway from gravel of sufficient thickness to keep bearing capacity within allowable limits and to provide thermal protection against thaw.  Use of thermal barriers can reduce the required depth of gravel.  

			Figure 7-5 shows a section of the Delong Mountain Transportation System (DMTS), a 30-foot all-weather gravel industrial haul road from the mine site to the port facility.  The Red Dog Mine is located in the DeLong Mountains of the Brooks Range, 82 miles north of Kotzebue, 55 miles from the Chukchi Sea, and 106 miles above the Arctic Circle.  
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			There is a fair body of work indicating that east of the Colville River construction resources are sufficiently abundant and of high-enough quality to support development activities.  Construction materials in this area are located in modern alluvial valleys and along modern rivers and in young, unconsolidated bedrock units, as well as in glacial outwash deposits closer to the Brooks Range.  However, there is high degree of uncertainty on the quantity and quality of sand, gravel, and rock resources between Chukchi Sea and Dalton Highway.  There is very little publicly available data on the quantity and quality of materials of these various deposit types; however, geologic formations are present in the NPR-A and Chukchi Sea areas that elsewhere contain usable construction materials.  This suggests that exploration may be able to locate sufficient materials to support oil and gas development, but at this point the level of information is insufficient to say whether or not the resources are present.  The availability of more complete information would greatly inform this discussion.

			During the winter season, temporary ice roads can be constructed to facilitate construction and/or resupply of existing facilities.  These can be offshore or onshore ice roads.  Onshore, the roads are constructed by using snow, ice aggregate, and water to create an ice roadbed of approximately 6 inches.  The roadbed is laid on top of the ground.  The ground/tundra is not disturbed or graded.  This will typically allow the transit of trucks and equipment as well as passenger vehicles.  At the end of the season, road markers, temporary culverts, etc., are removed.  Any ice bridges across water are also removed to ensure natural water flow as temperatures increase.

			The state of Alaska’s Roads to Resources Program Initiative (R2R) works with state agencies, resource developers, and other interested parties, including local governments and Native corporations, to design and build projects that support development of natural resources in the oil and gas, alternative energy, mining, timber, fisheries, and agriculture industries.  In addition to traditionally funded public projects, R2R anticipates and analyzes prospects for public-private partnerships to fund projects that will generate enough revenue to pay off planning and construction costs.

			The DMTS is an example of the R2R program: the Alaska Department of Transportation and Public Facilities worked with the mine landowners, Cominco Mining Corporation, the Northwest Alaska Native Association, the National Park Service, and Congress to establish a road on federal land.  The department, coordinating with the Alaska Industrial Development and Export Authority, constructed the road from 1987 to 1990.8  The R2R program has achieved success, as shown by the DMTS example, and is positioned for future opportunities as Alaska’s rich natural resources continue to be explored, developed, and used in a manner that best serves all stakeholders. 

			Off-road travel is a significant mode of winter transportation for both onshore exploration and construction of onshore facilities and pipelines.  The Alaska Department of Natural Resources has developed significant experience over the past 30 years in permitting and managing off-road travel on the North Slope tundra.  The department has developed science-based methods for determining when it is environmentally appropriate to travel across tundra and by which means.  These methods have allowed the lengthening of the oil and gas exploration season for the North Slope while protecting the tundra.

			Prudent Development Context

			New roads can have both long-term socioeconomic advantages and disadvantages in this vast, largely road-free region.  Route selection performed with only a single project in mind may not identify the route that would also maximize the potential for overall economic development in the region.  A responsibility of the local and state government in consultation with local stakeholders is to ensure that broader road access and societal interests that may be for and against access are considered in road planning.  When evaluating a road permit request, a governmental authority may impose additional requirements that are external to the needs of a particular project in order to achieve broader outcomes.  Such requirements can lengthen project schedules and increase costs, particularly if they are imposed later in the project design cycle.

			Gravel resources are typically found near major river drainages in both active and abandoned channels.  Suitable gravel has been found available for the existing onshore oil and gas infrastructure.  However, gravel availability for infrastructure development is expected to be problematic between the Colville River and west to the Chukchi coast due to lack of drainages.

			Future Aspirations and Options to Achieve

			The following opportunities for enhancement should be considered:

			•Governments at all levels should consider supporting implementation of the Roads to Resources Program.  The totality of the areas supported by the R2R program is significant, as will be the costs to tie all remote locations into major transportation hubs.

			•Industry, local, state, and government agencies should coordinate infrastructure planning by carrying out, where possible, joint scenario planning to identify mutual needs.

			•The federal government and the state of Alaska should consider performing a joint study of sand, gravel, and rock resources and their prudent use across the North Slope.

			Onshore Pipeline Infrastructure

			Current Landscape

			Onshore pipelines have been successfully installed and operated in Arctic environments for many years. Most notable in Alaska is the Trans-Alaska Pipeline System (TAPS).  TAPS has been in service since 1977, safely and reliably transporting crude oil from Prudhoe Bay and other Alaska North Slope oil fields over 800 miles to the Valdez deepwater maritime terminal (Figure 7-6).  Alyeska Pipeline Service Company (Alyeska) was formed in 1970 to design, build, maintain, and operate TAPS.  The pipeline today is recognized as a landmark engineering feat and remains essential to Alaska’s economy and central to the state’s industry.
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			In addition, a number of smaller common carrier oil pipelines connect various North Slope Alaska oil fields to TAPS at Pump Station 1.  At present, these common carrier pipelines connect remote production from as far as the Alpine Oil Field, 60 miles west of TAPS, and the Point Thomson field under development 60 miles to the east of TAPS.  A gas pipeline has been proposed from Prudhoe Bay to an LNG (liquefied natural gas) plant in Nikiski.  This project is in the concept selection stage and design aspects are still being refined.  The current plan is to install the pipeline underground and chill the gas to keep the thaw-unstable soils frozen and thereby protect the permafrost and the pipeline.  This is a major capital project that still has many regulatory and fiscal hurdles to overcome, but a large-scale pipeline together with an LNG export facility is a way to monetize the currently stranded gas.

			Alaska has also seen limited use of railcars for hydrocarbon transportation.  The rail system is limited in scope to a single combined passenger/freight line connecting Seward and Whittier to Fairbanks and the Eielson Air Force Base.  Before TAPS, this rail system was used to supply the interior of Alaska with fuel for heating, electricity, and transportation.  This changed in 1977 when the North Pole Refinery in Fairbanks went into operation, drawing crude oil from TAPS to supply the interior with fuel products.  In 2014, this refinery ceased operating and has been converted into a distribution terminal.  The railway is once again being used to import fuel products to interior Alaska.

			TAPS Construction and Operation

			Constructed from 1974 to 1977, this pipeline (Figure 7-7) used the best technology available at the time to protect the fragile permafrost and provide migration corridors for wildlife while maintaining operating temperatures and pressures that would ensure reliable transport of crude oil.  As mentioned earlier, the pipeline is owned and maintained by the Alyeska Pipeline Service Company, which was formed in 1970.
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			Arctic overland pipelines face unique design, construction, and operation challenges.  Rigorous design, construction, and operational planning factors must be considered to help assure the success of any overland pipeline in the Alaskan Arctic. 

			TAPS is a 48-inch diameter oil pipeline traversing an 800-mile route through three mountain ranges and across numerous rivers and streams from the Prudhoe Bay Field on the North Slope to an ice-free, deepwater shipping terminal at Valdez.  Although both oil and gas discoveries have been made in the North Slope, only oil production and export has been enabled by the TAPS. 

			A key design consideration was seismic loading and fault crossings.  On November 3, 2002, the magnitude 7.9 Denali Fault earthquake centered near Paxson, Alaska, caused a lateral shift of 2.5 meters horizontally across the fault line where TAPS crossed the fault zone.  TAPS was designed to accommodate a shift of this size through the use of slide supports and consequently did not suffer any damage.  This demonstrates that Arctic overland pipelines can be—and have been—designed, built, and operated safely in seismically active areas.

			TAPS average daily throughput is shown in Figure 7-8. Since peak flow in the late 1980s, TAPS throughput has been declining by more than 5% per year.  Less oil means slower-moving oil.  Slower oil means colder oil.  And the slower and colder the oil, the more complicated the operating challenges.  Daily throughput is now lower than it was at pipeline startup in 1977.

			
				
					[image: ]
				

			

			TAPS Life Extension

			The useful life of TAPS will be determined by both its physical life and its economic life.  The physical life can be extended as long as the integrity of the pipeline and facilities is maintained adequately to allow continued safe and environmentally sound transport of crude oil.  The economic life, however, will be determined by how long it can attract shippers and provide its owners with a reasonable economic return.

			The best long-term solution for extending the useful life of the TAPS is finding more oil to transport.  Lower flow rates present significant operational challenges for the pipeline system.  Recent major pump station modifications allow greater flexibility in managing lower and variable flow rates.  Additionally, recent modifications allow for recirculation of the crude oil to add heat and maintain crude oil temperatures above 32°F.  It is important to maintain temperatures above freezing to prevent water in the pipeline from forming ice that would block flow.  If operation is required below freezing, the oil would require significantly more dehydration or chemical additive.  Nonetheless, as flow rates and crude oil temperature continue to decline, practical limits will be reached in the ability to maintain operating temperatures above freezing.  Planned mitigations are expected to enable reliable operations down to 300,000 barrels of oil per day or possibly lower. 

			Alyeska is continuing to research and implement adjustments necessary to operate TAPS safely and efficiently so that TAPS will remain a viable component of Alaska’s economy and the nation’s energy infrastructure. 

			Prudent Development Context

			Economic

			Oil and gas development is one third of the state of Alaska’s economic activity and provides about 90% of the state’s general revenue.  Oil flowing through the TAPS is a major contributor to this revenue.

			Design

			Pipelines operating at above 32°F are typically designed to be supported on above-ground vertical support members to protect thaw-unstable permafrost ground.  These pipelines can also be buried in thaw-stable permafrost material but proper geotechnical evaluation of the ground conditions is critical.  Over marginal permafrost areas, passive cooling thermosiphons are often used to maintain ground temperatures below freezing around the vertical support system members to avoid ground failure from thawing.  Mechanical refrigeration schemes may be required at road crossings or special configurations.  These pipelines are preferentially buried wherever thaw-stable ground conditions exist.

			Pipelines operating below 32°F can be directly buried in permafrost zones but have the opposite consideration in marginal permafrost or thaw-unstable ground where the pipeline may cause excessive frost heaving.  The correct characterization of ground conditions is critical to selecting the most reliable and cost-effective design for a given pipeline route.

			In the Arctic coastal plain, rivers are typically braided with flow channels that change over time.  Pipeline route selection must consider these long-term changes and include river crossing methods suited to each location.  Current practice has used directional drilling below river crossings, pipe bridges, suspension bridge systems, and simple piling supports.  All of the above-ground systems have to be designed for the high-peak spring break-up flow rates, related ice damming loads, and scour.  Directionally drilled crossings require stable ground conditions and have to deal with permafrost transition zones.

			Special consideration needs to be given to seismic risks and fault zone crossings and avalanche and unstable side slope areas.  The latter pose a significant risk to above ground pipelines, requiring route selections to avoid these high-risk zones.  Clearly defining these areas on pipeline routes and selecting the needed design allowance is an important consideration.

			Wildfire risks to elevated sections of pipelines are typically addressed by maintenance programs of brush removal along the right-of-way to minimize fuel and limit the highest temperatures that could be encountered from wildfires, which often burn uncontrolled in these remote areas.

			Wind- and flow-induced vibration fatigue risks need to be modeled and addressed through the appropriate mitigation methods.

			Pipeline construction in the Arctic has to deal with both the environmental conditions of cold and related seasonal limitations as well as the remoteness and limited transportation infrastructure.  The nearest U.S. deepwater port is Dutch Harbor, more than 1,000 miles from south of the Chukchi Sea, and the shallow bathymetry across the entire north coast of Alaska does not offer the opportunity to effectively develop one.  Winter ice road supply and ice construction pads must be built each season.  Access to gravel resources to develop permanent pads or local roads is limited or nonexistent in many areas.  The location of required roads, airstrips, or pads will likely mean long haul distances.

			Permanent versus temporary transportation infrastructure decisions, while not a technical challenge, will drive project economics.  Therefore consideration must be given to the role of local, state, and federal governments in providing these resources for common use.

			Operations

			Due to the high costs and risks associated with maintaining personnel in remote locations, fully automated unmanned facilities are desirable to the maximum extent practical.  Pump or compressor stations are remotely controlled and monitored.  Alyeska Pipeline recently upgraded its pump station equipment and control system to more completely allow unmanned operations.  Unmanned operations require highly reliable and redundant communications and control networks.

			Ongoing pipeline operations activities also require highly reliable communications and control to support leak detection and monitoring, integrity inspection, surveillance, and security systems.  Shutdown and restart requirements are more complex for long sections of pipeline in remote locations with difficult direct access. 

			Emergency response capability typically requires prepositioned materials and equipment to be maintained along the pipeline alignment.

			Socioeconomic

			Pipeline route selection can have broad long-term socioeconomic impacts to this vast roadless region.  Route selection appropriate for a single project may not be the route selected to maximize the potential for overall economic development in the region.  These route selection factors can impact project schedules and cost estimates since they often come in later in the project design cycle during the permitting process, which typically introduces considerations beyond the single project.

			Future Aspirations and Options to Achieve

			Keeping TAPS flowing is important to the economic livelihood of the state of Alaska.  Ongoing inspection, maintenance, and life extension is being carried out by the Alyeska Pipeline Service Company, as the pipeline owner.  Infrastructure planning for future oil exploration and development needs to consider TAPS as a valuable resource.

			The technology supporting Arctic onshore pipelines is well understood and benefits from many years of successful operations both in Alaska and other Arctic regions.  There are, however, several areas where advancing both basic research and furthering current practice can support access to more difficult and remote frontier regions for operations.

			The following enhancement opportunities are seen for research by industry, academia, or government singularly or in collaboration.

			•Improved passive thermosiphon design for heat removal:  Technology enhancements would also be of benefit to residential, commercial, and public structures.  These structures are at risk of foundation damage due to permafrost melting and technology enhancements could have benefit to these structure types as well.

			•Improved automated surveillance and security technology.

			•Improved data gathering using unmanned aircraft technology for pipeline routing and monitoring activities.

			•Adaption of advanced technologies (e.g., microelectromechanical systems) for enhanced pipeline integrity monitoring and leak detection. 

			Maritime Port Infrastructure And Navigation

			This section considers maritime port infrastructure, port alternatives, and maritime navigational safety.

			Maritime Ports

			Maritime ports are important for exploration and development for resupplying, safe berthing of drilling and support vessels when not operating, vessel maintenance and repair, as forward bases for emergency response, and for oil and gas export.  Ports are typically connection points between land-based infrastructure and water.  Drilling operations in the Arctic will need to be resupplied with essential stores during the drilling season to ensure operations run on a continuous basis.  These may include consumables such as food, drill pipe and other tubulars, and drilling fluids, as well as the crew to operate the rigs and support vessels.

			Current Landscape

			Alaska hosts relatively few deepwater maritime ports, let alone ports with land access, even with its vast coastline.  Outside of Southeast Alaska, the only deep-draft ports and associated maritime facilities are located in Anchorage, Seward, Kodiak, Unalaska (Dutch Harbor), Adak, Homer, Whittier, and Valdez.  For reference see Figure 7-1.

			The port of Dutch Harbor in Unalaska is the closest deepwater port to the study area but is 1,100 nm from the Chukchi Sea.  Dutch Harbor, while not ideal because it is an island and its predominant industry is fishing, has served as a port facility for oil and gas exploration since the 1980s when it was used as support base by Arco for drilling several Continental Offshore Stratigraphic Test wells in the Bering Sea.9  Figure 7-9 is a picture of the Captain’s Bay portion of the Dutch Harbor complex and the location of industrial wharfage.
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			Adak, with its retired military infrastructure, is of potential interest for oil and gas activity but like Dutch Harbor is only maritime and air accessible and would require significant investment to upgrade its facilities to serve the requirements of oil and gas activity.  Anchorage, Seward, Kodiak, Homer, Whittier, and Valdez are impractical for logistical support due to their distance from the study area. 

			The Valdez Marine Terminal (Figure 7-10) at the south end of the Trans-Alaska Pipeline System was designed for loading crude oil onto tankers and includes provisions for enough storage to allow North Slope production to continue even when maritime transportation is interrupted.  At the terminal, shown in Figure 7-10, crude oil is measured and stored and then loaded onto tankers and transported to market.  Tankers tie into a berth and oil spill containment booms are placed around the berth and tanker before oil is transferred through the loading arms onto the tanker.  The first cargo of oil departed from Valdez on August 1, 1977, and since that time more than 20,000 tankers have been loaded there.
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			Port infrastructure in the Alaskan Arctic is the subject of the Alaska Deep-Draft Arctic Port System (ADDAPS) Study.  The ADDAPS study area is shown by the yellow highlighted locations in Figure 7-11 and includes more than 3,000 miles of coastline, which is roughly one and a half times the length of the eastern coast of the United States from Canada to the tip of Florida.  This 3-year study is being conducted by the state of Alaska and the U.S. Army Corps of Engineers.  The study is planned to be finalized in 2015.  Initial findings published in 201310 provide the following results and insights:
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			•Large-vessel traffic passing Alaskan shores is increasing, and more than 60% of these vessels are foreign-flagged.  Increased traffic means increased risk of incidents that would call for a response by the U.S. Coast Guard and other available vessels.  In this regard, the United States and other members of the Arctic Council agreed to support search and rescue in the Alaskan Arctic in a May 12, 2011, international agreement.

			•The need to support federal sovereignty over Alaska waters is growing in light of increased international interest (i.e., foreign trade and resource development) in the Arctic.

			•The importance of ensuring adequate environmental protection and response increases as maritime traffic increases and oil and gas development grows in the Chukchi and Beaufort Seas.

			•Addressing these issues effectively requires further development of Alaskan ports generally, and specifically development of one or more deep-draft ports in much closer proximity to the North Slope.  (Note: The North Slope was one of the five geographic regions being studied; the other regions were the Bering Strait, Norton Slope, Pribilofs, and Southwest Alaska.)

			The technical feasibility of building and operating marine oil offloading terminals in Arctic areas has been established through successful experience in a wide range of port facilities—from the temporary seasonal loading of double-hulled OBO (Ore/Bulk/Oil) icebreaking ship MV Arctic at Bent Horn, Cameron Island, Canada (1985-1996), to the more recent Varandey marine terminal in the Barents Sea and Sakhalin-2 LNG terminal in Prigorodnoye (Sea of Japan).  Most of the coastal areas in northern Alaska have shallow water depths for which offshore terminals could be more cost effective.11  These areas will also be impacted by offshore ice.  

			Prudent Development Context

			Ports are typically shared with other commercial and local entities requiring their services.  The impact of energy exploration operations brings both positive and negative impacts to local communities.  Positive impacts are derived from significant economic benefit from leasing arrangements with local corporations and governments.  Negative impacts manifest themselves in competition for resources (dock and hotel space, fuel requirements, waste and material throughput, and community interaction with contract workers) and have to be carefully understood, planned, and managed. 

			Key planning factors for future port facilities should include the following:

			•Capacity, both in terms of overall size and water depth, to support current and future operational requirements

			•Geographic location to support current and future oil and gas operations

			•Access restrictions due to seasonal ice and other limitations

			•Access to multimodal combinations including air, land, sea, and rail

			•Environmental and socioeconomic impacts and proximity to workforce 

			•Demand, including government, public, and private users

			•Geomorphic resilience and protection from harsh environmental conditions (wind, seas, ice, tides, currents).

			Future Aspirations and Options to Achieve

			Ideally, resupply would be completed from deepwater ports with short supply runs in fair weather.  Unfortunately, most Alaska ports north of the Bering Strait provide only shallow draft access and inclement weather often restricts the ability of smaller vessels to transit offshore.  Limited access to deepwater ports often necessitates long supply chains that require multiple offshore supply vessels to ensure reliability.  This presents considerable challenges, including increased cost and decreased availability.

			Construction of a suitable deep-draft port could serve the interests of both the oil and gas industry and a much broader community of state, federal, and local stakeholders.  Individual companies cannot alone finance or construct a deepwater port due to the cost and environmental sensitivities; this would require the government as a partner. 

			On that basis, the Deep-Draft Arctic Port System Study final report due in 2015 should be reviewed and the detailed functional requirements of all potential users considered.  This, in turn, could lead to the following additional outcomes:

			•Feasibility analysis of shortlisted sites using physical criteria and alignment with potential investors, public-private partnerships, future development, and port management authority12  

			•Strategic investment to enhance the Arctic ports system to provide deep-draft solutions for resource development, export and support, as well as improvements appropriate for the U.S. Coast Guard, environmental protection (oil spill response), search and rescue, and community resupply

			•Assignment of lead federal agency responsibility for permitting, design, and construction of the Alaska deep-draft arctic port system

			•Encouragement of public and private entities to collaborate in funding and constructing marine infrastructure using the strengths of each sector to achieve success through public-private partnerships

			•Initiation of a programmatic environmental impact statement for a deepwater port/expanded port system to ensure the least impact to marine and terrestrial habitats, migrations, and Native hunting.

			Port Alternatives

			In the absence of a suitably located deepwater port, a possible way to optimize the supply chain would be to use dedicated ships or barges to provide services that are otherwise available at a port (the “ware ship” concept).  Port alternatives can provide some but not all of the benefits of existing and new ports.  These alternatives and new port infrastructure are not mutually exclusive, meaning that they could be used either in lieu of or in addition to new port facilities.

			Current Landscape

			The ware ship concept was used by the oil and gas industry in Alaska in the 1980s by Amoco during the drilling of several exploration wells in the Navarin Basin area of the Bering Sea.13  The U.S. Navy has also used mobile multipurpose supply bases, also known as ware barges/ships/vessels.  A ware vessel is a floating warehouse used to carry the consumables onsite for drilling and production operations.  Ware barges would be moved to the study area in the open water season and would be fully outfitted with all the equipment and spare parts needed for the majority of the operating season.  They may also serve a secondary purpose of a flotel (floating hotel) providing either in-transit or extended-stay accommodation for operating crew or to facilitate crew change of support vessels and drill rigs, as well as an advance aviation base.  A flotel is standard oil and gas industry approach for providing temporary quarters and could also be a stand-alone facility.

			Additional points on port alternatives include the following:

			•Ware barges/ships offer the ability to move the warehouse closer to offshore operations and to minimize unloading and reloading.  Their utility increases as the distance from offshore operations to existing onshore alternatives increases.  New ware ship concepts are available in the market place, with multiple proponents looking for a sponsor.

			•Multipurpose ware vessels offer a potentially attractive option that permits the positioning of a supply base near the area of operations.  This improves supply chain management by reducing the transit times and costs associated with personnel, material, and waste transfer.  Multipurpose ware vessels are an alternative that the oil and gas industry can pursue and finance on its own and could be of value either in lieu of or in conjunction with a deep-draft port in closer proximity to the Alaskan North Slope; however, they may not be able to offer a year-round solution in heavy ice due to their size and potential special requirements (e.g., ice class). 

			•The “lighter aboard ship” (LASH) concept, which has been in use since the 1980s, is similar to the ware ship concept.  Barges are preloaded with resupply equipment, which is subsequently “lightered aboard” (hoisted and stowed onboard) specially constructed ships, for transport to the offshore operations.14  This concept, while once novel, has largely been replaced by heavy-lift ships.

			Prudent Development Context

			Many of the same considerations listed in the previous section on maritime ports apply to port alternatives.  Port alternatives have the advantage that they can be located to eliminate or minimize conflicts with other users.  They are also inherently more scalable than permanent port facilities.

			Future Aspirations and Options to Achieve

			Individual companies can be expected to make this investment as needed.

			Navigation

			Safe navigation is important for all maritime vessel traffic that plies the Bering Strait and enters the study area.  This includes maritime vessel traffic related to oil and gas activities and U.S. and non-U.S. related maritime traffic, including U.S. Coast Guard (USCG) and U.S. Navy (USN) vessels, cruise ships, scientific research vessels, commercial fishing vessels, commercial bulks carriers, and LNG tankers.

			Current Landscape

			Maritime vessel traffic in the Arctic is increasing, as is the tonnage of cargo carried.  Based on USCG reporting, vessel traffic increased by 118% in the Bering Strait from 2008 to 2012.15  According to a USCG presentation at the 2013 Bering Strait Maritime Symposium Program, cargo carried in the period also increased from 100,000 tons in 2010 to 3,000,000 tons in 2012.  This cargo, mainly iron ore, oil, and gas condensates, is expected to increase to 25,000,000 tons in 2017 and 50,000,000 tons by 2020.16  A summary of the composition of maritime traffic through the Bering Strait for the period from October 30, 2013, to October 31, 2014, is shown in Figure 7-12.  The increased maritime vessel traffic has heightened concerns over inadequate hydrographic data along the Alaska coast.  This is a well-documented improvement area and activity is ongoing led by NOAA and the USCG to conduct to bathymetric surveys that would allow nautical charts to be improved.17
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			Prudent Development Context

			Navigational aids are important for reducing the risk of maritime incidents.  Improvements will benefit safe operations by all users of the Bering Strait.

			Future Aspirations and Options to Achieve

			Navigational capabilities that will enhance navigational safety—thereby protecting people, physical assets, and the environment—are desired.  This will require investment in better navigational aids, enhanced hydrographic mapping, enhanced standards for vessels and crews plying the Bering Strait, and a significantly greater ability to respond effectively to maritime incidents, including ship groundings, spills, and medical emergencies.  Enhancements in navigational aids and hydrographic mapping are considered below, while enhancements in the other areas are considered in the next section on maritime vessels and missions.  

			The following enhancements are desirable:

			•A comprehensive, forward-looking evaluation of Bering Sea maritime traffic that identifies risks, deficiencies, and priorities.  Such a foundational study would support funding requests for appropriate upgrades (e.g., navigation aids, improvements to the existing Automated Identification System, and expanded hydrographic mapping to improve nautical charts). 

			•Complete hydrographic mapping of the region, improve regional navigational and communication aids, and continue development of a comprehensive Arctic maritime traffic awareness system to improve monitoring and tracking of maritime activity.

			Maritime Vessels And Missions

			This section considers maritime vessels with particular focus on oil and gas activity and operations.  It considers alternatives to conventional maritime vessels including air cushion vehicles.  Synergies between oil and gas industry requirements and missions for the U.S. Coast Guard and U.S. Navy are discussed in a later section of this chapter on U.S. armed forces synergies.  A picture of an example icebreaker is shown in Figure 7-13.
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			Vessel duties (missions) for exploration include resupply, anchor handling, surface support for remotely operated vehicles and divers, ice management, oil spill response, and emergency evacuation.  These duties are typically carried out by icebreakers or ice-capable support vessels.  Additional duties for development include transport, construction, and installation and are carried out by highly specialized vessels.

			Maritime Vessel Availability

			Current Landscape

			The types of maritime vessels needed for Arctic oil and gas exploration (seismic survey vessels, drilling rigs, anchor handlers, icebreakers) exist today, but with limitations.  These limitations include a very small global population of vessels that have the requisite ice class rating and an even smaller subset that also satisfy the requirements under the Jones Act for work in U.S. waters. 

			The global fleet of icebreakers is shown in Figure 7-14, from the USCG Office of Waterways and Ocean Policy.  Vessels included “have sailed in significant sea ice in either the Arctic or the Antarctic,” have “ice strengthening sufficient for polar ice,” and possess “installed power of at least 10,000 horsepower.”  Minimally ice-strengthened ships (enough to survive in ice, rather than operate in it) and icebreakers of less than 10,000 horsepower are not included. Not all icebreakers are suitable or available for Arctic offshore oil and gas activities.  Most government icebreakers in Canada, the United States, Japan, Russia, Finland, and Sweden, etc., are not suitable for oil field duties due to design limitations; they are not designed for towing, at-sea cargo transfer to rig, anchor-handling, and ice management.  A few vessels, notably in the Swedish and Finnish icebreaker fleets are operated in public-private arrangements, which have allowed these vessels to be used to support offshore activities in ice prone waters.  Also of note, Finland has built a major share of the world’s icebreaking ships not only for their own account but also for Russia, Sweden, etc., and Finnish icebreaker technology has also been used in design and construction of such ships as the NSF’s Nathaniel B. Palmer and USCG’s Healy.
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			More detail on drilling rigs can be found in Chapters 1 and 6.  Maritime vessels that are needed for a future offshore development (e.g., cutter suction dredgers) are in very small supply and are foreign-flagged and therefore not Jones Act compliant.

			Prudent Development Context

			Maritime vessel design for operating in Arctic conditions is well established, as will be discussed in the next section.  The limited fleet of existing ice class vessels can impact exploration and development timing and economics.

			Future Aspirations and Options to Achieve

			The availability of maritime vessels required for oil and gas exploration and development can be expected to increase based on speculative investment by vessel owners and contractors to meet a future market demand and by investment by individual oil and gas companies to accomplish specific activities.

			Ice Class and International Maritime Organization Polar Code

			Current Landscape

			Design rules for ships that operate in ice have been in existence for more than 100 years and have undergone continuous improvement.  The process is driven by a combination of experience, learning from incidents, and improved calculation methods.  This experience and established practice forms the basis for the classification society18 rules in force today.  While based on common experience, significant variance exists across classification society guidance.  Furthermore, national regulations for ice class vessels vary from country to country.  This broad variance in focus and requirement causes needless overlap and added complexity to vessel design, construction, and operation. 

			The Polar Code was developed to consolidate and provide common requirement baselines for polar shipping, with the intention of providing a clear international standard that signatory flag and coastal states would adopt into their national legislation.  The Polar Code will continue to rely heavily on the classification societies for detailed polar class construction requirements.  Accordingly, the International Association of Classification Societies (IACS) created detailed polar class construction requirements in 2008, which set out seven “different levels of ice class.” 

			The International Maritime Organization (IMO) adopted the safety part of the Polar Code in November 2014; and this provision will enter into force on January 1, 2017.  The environment part of the Polar Code was approved by IMO in October 2014 and will be considered for adoption in May 2015.  If the environmental provisions of the Polar Code are adopted at IMO, these provisions will also enter into force on January 1, 2017, thereby creating a unified Polar Code.  In the near term, responsible operations in the Arctic will continue to rely on specific operations requirements governed by existing international conventions, national regulations, and industry best practices, as well as guidance in IMO Assembly Resolution A.1024(26) – guidelines for ships operating in polar waters adopted December 2, 2009.

			Provisions of the Polar Code amend the International Convention for the Safety of Life at Sea (SOLAS) and the International Convention for the Prevention of Pollution from Ships (MARPOL).  The safety-related provisions of the Polar Code apply to commercial cargo ships greater than 500 gross tons engaging in international voyages and passenger ships engaging in international voyages, when these ships are operated within polar waters as defined by the code.  Amendments to MARPOL generally have a broader applicability for all ships engaging in international voyages, but the specific applicability of the environment-related provisions of the Polar Code will not be finalized until May 2015. 

			The safety-related provisions of the Polar Code will not apply to non-SOLAS ships or ships operating exclusively on domestic voyages, although member states are encouraged to apply the Polar Code or IMO guidelines as appropriate.  Additionally, the Polar Code does not apply to ships owned or operated by a contracting government and is used, for the time being, only in government noncommercial service.  However, these ships are encouraged to act in a manner consistent, so far as reasonable and practicable, with the Polar Code.  Furthermore, the Polar Code provisions will not apply to drill rigs, given IMO’s focus; however, drillships in transit would be expected to comply.

			Prudent Development Context

			International conventions and design rules are required to promote safe and responsible maritime operations.  Maritime casualties, including personal injuries, loss of life, spills, vessel damage, and sinking are unacceptable.  The body of knowledge for safe practices includes the IMO requirements and ship classification society rules as discussed in the previous section as well as industry guidelines designed to codify best practices (e.g., those promulgated under the Oil Companies International Marine Forum), knowledge and experience from ship designers, and specific requirements of particular owners/operators.

			Future Aspirations and Options to Achieve

			The United States should support implementation of the IMO Polar Code to ensure that maritime vessels transiting the Bering Strait and operating in U.S. Arctic waters meet the requirements of the Polar Code, including design, construction, equipment, operations, training, search and rescue, and environmental protection.

			Merchant Marine Act of 1920 (Jones Act)

			Federal laws protecting shipping in the United States date back to 1789 and include the 1920 Jones Act governing the transportation of merchandise.  The Jones Act requires that vessels transporting cargo between two U.S. points be built in the United States, crewed by U.S. citizens, and at least 75% owned by U.S. citizens.  

			Current Landscape

			Coastwise laws such as the Jones Act have evolved and expanded over the years, and sentiment to protect U.S. ship owners/operators, U.S. labor, and U.S. shipbuilding capacity remains strong in many areas.  Any activities implicating the coastwise laws are closely scrutinized by the U.S. Customs and Border Protection, the Coast Guard, the domestic U.S. maritime industry, and Congress.  As such, “the coastwise laws are highly protectionist … and are intended to create a ‘coastwise monopoly’ in order to protect and develop the American merchant marine, shipbuilding, etc.”19 

			Prudent Development Context

			The United States has very limited domestic vessel capacity for ice management services and operations in ice conditions, which are an essential requirement for Arctic exploration and development.  Contracting these services to a foreign-flagged operator is an option.  However, the Jones Act limits the ability to leverage the full mission support capability of these vessels (which are often capable of performing multiple functions).  This forces the use of additional Jones Act compliant vessels to safely operate in the Arctic environment.  Having oil and gas lease operators contract for purpose-built Jones Act vessels, and financing their construction through long-term charters is also an option, but is not necessarily considered reasonable or practicable due to the high-build and -operating costs of Jones Act vessels in comparison to those built in international shipbuilding countries.

			The Jones Act has a significant impact on prudent development:

			•Mission Constraints:  The Jones Act restricts the ability for multi-mission, foreign-flagged vessels to operate within the full limits of their capabilities due to their inability to travel between two U.S. ports.  Drilling rigs require constant consumables, waste, and personnel transfer.  A foreign flagged icebreaker operating in close proximity to the drilling rig, although well capable of supporting these logistics operations, would be prevented by the Jones Act from carrying out any of these functions. 

			•Once exploration transitions to development, Jones Act restriction further limits the use of which vessels can be involved in undersea infrastructure missions such as dredging, trenching, and pipelaying.  Dredging vessels, for instance, would need to be Jones Act compliant.  If suitable vessels do not exist, then they would need to be built.  The availability of yard space in the United States to build the number and type of vessels required is severely restricted and will likely result in delays to any project as well as cost overruns.

			•The high cost to build and operate Jones Act vessels is well documented:

			−A 2013 study by the U.S. Department of Transportation Maritime Administration20 estimates that operating costs for Jones Act compliant vessels and crews are substantially more than for foreign flagged vessels.  Moreover, the observed capital costs to build Jones Act compliant vessels are around three times the cost as compared to foreign vessels.  Prudent Development must include these costs in the economics of business decisions.

			−A recent study by the Congressional Research Service presents findings on the impact of the Jones Act requirements on shipping costs.21 The study indicates that the purchase price of U.S.-built tankers is reportedly about four times the price of foreign-built tankers, and U.S. crewing costs are several times those of foreign-flag ships.  The U.S. construction schedule is also considerably longer than foreign-built ships and shipyard capability is limited.

			•“According to oil shippers, the price for moving crude oil from the Gulf Coast to the U.S. Northeast on Jones Act tankers is $5 to $6 per barrel, while moving it to eastern Canada on foreign-flag tankers is $2.”22

			•The financial implications of Jones Act compliance during exploration and appraisal operations are significant and limit the ability to fully leverage vessels capable of handling multiple tasks, such as icebreaking and resupply, resulting in the need to contract additional vessels to perform those duties thereby greatly increasing costs and risks, reducing flexibility, and potentially delaying projects.

			There is currently no Jones Act−compliant heavy lift or dry-tow vessel.  Therefore any nonpropelled vessels moving from a U.S. port to the study area must be wet-towed or delivered directly from a foreign port.  Dry transport provides for greatly increased speed as well as decreased risk from storms due to the ability of the transport vessel to evade bad weather.

			Future Aspirations and Options to Achieve

			Opportunities for enhancement include considering preapproval of specific Jones Act exemptions for vessels required for oil spill response, emergency evacuation, and rescue activities and for select specialty vessels required for development.  This could be preceded by a government-led assessment, in consultation with the oil and gas industry, to identify the specific vessels and circumstances under which preapproval for exemptions might be possible.

			Maritime Vessel Alternatives

			Logistical alternatives exist to address some of the constraints of maritime vessels with regards to ice and metocean conditions.

			Current Landscape

			Maritime vessel alternatives include hovercraft and airships (lighter than air).  In most cases, these technologies exist today; however, some level of adaptation or demonstration is required.  Additionally, operational constraints of the alternatives have delayed implementation to date.

			Prudent Development Context

			Any vessel alternatives need to be safe and environmentally responsible and appropriately designed.

			Future Aspirations and Options to Achieve

			There are, at least, niche commercial or government markets for hovercraft, and there does not appear to be compelling argument for an expanded government role.  Further development of hovercraft can be done by the technology providers, either on a speculative basis or in conjunction with an operator’s specific plans.  Airships are addressed in the next section.

			Aviation Infrastructure And Aircraft

			Aviation is a critical transportation mode for Alaska, given the distances, scarcity of roads and rail connecting onshore infrastructure, and the offshore nature of the study area.  Aviation is important for the movement of goods and people and for search and rescue and emergency response, serving both local populations and industry.  For the oil and gas industry, aviation routinely supports surveillance and reconnaissance for baseline science data gathering, ice characterization studies, and marine mammal monitoring during operations.  Aviation is also key for resupplying and for the transferring of personnel to remote locations, including maritime offshore assets.  Emergency response duties include medevac, search and rescue, and support of oil spill response.

			Search and rescue, which draws heavily on aviation infrastructure and aircraft, is covered in the section on U.S. Armed Forces synergies as part of a discussion of the U.S. Coast Guard mission.

			Aviation Infrastructure

			Current Landscape

			Air operations in the remote regions of Alaska are challenging due to weather conditions and the lack of suitably equipped airfields.  Suitably equipped airfields are defined as those with hangars, Jet-A fuel, suitable aircraft rescue and fire fighting response capabilities, Instrument Flight Rules (IFR) ground-based approaches, runway lighting, and ground de-icing capability.  Aviation is also constrained by the general lack of logistics and infrastructure support—fuel supplies, maintenance services, communications, etc.  A further constraint is the lack of developed airspace (i.e., air space with radar coverage to provide IFR separation and communications and weather reporting capabilities).

			A broad range of manned fixed-wing aircraft and helicopters are active in Alaska.  Unmanned aircraft are also being introduced, subject to FAA restrictions to ensure flight safety and avoid collisions.  Unmanned aircraft are particularly well suited to surveillance and reconnaissance missions, including monitoring of marine mammals.

			Prudent Development Context

			Safe and reliable aviation transportation is important to the oil and gas industry and to remote communities.  New airfields, enhancements to existing airfields, and airspace development will benefit industry and local communities through more reliable and available air service.

			While there are significant challenges for Arctic aviation, there are existing controls that have been established by the FAA, oil and gas industry guidelines, and operator specific safety requirements.  Together, these controls have created a very strong safety record for oil and gas aviation operations in Alaska.  There are also ongoing initiatives by the FAA to improve airspace development, including IFR separation, communications, and weather reporting to increase safety while increasing the availability of safe flying conditions. 

			The oil and gas industry through the International Association of Oil & Gas Producers, a trade association for the global upstream industry, have safe flying guidelines that augment requirements set by the FAA.  These include:

			•Air transportation – Recommended practices for air operations, Report No: 410, June 2008 

			•Aircraft management guidelines, Report No. 390, July 2008, updated August 2013

			The development of new airfields and enhancements to existing airfields, whether done expressly to support industry or for broader purposes, will need to be done in coordination with federal, state, and local communities.  Development and air routes will have to be sensitive to communities’ needs and concerns.  Mutual development may offer benefits to all parties.  Repurposing existing or abandoned facilities located away from existing communities may, in some cases, be an optimal solution.  

			Following are examples of repurposing opportunities that may assist in future exploration and development operations in the Arctic, but each has limitations.  In each example, sites effectively segregate industry activities from culturally sensitive population centers while offering existing military hard infrastructure (ports/runways) for development.  Examples include:

			•The former naval air station in Adak, Alaska, in the Aleutian Islands could be a viable maritime and aviation support base for future exploration and development operations.  This could be a possible joint venture (private/private, public/private) opportunity to position for the future.

			•The former USCG Loran C station in Port Clarence could provide an opportunity to serve as a maritime and aviation support base during the operational season.  Port Clarence is situated approximately 100 nm southeast of the Bering Strait.

			•The former Distant Early Warning Line site approximately 5 miles south of the city of Wainwright, Alaska, and 70 miles west of Barrow, Alaska, could provide an opportunity to move both maritime and aviation support activities within 75 miles of the Chukchi exploration and development operations. 

			Future Aspirations and Options to Achieve

			As operations in the region expand, shared services and shared costs, both across the oil and gas industry as well as federal, state, and local governments and other commercial entities, can lead to the development of more robust facilities and support services.  The following recommendations would help achieve significant improvements in the safety and reliability of aviation in the region to support development and local communities:

			•Industry, local, state, and federal government agencies should coordinate infrastructure planning by performing where possible joint scenario planning to identify mutual needs.

			•Government should considering developing solutions for airspace management and traffic deconfliction that accommodate helicopter, fixed-wing, and unmanned aircraft operations (typically referred to as unmanned aerial vehicle or unmanned aerial systems).

			•Continued development of regulations by the FAA to allow unmanned aircraft to support pipeline surveillance, search and rescue, oil spill response, etc.  This should include controlled flight of unmanned aircraft beyond line of sight.

			•Increased support for ongoing initiatives by the FAA to improve airspace development (IFR separation, communications, weather reporting), including the Automated Weather Observation System and the Remote Communications Air/Ground communication system.  The objective is to increase safety while increasing the availability of safe flying conditions.

			Aircraft

			Current Landscape

			Numerous fixed and rotating wing aircraft can operate safely in Arctic conditions.  Key considerations that impact equipment selection and operational availability are minimum operating temperatures, icing, and ability to operate from unimproved airfields.  Specific considerations include:

			•Minimum operating temperatures vary by aircraft type, but are normally down to -32°F to -40°F.  Aircraft cannot be operated in conditions below their certification limit.

			•No aircraft can operate in severe icing conditions even with de-ice systems.

			•The type of runway surface limits the type and size of aircraft that can land and be supported.

			Prudent Development Context 

			Aircraft safety is governed by the aircraft’s FAA certification.

			Future Aspirations and Options to Achieve

			An opportunity for enhancement is joint industry and government evaluation of the usefulness of new unconventional airframes in the Arctic regions.  This includes airships to ferry material and possibly crews to the area of operations.  Airships are an emerging technology that offset some of the logistical challenges of the Arctic, such as the lack of deepwater ports and environmental and weather constraints.  Several designs from multiple aerospace companies are being explored and considered.

			Communications Infrastructure

			Current Landscape

			Voice and data telecommunications are important for coordination of integrated operations and transfer of safety critical data.  Examples of the latter include transfer of radar imagery and ice charts to maritime vessels and transfer of real-time drilling data to shore-based monitoring facilities.  Increasingly, communications and bandwidth are also important for crew morale (e.g., allowing streaming of movies, video gaming, and voice over Internet communications with remote family members and friends). 

			Telecommunications as they exist today are sufficient to support coordination of integrated operations and transfer of safety critical data, but not much more.

			The telecommunications industry has strived to provide ubiquitous services wherever it is economically attractive to do so.  Its efforts have been so successful that the availability of some form of wireless phone/data service with reasonable speed and bandwidth is now a normal expectation in many regions of the United States, including parts of southern Alaska.  However, this is not the case on the North Slope of Alaska. 

			There are three primary telecommunications transport methods being utilized in northern Alaska:

			•Satellite:  The primary means of communication to the outside world for the communities of the Arctic and the study area, with the exception of the Prudhoe Bay operating area and its associated pipeline corridor. 

			•Point-to-Point Radio (Microwave):  Supports the extension of the footprint of services from the satellite earth station/fiber optic facilities to areas requiring telecommunication services.

			•Fiber Optic Connectivity:  Currently this method is available via the TAPS pipeline corridor and supports the Prudhoe Bay operating areas with much greater capacities (bandwidths) and speed than are widely available to satisfy the increasing technological demands for telecommunication services.

			These telecommunications methods and their associated facilities/infrastructure make up the backbone of the connections to the main communication centers in Alaska and the rest of the United States. 

			Telecommunication technology selection and investment decisions are dependent on many criteria: economics, time (duration of the telecom requirements), availability of infrastructure (power utilities) and transport methods (road, maritime, aircraft) for accessing the area, and associated permitting and environmental concerns.  There is, at present, little economic incentive for the telecommunications industry to make additional investments on the North Slope due to its small population and host of development challenges.

			Prudent Development Context

			Communication networks are important to the oil and gas industry as well as remote communities for staying connected to the larger outside world and bridging the remoteness.  Of particular importance are bandwidth and reliability.  Additional network capacity will benefit industry and local communities.

			Future Aspirations and Options to Achieve

			Greater availability of affordable voice and data communications services with greater bandwidth and speed would better link communities and businesses, providing them with capabilities that are more comparable to those that are readily available in most of the United States.  It would also support oil and gas development by providing increased bandwidth.

			Electrical power and transportation/access corridors are key requirements for developing improved communications infrastructure.  Therefore, as government and industry plan and develop infrastructure, communications should be a key consideration.  Roads, pipelines, and remote installations may offer synergies for the development of communications infrastructure.  The following recommendations will help improve affordable and reliable telecommunications in remote Alaska regions.

			•Industry, local, state, and government agencies should consider coordinating infrastructure planning by carrying out where possible joint scenario planning to identify mutual needs.  This could include a strategic telecommunications development plan that incorporates potential opportunities provided by new development projects.

			•Monitor and pursue opportunities that may be afforded by foreign interests proposing to lay fiber optic cables on the sea floor near Alaska.  These include cables between Tokyo and London as well as a cable along the Russian coast.

			•Government should provide approved rights-of-way for telecommunications land facilities and supporting infrastructure, as well as promoting investments in such facilities.  

			•Government should provide for research and development of improved telecommunications methods and equipment that addresses the challenges of the Arctic.

			Remote Sensing Infrastructure

			The oil and gas industry currently requires synthetic aperture radar (SAR) data from SAR-equipped satellites to satisfy its ice management needs. 

			Current Landscape

			SAR information is presently obtained through satellite uplink facilities such as that operated by the University of Fairbanks shown in Figure 7-15.  SAR information is essential to effective ice management.  The workhorse SAR satellite today is the Canadian Radarsat 2 satellite.

			
				
					[image: ]
				

			

			The need for timely, high-quality information on sea ice is shared by the oil and gas industry for its operations, the U.S. Coast Guard for search and rescue operations, all parties engaged in offshore and oil spill response activities, and all parties engaged in maritime activities in the area.

			Although the present capabilities are adequate for current purposes, several limitations should be considered:

			•There is no U.S. government-owned or U.S. satellite that can provide the SAR information needed to manage ice for oil and gas exploration and development purposes.

			•Consequently, the oil and gas industry relies on non-U.S. assets for SAR services/data.

			•Although this is probably adequate for most of the oil and gas industry’s purposes, it is not an ideal arrangement when timely data are needed for search and rescue, oil spill response, or other emergencies.

			•Reliance on private, non-U.S. satellites results in there being a numerous restrictions on the use and dissemination of data.

			−The University of Alaska, for example, receives SAR data and provides it to its sponsors.

			−It has a mixed bag of funding sources, and it is not free to provide data to those who are not paying for it.

			−This is not conducive to sharing of information for research purposes. 

			−Data acquisition costs can be a substantial barrier to researchers.

			•A central repository of SAR ice data would be helpful.

			Prudent Development Context

			Synthetic aperture radar information is essential to effective ice management.

			Future Aspirations and Options to Achieve

			NOAA should maintain at least the current capability of polar observing weather satellites and evaluate the merits of a new publicly accessible synthetic aperture radar satellite.

			A collaborative approach that coordinates the needs and requirements of stakeholders requiring SAR information could help to secure multiple sponsors/funding sources. Even without oil and gas industry participation, potential sponsors include NOAA, the U.S. Coast Guard, and the Department of Defense. The oil and gas industry, as well as other Alaskan commercial enterprises, would benefit from the information from such a satellite.

			U.S. Armed Forces Synergies

			There are strong synergies between the missions of the U.S. Armed Forces, particularly the USCG and USN, and infrastructure requirements to support prudent oil and gas exploration, development, and ultimately development in the study area.  These agencies are subject to the same frontier infrastructure, resupply, and support constraints in the Arctic as the oil and gas industry, as illustrated in other parts of this chapter.  Additionally, the USCG has a strong role in supporting oil and gas exploration and development in the areas of safety and security.

			U.S. Coast Guard

			Among its missions, including the humanitarian one of saving lives at sea for which it is most noted, the Coast Guard is also charged with enforcing laws and treaties and protecting sovereignty in waters over which the United States has jurisdiction.  Of equal importance, the Coast Guard also has enforcement powers on behalf of other federal agencies on the high seas if those agencies are absent.23

			With respect to its humanitarian mission, the USCG is the federal agency responsible for maritime search and rescue operations. Search and rescue is the search for and provision of aid to people who are in distress or imminent danger.  This role is legislated in the National Search and Rescue Plan.  By way of completeness, the United States Air Force is the federal agency responsible for inland search and rescue.  Both agencies maintain rescue coordination centers to coordinate this effort and have responsibility for both military and civilian search and rescue.

			With respect to its maritime environmental protection mission, the USCG is the federal agency responsible for overseeing planning, preparedness, and response to oil and hazardous substance pollution incidents in the coastal zone.  This role is legislated in the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) (40 CFR 300).  The U.S. Environmental Protection Agency is the federal agency responsible for the inland zone.

			Current Landscape

			The USCG has only two Arctic-capable icebreakers—Healy (built in 1999) and Polar Star (built in 1976).  Operating past her design service life, Polar Star is kept operational by commandeering critical spare parts from the now inactive sister ship Polar Sea.  Despite a long history of independent Arctic operations, the Coast Guard has recently redoubled its efforts to understand the requirements of the more integrated operation the expanding Arctic will require.  Therefore, the USCG initiated Arctic Shield in 2012 and has continued the exercise in 2013 and 2014.  Arctic Shield focuses on operations, outreach, and an assessment of capabilities with a specific focus on how to meet traditional maritime enforcement, security, and humanitarian missions by modifying or acquiring special-purpose equipment.  Arctic Shield’s elements consist of:24

			•Operations:  integrated operations with multiple cutters, aircraft, and personnel deployed throughout the region

			•Outreach:  includes learning from and sharing with Alaskan Native partners

			•Capability assessment:  involves an analysis of frontline operations and mission support requirements in an expanded Arctic theater.

			The capability assessment is intended to identify shortcomings in traditional assets when applied to the Arctic environment and to help identify specific skill sets required for operations personnel (i.e., the skill sets that are now most often found in experienced icebreaker crews).  The results obtained will inform future decision-making, legislative rulemaking, and operating procedures. 

			Because of the lack of ports from which to refuel, Coast Guard missions are essentially limited to the amount of fuel carried onboard.  When a ship runs low on fuel, it must either be replaced with a second ship, which becomes expensive and resource intensive, or the mission is suspended until fuel can be resupplied, which is inefficient and creates a risk to mission fulfillment.

			Prudent Development Context

			The USCG plays an important role in the areas of security and safety. Meeting this role requires:

			•High-latitude bases from which to operate 

			•Keeping pace with both the oil and gas industry and the rate of change in Arctic operations.

			The needs associated with high-latitude bases are similar to the oil and gas industry requirements described in the maritime port infrastructure and navigation section earlier in this chapter.  

			Future Aspirations and Options to Achieve

			The future aspiration is to have a vibrant USCG presence and partnership.  Toward this end, the following enhancement opportunities are seen, many of which are already ongoing:

			•Continue longstanding partnership with the oil and gas industry (e.g., oil spill response)

			•Partner with industry and others in infrastructure planning

			•Continue Arctic Shield while considering opportunities to step up scope and objectives  

			•Continue the long history of cross-border incident management and response by the U.S. and Canadian federal governments.

			U.S. Navy

			The Navy, as the maritime component of the Department of Defense, has global leadership responsibilities to provide ready forces for current operations and contingency response in Arctic Ocean environments.  The Navy’s functions in the Arctic region are no different from those in other maritime regions; however, it is recognized that the Arctic region environment makes the execution of many of these functions much more challenging.

			The Navy is charged within the Department of Defense as the lead maritime agency to protect the national security.  As discussed elsewhere, historically, both the Coast Guard and Navy have been able to fulfill this responsibility in the limited-use Arctic environment.  However, as Arctic use, maritime traffic, and jurisdictional incursions are made, both the Coast Guard’s and the Navy’s ability to effectively meet mission requirements will be challenged by their existing fleet and infrastructure.  Because the Navy faces the same logistics limitations (inadequate port infrastructure and long supply lines) as does the oil and gas industry, a collaborative approach to addressing these limitations is of benefit. 

			Current Landscape

			The Navy has no ice-capable surface combat ships, having turned its last icebreaker over to the Coast Guard in 1966.  On the other hand, given the Navy’s warfighting mission of force projection, it does possess a sophisticated fleet support and refueling capability.

			The U.S. Navy Arctic Roadmap (February 2014) provides direction to naval commanders, placing particular emphasis on near-term actions necessary to enhance the Navy’s operational capabilities.  In the near-term, the Navy will refine doctrine, operating procedures, and tactics, techniques, and procedures to guide future potential operations in this region.  In the mid-term, the Navy will provide support to the combatant commanders, Coast Guard, and other U.S. government agencies.  The Navy will continue to develop and enhance cooperative relationships across the Department of Defense and with U.S. government agencies, industry, and international allies and partners.

			Naval security and international naval cooperation have always been critical components of U.S. Arctic policy.  As the Arctic Ocean opens, these components will increase as activity rises.  The Navy Arctic Roadmap underscores the need to develop strong cooperative partnerships with industry, interagency, and international Arctic region stakeholders. It acknowledges the role climate change plays in energy security, research and science, the economy, fisheries, tourism, the assertion of sovereignty, and other related issues.  The Navy will take deliberate steps to anticipate and prepare for Arctic region operations and address emerging challenges caused by the opening of the Arctic Ocean waters.

			Prudent Development Context

			The Navy is responsible for national defense.

			Future Aspirations and Options to Achieve

			Considering the Navy Arctic Roadmap, areas that warrant further discussion and coordination include but are not limited to:

			•Environmental Sensor Strategy:  Accurately characterizing and modeling the Arctic’s dynamic maritime and terrestrial environments.

			•Basing:  The movement of resources through the air or on the sea across great distances by naval forces trained and equipped to support other U.S. government agencies in the Arctic region may be required.

			•Search and Rescue Coordination with U.S. Coast Guard and Royal Canadian Navy:  Acknowledging the distinctive missions, competencies, and cultures of U.S. sea services, the Coast Guard and Navy will remain ready to support critical missions.

			The Navy should also consider additional investment in Arctic-capable ships.

			Alaskan Native Synergies

			Current Landscape 

			Oil and gas exploration and development in northern Alaska has created opportunities that have benefited the local communities, the state, and industry.  By better understanding the development climate and the regulatory processes, a more streamlined approach has facilitated the growth of local village and regional corporations while ushering in major oil and gas development.  Examples of successful cooperation between the oil and gas industry and Alaskan Natives include:

			•Projects like Northstar that provided the genesis for today’s Conflict Avoidance Agreement. This agreement is a tool created by the Alaska Eskimo Whaling Commission to coordinate indigenous whaling activities and offshore oil and gas activities, which is governed by the North Slope Borough land use ordinance Title 19. 

			•The ConocoPhillips Meltwater Project, where construction and some operations were curtailed or stopped during and after the calving period, pipelines were raised to a minimum of 7 feet above the tundra, and traffic was limited and convoyed during the calving season to protect caribou migration and accessibility for subsistence activities. 

			•Alpine Satellite Development Project, in the heart of the Nuiqsut area of influence, on surface Kuukpik lands, created the North Slope Borough Mitigation Fund Advisory Committee; it is annually funded by the industry to mitigate subsistence activities in otherwise village hunting lands. 

			•The development of offshore manmade islands like Oooguruk and Spy Islands in collaboration with the local government, which minimized the risk of an offshore oil spill by developing inside tanks that could pump spilled oil down the subsea pipeline as the first line of defense to prevent oil from entering the Beaufort Sea. 

			Putting people together (industry and local corporations) has proven to be a successful path to all parties working together to achieve a balance acceptable to all parties.  And finally, the North Slope Borough developed the NPR-A technical report with recommendations to facilitate cooperation between the federal government, the state of Alaska, industry, and the North Slope Borough to help identify issues and potential policies for the continued oil and gas expansion that have implications borough-wide.  Perhaps, just as the “2007 Oil & Gas Forum” brought entities together, a follow-up oil and gas forum would bring folks back to review the NPR-A technical report and facilitate cooperative agreements and potential Title 19 revisions.

			The success of engagement opportunities as described above are examples of how important it is to blend the positive impacts that Western science and international operating experience affords through industry exploration and development with the environmental considerations and the traditional knowledge possessed by the Alaskan Native population developed over a millennium of experience.  When carefully balanced and considered, the outcome is always more positive than an uninformed approach.  This proven teaming can achieve the desired outcomes in a manner that supports all parties involved and contributes to the highest degree possible to the growth of the communities while protecting the rich cultural values that the residents possess. 

			Prudent Development Context

			Prudent development can only proceed in partnership with local communities.

			Future Aspirations and Options to Achieve

			Some considerations to enable prudent development that can only proceed in partnership with local communities include:

			•Individual companies need to show a willingness to understand and be sensitive as communities may have to adapt—empower communities by being open.

			•The North Slope Borough has zoning and land use powers—engage directly and be open.  The North Slope Borough has worked directly on behalf of the communities to balance development.  The North Slope Borough has important information on infrastructure and erosion issues, and has concerns over the 500,000 caribou that come to calve in the North Slope, which is an important subsistence resource.  Work with communities on every level to gain a thorough understanding.

			•Periodically meet with the North Slope Borough, Northwest Arctic Borough, the trilateral committees of the communities affected, the regional tribal entity, and the Iñupiat Community of the Arctic Slope to forge lasting and positive relationships.

			•Involve communities in future planning projects.  Communities may have ideas that could maximize potential uses along with industry and, where potential pipeline corridors could be planned, that could minimize impacts to subsistence activities and the large-scale movements of terrestrial mammals
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			Arctic Offshore Oil Spill Prevention, Control, and Response

		

		
			Introduction

			Oil spill response in the Arctic is a critical issue to all concerned stakeholders: residents, operators, regulators, and the general public.  Concerns regarding industry’s capacity and capability to deal with spills in Arctic waters, especially in the presence of ice, are in the forefront of any discussion about future offshore drilling plans in the Chukchi and Beaufort Sea regions.  Developing enhanced oil spill response (OSR) systems and building confidence in their capabilities are essential elements in the acceptance of future drilling activities and eventual extension of those activities into the ice season.  Prevention of well control incidents and oil spills are the priority of industry when planning any operation, and the emphasis on prevention must always be considered with any project.

			To appreciate the technology achievements to date and to determine future technology needs surrounding the issue of oil spill response and prudent development, this introduction to the chapter stresses a number of key areas:  

			•The long history of safe and successful Arctic offshore exploration and development

			•The role of prevention as the primary defense against loss of well control

			•The long history of research into oil behavior and response in ice

			•The value of collaboration in further advancing Arctic OSR capabilities

			•The need to understand various trade-offs in selecting the most effective OSR strategy. 

			History

			Exploration drilling operations in Arctic conditions began at Norman Wells in the Canadian Northwest Territories in 1920 and production began in 1932.1  This field continues to produce with a long record of integrity in spite of challenges such as seasonal flooding, ice jams, ice scouring, and permafrost. 

			The Prudhoe Bay field on the Alaskan North Slope began producing in 1977.  Specialized construction practices and engineering design led to drilling through permafrost and operating production facilities under extreme climatic conditions.  The first offshore Alaska Beaufort Sea production occurred in 1987 at the Endicott field using gravel production islands.  No loss of containment has occurred from these wells during more than 25 years of production.  Farther south but still in Alaska, the Cook Inlet oil platforms continue to produce oil in challenging dynamic seasonal ice conditions and extreme tides, with a 50-year record of no major spill incidents (first platform installed by Shell in 1964). 

			Hundreds of wells have been drilled in offshore Arctic (or Arctic-like) drilling programs in Canada, Norway, Greenland, and the United States.2  Almost 40 of these wells were drilled from artificially thickened floating ice platforms in water depths up to 550 meters (1,800 ft.).  Numerous shallow-water exploration wells were drilled in the U.S. and Canadian Beaufort Sea starting in 1970.3  All of these wells were drilled without loss of containment from the reservoirs. 

			The Bowtie Depiction of Risk Management: Prevention to Response

			The primary method to guard against a hydrocarbon spill is prevention.  This is achieved through adherence to established codes/standards and operations integrity management systems, combined with a culture of safety and risk management.  Industry’s primary approach to prevention centers on guarding against loss of well control through design with at least two barriers in place for any possible hazard; industry has more than two barriers in most cases.  The three different levels of prevention are shown schematically in the “bow tie” Figure 8-1.  The left hand side of the bow tie depicts proven controls and barriers designed to prevent incidents that could escalate and lead to a loss of well control.  Combinations of these barriers are employed in the well design.  The greatest benefits in terms of reducing environmental risks are to be found in the primary and secondary phases of prevention—that is, in preventing any loss of control in the first instance.  
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			The controls and barriers included are: 

			•Adequate subsurface information (seismic, faults, geology, etc.), which can be used for selecting the well location, well design, required casing program, identify shallow hazards, etc.

			•Selection of an appropriate drilling rig

			•Proper well design, which includes the mud utilized, casing design, rate of penetration, cement used, and procedures for cementing, etc.

			•Technical staff involved in properly designing the well, overseeing and monitoring the drilling operations, and using remote monitoring centers (when appropriate) to monitor rig activities

			•Blowout preventer (BOP) that is fit for the expected well conditions, properly maintained, and tested in compliance with the regulations

			•Continuous monitoring of weather and ice conditions at and near the site so that operations can be planned properly and if the need arises, they can be curtailed if ice conditions may impact the drilling rig or other activity.

			In the unlikely event that a loss of well control incident takes place, then the response and recovery measures come into play:

			•A capping stack is mobilized and installed on the well to provide a quick response to stop the flow of the well.

			•In addition to the quick mobilization of the capping stack, the OSR equipment that has been detailed in the oil spill response plan approved by Bureau of Safety and Environmental Enforcement (BSEE) is activated immediately.  This includes mechanical recovery equipment like skimmers and booms, dispersant application equipment (air, vessel, and subsea), in-situ burning, storage capacity for recovered oil, monitoring and detection equipment, personnel, and other resources.

			•Finally, the well is permanently killed through methods such as top kill or mobilization of a drilling rig to drill a relief well.  Once killed, it is permanently plugged and abandoned.

			Upgraded U.S. regulations, standards, and practices post-Macondo make the likelihood of a major well control event extremely unlikely.  Steps taken to improve safety include certification by a licensed professional engineer that there are two independently tested barriers across each flow path and that the casing design and cementing design are appropriate, along with independent third party verification of the BOP.  These engineering safeguards are backed up by requiring strict adherence to operations integrity management systems as part of an overall culture of safety and risk management.  

			Additional well control devices and techniques are now available that are independent of the controls on the drilling rig.  Combined with performance-based risk assessment, these systems offer a dramatic reduction in worst-case discharge volumes and form a superior alternative to the requirement for same season relief well and/or oil spill containment systems.  Such measures do not provide ultimate well kill and may not obviate the need for a relief well, but they do reduce urgency such that there is no net risk benefit to killing the well in the same season.  Examples of these devices are capping stacks that can be quickly deployed after an incident and subsea shut-in devices that are installed on the well during the drilling process.  Multiple spill prevention measures and barriers are currently designed into the wells, and these barriers are defined and specified in American Petroleum Institute/International Organization for Standardization (API/ISO) standards and U.S. offshore regulations.  Drilling fluid, casing design, cement, and other well components are the primary barriers and the blowout preventers (multiple redundancies) are the secondary barriers to prevent a release to the external environment. 

			Arctic well design and construction follows these standard offshore well practices.  Arctic-specific hazards, including deep-keeled ice features and surface ice, require additional mitigations but do not alter the basic well design and construction practice—and prevention of loss of well control.  Permafrost and methane hydrates, if present, require special considerations, including drilling fluid and tubular selection and control of heat, all within established and proven practices. 

			Prevention will always be the first and foremost priority.  However, regardless of how many layers or barriers are put in place, the risk can never be reduced completely to zero.  Accepting that reality, the need to prepare for the worst case in the highly unlikely event of losing well control assumes a high importance.  This need to plan and exercise to carry out an effective response is at the heart of every Oil Spill Response Plan.  The overall goal of spill response as shown in the diagram is to limit the potential damage caused by an accidental release by employing the most effective suite of countermeasures in a given situation.  Making sure that responders have the flexibility to implement the best response options is the key to success in achieving this goal. 

			Arctic Oil Spill Response

			At present, all exploration activities in the Alaskan offshore take place in the summer period with predominantly open water, extensive daylight, and the potential for temporary ice incursions in extreme years.  Drilling activities are not currently permitted into the freeze-up period.  Consequently, the Oil Spill Response Plan is designed primarily around a conventional open water response with contingencies to deal with the possibility of encountering drift ice for short periods.  While operationally challenging, the presence of ice in the summer may provide a related benefit in the form of generally lower sea states.  

			Oil Spill Response Plans for possible future extended-season exploration drilling or production will need to incorporate enhanced response strategies and ice management systems that can deal with more severe winter ice cover, extreme cold temperatures, and darkness.  Proven nearshore response tactics to tackle these operating environments are already in place, developed through decades of planning and drills conducted, for example, for the Prudhoe Bay and Alpine fields, both in Alaska. 

			In light of the recognized challenges of responding to any offshore spill in a remote area such as the Arctic, it is important to highlight one significant advantage that ice cover can provide—planning time.  Extremely rapid response is critical to combating spills in open water because of the dynamic nature of marine spills—oil slicks can rapidly spread to become extremely thin, break into many small slicks, and strand on shorelines.  The outcome of a spill in open water is often determined within a matter of hours, allowing little time to assess key decisions and implement best strategies.  In contrast, the presence of a significant ice cover (60% or more) can significantly slow the spreading rate, contain oil in relatively small areas, and potentially prevent or delay shoreline oiling.  The benefit of time cannot be overstated, given the challenges of deploying resources in remote areas under extreme conditions.

			Over the past four decades, the oil and gas industry and federal government have made significant advances in being able to detect, contain, and clean up spills in Arctic environments.  Many of these advances were achieved through collaborative international research programs with a mix of industry, academia, and government partners (for example, the Minerals Management Service, the predecessor to the current BSEE).  Much of the existing knowledge base in the area of Arctic spill response draws on experiences with a number of key field experiments, backed up by laboratory and basin studies in the United States, Canada, Norway, and the Baltic countries over the past 45 years.  Much of the documentation for this work was published in proceedings of oil spill conferences such as the International Oil Spill Conference, InterSpill, and the Arctic and Marine Oilspill Program technical seminar. 

			Basic response strategies for spills in ice, adopted for an ice environment, use the same general suite of countermeasures (modified and adapted for use in ice) used elsewhere in the world, including: 

			•Mechanical containment and recovery with booms and skimmers in open water and very open pack ice, and skimmers extended from vessels directly into trapped oil pockets in heavier ice.

			•Most spills are of a small volume, and mechanical recovery is used for the response operation as the oil is localized and the equipment is available at the location or nearby depot.  

			•Dispersants, applied from the surface (by airplanes, helicopters, or vessels) with mechanical mixing energy added as needed in certain ice conditions or subsea. 

			•A combination of strategies to concentrate the oil and burn it in situ.  In an Arctic environment these can involve containment against natural ice edges without booms, fire resistant booms in open water or very open drift ice, and herding agents to thicken oil in open water and intermediate ice concentrations.

			•Detection and monitoring while potentially planning a later response (e.g., burning on ice in the spring). 

			•Natural attenuation through evaporation and dispersion (i.e., no active response).

			There is an extensive background of knowledge regarding oil spill behavior in Arctic conditions as well as the effectiveness and applicability of different response strategies in ice and cold water.  Technology enhancements through collaborative research will continue to improve the operability and effectiveness of different response systems in ice.  An equal or perhaps greater challenge involves integrating a diverse set of stakeholder groups, including Arctic community residents and regulators, into a collaborative effort to resolve uncertainties and build confidence.  An important goal of this effort is to permit responders to rapidly employ the most effective and environmentally acceptable response options, including controlled burning and dispersants, as real-time conditions dictate.  Promoting mutual understanding of the benefits, limitations, and trade-offs of different response tools will go a long way toward achieving this goal.  By collaborating in joint industry programs (JIPs) and other research efforts, industry and regulators will stay up to date on advancements to technology and new innovative technology that is developed by manufacturers and technology companies, as well as by work done by OSR organizations.

			Even under the best of conditions, one can never expect to recover or eliminate all of the oil spilled.  A successful response limits damage to the environment by using the full range of available countermeasures in the most effective manner.  An important means to enable success in an emergency is to review and update federal and state planning standards and regulations to make sure they reflect the latest technologies, realistic operational and environmental constraints, and practical levels of response capability.  The type and number of resources that can be maintained and operated safely and effectively for a given area, project, or facility should reflect a careful assessment of the most probable spill events that might occur, while recognizing that backup resources can be cascaded in within a short period of time to support a more serious spill event. 

			The ongoing Arctic Response Technology Joint Industry Programme (ART JIP) is the most significant research initiative of its kind ever launched.  Bringing together the world’s leading Arctic scientists and engineers, many of whom were involved in prior work, this program was initiated in 2012 as a collaboration of nine international oil and gas companies (BP, Chevron, ConocoPhillips, Eni, ExxonMobil, North Caspian Operating Company, Shell, Statoil, and Total).  These companies have come together to further enhance industry knowledge and capabilities in the area of Arctic spill response as well as to increase understanding of potential impacts of oil on the Arctic marine environment.   

			Industry regularly meets with regulators, equipment manufacturers, academia, researchers, OSR organizations, and other stakeholders in many different forums such as:

			•Oil Spill Conferences—International Oil Spill Conference (IOSC), Interspill, Spillcon, Arctic and Marine Oilspill Program, Clean Gulf, Clean Pacific, Offshore Technology Conference (OTC), Arctic Technology Conference, etc.

			•Arctic Council’s Emergency Prevention, Preparedness and Response Working Group

			•Interagency Coordinating Committee for Oil Pollution Research meetings

			•International Petroleum Industry Environmental Conservation Association’s committees and meetings

			•American Petroleum Institute’s Spills Advisory Group. 

			Forty-five years of intensive research into oil spill behavior and response in ice-covered waters provides a strong foundation for Arctic oil spill contingency planning today.  As with oil spill response in temperate environments, there will always be a need to advance capabilities and knowledge.  The ongoing research exemplified by the current ART JIP recognizes the critical importance of this issue to all key stakeholders concerned with protecting the Arctic environment.  JIPs provide an excellent framework for collaboration between industry, regulators, researchers, scientists, academia, consultants, and other stakeholders to work on continuously advancing the knowledge and technology of oil spill response.  The research and projects conducted under JIPs have always been considered as a noncompetitive area by industry, and it is best to bring the expertise together to work on identified issues.  The National Research Council anticipates that future programs of this kind will involve a broad mix of local, industry, consulting, academic, and government experts to further our state of knowledge and strengthen our capabilities in being prepared with the best available technology to deal with any spill event, however remote the likelihood. 

			Arctic Well Integrity, Spill Prevention Methods, and Technology

			Role of Technology in the Arctic

			Arctic well design and construction follows standard offshore well practices.  Arctic-specific hazards, including deep-keeled ice features and surface ice, require additional mitigations, but do not alter the basic well design and construction practice—and prevention of loss of well control.  Permafrost and methane hydrates, if present, require special considerations including drilling fluid and tubular selection and control of heat, all within established and proven practices. 

			U.S. regulations, standards, and practices that have been upgraded post-Macondo make the likelihood of a major well control event extremely unlikely.  This includes certification by a licensed professional engineer that there are two independently tested barriers across each flow path, and that the casing design and cementing design are appropriate, along with independent third party verification of the BOP.  Furthermore, there are requirements for adherence to operations integrity management systems combined with a culture of safety and risk management.  

			Additional well control devices and techniques are available that are independent of the controls on the drilling rig, and combined with performance-based risk assessment, offer a better alternative to the same season relief well (SSRW) requirement and/or oil spill containment systems (based on a worst-case discharge scenario).  Examples of these devices are capping stacks that are deployed after an incident and subsea shut-in devices that are installed on the well during the drilling process.

			History

			Exploration drilling operations in the Arctic began at Norman Wells in the Canadian Northwest Territories in 1920 and production began in 1932.4  This field has been in continuous operation since then and has produced more than 250 million barrels of oil.  Most of the production is from artificial islands in the Mackenzie River.  These wells have maintained a long record of integrity even with seasonal flooding, ice jams, and ice scouring and have been constructed through the permafrost.

			The Prudhoe Bay field on the Alaskan North Slope has been on continuous production since 1977 and these wells have been successfully drilled and produced through the permafrost.

			There have been numerous Arctic shallow-water exploration wells in the U.S. and Canadian Beaufort Sea drilled since 1970.5  These wells were drilled using gravel islands, ice islands, a concrete island drilling system, the Molikpaq (a steel caisson filled with granular material), ice-strengthened drillships (Explorer I, II, III, and IV), an axisymmetric circular-shaped floater (Kulluk) that was moored, a converted tanker used as a submersible (a single steel drilling caisson and later renamed steel drilling caisson), and two caisson retained island (CRI and Tarsuit) systems.  All of these wells were drilled without loss of containment from the reservoirs.  The first offshore Alaska Beaufort Sea production occurred in 1987 at the Endicott field using gravel production islands.  No loss of containment has occurred from these wells during more than 20 years of production.  

			More than 350 wells have been drilled in offshore Arctic (or Arctic-like) drilling programs in Canada, Norway, Greenland, and the United States.6  Almost 40 wells were drilled from floating ice platforms in water depths up to 550 meters (1,800 feet).  In addition, the industry has had successful and environmentally responsible Arctic drilling campaigns in the Cook Inlet, the Gulf of Alaska, Norton Sound, the Navarin Basin, and elsewhere.  Exploration wells have been drilled in the North American Arctic over the past five decades, and these wells have been drilled in all of the major Arctic ice regimes.

			There has also been more recent extensive offshore development in ice-prone regions offshore Sakhalin, Russia, although this region is clearly sub-Arctic.  There are currently five offshore gravity-based structures named Orlan, Berkut, Piltun Astokhskoye A & B, and Lunskoye A.  These offshore structures support drilling rigs, and oil has been produced since 1998.

			Finally, the Grand Banks offshore Newfoundland is probably the best example of iceberg management in the offshore oil industry.  The operators employ a large gravity-based structure with platform drilling rigs (Hibernia), surface wells, and subsea wells tied to floating production vessels (Terra Nova and White Rose).  The subsea drilling has been conducted primarily using moored, floating semisubmersible rigs, but a jack-up rig has also been used. 

			These fields employ an extensive iceberg management program to minimize the risk of an iceberg reaching the surface structure or the subsea wells.  Most of the subsea wells are located in excavated subsea drill centers where the christmas tree is located below the seafloor.  The iceberg management program uses boats, aircraft, and a marine radar system to detect and track icebergs.  Marine vessels use heavy cables with specially designed nets to tow and/or redirect icebergs that pose a threat to the structures.

			Current State of the Technology

			The industry has developed the technologies and methodologies to design and construct wells so that a hydrocarbon release from the reservoir is highly unlikely and continuously works to improve this practice.  In the drilling and construction of a well barriers to hydrocarbon flow are established.  These barriers consist of drilling fluid of sufficient density, tubular goods (casing and tubing), cement, subsurface valves, the BOP (which contains redundant components), christmas tree, and others.  Loss of containment and the subsequent response can be more challenging in an Arctic environment than a sub-Arctic environment due to the potential presence of ice and the associated logistical issues.  The prudent implementation of these barriers results in the prevention of a hydrocarbon release to the environment.

			Drilling Fluids

			The drilling fluid (often called mud) is the primary barrier to prevent the influx of subsurface fluids such as reservoir hydrocarbons or formation brines.  The drilling fluid is designed to have a density greater than the pore pressure of the fluid in the subsurface strata (rock).  If the drilling fluid exerts more pressure than the formation pore pressure, an influx will not occur and hydrocarbons will remain in the subsurface rock, except for a very small amount that is released by the rock formation that has been drilled.  The drilling fluid will create additional downhole pressure on the rock when the pumps are circulating the fluid during the drilling process.  The formation fracture strength is determined after drilling out of the casing shoe and a few feet of new formation, and then pressure testing the rock until fluid begins to leak off (fluid enters the formation).  This is referred to as the pressure integrity test (PIT) or formation integrity test (FIT) and is an important factor in well control.  The drilling engineer uses pore pressure, mud density, and formation fracture strength to determine the setting depth of the casing strings.  In U.S. federal waters, regulations also exist that specify the depth the next string of casing must be set to maintain an appropriate margin between mud weight and rock fracture strength as measured by the PIT/FIT.

			Probably the most important aspects of well control and in keeping a well secure during drilling, completion, and workover/intervention operations are keeping the hole full of fluid and monitoring for kick (influx) detection.  Kick detection is normally done using equipment located at the surface of the drilling rig.  If formation fluid flows into the wellbore, a net increase in the closed volume drilling fluid system can be detected by volumetric sensors.  A flow meter is also installed that can detect an influx.  A trained drilling crew will detect this and take the necessary action, which normally involves closing the BOP before the influx can migrate to the surface.  

			Casing and Wellhead Design

			The casing and wellhead are the pressure vessels that contain pressures from the downhole formations.  The design and performance of these are covered by API specifications For casing and tubing, the API Specification 5CT, “Specification for Casing and Tubing,” and other API standards and references define dimensions, performance specifications, material properties, testing requirements, quality measures, and other aspects.7  It should be noted that for low temperature applications such as the Arctic, API Specification 5CT allows the purchaser to specify low temperature tests for the impact testing (Charpy V-notch) to ensure the casing and tubing will be suitable for the environment.

			Wellhead equipment is manufactured to proprietary specifications but tested to API standards such as a pressure test to 1.5 times the rated working pressure of the equipment.  API Specification 6A, “Specification for Wellheads and Christmas Tree Equipment,” governs the manufacture and quality of these well components in the United States and many other parts of the world.  To date, most wellhead equipment is manufactured to a range of 3,000 to 15,000 psi, which is suitable for Arctic reservoir pressures.

			Safety and design factors are an important part of the integrity of the well.  The engineer will calculate all loads that the casing and tubing could experience such as tension, compression, bending, internal pressure, external pressure, temperature, torsion, and others.  Then a safety factor is applied to the calculated load and this load is compared to the performance rating of the tubular components (or working load of the equipment).  

			The quality of the casing and tubing strings is ensured by the pipe manufacturers, and verified by manufacturers’ qualifications, agreed quality requirements, audits, and sometimes third-party checks by the customer.  API Specification 5CT requires nondestructive testing, material property testing, tensile strength measurement, yield strength measurement, ductility tests, Charpy impact toughness, and others, as well as hydrostatic pressure testing of the pipe.  Supplemental inspection requirements allow the purchaser to include additional inspections and rejections for flaw sizes as small as 5% of the nominal wall thickness.  In addition, torque-position or torque-turn quality assembly methods can be specified for the threaded connections for casing and tubing.  These quality assembly techniques help ensure that the pipe connections are tight and leak free at the assembled connection. 

			After the casing is run and cemented in the well, a pressure test is conducted to ensure integrity.  The pressure and duration is specified by 30 CFR Part 250 for the U.S. federal waters.8

			Cementing

			The cement is a critical part of the integrity of the well and is placed in the annulus between the casing and the borehole.  The API Specification 10A, “Specification for Cements and Materials for Well Cementing,” governs the design, formulation, testing, and quality of oil field cement.  The amount of cement that is pumped is based on a volumetric calculation of the borehole (logs, calipers, or flow measurements) and the casing diameter.  The casing string that is connected to the BOP stack (conductor casing for subsea wells and surface casing for surface wells) is normally cemented to the surface at the wellhead (seafloor for subsea wells).  For the other casing strings, the height of cement in the annulus is based on the desired degree of isolation.  For hydrocarbon intervals in U.S. federal waters, the BSEE requires the top of cement to be at least 500 feet (measured length) above the shallowest hydrocarbon zone.

			There exist several techniques and types of equipment that can improve the quality of the cement seal.  Wiper plugs and fluid spacers are used to keep the cement from being contaminated by other fluids during the pumping operation.  Float shoes and float collars are basically one-way check valves that allow the cement to pass from inside the casing to the annulus and prevent backflow into the casing.  Centralizers are mechanical devices attached to the outside of the casing to help ensure a more uniform layer of cement between the casing and the rock formations.

			Prior to pumping cement, the cement company calculates the formulation of the cement slurry and tests it in a laboratory to the downhole conditions (temperatures and pressures).  The lab report confirms the compressive strength of the cement versus time.  In addition, during the pumping operation, samples are collected at the surface and put into an oven to simulate the downhole environment.  Drilling normally does not commence until the samples have properly hardened and the times specified in the lab report are met.

			After the cement has hardened, the isolation of the new hole from the upper zones can be verified by the pressure integrity test described earlier.

			Bond logs are electronic wireline tools used to measure the integrity of the cement seal between the casing and the borehole (rock).  This measurement can be done along the full length of the casing. 

			API Recommended Practice 65 Part II has identified several best practices to help ensure a good cement job (seal).9   The BSEE has now incorporated this recommended practice in the Code of the Federal Register (CFR).10

			Blowout Preventers

			The surface and subsea BOP stacks are similar and should be considered as secondary barriers to the drilling fluid.  Both use annular and ram preventers where the annular preventer can seal around nearly any geometry and the ram preventer is designed to seal around a specific pipe diameter.  Two other types of preventers are blind shear rams that can cut pipe and seal the bore and casing shear rams that typically cut larger diameter pipe (casing) or heavier wall thickness pipe.  The BOP stack with multiple components is attached to the wellhead, with the surface BOP located just under the rig floor and above sea level and the subsea BOP stack located near the seafloor.

			A typical BOP stack would have at least one annular preventer and two or more ram preventers.  A subsea BOP stack has a lower marine riser package (LMRP) attached by a hydraulic connector to the rest of the BOP stack (normally all of the ram preventers) that is connected to the wellhead.  The LMRP connector allows the drilling rig to disconnect from the well, but still leaves the main part of the BOP stack attached to the wellhead to keep the well secure. 

			The BOP stack operates on hydraulic pressure supplied by a bank of accumulator bottles located at the surface and also subsea (specific for subsea stacks).  Regulations specify two independently powered pumping methods for charging the accumulators, and these can be hydraulic, pneumatic, or electric.  The volume and capacity of the accumulator bank and control system is tested to ensure that all critical BOP functions can be operated without recharging.  The industry has BOP equipment designed for working pressures as high as 15,000 psi.  It is expected that this should be sufficient for the Arctic reservoirs based on what is known today.

			If a hydrocarbon influx or kick does occur, the drilling crew needs to respond promptly, and they are trained to do so.  Since there are multiple preventers in the stack, redundancy exists.  Once the BOP is closed, the size and energy of the influx is constrained.  The normal practice if a kick occurs is to close one of the BOP components and then circulate out the influx.  The hydrocarbon influx is circulated around the BOP stack via the choke line to the choke manifold.  To prevent further hydrocarbon influx, the bottom-hole pressure is maintained above the formation pressure by manipulating the choke.  The choke valve is connected to a mud gas separator, and gas is vented out a flare line safely away from the rig crew.

			The rig supervisors, tool pushers, drillers, and assistant drillers are trained on these well control techniques via computer simulators in well control schools similar to training methods used by other industries.  The crews can also practice their well control and choke expertise at casing points with a technique called a power choke drill.  

			BOP stacks have redundancy to prevent the flow of hydrocarbons since there are several independently sealing components.  For a typical surface BOP, there would be three or more preventers (5,000 psi or greater service), and for a typical subsea BOP stack there would be five or more preventers depending on the expected working pressure as stated in API Standard 53.11  An illustration of a typical subsea BOP stack is shown in Figure 8-2.  
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			Training and Competence

			Human factors are recognized by the industry as an important aspect of maintaining the integrity of the well.  A variety of well control drills are required by the U.S. regulations such as:

			•Weekly pit exercises to test the crews on their ability to detect a simulated influx of formation fluid (kick) while drilling.  The crew must recognize that the kick has occurred, space out the drill string in the proper location in the BOP stack, and secure the well using the BOP controls.

			•Weekly trip exercises to test the crews on their ability to detect a simulated kick while tripping the drill string into or out of the well.  The crew must space out the drill string in the proper location in the BOP stack, secure the well using the BOP controls, and stab the rig floor safety valves into the top of the drill string.

			•Various other drills are conducted with the rig crews such as fire drills, abandon rig drills, muster point drills, man overboard drills, etc.

			Rig supervisors are required to take a certified well control course every 2 years and the key members of the rig crew are also required to be certified in this same training for U.S. federal waters as well as some other countries.  

			Many operators conduct safety seminars and Drill Well on Paper (DWOP) exercises with the drilling crews and service company personnel prior to the start of a drilling program.  This builds a thorough understanding of the program, potential hazards, and mitigation steps prior to the drilling process.  It is not uncommon for the operator to conduct a thorough risk assessment of the drilling program before commencement and involve the drilling contractor and key service companies.  And finally a written and approved drilling program is required prior to commencing the drilling operations.  Any significant changes to a signed drilling program should be approved at the same level of management that approved the original program.

			One of the most important human factors at the rig site is the accepted practice that anyone has the right to stop the work if he/she feels that it is unsafe.  This is broadly accepted in the drilling industry today.  Also, many drilling rigs use an observational safety program that encourages workers to watch out for one another and intervene as needed.  This promotes a culture of “Nobody Gets Hurt.”  Workers are encouraged to submit observation cards or STOP cards that show that the entire crew is engaged in safety.

			Once drilling commences, there are several safety processes widely in use today.  A job safety analysis (JSA) is a written description of the possible hazards and mitigation steps associated with a particular task.  All workers involved in the task are required to participate in the JSA.  Some companies refer to this as a job risk assessment (JRA).  Toolbox talks are also held at the work site just prior to commencing the task.  This is a final opportunity to assess risks and apply mitigations.

			Safety Processes and Risk Management

			Post-Macondo, the BSEE instituted a requirement for a Safety and Environmental Management System (SEMS) that was codified under API RP 75, “Recommended Practice for Development of a Safety and Environmental Management Program for Offshore Operations and Facilities.”12  This document requires the operator and owner (rig contractor) to develop a management system designed to promote safety and environmental protection during the performance of offshore oil and gas operations.  This recommended practice addresses the identification and management of safety hazards and environmental impacts in design, construction, start-up, operation, inspection, and maintenance, of new, existing, or modified drilling and production facilities.  The objective of this recommended practice is to form the basis for a Safety and Environmental Management Program (SEMP).  By developing a SEMP based on this document, owners and operators will formulate policy and objectives concerning significant safety hazards and environmental impacts over which they can control and can be expected to have an influence.  Some operators refer to this as their operations integrity management system or operations management system.

			The SEMP requires the following elements:

			•Safety and environmental plan 

			•Hazards analysis 

			•Management of change 

			•Operating procedures 

			•Safe work practices 

			•Training 

			•Assurance of quality and mechanical integrity of critical equipment 

			•Pre-startup review 

			•Emergency response and control 

			•Investigation of incidents 

			•Audit of safety and environmental management program elements. 

			Operators conduct thorough risk assessments of their drilling programs prior to commencement.  The risk assessment process includes the key participants in the drilling program, such as the operator’s engineers and operations personnel, rig owner personnel, service company personnel, and sometimes other experts.  Hazards are identified and prevention techniques and mitigation measures/procedures are discussed and documented.  The consequence and probability of each key hazard/event are analyzed, and the risks are managed through documented operational practices and procedures.  An example of the process is shown in Figure 8-3.
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			The risk assessment matrix is a 6 by 5 matrix that is used for qualitative assessments of risk and for the prioritization of activities and resources.  It is based on the concept of applying experience of events or incidents in the past to predict risks in the future.  The components of the risk assessment matrix are:

			•The vertical axis represents consequences (severity levels 0 to 5) in terms of harm to people, damage to assets, effect of the environment, and impact on reputation.

			•The horizontal axis represents increasing likelihood (levels A to E) of the consequence under consideration.

			•Boxes in the matrix represent levels of risk, increasing from top left to bottom right corners of the matrix.

			•The matrix is divided into green, yellow, and red areas to illustrate and increasing level of risk.

			The risk assessment process is then operationalized.  Engineers, operations personnel, service companies, rig personnel, and others implement the findings and mitigations, close out items, and loop back lessons learned for future operations.

			Unique Technical Challenges

			Permafrost

			In many cases, Arctic wells must be designed to penetrate through permafrost formations.  Onshore on the Alaskan North Slope, there have been numerous wells successfully producing in permafrost regions for decades (while maintaining operational integrity), and the industry has clearly demonstrated appropriate design and construction methods for these wells.

			A large number of offshore Arctic wells have been safely drilled through permafrost zones by controlling bottom-hole pressure and temperature during the drilling and completions process.

			A casing string is normally run from the surface through the permafrost and into competent rock below the permafrost.  This casing string (usually the surface casing for surface wells and the conductor casing for subsea wells) is cemented from the shoe to the wellhead.  Since permafrost thawing can create some subsidence in the permafrost zone, the casing material selected needs to have good ductility and strain capacity. 

			Some effective drilling and completion practices used for onshore Arctic wells that could also be applied to offshore Arctic wells are as follows:

			•Use of an insulated conductor set deep enough to resist subsidence 

			•Use of a mud cooler for drilling the permafrost hole section to reduce washout due to thawing

			•Specially formulated cement for low temperature: permafrost (low heat of hydration) cement has been used in the Canadian Beaufort Sea wells in which intersecting permafrost was planned.  Both the conductor and surface casings have been fully cemented with permafrost cement.

			•Thermosiphons placed around the conductor that circulate fluids for heat exchange to reduce/eliminate permafrost melting due to production 

			•Vacuum insulated tubing to prevent heat transfer from the reservoir to the permafrost zone

			•Insulating packer fluid: an oil-based system that has lower conductivity and less convection, thus reducing heat transfer from the reservoir 

			•Methanol injection for hydrate prevention on cold start-up

			•Increased brine (completion fluid) true crystallization temperature to account for the low temperature environment.

			Capping Stacks 

			Subsea well capping operations were widely publicized during the Macondo subsea blowout in 2010, but the well capping technique has been used by industry for surface well blowouts for many decades.  The basic steps of capping a subsea well are: 

			1.Assess the well and well site conditions

			2.Mobilize the required dispersants, debris removal and capping equipment and personnel 

			3.Clear any debris and prepare the BOP or high-pressure wellhead for capping stack installation

			4.Deploy the capping stack (Figure 8-4) subsea and connect it to the flowing well 
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			5.Stop or divert the well flow by closing the capping stack sealing elements. 

			The well casings and equipment below the capping stack must have adequate pressure and structural integrity for the well capping to be successful for a full shut-in scenario.  BSEE requires this scenario to be documented through the worst-case discharge analysis, which assumes a full hydrocarbon column from the reservoir to the wellhead.  Current technology is capable of containing pressures as high as 15,000 psi (at the wellhead), which should be sufficient for Arctic reservoirs.

			The capping stack is designed to be attached to the mandrel or hub of the high-pressure wellhead or BOP via a wellhead connector.  The heart of a capping stack is the wellbore sealing elements, which are typically either a single or dual blind rams that are controlled by a subsea accumulator package and operated by a remote operated vehicle (ROV). 

			Capping stack BOP rams and valves are operated hydraulically using an external fluid source via an ROV hot stab and/or manually by an ROV torque tool.  Capping stack designs also provide pressure and temperature sensors to monitor well conditions and the capability to inject hydrate inhibitors or other chemicals into the capping stack during, or after, well capping operations.

			Since Macondo, capping stacks have become a standard part of the subsea drilling emergency response planning.13  Several cooperative industry consortiums, individual companies, and operators have designed and built capping stacks to ensure that industry has a significantly enhanced capability to respond to a subsea well blowout.  These entities include Marine Well Containment Company, Oil Spill Response Limited (OSRL), which is responsible for managing and maintaining the four Subsea Well Response Project capping stacks, Oil Spill Response and Prevention Advisory Group, Helix Well Containment Group, Wild Well Control, and some operators.  There are approximately 20 capping stacks currently available in industry at this time.  These capping stacks are strategically located proximal to many offshore operating areas such as Alaska, the Gulf of Mexico, Brazil, the United Kingdom, Norway, Angola, South Africa, and Singapore.  Shell’s Alaska Exploration Plan includes a pre-staged capping stack.  The capping stack procedures and location are part of a plan submitted to the regulators.

			In addition to the capping stacks, industry has amassed a sizeable stockpile of dispersants available to allow for an effective response to a spill or well blowout.  The industry has also enhanced the availability of associated support equipment that is required of a response, such as dispersant delivery systems, containment domes, subsea accumulator modules, shipping containers, hydraulic flying leads, flexible flowlines, debris removal tools, etc. 

			To ensure that the industry not only has subsea well capping equipment available but also can effectively respond to an incident, full-scale deployment drills have been performed.  

			Although there are solutions for shallow water, most are based on very specific conditions, well flow rate, and limited ice.  Shallow water with ice present poses unique challenges.  An alternate to well capping in shallow water is a prepositioned device described in the subsequent section.   

			Well Kill Options

			If the drill string is intact and near the bottom of the well, the normal practice to kill the well is to circulate a drilling fluid with a greater density than the pore pressure of the formation.  By a combination of a closed BOP stack and manipulation of the choke at the surface manifold, a constant bottom-hole pressure greater than the formation pressure is maintained, and the influx is circulated out of the well; this is a standard operation.

			However, if the drill string is not in the well, an option is bullheading kill-weight fluid from the surface down the kill line below the closed blind shear ram (or blind ram).  This is also the method to kill the well if the BOP stack is compromised and a capping stack is installed after a blowout.  As long as the casing has sufficient integrity, this method is also acceptable and was used to kill the Macondo well in the Gulf of Mexico in 2010.

			Subsea Shut-In Devices

			Subsea shut-in devices, sometimes referred to as seabed isolation devices, mudline containment devices, prepositioned capping devices, or alternative well kill systems, are pre-installed on the high-pressure wellhead housing below the rig’s BOP stack.  The advantage of this “drill-through” arrangement is that the pre-installed shut-in device dramatically reduces the response time to seal the wellbore.  This quick response characteristic could be advantageous in remote locations to ensure the well is secure if the rig needs to leave or is forced off location without the proper time available to secure the wellbore by more traditional methods.  An example of this situation in the Arctic environment could be encroaching ice that causes a rig to leave location and prevents its return for some extended period of time.  Thus, some operators have proposed a subsea shut-in device as an equivalent alternative to a single season relief well for the Arctic region.

			The subsea shut-in devices (Figures 8-5 and 8-6) are generally similar to capping stacks with a few notable features and enhancements.  Because they are installed between the high-pressure wellhead and the BOP, and are drilled-through, they have a rated working pressure and bore consistent with the rig BOP, and the sealing elements are single or dual BOP blind shear rams capable of shearing drill pipe and certain well casings.  Due to the additional weight and height, the shut-in device adds to the BOP “stack-up” on the wellhead, the well design must be capable of resisting the additional axial, bending, and shear loads caused by the equipment weight, drilling riser loads, and rig offset.
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			The subsea shut-in device has its own independent control system and hydraulic fluid supply and thus does not rely on, and is operated independently from, the rig’s BOP control system.  The shut-in device control system design includes enhanced levels of redundancy from the rig’s control system as it is equipped with an independent acoustic control system and subsea accumulator bottles that allow select critical functions such as the closing of a ram and valves to isolate well flow with or without ROV intervention.  Similar to capping stacks, the shut-in device functions can also be performed with fluid provided from an external source (i.e., subsea accumulator module) via an ROV hot stab, or manually by a ROV torque tool.  The acoustic control system can also be programmed to monitor and store pressure and temperature data for long shut-in periods (depending on sampling rate) for future download and review.

			Examples of subsea shut-in devices are Cameron’s single BOP Environmental Safe Guard system, Chevron’s dual ram Alternative Well Kill System (as shown in Figure 8-7),14 and Trendsetter Engineering’s Enhanced Subsea Shut-in Device (as shown in Figure 8-8), which has been deployed successfully in the Kara Sea in relatively shallow water (80 m).  These devices can be integrated into the existing BOP stack or positioned between the wellhead and the BOP stack.  In all cases, they can be operated independently of the drilling rig.  
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			There are other versions and nomenclatures for this type of device.  ConocoPhillips calls their system a Pre-positioned Capping Device or Auxiliary Safety Isolation Device.  These names imply that the device can used on any type of installation and avoids the assumption that the device would have to be subsea.  The industry also uses the term Shutoff Isolation Device, which implies the device could be positioned above or below sea level.  For a gravity-based structure, the device could be placed on a lower deck in an area that was protected from fire/explosions on the upper deck. 

			The decision to use a capping stack or prepositioned device for shut-in is based on an analysis of the well and environmental conditions.  If ice conditions, water depth, and/or anticipated well conditions or combinations of these would complicate well capping, then a prepositioned device may be the most efficient option.

			Ice Protection and Ice Management

			The ice management plan needs to include the operating limits for the drilling rig and the fleet of support vessels combined with a monitoring program to ensure that the vessels are not exposed to conditions outside their operating range.  For Arctic operations, there are normally more support vessels deployed than in non-Arctic regions due to remoteness and to assist with ice management.  Anchor handling boats can be used to help deflect icebergs such as is done offshore Newfoundland.  High-speed crew boats can be used to survey a broader area and deploy environmental instruments.  And icebreaker vessels can be used to clear a path for the rig and other support vessels.

			Operators will normally collect metocean data and seasonal ice data for the region to be drilled over as long a period as the data exist.  Exploration drilling with mobile offshore drilling units (MODUs) will typically be conducted during the ice-free season.

			An ice monitoring system needs to be in place.  This could include any or all of the following:

			•Weather forecasts

			•Visual data from all available ships in the operations spread 

			•Marine radar data, including ice radar

			•Seawater temperature (can be a good predictor of impending sea ice)

			•Sonar data

			•Satellite data 

			•Metocean data from observations, instruments, and from data buoys in open water and ice

			•Reconnaissance by air (fixed wing, helicopter) or UAV (underwater autonomous vehicles).

			The response for ice hazards approaching a drilling rig is very similar to those developed by the industry for tropical regions in response to hurricanes, cyclones, or typhoons.  If a hazard is detected via the monitoring program or the weather forecast, and it is determined that the drilling rig needs to leave the location, several well-practiced steps can commence.  The open hole interval will be secured by cement plugs, and/or a mechanical retainer (e.g., bridge plug) will be set near the bottom of the last casing string (i.e., shoe).  Next drill pipe is run near the bottom of the last casing string.  The drill pipe is secured to the well by either a storm packer placed in the casing string below the seafloor or by hanging off at a tool joint in the middle pipe ram of the BOP stack.  The upper part of the drill string is pulled out of the well and the blind shear rams are closed above the remaining drill string in the well.  The Lower Marine Riser Package connector is remotely disconnected from the lower part of the BOP stack (contains the ram preventers), the riser is pulled to the surface, and the drilling rig can sail away.  It should be noted that the ram preventers contain mechanical locks that keep the well secure even if the hydraulic control pressure is lost.

			Relief Well Drilling

			A relief well is a directional well drilled to communicate with a nearby uncontrolled (blowout) wellbore and control or stop the flow of reservoir fluids.  If it is assumed that the original rig is disabled, a second rig would need to be mobilized and brought into proximity of the flowing well.  The second rig will need to be equipped with casing, cement, drilling fluids, and wellhead equipment to construct the relief well.  

			The Minerals Management Service published two papers on statistical data for blowout wells in the Outer Continental Shelf of the United States.15,16  These studies covered the 35 years from 1971 to 2006.  These reports state, “Although relief wells were initiated during several of the blowouts, all of the flowing wells were controlled by other means prior to completion of the relief wells.”  Also, “significant volumes of liquid hydrocarbons were not associated with any of the drilling blowouts.”  The reports state that “continued success will depend on sustained efforts by industry and government to improve safety management practices related to drilling and well control.”  The federal government and the offshore industry significantly adjusted the regulations and standards in the United States after the Macondo incident in 2010.

			In Arctic environments, it may be more prudent from an environmental standpoint to focus on prevention and alternate methods than on a relief well plan.  Prevention through prudent well design and operations should be the primary method for containment.  Alternate methods such as capping stacks or subsea shut-off devices are a secondary method of spill mitigation and containment.  A relief well under good weather conditions may take 30 to 90 days plus rig mobilization, whereas a capping stack could be installed significantly sooner, and a subsea shut-in device could be activated in minutes.

			Some regions of the world (e.g., Canada) specify a same season relief well (SSRW) capability for Arctic drilling.  In the Arctic, a similar, and in some cases higher, level of protection to a SSRW may be achieved with appropriate well designs that are executed with the right equipment, best available technology, and using proven drilling practices by personnel who are trained and competent.  Both Chevron Canada and Imperial Oil Resources have requested an equivalent approach to the SSRW for the Canadian Beaufort Sea that includes incident prevention as well as securing the well and response plans.

			Regulations for Drilling and Well Construction

			Post-Macondo (April 2010), the BSEE was formed.  Prior to this, the Minerals Management Service had jurisdiction over U.S. offshore drilling plans and operations.  Numerous new safety rules were implemented into the Department of the Interior’s Code of Federal Register, namely 30 CFR Part 250, which governs offshore drilling in federal waters (Federal Register, NTL No. 2010-N06, NTL No. 2010-N10).17,18,19  Some of the key new provisions that have been adopted to improve the safety and secureness of the drill wells include the following:

			•Independent third party verification that the blind shear rams are capable of shearing any drill pipe body (excluding the bottom-hole assembly) in the hole under maximum anticipated wellhead pressure.

			•Independent third party verification that the subsea BOP is designed for the intended service and for the specific rig.

			•Certification by a licensed professional engineer that there are two independently tested barriers across each flow path and that the casing design and cementing design are appropriate; also a negative pressure test is required to ensure proper installation of casing and cement for the intermediate and production casing strings. Where it is not practical to establish two independently verified barriers, a documented risk assessment should be conducted to demonstrate that process safety risks are managed to as low as reasonably practical.

			•An ROV must be capable of closing one set of pipe rams, closing one set of blind shear rams, and unlatching the lower marine riser package.

			•Testing of all ROV intervention functions on the subsea BOP stack during the surface stump test and testing of at least one set of rams during the initial test at the seafloor.

			•Well control training is required for selected rig personnel.

			•The cementing program must comply with API RP 65 Part II, “Isolating Potential Flow Zones During Well Construction.”

			•The BOP stack must be designed and maintained in accordance with certain provisions of API Standard 53, “Blowout Prevention Equipment Systems for Drilling Wells.”

			The BSEE has numerous requirements for BOP tests.  The BOP stack has to be fully pressure tested every 14 days for subsea BOPs and every 21 days for surface BOPs, and a function test has to be conducted every week.  Also, the BOP stack has to be pressure tested upon initial hook-up to the wellhead and after each casing string is set.  The BOP stack must be tested to a low pressure (250 psi) and then the maximum anticipated wellhead pressure.

			Another BSEE regulation added after Macondo was to make parts of API Standard 53 mandatory.20  Also, the API upgraded this document from a recommended practice to a standard.  Some key provisions of this standard are as follows:

			•All BOP stacks and components have to be certified by the original equipment manufacturer (OEM) every 5 years.

			•Surface BOP stacks must have at least 3 BOPs for 5,000 psi service, 4 BOPs for 10,000 psi service, and 5 BOPs for 15,000 psi service.

			•All sealing ram preventers must be equipped with locking devices.

			•Surface and subsurface well control systems must have two remotely operated chokes on the choke manifold for 10,000 psi service or greater.

			•There must be two control stations, one located near the rig floor and the other distant from the rig floor.

			•All subsea BOP stacks must have at least 5 preventers with a minimum of one annular, two pipe rams, and two shear rams of which one must be a sealing type. 

			•Subsea BOP stacks must have two (fully redundant) control pods. There must also be at least two surface to subsea power fluid supply lines.

			•An emergency disconnect sequence (EDS) is required for all dynamically positioned rigs and is optional for a moored rig and must be operable from two separate locations on the rig.  The EDS is a programmed sequence of events that operates the functions of the BOP stack to leave it in a desired state and then disconnects the Lower Marine Riser Package (LMRP) from the lower part of the BOP stack.

			•An autoshear system must be installed on all subsea BOP stacks.  The autoshear system closes the blind shear ram if the LMRP is disconnected.

			•A deadman system is required on all subsea BOP stacks.  The deadman system automatically closes the blind shear ram if electrical and hydraulic power are lost subsea.

			•Subsea BOP stacks must be equipped with ROV intervention panels that allows for the function of the blind shear ram, one pipe ram, the corresponding ram locks, and the LMRP connector.

			Prudent Development Policy and Regulatory Challenges

			There are several policy and regulatory challenges that inhibit prudent development of the offshore Arctic.

			Offshore drilling season not based on drilling system capability.  The prescriptive provision for a same season relief well with drilling limited to the open water season currently defines the latest date that the hydrocarbon bearing zone can be entered, which further challenges the lease terms.

			Regulatory flexibility.  Prescriptive (current) versus performance based (i.e., risk based) regulations do not necessarily account for the strengthened standards following the Macondo incident (2010) nor the commitment made for capping solutions.  Prescriptive regulations may drive ineffective and costly technologies and requirements that do not necessarily reduce risk or offer a significant contribution to environmental protection and could be detrimental to prudent development.

			Complexity of the regulatory regime.  The Exploration Plan approval is required from a multitude of government agencies creating the potential for delay, which puts pressure on lease terms and risks the future production start date.  Streamlining government approval processes and/or increasing the transparency of the various government requirements for approval can reduce government and industry costs associated with approvals and reduce approval delays.  Measures that reduce regulatory and permitting timelines and give greater regulatory predictability to operators can contribute to maintaining sustained investment in an operating environment that already faces the challenge of longer development timelines.

			Technology Capability Enhancement Opportunity

			Two areas that the industry has identified as impediments to prudent development of the offshore Arctic are the requirements for a same season relief well and the need to have oil spill response capability equal to a worst-case discharge scenario.  A possible resolution to this would be a joint industry and U.S. government study to develop a methodology to quantify the risks and benefits of the multiple barrier technologies, using appropriately detailed reliability data and assessments.  The goal of this study would be to achieve source control of the well in the most rapid manner so as to minimize the potential spill volume.  The study should consider overall acceptability of risk levels, contribution of different risk mitigation practices, and other mitigations to risks that could be incorporated into Arctic operations.  Risk levels of different approaches to environmental protection, current technology, and practices/methods compared to a same season relief well can be part of the study.  Practices in assessment techniques from the nuclear, aviation, and petrochemical industries such as accident sequence precursor analysis could be applied.21

			This risk-based methodology could then be used on a well-by-well basis to document the acceptability of proposed barrier requirements in order to reduce the risk to an acceptably low level (i.e., a performance-based requirement) as opposed to prescriptive requirements.  If this methodology shows that environmental risks are less (or not significantly different) than a SSRW, then SSRW and other spill response requirements could be eliminated for appropriate wells.  This would extend the drilling season and facilitate exploration and development.

			Industry is leading efforts to enhance well capping and shut-off technology.  Identification and development of technologies that can lead to material advancements (e.g., reliability, speed, and practicality) are potential areas for industry and government collaboration.

			Offshore Arctic drilling could benefit from more data or studies supported by the U.S. government on metocean, climate, and seafloor bathymetry.  This would enable operators to design systems, structures, rigs, and support vessels specifically for their intended locations.  More research on ice management technologies could be used to extend the drilling season.  Also, additional scientific/engineering studies for ice scour protection of permanent subsea wells would benefit the industry.

			Summary

			The primary method to prevent a hydrocarbon spill is prevention and prudent well design.  After the Macondo incident in 2010, the industry and government significantly upgraded the regulations and standards with respect to well integrity and well control.  Operators must follow a strict set of controls that require extensive verification, testing, and certification of well control equipment, well designs, and barriers to the flow of hydrocarbons.  In U.S. federal waters, there is ample regulation to ensure that operators and rig owners follow prudent practices.  Furthermore the API has numerous documents that specify the equipment and procedures for well integrity and for rigorous drilling practices.  In the highly unlikely event that all of the normal barriers fail during a drilling operation, the industry has developed subsea shut-in devices and capping stacks designed to be capable of securing the well from the flow of hydrocarbons.

			Multiple spill prevention measures and barriers are currently designed into the wells, and these barriers are defined and specified in API/ISO standards and U.S. offshore regulations.  Drilling fluid, casing design, cement, and other well components are the primary barriers and the blowout preventers (multiple redundancies) are the secondary barrier to prevent a release to the external environment.

			Industry is seeking an alternative to a same season relief well for the U.S. Arctic:

			•To stop the flow and secure the well in the fastest possible time thus minimizing the associated environmental impact 

			•To safely extend the drilling season to support economic drilling operations.

			The decision to use a capping stack or prepositioned device for capping is based on an analysis of the well and environmental conditions.  If ice conditions, water depth, and/or anticipated well conditions or combinations of these would complicate well capping, then a prepositioned device may be the most efficient option.  Industry continues to develop/deploy technology in this area such as the Shell Arctic Capping Stack, Chevron Alternative Well Kill System, and the Kara Sea Enhanced Subsea Shut-in Device.

			In summary, the industry’s primary approach to loss of well control is prevention, which is achieved through adherence to operations integrity management systems combined with a culture of safety and risk management.  Wells can be drilled safely and well control can be maintained when:

			•Focus remains on safe operations and risk management

			•Wells are designed for the range of risk anticipated 

			•Equipment has the required redundancy and is properly inspected and maintained 

			•Personnel are trained; tests and drills are conducted 

			•Established procedures are followed.

			Oil Spill Response Overview and Background

			Introduction and Background

			Robust oil spill response (OSR) capabilities, in both open water and in the presence of ice, are critically important for oil and gas exploration and production in U.S. Arctic waters.  Industry has conducted research on oil spill response for cold regions for many decades.  Further, the oil and gas industry has implemented OSR contingency plans for exploration and production activities for multiple projects in ice-prone regions.  Even though these previous activities form a basis for OSR planning as oil industry activities further advance into the offshore Arctic, there is a need to continue to develop the capabilities and understand the limitations of existing and evolving OSR technology.  

			The presence of sea ice, the associated cold temperatures, and darkness are key features that separate Arctic spill response from any other.  It is worth highlighting that one significant advantage that ice cover provides is time.  Rapid response is critical to spills in open water because of the dynamic nature of marine spills—oil slicks can rapidly spread to become extremely thin, break into many small slicks, and strand on shorelines.  The outcome of a spill in open water is often determined within a matter of hours, allowing very little time to consider key decisions.  In contrast, the presence of a significant ice cover (60% or more) can significantly slow the spreading rate and contain oil in relatively small areas, giving responders added time to develop and implement effective response strategies, partly offsetting challenges caused by Arctic remoteness and harsh conditions.

			Responding to an oil spill is challenging under any circumstance.  Arctic conditions introduce additional operational considerations, both positive and negative.  These challenges include: 

			•The dynamic nature and unpredictability of the ice cover. 

			•Darkness and periods of limited visibility during the winter months.  

			•Remoteness and great distances that are often involved in responding over vast ocean areas.

			•Effect of cold temperatures, ice, and a harsh operating environment on response personnel and equipment. 

			•Lack of shore-based infrastructure and communications to support and sustain a response of any significant magnitude.22

			•Presence of ice, which generally limits or prevents the effective use of traditional mechanical cleanup methods in responding to large spills. 

			•Difficulty in finding and accessing oil trapped on or under moving ice offshore. 

			•Lack of oil spreading within slush and brash-filled leads and openings in the pack ice significantly decreases oil flow to the skimmer, and along with freezing of pumps, fittings, and hoses, makes skimming operations extremely difficult. 

			•Potential gelling of crude oils with pour points at or below 0°C.

			•Lack of ports or approved disposal sites severely limit the ability to deal with large volumes of recovered oily waste.  

			•The general lack of infrastructure requiring that operators be entirely self-sufficient in their ability to support an extended response operation. 

			Whereas, operational benefits of Arctic conditions include:

			•Reduced rate and extent of spreading in many situations, which increases time for response, keeps oil thick, and often extends the time window for certain response options (further discussion follows).

			•The presence of ice in the form of floes reduces wave action and ice and snow slows weathering (slower evaporation and lower emulsification rates) reducing emulsification and thereby extending the windows of opportunity for burning and dispersant application.23

			•Extended daylight for part of the year increases the operational time for response activities.

			•Growing ice can potentially encapsulate and isolate oil from the marine environment for many months providing additional time for planning and executing a response. 

			•The fresh condition of encapsulated oil when exposed at a later date (e.g., through ice management or natural migration/melt) enhances the chances for effective combustion and/or dispersion.

			•When ice concentrations preclude the effective use of traditional containment booms, the ice itself often serves as a natural barrier to the spread of oil.  The natural containment of wind-herded oil against ice edges leads to thicker oil films that enhance the effectiveness of burning. 

			•The movement of individual ice floes in intermediate ice concentrations can increase the available natural mixing energy and promote successful dispersion in the leads between floes.

			•The fringe of landfast ice common to most Arctic shorelines acts as an impermeable barrier and prevents oil spilled offshore from reaching coastal areas throughout the long winter period.

			State of Knowledge and Response Options

			Over the past four decades, the oil and gas industry and federal government have made significant advances in being able to detect, contain, and clean up spills in Arctic environments.  Many of these advances were achieved through collaborative research programs with a mix of industry and government partners (notably the Minerals Management Service [MMS], the predecessor to the current BSEE).  The broad range of international oil in ice research carried out in the United States, Canada, Norway, and the Baltic states since the early 1970s is summarized in Dickins and Fleet,24 Fingas and Hollebone,25 Dickins and Buist,26 SL Ross et al.,27 and Potter et al.28  Much of the knowledge base on oil in ice behavior and Arctic spill response draws on experiences with a number of field experiments (summarized in Dickins29 and discussed below). 

			Over the past 5 years, large-scale international research efforts have focused on improving industry’s capability to deal with future spills in Arctic waters.  Notably, the SINTEF Oil in Ice JIP advanced knowledge in many important areas, including the use of firebooms, herding agents, in-situ burning, dispersants, and skimmers in ice-covered waters.30  Lessons learned in that program are now being applied to a broad suite of research projects initiated as part of the ongoing Arctic Oil Spill Response Technology Joint Industry Programme.31

			Recent key sources that review the operational and technical aspects of Arctic spill response options include SL Ross et al.,32 Potter et al.,33 and NRC.34

			Basic response strategies for spills in open water, adopted for an ice environment, use the same general suite of countermeasures used elsewhere in the world, including: 

			•Mechanical containment and recovery with booms and skimmers in open water and very open pack ice and skimmers extended from vessels directly into trapped oil pockets in heavier ice

			•Dispersants applied to surface slicks or applied subsea for a continuous release to transfer oil into the water column as small droplets that increases the overall oil surface area to enhance biodegradation 

			•A combination of strategies to concentrate the oil and burn it in situ; in an Arctic environment, these can involve containment against natural ice edges without booms, fire resistant booms in open water or very open drift ice, and herding agents to thicken oil in open water and intermediate ice concentrations.

			•Detection and monitoring while potentially planning a later response (e.g., burning on ice in the spring)

			•Natural attenuation through evaporation and dispersion (i.e., no active response)

			The following provides a brief overview of the understanding of these response options. 

			Mechanical Containment and Recovery

			Potter et al. define “containment and recovery or C&R” as actions taken to remove oil from the surface of water by containing the oil in a boom and/or recovering the oil with a skimming or direct suction device or sorbent material.35  The latter two options are unlikely to be used to any great extent offshore in the presence of ice. 

			Containment and Recovery is generally regarded as the preferred response strategy for responding to marine oil spills in open water and is mandated as the primary technique in many jurisdictions through legislative action (e.g., Alaska).  Stakeholders in many countries favor containment and recovery over other oil spill countermeasures because it is viewed as directly removing oil from the marine environment.  However, there are significant operational and practical limitations to solely relying on mechanical containment and recovery systems for large spills at sea in most parts of the world, and these limitations become even more critical in the Arctic.  

			Sea state is always an important consideration for mechanical recovery where booms are required for containment in open water and areas with very open drift ice (1-3/10).  Oil is often entrained beneath or splashed over booms in short-period wind waves exceeding 3-5 feet.  Increasing wave heights also make equipment deployment/retrieval difficult, reduce the effectiveness of skimmers, and may result in unsafe working conditions.  While any significant ice cover will effectively damp the wave energy, it is still possible to encounter severe sea states near the ice edge in a marginal ice zone with widely dispersed ice floes.  This limitation also applies to the use of fire resistant booms in open water or light ice cover. 

			In any large spill in open water or light ice cover, the oil usually spreads rapidly to form a very thin layer on the water surface, much less than 1 mm, before booms can be deployed.  Substantial lengths (miles) of containment boom managed by a number of vessels are then required to concentrate these thin oil slicks for recovery.  The rate at which a single skimming system encounters the slick moving at typically less than 1 knot forward speed is the key limiting factor controlling the total volume of oil that can be practically recovered.  In addition, high-capacity skimmers used in this application often recover significant quantities of water along with the oil.  Emulsification can substantially increase the volume of oily liquid (by several times or more), resulting in very large offshore storage demands and on-land disposal requirements with associated long-term environmental impacts.  These issues are especially problematic in the U.S. Arctic with no deep-draft ports to provide marine access to shore and few, if any, approved disposal sites. 

			The constraints of operating in a remote Arctic area make mounting or sustaining a massive on-water mechanical response, such as that employed in the Gulf of Mexico in 2010, unworkable.  Under relatively favorable sea conditions (compared with many other worldwide offshore oil producing regions) and with almost unlimited marine resources and coastal infrastructure, mechanical recovery operations in the Macondo response only accounted for an estimated 2 to 4% of the oil volume discharged.36  One component of this disappointing performance could have been related to the lack of sufficient surveillance and spotting aircraft available to direct the mechanical teams to the thickest and most homogeneous expanses of thick oil, which placed other strategies, such as dispersants and in-situ burn, in areas with thicker oil.  However, these low numbers are also a reflection of the inherent inefficiencies associated with booming extremely thin oil slicks (average <1 mm) and decanting and transferring recovered oil/emulsion to backup storage. The performance of the mechanical recovery teams looks somewhat better when calculated as a fraction of oil available on the surface, as opposed to the total volume released, but the overall recovery was still well below 10%, in keeping with many past experiences involving large widespread spills at sea.  

			Reliance on mechanical recovery becomes even more problematic in the presence of ice where the oil encounter rate is further reduced.  Relatively small amounts of drift ice (as little as 10% coverage) can interfere greatly with the flow of oil to the skimmers and result in recovery rates far below a skimmer’s theoretical capacity.37,38,39  Considering the operational constraints outlined above and the basic ineffectiveness of mechanical recovery in dealing with a large spill, any future response to a large offshore Arctic spill should not rely primarily upon containment and recovery.40,41

			Mechanical recovery is still considered a first line of defense and plays an important role in dealing with smaller spills contained by ice.  In the Baltic Sea for example, a number of oil spills in winter shipping lanes have been successfully recovered with brush/bucket skimmers.42,43  In 2011, Norwegian responders recovered 50% of 112 cubic meters of heavy fuel oil spilled into freezing waters of Oslo fjord from the Godafoss.44

			Dispersants

			Dispersants are an important response option that should be considered for Arctic contingency planning because they can treat significant volumes of oil very rapidly by delivery via aircraft.  Also, subsea dispersant injection enables a meaningful response to worst-case drilling scenarios while the oil is at the concentrated sources.

			Dispersants are designed to enhance natural dispersion by reducing the surface tension at the oil/water interface, making it easier for waves to create small oil droplets (generally less than 100 microns) that remain in suspension for long periods and are rapidly diluted in the water column to below acute toxicity thresholds.  Naturally available levels of nutrients can sustain effective microbial degradation, in Arctic as well as temperate waters.45

			There has been considerable debate over the effectiveness of dispersants on crude oil degradation at low seawater temperatures.  Over the past two decades, a series of tank and basin tests and field experiments have proven that oil can be dispersed successfully in cold ice covered waters.46,47,48,49,50  Research shows that dispersants are effective on unemulsified oil at freezing temperatures as long as viscosity does not increase significantly and the oil remains a liquid well above its pour point.51   New dispersant gel formulations promise increased effectiveness on cold viscous oils with longer windows of opportunity.52

			There is still considerable debate on the rate and extent of oil biodegradation in Arctic waters.   Recent studies in a laboratory at Point Barrow, Alaska, demonstrated that indigenous Arctic microorganisms effectively degraded both fresh and weathered oil.  The same project also studied oil and dispersed oil toxicity to Arctic organisms.  Juvenile Arctic cod, juvenile Arctic sculpin, and an Arctic copepod and their counterparts in southern waters exhibited similar tolerance to dispersed oil, and the use of dispersant was not observed to increase the toxicity of the oil.53

			The SINTEF Oil in Ice JIP demonstrated the effectiveness of dispersants in a range of ice conditions in mesoscale basin tests and field trials.  As part of that project, a new controllable applicator arm was developed to deliver dispersant more effectively to isolated oil pockets in the ice.54   Vessel propellers or thrusters can be used to overcome the lack of turbulent mixing energy in scenarios involving significant ice cover and minimal wave action.55,56  Dispersion of oil at low temperatures in the presence of ice can also be enhanced with the addition of mineral fines under turbulent mixing conditions provided by propeller wash.57 

			The Macondo response demonstrated that large-scale subsea dispersant injection is potentially a very effective response measure to mitigate the effects of a subsea wellhead blowout in both temperate and Arctic waters. A major benefit of direct subsea dispersant injection is the ability to continuously respond without being affected by darkness, extreme temperatures, strong winds, rough seas, or the presence of ice.  Because of the high efficiency associated with adding dispersant directly to fresh oil at the discharge point under highly turbulent conditions, the dispersant volume can be substantially less (five times or more) than a surface application, which is a key advantage given the long and difficult logistics resupply chain in most Arctic areas.58,59  Information resulting from the Macondo oil spill, ongoing research on the technique, and relevant data from surface use of dispersants can be used to support the use of subsea dispersant injection in the future.  However, more work could be done to further understand the effectiveness, systems design, and short- and long-term impacts of subsea dispersant delivery.60

			Controlled In-Situ Burning

			In-situ burning (ISB) in ice and Arctic environments is a safe, environmentally acceptable, and fully proven technique with numerous successful Arctic field validations over the past 40 years.61,62,63,64,65,66  ISB is especially suited for use in the Arctic where ice often provides a natural barrier to maintain the necessary oil thicknesses for ignition without the need for containment booms and oil remains fresh and unemulsified for a longer period of time. 

			Numerous agencies, primarily in the United States, have established guidelines for the safe implementation of ISB as a countermeasure. The U.S. National Institute of Standards and Technology, National Oceanographic and Atmospheric Administration (NOAA), and Environment Canada have computer models used to predict safe distances for downwind smoke concentrations and eliminate any risk to responders or local populations.  In 1994, the Alaska Regional Response Team incorporated ISB guidelines for Alaska into its Unified Response Plan, becoming the first Arctic area to formally consider ISB as an oil spill countermeasure.67  Their guidelines are considered the most fully developed to date and contain safe distances for responders and the public under different conditions. 68

			Experience with burning fresh, weathered, and emulsified oils and petroleum products in a range of ice conditions has led to some basic rules of thumb.  The most important parameter is the oil thickness. In order to achieve 60 to 80% removal efficiency in most situations, the starting thickness of crude oil needs to be on the order of 3 to 5 mm.69  While this thickness may not always occur naturally, the required thickness for successful ignition and burning may occur through wind herding against ice edges, use of fireproof booms, and the use of herding agents. 

			In Arctic field tests, burn removal rates have ranged from 65% to well over 90%, depending mainly on the size distribution of the melt pools on ice. In an experimental spill under solid ice in Norway, 3,400 liters of crude oil were allowed to surface naturally through the ice as it warmed in the spring and then burned with an overall removal efficiency of 96%.  A portion of this oil was exposed to weathering on the ice surface for more than 1 month before being successfully ignited.70

			Despite highly successful test results more than four decades, there is continued concern by some drawing conclusions that actual spill conditions could reduce the effectiveness of ISB to far below these theoretical maximums. 71,72  In practice, experiences with very large burns at sea have demonstrated that efficiencies increase with scale, as the oil is pulled into the burn area by thermally induced strong radial air inflow at the surface.73,74  Similar high efficiencies were documented for ISB of oil mixed with ice within fire-resistant booms during the 2009 SINTEF Oil in Ice Field Experiments.75  In the same project, oil that was allowed to drift and weather in very close pack ice for over a week was also successfully ignited and burned.76

			ISB was first used successfully offshore on a trial basis during the Exxon Valdez response.77  In 1993, a U.S.-Canada experiment off Newfoundland successfully burned crude oil in fire-resistant booms in the open ocean and monitored a large suite of environmental parameters, including smoke composition (carcinogens, PAH, etc.), residue toxicity, and upper water column impacts.78   Results demonstrated that when conducted in accord with established guidelines, ISB is safe and poses no unacceptable risk to human populations, wildlife, or responders. 

			Most recently, the massive ISB operation in response to the Macondo blowout provided a unique set of full-scale operational data applicable to response planning for Arctic offshore areas in the summer.  In the first operational, sustained use of ISB offshore on a large scale, approximately 400 controlled burns removed an estimated 220,000 to 310,000 barrels of oil from the Gulf of Mexico.  Other than a single burn conducted with fire boom during the Exxon Valdez spill, this was the first large-scale application of controlled burning in an operational setting.79

			With aerial ignition systems such as the Helitorch™, multiple oiled pools on the ice in the spring can be ignited quickly over a wide area.  Future research is aimed at developing more efficient, high-speed aerial ignitor systems with larger payloads that could reach spills further offshore.80

			The concept of using herding agents to burn free-drifting oil slicks in open water or very open pack ice was successfully field tested for the first time in the Norwegian Barents Sea in 2008 as part of a JIP on Oil Spill Contingency for Arctic and Ice-Covered Waters.81  Burn removal effectiveness in that test was estimated to be on the order of 90%.  The residue floated readily and was recovered manually from the water surface and ice edges.  Buist et al. summarizes past research into herders and concludes that oil spill responders should consider utilizing them to enhance ISB in light to medium ice concentrations.82

			A new ISB project planned under the Arctic Response Technology JIP includes the validation and testing of aerial application systems for herders using both manned and remote-controlled helicopters.  The JIP is also initiating a new project (2014/15) to evaluate the potential of herders under different oil properties and weathering, as well as investigating windows of opportunity for their use.  The JIP recently published a comprehensive state of knowledge review of in-situ burning in the Arctic, including all known references.83

			Detection, Delineation, and Tracking

			To mount an effective response using any one of the three main countermeasures, it is critical to know not only where spilled oil is at any given time but also the distribution of film thickness.  Valuable airborne and marine resources need to focus on the treatment of the thickest oil patches.  This requires accurate, near real-time reconnaissance presented in a map product that is immediately useable by responders in the field and decision-makers in the Unified Command, as the joint interagency/industry response management effort is often referred to.

			Finding and mapping oil in open water is far from straightforward, as Leifer et al. discuss from the Macondo experience.84  In the Arctic, false positives are potentially a critical issue in reliably spotting oil mixed with a range of ice types.  Many sensors are negatively impacted by blowing snow, low cloud, fog, and darkness that characterize the Arctic offshore for much of the year.

			Detection is generally not ambiguous in the case of a large visible spill around a vessel or around a fixed drilling platform (an exception might be a subsea pipeline leak under ice).  However, continued monitoring and tracking of oiled ice as it moves away from the original discharge point presents a significant challenge with existing sensors and systems.  Fortunately, the tracking aspect of this requirement is already covered by proven technology in the form of specialized GPS beacons designed to survive over long time periods in drifting ice.  By deploying these beacons at closely spaced intervals from a continuous discharge site, responders can prepare to mount an in-situ burning exercise along a known track when the oil surfaces through the ice in the spring. 

			Dickins and Andersen summarized the state of the art for remote sensing of oil in ice in these points: 85

			•A mix of conventional airborne sensors is likely to prove effective with spills in relatively open ice cover (1-4/10) where there is a distinct oil slick covering areas of square kilometers or more—analogous to open water with some ice present. 

			•The use of remote sensing to detect spills contained in closely packed ice is still uncertain, requiring all weather, high-resolution capabilities that have yet to be properly tested in a field situation.   

			•The lack of significant waves in the presence of ice complicates the use of marine or satellite radar systems, both of which depend on differences in surface waves, with and without the presence of oil on the water surface, as a means of detecting the presence of oil.   

			•The detection of oil underneath and within the ice remains a major challenge.  Recent promising developments in this area include the use of ground penetrating radar from above and sonar from beneath the ice.86,87,88  In addition efforts are ongoing to explore the potential of Nuclear Magnetic Resonance for detecting oil in ice.89

			•Future platforms will likely involve both unmanned aerial vehicles (UAVs) and autonomous underwater vehicles (AUVs) carrying a suite of sensors.

			A remaining technical constraint concern that is being worked through JIPs is the ability to detect and map oil on, in, or under ice at a tactical scale in darkness and low visibility over a range of scenarios and ice conditions.  

			Synopsis

			There is an extensive background of knowledge regarding oil spill behavior in Arctic conditions as well as the effectiveness and applicability of different response strategies in ice and cold water.  While technology enhancements will continue to improve the operability and effectiveness of different response systems in ice, there is an ongoing challenge associated with informing and educating a diverse set of stakeholder groups, residents and regulators.  The overall goal is to gain acceptance that all response options, including burning and dispersants, need to be available for responders to use on short notice as the spill behavior and environmental conditions dictate.  Any such decisions to employ a particular strategy need to be contingent on demonstrating a positive net environmental benefit. 

			There needs to be a more balanced perspective regarding the full range of available response techniques, including controlled burning and the application of dispersants.  All stakeholders must be informed of the benefits, limitations, and trade-offs associated with these techniques, and be provided the information to understand that even under the best of conditions, one can never expect to recover or eliminate all of the oil spilled.  Federal and state planning standards and regulations need to be reviewed to address realistic operational and environmental constraints, as well as practical levels of response capability.  The type and number of resources that can be maintained and operated safely and effectively for a given area, project, or facility should reflect a careful assessment of the most probable spill events that might occur, while recognizing that backup resources can be cascaded within a short period of time to support a more serious spill event. 

			Summary of Current Oil Spill Response Research Projects

			Introduction and Background

			A large amount of scientific research and testing has been conducted in the past 50 years to improve equipment and methodologies available to respond to an oil spill in Arctic conditions.  Recent examples include the SINTEF Oil in Ice Joint Industry Project (JIP) in 2006-2009 (http://www.sintef.no/Projectweb/JIP-Oil-In-Ice/Publications) and research sponsored by the Bureau of Safety and Environmental Enforcement (http://www.bsee.gov/Technology-and-Research/Oil-Spill-Response-Research/index/). 

			Much of the industry-sponsored research is published in proceedings of oil spill conferences such as the International Oil Spill Conference (available online at http://ioscproceedings.org/), InterSpill, and the Arctic and Marine Oilspill Program technical seminar.  Databases of papers and reports describing some of the past research projects are also available:

			•U.S. Arctic Research Commission (http://www.Arctic.gov/publications/white%20papers/oil_spills_tableA.pdf) 

			•Interagency Coordinating Committee for Oil Pollution Research (http://www.uscg.mil/iccopr/)

			•University of New Hampshire Coastal Response Research Center  (http://crrc.unh.edu/center-funded-projects#Dispersant_Initiative_Projects)

			•Louisiana Universities Marine Consortium (LUMCON) (http://www.lumcon.edu/library/dispersants/Default.asp?action=search)

			•Prince William Sound Regional Citizens Action Committee (http://www.pwsrcac.org/programs/environmental-monitoring/dispersants/dispersant-literature-reviews/)

			Advances continue to be made in detection, containment, and cleanup of oil spills in Arctic environments.90  To develop the present capability, experts from industry, government agencies, academia, and independent research organizations have completed hundreds of scientific and analytical studies at the lab, basin, and field scale in the United States, Canada, and Scandinavia.91,92,93,94,95,96,97  This sustained and frequently collaborative effort is not commonly known and recognized by those outside the field of oil spill response.  

			These 50 years of research form a basis for OSR contingency planning in the Arctic today and should be used to inform current and future research on Arctic oil spill response.  The goal of this section is to describe ongoing research and development on Arctic oil spill response.

			Ongoing Industry-Sponsored R&D Projects

			Arctic Response Technology Joint Industry Programme 

			The Arctic Response Technology Joint Industry Programme (JIP) was initiated in 2012 and is currently ongoing. It represents a collaboration of nine international oil and gas companies (BP, Chevron, ConocoPhillips, Eni, ExxonMobil, North Caspian Operating Company, Shell, Statoil, and Total) that have come together to further enhance industry knowledge and capabilities in the area of Arctic spill response as well as to increase understanding of potential impacts of oil on the Arctic marine environment.  The JIP focuses on all aspects of Arctic oil spill response and has 10 specific projects:

			•Project 1 – Fate of Dispersed Oil under Ice:  The project will first collect under ice turbulence data and then use this data to develop a numerical model that can predict the resurfacing potential of dispersed oil that might move under an ice field.  The model predictions will provide important information for dispersants use in ice-covered marine environments and support contingency planning.

			•Project 2 – Dispersant Testing under Realistic Conditions:  The project includes a series of ice-basin tests to define some of the operational criteria for use of dispersant and mineral fines in Arctic marine waters.  Parameters to be studied are oil type, oil viscosity, ice cover (type and concentration), air temperature, and mixing energy (natural, water jet, and propeller wash).  Another objective is to identify the regulatory requirements and permitting process for dispersant and mineral fines use for each Arctic nation/region.  

			•Project 3 – Environmental Impacts from Arctic Oil Spills and Oil Spill Response Technologies:  The project will improve the knowledge base for using Net Environmental Benefit Analysis (NEBA) for response decision-making and ultimately facilitate stakeholder acceptance of the role of environmental impact assessment in OSR plans and operations.  

			•Project 4 – Oil Spill Trajectory Modeling in Ice:  The project will advance the oil spill modeling for oil spills in ice-affected waters by evaluating ice trajectory modeling approaches and integrating the results into established industry oil spill trajectory models.   

			•Project 5 – Oil Spill Detection and Mapping in Low Visibility and Ice:  The project will expand remote sensing and monitoring capabilities in darkness and low visibility, in pack ice, and under ice.  This project is split into two elements: surface remote sensing (i.e., satellite-borne, airborne, ship-borne, and on-ice detection technologies) and subsea remote sensing (i.e., mobile-ROV- or AUV-based and fixed detection technologies).

			•Project 6 – Mechanical Recovery of Oil in Ice:  The project will evaluate innovative ideas for improving efficiency of mechanical recovery equipment in Arctic conditions. 

			•Project 7 – In-Situ Burning of Oil in Ice-Affected Waters. State of Knowledge:  The project will prepare educational materials to raise the awareness of industry, regulators, and external stakeholders of the significant body of knowledge that currently exists on all aspects of ISB. The materials are also intended to inform specialists and stakeholders interested in operational, environmental, and technological details of the ISB response technique.  

			•Project 8 – Aerial Ignition Systems for In-Situ Burning:  The project will develop improved ignition systems to facilitate the use of in-situ burning in offshore Arctic environments, including when the presence of sea ice restricts use of vessels as a platform for this response option.

			•Project 9 – Chemical Herders and In-Situ Burning:  The project will advance the knowledge of chemical herder fate, effects, and performance to expand the operational utility of in-situ burning in open water and in ice-affected waters.

			•Project 10 – Field Research:  Results from previous research projects show that many of the advances in our state of knowledge about Arctic response technology were gained through controlled field experiments with oil.  This project will pursue opportunities for large-scale releases for validation of response technologies and strategies. 

			This JIP has brought together the world’s foremost experts on oil spill response research, development, and operations from across industry, academia, and independent research centers to undertake the technical work and scientific studies.  All research projects are being conducted using modern protocols and proven scientific technologies.  Research integrity is ensured through technical peer review and public dissemination of results.  Detailed information on the JIP is available online at http://www.arcticresponsetechnology.org.  

			Arctic Dispersed Oil Fate and Effects JIP

			Building on the results of the recently completed NewFields JIP that was initiated by Shell,98,99 which evaluated toxicity and biodegradation of physically and chemically dispersed Alaska North Slope oil under Arctic conditions in the Beaufort and Chukchi Seas, the University of Alaska Fairbanks continues evaluation of oil biodegradation in the Arctic marine environment.  This project aims to identify microorganisms and genes that are responsible for hydrocarbon biodegradation, evaluate their background levels in the environment and how these levels change in response to presence of hydrocarbons.100  This new JIP is supported by Shell, ConocoPhillips, ExxonMobil, Statoil, BP, Alaska Clean Seas, and the Oil Spill Recovery Institute.

			Alaska Clean Seas Research

			Alaska Clean Seas (ACS) provides response services to the Alaska North Slope Crude Oil Producers and the first 167 miles of the Trans-Alaska Pipeline System.  ACS has maintained an active oil spill research and development program since the early 1980s (http://www.alaskacleanseas.org/).  The program focuses on spill response and wildlife management in Arctic conditions.  Currently funded (and cofunded) projects include:

			•A study conducted in Germany on remote sensing techniques for locating oil under ice101 

			•Biodegradation research at the University of Alaska Fairbanks 

			•Development of Arctic marine mammal response capabilities in coordination with NOAA National Marine Fisheries, U.S. Fish and Wildlife, the Alaska Zoo, and Alaska SeaLife Center 

			•Participation in the mechanical recovery work stream of the Arctic Oil Spill Response Technology JIP.

			Remote Sensing and Dispersant Research

			ExxonMobil Upstream Research Company has an ongoing research and development program on Arctic and cold weather oil spill response mostly focused on remote sensing and enhanced oil spill response techniques. Ongoing projects include:

			•Developing a technique to use Nuclear Magnetic Resonance (NMR) for detection of oil trapped in and under ice.  NMR uses the Earth’s magnetic field to differentiate the subtle differences of hydrogen protons in water and oil.102

			•Developing a new dispersant “gel” for treating more viscous oils in cold marine environments.103  The gel-like consistency allows for greater encounter time with the viscous oil allowing the dispersant time to break down the oil into biodegradable droplets.  

			•Developing a technique to use the prop wash of icebreakers to promote dispersion of oil slicks in ice for situations where natural mixing energy is insufficient.104

			American Petroleum Institute Research

			In 2011 the American Petroleum Institute initiated a 4-year research and development Joint Industry Program (API JIP) that includes a broad range of oil spill response research topics.  One area particularly relevant to the Arctic is research on subsea dispersant injection.  Subsea dispersant injection is an OSR technique where dispersants are applied directly to a jet of oil that might be released from a subsea well.  Subsea dispersant injection could be a key OSR contingency planning tool applicable to what is often determined to be the worst-case discharge—i.e., loss of well control.  Subsea injection of dispersants offers significant benefits compared to the application of dispersants on the sea surface.  For example, it:

			•Reduces the amount of oil coming to the surface to protect personnel at the surface from volatile components of the oil

			•Requires much less dispersant because it is injected directly into a turbulent jet of fresh oil 

			•Proceeds day and night under a wide range of weather conditions 

			•Potentially treats all oil escaping from a single release point

			•Rapidly dilutes the oil into a large water mass to decrease the concentration of dispersed oil (1) below acute toxicity thresholds and (2) to levels that allow aerobic biodegradation. 

			The API subsea dispersant injection project scope includes research on application methods, effectiveness, plume modeling, monitoring techniques, and potential environmental effects of oil dispersed subsea (http://www.api.org/environment-health-and-safety/clean-water/oil-spill-prevention-and-response/api-jitf-subsea-dispersant-injection-newsletter).105  While this work is not specifically Arctic-focused, many of its findings will be applicable to Arctic regions. 

			Research Activities in Europe and Scandinavia

			Finnish and Norwegian scientists have historically conducted research on Arctic and cold-weather response techniques.  This work continues with the development of new ice-capable oil spill recovery vessels by Aker Arctic,106 development of high-capacity Arctic skimmers by OSR equipment manufacturers, as well as the work of the Finnish Environmental Institute.  A team of international researchers recently evaluated sensors for detecting oil under sea.107  Some other projects conducted in Norway for sub-Arctic conditions include the SYMBIOSES model that can assist with Net Environmental Benefit Analysis of response options (http://www.symbioses.no/) and a JIP evaluating environmental impacts and response options in coastal environments.  The Norwegian Clean Seas Association for Operating Companies (http://www.nofo.no/en/) has sponsored research focused on sub-Arctic oil spill response for years.  This program also includes yearly offshore exercises and tests with real oil.  With increasing interest to Arctic operations this program will likely add oil in ice projects to its portfolio. 

			Ongoing R&D Projects Sponsored by Nonprofit Organizations

			The Oil Spill Recovery Institute (OSRI) was established by the U.S. Congress in response to the 1989 Valdez oil spill.  Its mandate is to support research, education, and demonstration projects designed to respond to and understand the effects of oil spills in the Arctic and sub-Arctic marine environments http://www.pws-osri.org.  Over the years OSRI has funded numerous projects on Arctic spill response and evaluation of environmental impacts.  Among currently funded projects is an evaluation of an aerostat system for oil spill remote sensing, provision of oil spill drifter buoys for the USCG oil spill field exercise, evaluation of sonar’s ability to detect oil in and under ice, and support for biodegradation research at the University of Alaska Fairbanks.  

			Ongoing R&D Projects Sponsored by Governmental Organizations

			Bureau of Safety and Environmental Enforcement Sponsored Research

			For three decades, the BSEE (formerly MMS) has been the principal U.S. federal agency funding oil spill response research, including Arctic-relevant research.  Achievements of the program were described in a 2008 U.S. Department of the Interior Minerals Management Service report.108  The BSEE research program is addressing oil spill research needs on two levels—first by sponsoring direct applied research and second by maintaining the National Oil Spill Response Test Facility in Leonardo, New Jersey (Ohmsett).  Ohmsett is not only a vital component of the BSEE oil spill research, it is also a national asset where government agencies, private industry, and academia can conduct full-scale oil spill research and development programs and training in a controlled environment with real oil.  BSEE has also funded NOAA for R&D in two primary areas: modeling and data collection/dissemination.  

			Description of the ongoing projects and reports from the completed projects are available at http://www.bsee.gov/Technology-and-Research/Oil-Spill-Response-Research/index/.  Some of the currently funded projects on Arctic OSR include testing of skimmer hoses and hose couplings under simulated Arctic conditions; development of surrogate ice modules for simulated Arctic environment testing; technological assessment of Alaskan Arctic oil spill response temporary oil storage options; hosting an Ohmsett “Ice Month” for evaluation of oil recovery systems in ice conditions; participation in the National Research Council study on Arctic OSR (http://www.nap.edu/catalog.php?record_id=18625); research to support the prediction of effectiveness of dispersant use in the U.S. Beaufort and Chukchi Seas; dispersant effectiveness comparative testing in a simulated Arctic environment; enhanced oil spill detection sensors in low-light environments; oil spill detection and mapping under Arctic sea ice using autonomous underwater vehicles; and burning behavior of oil in ice channels. 

			BSEE has also funded NOAA for R&D in two primary areas: modeling and data collection/dissemination.  For modeling, BSEE has provided support to improving oil spill trajectory forecasting for response to spills in icy waters.  Modeling improvements will include shallow water well blowout algorithms and physiochemical fate of oil spilled on or under ice.  For data collection/dissemination, BSEE has supported the Environmental Response Management Application (ERMA) in the coordination of Arctic data from government, academic, and traditional knowledge sources.  

			National Oceanographic and Atmospheric Administration Sponsored Research

			NOAA is involved in a variety of research projects. The Coastal Response Research Center (CRRC) was established as a partnership between NOAA, through the Office of Response and Restoration, and the University of New Hampshire.  Together, NOAA and CRRC continue to coordinate oil spill research by sponsoring and hosting several oil spill workshops on various topics including Arctic oil spill response and environmental impacts. 

			NOAA continues to develop the Arctic Environmental Response Management Application, which is a web-based GIS tool that integrates and synthesizes data into a single interactive map, providing a quick visualization of the response situation and improving communication and coordination among responders and environmental stakeholders. 

			NOAA is also currently developing an Arctic version of its oil spill trajectory model GNOME (General NOAA Operational Modeling Environment). 

			U.S. Coast Guard Sponsored Research

			The U.S. Coast Guard Research and Development Center conducts a variety of oil spill response research.  Their recent efforts include field deployments of response equipment in ice-covered waters in the Great Lakes, and more recently the Arctic Shield exercises offshore Alaska.109  The objective of the Arctic Shield exercises in 2012 and 2013 was to evaluate deployment of existing response equipment and new technologies that could enhance the efficiency of oil spill response in broken ice (i.e., ice that will not support personnel and equipment).  Plans are to continue the Arctic Shield exercise in 2014.  During the Arctic exercises several remote sensing techniques were tested including UAV, ROV, AUV, SWIFT (surface wave instrument float with tracking) buoys (for measuring turbulence), and an aerostat. 

			Other projects underway include development of an on-deck temporary storage system for Coast Guard buoy tenders, an ice management cage for skimmers, and a personal decontamination system for cold weather for use on small vessels of opportunity (fishing vessels and tug boats).  The U.S. Coast Guard, through the Ship Structure Committee, is also conducting research on the effects of ice and ice-covered waters on ships and marine structures and their survivability in damaged conditions.  

			Department of Energy’s National Energy Technology Laboratory

			Building on Department of Energy’s core competency in simulating and predicting the behavior of engineered-natural systems, National Energy Technology Laboratory (NETL) researchers are developing a new Gulf of Mexico (GOM) multicomponent model tying the subsurface, wellbore, and water column into a single integrated assessment modeling (IAM) tool.  The final product, a coordinated platform (GOM IAM tool and EDXinsight), will utilize subsurface to shore datasets, which are being synthesized and integrated from a combination of existing data sources to allow new interpretations for the independent, rapid, and science-based prediction of ultra-deepwater hydrocarbon risks and potential impacts, that can be used to conduct predictive assessments of potential social, environmental, and production risk factors, and provide insight on future data and technology needs to support spill prevention.  The tool may also serve as a rapid-response platform in the event of future spills or deleterious events. An interactive database of these data layers will be released through NETL’s Energy Data Exchange (www.edx.netl.doe.gov); the link will also contain a report showing potential application of the tool to the Arctic (March 2015). 

			Environmental Protection Agency Sponsored Research 

			The U.S. Environmental Protection Agency is conducting tests of dispersants efficacy and toxicity at low temperatures.  

			Research by North American Academic Institutions

			The University of Alaska Fairbanks (UAF) conducted several Arctic oil spill projects in the past and now is building on existing technical expertise and leading the effort with University of Washington, Brigham Young University, and Rensselaer Polytechnic Institute to establish an Industry/University Cooperative Research Center for Arctic Sustainable Development.  This center, if funded by the National Science Foundation, will begin a 5-year program with a focus on oil-spill related research and education.  

			UAF is also working with the Arctic Response Technology JIP to support large-scale testing of the in-situ burn project using herding agents (Project 9, described earlier in the section on the Arctic Response Technology Joint Industry Programme).  This support includes managing construction of a 100 m x 100 m x 1 m deep ice-capable basin to allow a full-scale trial of herders with oil in ice, as well as in-situ burn tests.

			Further, UAF is one of only six institutions in the U.S. to receive a Certificate of Authorization from the U.S. Federal Aviation Administration allowing them to conduct research on unmanned aerial vehicles.   This positions UAF in a leadership role for development and testing of this tool for both environmental assessments and emergency response (including oil spill response).

			The University of Manitoba in Canada is evaluating detection of oil in sea ice using various electromagnetic frequencies at the Sea Ice Environmental Research Facility.  The focus of this project is on measuring dielectric permittivity in clean ice and in ice containing oil lenses using active microwave, passive microwave, sonar, and electromagnetic induction.  

			Conclusions

			The 50 years of completed research on oil spill response and oil spill fate and effects in Arctic and ice-prone regions provides a strong foundation for oil spill contingency planning today.  As with oil spill response in temperate environments, there will always be a need to advance capabilities and knowledge.  The ongoing research described above continues this long-term effort.  Further, there are many industry, consulting, academic, and government experts who were involved in much of the prior work.  These individuals are a valuable resource that can support defining future research needs, contingency planning efforts, and rulemaking.

			Behavior of Spilled Oil in Ice

			Introduction

			Researchers have been studying the behavior of oil spilled into ice environments for over 40 years, and several landmark field experiments have been completed.110,111,112,113,114,115,116,117,118,119,120,121,122,123  This research provides a strong basis for understanding how oil behaves in ice and how to develop strategies to safely respond to spills.

			This section summarizes the results of this research.  There are a number of reviews and assessments that provide more details on the behavior of oil spilled in Arctic environments.124,125,126,127

			Oil in Ice-Covered Environments

			Currently, oil and gas activities in the Outer Continental Shelf will be mostly restricted to the open water and shoulder seasons that occur in the summer.  During the open water season, oil will primarily behave as it would in temperate regions with the advantage of significantly more hours of daylight in which to conduct operations.  The presence of ice, the harsh environmental conditions, and remoteness adds challenges to oil spill assessment and response in the Arctic.  Ice cover and cold temperatures, however, may provide a critical advantage.  Oil spill responders understand that speed is the key for a spill in open water.  This is because of the very dynamic nature of oil on water.  In contrast, cold temperatures and ice cover can keep oil thick, limit emulsification, and limit evaporation and dissolution.  Oil evaporation, dissolution, and emulsification increase the viscosity of the oil generally making it more difficult to treat or recover.  Further, landfast ice can protect shorelines from oil stranding for many months of the year.  Thus, ice conditions may give response personnel more time to respond counteracting some of the disadvantages caused by Arctic conditions and remoteness.

			Oil Weathering

			The two most important weathering processes for oil spills are usually evaporation and emulsification because they increase oil viscosity making it more difficult to treat by all response options, and emulsification additionally increases the volume of the spill.

			Oil behavior in any environment is strongly dependent on the oil properties.  Light crude oils and condensates will have limited persistence because of their high volatility, solubility, and tendency to naturally disperse.  Incorporation of oil into ice may increase the persistence of any of these oils, however.    

			Oil evaporation is a function of the slick thickness, oil temperature, and the amount of volatiles within the oil.  Snow interacting with surface oil to eventually cover it will also reduce evaporation rates. 

			Ice dampens the mixing energy needed to generate oil-in-water emulsions.  Thus, emulsification is not expected to be as prevalent in ice-covered water.  Further, natural dispersion will not be as significant.

			Ultimately, weathering requires the oil to be exposed to either the air or water, or both.  Oil trapped within ice is isolated from the water and air, which limits to a very large extent any weathering processes.

			Another important factor governing the behavior of oil in the Arctic is the oil’s pour point.  Oil with a pour point above the freezing point of water will rapidly cool and gel to become a semisolid when spilled into an ice-covered environment.  Because oil is shear thinning, oil subject to the motion of waves may not gel until it cools 10 to 15°F below its pour point.

			Oil Interaction with Ice

			Figure 8-9 shows some of the possible configurations of oil in, on, and under ice.  Even large spills of crude oil underneath solid or continuous ice cover will usually be contained within a relatively small area because of the rough undersides.  If oil is trapped under ice in the winter, new ice will rapidly form under it even as late as May in the Arctic.128  The encapsulation keeps the oil from weathering, emulsifying, and dispersing. 
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			Sea ice includes multiple vertical brine channels that form as brine is excluded from ice as it freezes.  These channels allow the dense brine to migrate down and release to the water below.  When oil interacts with sea ice, it migrates up these natural brine pathways because it is less dense than both the brine and seawater.129  Vertical migration accelerates in the spring as the ice melts, resulting in the oil pooling on the ice surface in melt pools (Figure 8-10).  Oil in these natural melt pools is more readily available to responders prior to ice break-up. 
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			Oil located on top of continuous ice will likely undergo limited spreading due to the roughness of the ice surface and snow.  The oil on top of ice will ultimately be much thicker and cover a smaller area than the same oil spilled on open water. The end result is that in many cases ice will allow responders time to mount a response.

			Snow can combine with oil on the surface of ice to the point that the resulting mixture can be as much as 80% snow.130  Oil-snow mixtures can be handled by shovel, bulldozer, etc. if the ice is stable enough, but it may not be burnable depending on the amount of snow.

			Oil trapped in ice leads and fissures is also contained by the ice depending on the amount of ice cover.  Two experimental field releases illustrate the restricted spreading caused by ice cover.131  After 10 hours of spreading the thickest portion of an open water slick covered 100,000 m2 while a spill in broken ice covered only 100 m2.

			In general, oil spilled on or under ice or within concentrated ice coverage will move with the ice if it is drifting or remain near the spill location for landfast ice or ice that isn’t drifting.  In more open ice conditions, oil and ice can move at different rates and directions.

			The above discussion was primarily focused on oil behavior in first-year ice.  Oil behavior in multi-year ice may be somewhat different.  The under-ice storage capacity of multi-year ice is estimated to be greater than first-year ice.  Oil under multi-year ice can also encapsulate, and it may persist within the ice for more than 1 year.

			A final point on oil behavior in ice is its fate during spring melt.  Oil trapped in ice during the winter and not treated will eventually be released during the spring melt.  Spring melt requires multiple weeks to occur (Dickins, 2011).132  The oil will release slowly to reduce loading at any location and this will facilitate natural dispersion and evaporation.  

			Dispersant Use in the Arctic

			Introduction

			Mechanical recovery will always be the most widely used oil spill response technique because it returns oil to containment.  It can be effective on smaller spills, which are by far the most common.  However, for large offshore spills and spills in ice this technique has limitations.  Mechanical recovery has only treated a fraction of large, geographically dispersed offshore oil spills in the past.  The oil industry has developed non-mechanical response tools, namely dispersants and burning, to more effectively treat large offshore oil spills because of these limitations.  The additional complications resulting from spills in ice means it is even more important for all response tools to be given equal consideration during contingency planning and an emergency event.

			This section will describe and summarize more than 20 years of research that shows dispersants can work in ice, research on the fate and effects of dispersed oil in the Arctic, and summarize some recent advances made for dispersant use in the Arctic.  

			Dispersants Use in Marine Environments

			Dispersants enhance the natural dispersion of oil into water.  The goal of dispersant use is to reduce environmental impacts caused by surface slicks (e.g., impacts to marine mammals, seabirds, marshes, etc.), rapidly reduce oil toxicity through dilution, and ultimately enhance the biodegradation and removal of oil from the environment.  Dispersants can be used over a wider range of environmental/meteorological/oceanographic conditions than other response options.  They are efficient in high seas and on thin slicks.  

			Dispersants are the only oil spill response option that has been delivered by aircraft (planes and helicopters, in addition to by vessel and subsurface) although research is currently underway to develop solely airborne methods of applying in-situ burning.  Industry is in the process of qualifying a 727 airplane for dispersant delivery.  Aircraft allow dispersants to be moved to a spill location at high speed.  Further, aircraft can treat large oil slicks much faster than boats.  The remoteness of many Arctic locations means rapid transit speeds are even more critical.  

			Dispersed oil rapidly dilutes to concentrations below acute toxicity thresholds and allows much more rapid biodegradation of the oil by naturally occurring bacteria.  This results in the accelerated recovery of the marine environment.  The schematic drawing in Figure 8-11 illustrates the steps that occur during the dispersion process.
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			Dispersants act to reduce oils cohesiveness.  Less cohesion allows natural wave energy and currents to break the oil into tiny droplets that dilute into the water column.  The significant increase in oil surface area promotes natural bacterial biodegradation. 

			Dilution of dispersed oil in the water column allows biodegradation without exhausting available oxygen and nutrients.133  Studies have shown that oil-degrading microbes colonize the droplets within a few days.134  A recent bench-top biodegradation study that used representatively low concentrations of dispersed oil required only 7 days to lose approximately 50% of the detectable hydrocarbons while surface slicks only lost 14%.135   Dispersed oil will dilute to concentrations in the parts per million range within a few hours of effective dispersant application and to concentrations in the parts per billion range in one or more days depending upon the currents and wind dynamics.136 

			Cold temperatures do not reduce the dispersibility of many oils or the activity of the dispersant,137,138,139 and most oils remain dispersible until they are cooled well below their “pour point” (the temperature at which the oil behaves like a semisolid).140,141,142

			In addition, research has shown that the motion and interaction of broken ice pieces actually enhances the dispersion process by providing surface turbulence that doesn’t occur in nonbreaking waves in the absence of ice.143

			Studies have found dispersants are less toxic than both naturally dispersed and dispersant-treated oil.144  Recent work conducted by the University of Alaska-Fairbanks demonstrated that three Arctic marine species (two fish and a copepod) were no more sensitive to dispersed oil than similar temperate species.145  The University of Alaska Fairbanks study results dealing with dispersants as reported by the National Oceanic and Atmospheric Administration follow:146

			•Arctic marine species show equal or less sensitivity to petroleum after exposure than temperate (warmer water) species.

			•Arctic test organisms did not show significant signs of toxicity when exposed to recommended application rates of Corexit 9500 dispersant by itself, which biodegrades on the order of several weeks to a few months.

			•Petroleum does biodegrade with the help of indigenous microbes in the Arctic’s open waters under both summer and winter conditions.

			•Chemical dispersants more fully degraded certain components of oil than oil that was physically dispersed (from wind or waves breaking up an oil slick).

			•Under various scenarios for large and small oil spills treated with Corexit 9500, the effects on populations of arctic cod, a keystone species in the Arctic, appeared to be minor to insignificant.

			An important consideration for dispersant use is assessing the benefit of intentionally exposing water-column organisms to dispersed oil versus allowing unrecovered oil to drift at sea and potentially strand onshore.  This often provides a net benefit because the short-term, transient exposure of dispersed oil to water-column communities can reduce the ecological effect compared to the prolonged widespread impacts of oil reaching shorelines.147,148,149  That is, the effective dispersion and biodegradation of oil in the water column results in oil persisting in the environment for periods of days to a few weeks while allowing oil to strand on shorelines results in oil persisting for multiple years.  Experts have concluded that oil spills with significant environmental impacts have always been associated with nearshore or intertidal accumulations of oil.150

			Subsea Dispersant Injection

			Injecting dispersant subsea into a jet of oil resulting from loss of well control is a recent innovation.  Subsea dispersant injection was utilized for most of the Macondo incident to keep a significant amount of the oil from reaching the surface.  Implementation is relatively straightforward (see Figure 8-12).  Equipment needs are a vessel with a supply of dispersants at the surface, a coiled tubing line to transfer dispersant to the subsea well, and a remotely operated vehicle to hold the end of the coiled tubing line into the jet of oil emanating from the release point.  For ice conditions, the surface vessel will require some ice management assistance.  In addition, workboats may be needed to resupply the dispersants.
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			Injection of dispersants into a jet of oil subsea provides the same function as surface application of dispersants, i.e., it accelerates the removal of oil from the environment through natural biodegradation.  Compared to surface response options, subsea dispersant injection can be much more efficient because it treats the oil at the concentrated source before it has spread at the surface.  Subsea dispersants can be applied continuously (24 hours/day), even in low visibility and darkness.  Unlike surface response methods, subsea injection is not affected by storms or ice incursions—assuming appropriate ice management.  Subsea dispersant injection is also more efficient because the oil is fresh (and therefore more easily dispersed) and emanating with high turbulence that helps form oil droplets very near the release point.  Further, subsea dispersant injection can protect the health and increase the safety of responders.  Application of dispersants subsea can protect well control personnel from gas vapors by keeping fresh volatile oil from surfacing near the well site.

			Icebreaker-Enhanced Dispersion

			There may be extreme low-energy conditions in ice-covered marine environments.  For these situations, or when oil is trapped on or under ice, industry has developed a technique that uses the mixing energy from the propeller wash of icebreakers to disperse dispersant-treated oil.

			A study was conducted in an ice basin using a scale-model icebreaker to evaluate the icebreaker-enhanced dispersion concept.  Results of these tests indicated that icebreakers can effectively enhance the treatment of oil located in leads between ice floes, on top and beneath solid ice.151,152  A 2009 field release in the Arctic also used the energy of vessel prop wash to disperse oil slicks in ice.153  Prior to treatment, the oil had undergone 6 days of weathering in ice.  

			Although icebreaker enhanced dispersion could be important for Arctic oil spill contingency plans, it will have the same darkness limitation that other response options will have.  

			In-Situ Burning

			Introduction

			Offshore ISB of oil slicks is the process of burning the oil “in place” on the sea surface.  The basic requirements for ISB are a method of containing the oil—to keep it from spreading too thin or to thicken the oil if it has already spread—and a method of igniting the thick oil.  Most oils slicks won’t burn without some form of containment because they will spread and become too thin to support combustion in an open water marine environment.  This is because the oil loses too much heat to the water column and will naturally extinguish.  A slick thickness greater than 1 mm is usually needed to insulate the burn from heat loss to the water and allow sustained combustion.  

			ISB is especially suited for use in the Arctic, where ice can often provide a natural barrier to maintain the necessary oil thickness for ignition without the need for containment booms, and oil remains fresh and unemulsified for a longer period of time.  There are decades of experience using controlled ISB as an oil spill response technology in cold water and the Arctic.  The first recorded use of ISB was a 1958 pipeline spill in the Mackenzie River, Northwest Territories.  Buist et al. provides comprehensive summaries of the history of burning oil in ice-covered environments and under Arctic conditions.154  Most recently, the massive ISB operation in response to the Macondo blowout provided a unique set of full-scale operational data applicable to response planning for Arctic offshore areas in the summer.  This was the first large-scale application of burning in an operational setting.155

			Fire-Resistant Booms

			Fire-resistant booms pulled by vessels are required for ISB in open water to thicken the oil (in some cases during Macondo when thick oil was encountered in open water it was burned without booms). The first successful use of ISB with fire-resistant booms was a trial conducted during the Exxon Valdez response.156  Several different types of fire booms were tested during the Macondo oil spill, with some notable differences in their effectiveness for oil retention and durability in the face of fire intensity and sea state.157  A number of these boom designs were successfully deployed in ice in 2008 and 2009 during the SINTEF Oil in Ice project.158 

			Ignition Systems

			A range of surface hand-held, boat launched, and aerially deployed igniters are described in Buist et al.159  One of the best known devices is the Helitorch™.  A Helitorch™ (shown slung from the helicopter in Figure 8-13) can be found in the inventories of a number of oil spill response organizations charged with responding to spills in ice. 
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			Ignition delivery systems with the potential to operate at much higher speeds from a fixed-wing aircraft were recently tested in ground trials.160  These systems would be ideal for Arctic applications where multiple oil slicks are trapped in separate leads between ice floes or where oil has risen to the ice surface in multiple melt pools.  In addition, the Arctic Response Technology JIP is studying the development of effective, safe, alternative aerial ignition systems for Arctic use.161

			Operating Parameters and Limitations

			Experience with burning fresh, weathered, and emulsified oils and petroleum products in a range of ice and wind conditions has led to some basic rules of thumb.162  Wind speeds should not exceed 10 m/s (20 kt).  In actual Arctic field tests, burn removal efficiencies of individual slicks have ranged from 65 to over 90%. In an experimental spill under solid ice in Norway, 3,400 liters of crude oil were allowed to surface naturally through the ice and then burned with an overall removal efficiency of 96%.  A portion of this oil was allowed to weather on the ice surface for over 1 month before being successfully ignited.163

			High concentrations of pack ice in combination with slush and brash ice between the floes can greatly enhance ISB by maintaining the original as-spilled thickness, and preventing subsequent thinning through spreading164—see Figure 8-14.
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			In very open drift ice conditions, oil spills can rapidly spread and become too thin to ignite.  However, fire resistant booms can still operate in these conditions.  Potter and Buist165 reported highly effective (~90%) burning of oil within small ice pieces and brash collected within a fire-resistant boom during 2009 field experiments in the Norwegian Barents Sea—see Figure 8-15.
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			In the same project, oil that was allowed to drift and weather in very close pack ice for over a week without any booming was also successfully ignited and burned with high efficiencies.166

			In the case of spills in solid ice nearshore, the choice of whether to burn on site or remove the oil to shore will depend on the time of year, ice conditions and water depth.  On-site burning might become the preferred option late in winter when there would be insufficient time to transport the recovered oil to shore prior to break-up.

			Despite highly successful test results over four decades, there is continued concern that actual spill conditions could reduce the effectiveness of ISB to far below results seen in controlled field trials.167,168  In practice, burn efficiencies greatly increase with the scale of the burn as the strong radial influx of air feeding the burn acts to continually thicken the remaining slick.  This effect was readily apparent in the massive ISB operation during the Macondo response and has been observed in a number of large-scale experiments with burning oil on ice and at sea.169,170  Further, the natural containment provided by ice and the reduced weathering of thick, cold oil could significantly increase the time available for implementing ISB in Arctic conditions compared to a similar scale oil spill in open water.

			Safety and Environment

			Well control blowouts involve a mixture of oil and gas (mostly methane).  The volatile gases resulting from a subsea blowout can produce an explosive atmosphere in the immediate vicinity of the surfacing oil.  ISB, however, will always be conducted at a safe distance from the discharge point to avoid accidental ignition.  Most of the oil in an in-situ burn is converted to carbon dioxide and water with some particulate matter and floating residue.  

			Research completed in the 1990s assessed the potential environmental impacts of ISB, primarily from smoke plume and burn residues.171  The smoke plume emitted by burning an oil slick on water is often the primary ISB concern to the public and regulators.  In practice, smoke particulates and gases are quickly diluted to concentrations below levels of concern. Work by Canadian and U.S. teams advanced the understanding of smoke constituents and how to predict downwind environmental impacts and to gather data for verification of existing plume models.172  Research conducted at several scales including a full scale test offshore Newfoundland173 demonstrated that when conducted in accord with established guidelines, ISB is safe and poses no risk to human populations or responders and no unacceptable risk to wildlife.   

			Burn residue—the unburned oil that remains on the surface of the water after a fire extinguishes—was also studied in the 1990s.  Daykin et al.174 and Blenkinsopp et al.175 studied burn residue’s potential for aquatic toxicity, while an industry-funded research program examined the likelihood of burn residue sinking as it cooled. The toxic components of oil are mostly the volatile components.  The intensity of the burn tends to destroy these volatiles.  Bioassays of burn residue showed very little or no acute toxicity to oceanic organisms for either weathered oil or burn residue.  These findings of little or no impact were validated with further studies by Gulec and Holdway176 and Gagnon and Holdway.177  Roughly 50% of cooled burn residues were found to float in the industry-funded study.

			Numerous agencies, primarily in the United States, have established guidelines for the safe implementation of ISB as a countermeasure.178,179,180,181,182

			Recent and Ongoing Research

			In 2004, a multi-year joint industry and government project began to study oil-herding surfactants to thicken slicks for ISB as an alternative to booms in open water and light ice conditions.  The herders proved effective in significantly contracting and thickening oil slicks in brash ice.  Burn efficiencies measured for the herded slicks were only slightly less than the theoretical maximums achievable for equivalent-sized, physically contained slicks on open water.183

			The concept of using herding agents to burn free-drifting oil slicks in pack ice was successfully field tested for the first time in the Norwegian Barents Sea in 2008 as part of the SINTEF Oil in Ice JIP.184  Figure 8-16 shows images of the field test.  Buist et al.185 summarizes past research into herders and concludes that oil spill responders should consider utilizing them to enhance ISB in light to medium ice concentrations.  
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			Of equal priority to improving the technology behind executing an offshore burn (see Recommendations) is the need to effectively communicate the broad body of scientific evidence that proves the safety and environmental acceptability of burning.  

			Offshore Mechanical Recovery

			Mechanical recovery of oil spills on land and on/under landfast ice has been practiced for decades and is summarized in many publications and manuals.  When it is safe to do so, mechanical recovery will always be considered and used if it can be efficiently applied and is supported from the Net Environmental Benefit Analysis (NEBA) perspective.  In fact, for small operational spills near sufficient stockpiles of equipment, mechanical recovery may be the only response option required.  Given that the vast majority of spills are small, mechanical recovery will often be the primary response option, even in the Arctic.  This section describes capabilities and limitations of mechanical oil spill recovery in offshore Arctic regions.

			The goal of offshore mechanical recovery is to collect and remove oil from the surface of water using collection booms and specially designed skimming devices or sorbent materials.  This technique is often favored because when mechanical recovery is successful, oil is “removed” from the marine environment. This consideration, however, does not account for the fact that mechanical recovery may be insufficient in recovering large volumes of oil or ineffective due to wind and sea conditions.   

			A NEBA for the use of mechanical recovery in Arctic waters needs to adopt a full life cycle approach and consider environmental impacts associated with all phases of the response operations.  Benefits and trade-offs of using mechanical recovery will then need to be compared to the use of other response options to ensure that the selected response technique or a combination of response techniques maximizes environmental protection. 

			The containment and recovery of oil can be effective when responding to small operational spills and spills in relatively calm waters without heavy concentrations of ice or debris.  The dynamic nature of large spills (i.e., the rapid spreading, movement, break-up into patches) challenges mechanical recovery even in locations with large equipment stockpiles and good weather conditions.    

			Reliance upon mechanical recovery alone for cleaning up large widespread slicks in remote offshore regions may diminish protection of the Arctic environment and communities depending on these resources.  In such cases the entire “response toolbox” should be available to responders.  This is especially true for the offshore Arctic environment.

			Decades of experience with mechanical recovery under cold-climate conditions around the world have advanced the understanding of the process.  Ice-strengthened vessels are necessary in Arctic waters where ice may be present.  Several configurations of Arctic-capable response vessels, both with built-in and over-the-side recovery equipment, have been designed and are currently in operation.186  There have been important advances in the design of Arctic skimming systems.187,188,189,190

			Advances with Arctic skimmers include improved oil and ice processing, the ability to handle larger volumes of cold viscous oils and oil/ice mixtures with low water uptake, and the heating of critical components to prevent freezing.  Various viscous oil pumping systems and techniques have also been developed to facilitate efficient transfer of cold and viscous mixtures of oil water and small ice pieces.191,192,193 

			Since an uncontained oil slick can spread on open water to very thin layers (thinner than a piece of paper), containment is almost always required to concentrate oil into a thicker layer thereby increasing the efficiency of skimming systems.  At 0 to 10% drift ice coverage conventional open water containment and recovery techniques can be used.  At 10 to 70% drift ice coverage, vessel-towed booms can be replaced with short sections of a boom connected to an ice-strengthened skimming vessel with “outrigger arms.”  At drift ice coverage greater than 70%, specialized skimmers are operated by ice-strengthened response vessels.  At high ice concentrations, booms cannot be used; however, the ice itself often provides containment.  In this case oil may be recovered from concentrated “pockets” between ice pieces using ice-strengthened vessels that can place skimmers directly into these pools of oil. 

			Oil encounter rate (the amount of oil accessed by a skimming system per unit of time) often determines the feasibility and effectiveness for mechanical recovery.  Conventional containment booms cannot be towed at speeds greater than about 1 knot.  In recent years there have been a number of innovative designs capable of containing oil at greater speeds.194,195  These systems allow collection of oil at speeds around 3 knots in calm water and 2 knots with light to moderate waves.  Such systems can significantly improve encounter and recovery rates.196 The recent Wendy Schmidt Oil Cleanup X CHALLENGE resulted in development of several novel skimming approaches.197  The Boom Vane™ is another innovative technique, which allows the positioning of containment booms while using fewer boats.198

			Sea state is another important consideration for mechanical recovery as oil is challenging to contain in waves exceeding 3 to 4 feet.  Mechanical recovery equipment can operate in more developed “swell” waves not exceeding 5 to 6 ft.  Increasing wave heights make equipment deployment/retrieval difficult, reduces the effectiveness of skimmers, reduces the ability of the boom to contain the oil, and may result in unsafe working conditions.    

			Critical factors for an effective containment and recovery operation in a remote Arctic location include the availability of resources to store recovered oil/water/ice mixtures on skimming or specialized vessels; the ability to transfer recovered fluids to intermediate storage; and the availability of suitable facilities for oil disposal.  For a large spill these activities can be logistically challenging. 

			Just as with oil spill response in open water, effective oil slick identification and location, spotting for vessels, and the monitoring of response performance is critical to the success of the overall response operation.  During much of the open water period in the Arctic when containment and recovery methods are most feasible, extended daylight facilitates these activities and allows the use of conventional remote sensing and observation techniques.  During periods of darkness and for detection of oil under ice, specialized techniques must be used as discussed in Chapter 5, Characterization and Measurement of the Ice Environment. 

			Remote Sensing for the Detection And Mapping of Oil in Ice

			Introduction

			Successful oil spill response in any environment requires locating, mapping and tracking oil as it moves away from the source of the spill.  This is equally important in the Arctic due to potentially limited response assets and logistical challenges.  The purpose of this section is to summarize the current techniques and capabilities for detecting oil on, among and in/under ice, mapping the extent of the oil, and monitoring the oiled ice movements. 

			Some of the remote sensing (RS) and survey challenges that must be overcome for winter Arctic conditions are visibility (blowing snow, low cloud, fog and darkness), weather (low temperature and wind), ice/snow cover, and remoteness.  

			These challenges of Arctic offshore and ice conditions will likely require a mix of remote sensors operating in different parts of the electromagnetic spectrum.  Detailed assessments of remote sensing systems for oil spills in ice have been summarized by others.199,200

			A wide range of sensor types have been tested through analytical, bench and basin tests and field trials for use in spill detection in ice.  Beginning in 2004, projects sponsored by the Minerals Management Service (now the BSEE) and industry studied a variety of open water sensors to evaluate their potential for detecting oil in ice.  This project studied old and new technologies including side-looking airborne radar, synthetic aperture radar (SAR) satellites, forward-looking infrared (FLIR), trained dogs, and sonar.201,202  Table 8-1 compares the capabilities of different sensors for spills in ice over a range of ice environments.203  Expected capabilities of different systems are based on conclusions from the SINTEF JIP and other experiments and from results of previous trials, not necessarily in the Arctic.
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			Dickins and Andersen204 concluded that current airborne systems are useful for detecting and mapping large spills in open ice but have less potential as the ice concentration increases.  Many of the non-radar sensors on airborne systems do not work well under Arctic conditions of darkness, cloudiness, fogginess, and rain for much of the year.  A large advance in all-weather capability was realized in the late 1990s with the advent of commercially available, high-resolution SAR satellite systems that can now resolve targets of a few meters and are unaffected by darkness or cloud cover (e.g., Radarsat, ERS-1, TerraSAR-X, COSMO-Skymed) and were effective in mapping several large marine spills.205,206  The ability of SAR satellites to detect and map oil slicks in the ocean with moderate wind conditions is likely to be practical for well-defined oil spills that spread in open to very open pack ice.207  Satellites are expected to have less utility for detecting oil in concentrated ice and oil trapped under ice and snow.

			Leifer et al. summarized how passive and active satellite and airborne marine remote sensing were applied to a recent spill.208  The Moderate Resolution Imaging Spectroradiometer (MODIS) satellite data allowed for detection of the total slick and was used to produce maps of estimated oil thickness.  SAR provided synoptic data under all-sky conditions.  SAR is not able to discriminate between thick oil slicks and thin sheens (0.1 mm or less); however, it can be used as a strategic response planning tool rather than a real-time tactical tool.

			Sensors and Platforms—Current Capabilities

			Detection and mapping of oil in ice will likely require a mix of sensors operating in different spectral bands, both passive and active, ranging from AUV sonar to synthetic aperture radar satellites.  Included in the mix is the human observer, perhaps still the most reliable “sensor,” in spite of the limitations of darkness and adverse weather.  Figure 8-17 shows a Coast Guard overflight of skimming operations.
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			Much of the early research on spill detection in ice took place over a 10-year period beginning in the late 1970s.  Since that time researchers carried out analytical, bench, and basin tests and field trials using a wide range of sensor types.209,210

			At present, knowledge of which sensors are most likely to succeed in different oil in ice scenarios is based largely on experiences in temperate spills supported by a small number of field tests and tank/basin experiments.  A number of researchers have summarized the present state of knowledge.211,212 

			Overall conclusions from this work were that the current generation of airborne systems have a high potential for detecting and mapping large spills in very open ice, but less potential as the ice concentration increases.  Many non-radar sensors are blocked by darkness, cloud, fog, and precipitation, all of which are common over Arctic waters for much of the year. 

			There is a lack of hard data to confirm theoretical assumptions about the performance of most RS systems in a particular oil in ice scenario (ground penetrating radar, discussed below, is one exception).  SAR satellite imagery may be of use for detecting oil slicks in ice but will be dependent on factors such as the size of the spill, ice floe size and concentration, and wind speed.  Radar imagery can also document changing ice conditions near a spill, which provides a valuable tactical tool for response.213  False positives and negatives are also a concern with SAR imagery. 

			An important national issue is that the United States does not presently have its own commercial SAR satellite mission, so international partnerships as well as government/industry collaboration are necessary.  Classified SAR satellites from the National Geospatial-Intelligence Agency can be used for monitoring natural disasters and oil spills, but the information is only available to those people with appropriate clearances.  However, derivative maps can be made using the data.

			In addition to rapidly developing RS technologies, there will always be a need for well-trained observers flying in helicopters and fixed-wing aircraft to map oiled areas and to transmit critical information to response crews.  This was evident during a recent large Gulf of Mexico offshore oil spill.214

			Commercially available ice-strengthened global positioning system (GPS) beacons and buoys have, for many years, been tracking ice movements during an entire winter season throughout the polar basin.215  Oil containment and entrapment that may occur in ice means that beacons placed on top of the ice cover where oil is known to be will effectively track the oiled ice until oil is released by a response action (i.e., icebreaker intervention) or spring melt.  There are also subsurface Lagrangian floats that can operate in ice-covered waters and be acoustically tracked while under sea ice. 

			New Concepts and Ongoing Developments in Detection and Monitoring

			Basin and field experiments showed that surface-based, commercially available ground penetrating radar can detect and map oil 1 to 3 cm thick underneath 1 m or more of solid ice or trapped as layers within ice.216  The same radar suspended beneath a helicopter traveling at speeds up to 20 knots and altitude up to 20 m successfully detected a thin layer of crude oil buried under hard-packed snow.217  A frequency-modulated continuous-wave radar designed to detect oil trapped under solid ice from a low-flying helicopter is under development (ART JIP, in progress).

			Nuclear magnetic resonance is being studied as a potential means to detect oil trapped under or in ice.218  A full-scale prototype system is currently under evaluation.

			Infrared (IR) systems (alone or in conjunction with other sensors) can also be used from the surface, low-flying aircraft or surface vessels.  A low-cost hand-held IR sensor was able to discriminate between oil, open water, snow, and oil-free ice during daytime.219,220  IR systems have also detected oil under snow.  Ocean Imaging Inc. successfully used multi-spectral and thermal IR cameras to detect, map and estimate thickness of slicks during a recent offshore spill.  A key issue is how thermal IR will work in the Arctic winter.

			As part of the SINTEF JIP, trained dogs on the ice tracked and located small oil spills buried under snow from a distance of 5 km and also mapped dimensions of a larger oil spill.221

			X-band marine radar has been used to detect slicks during sea trials and may be able to detect oil slicks in open ice.222  Commercial systems are available and in place on marine spill response vessels today in the United States and Norway.  Integrated systems that combine high-resolution FLIR and low-light cameras are now routinely deployed on response vessels in Norway.

			UAVs and AUVs have the capability of carrying useful sensor packages over long distances (albeit at slow speed under water) for Arctic oil spill surveillance.223  Both single- and multi-beam sonar sensors successfully detected and mapped oiled boundaries and thicknesses under ice in a recent basin test.224  An exercise aboard the USCG Healey evaluated UAVs and AUVs.  Further industry-sponsored testing of different UAV sensors for oil spilled in ice is planned for 2014.

			BSEE recently partnered with the Army Research Development and Engineering Command to develop new sensing capabilities that could have applications during low-light periods.  Industry continues to follow sensors and platforms developed by the Department of Defense as they become available.

			Some Arctic nations operate dedicated pollution surveillance aircraft. Canada dedicates one of its aircraft to Arctic missions. The USCG operates a fleet of jets for maritime surveillance. The search radars in USCG fixed-wing aircraft have a SAR setting that can be used for oil spill detection.  These fixed-wing aircraft and some helicopters also have an electro-optical/IR system that may be useful in some Arctic conditions.225

			A key aspect of the future effectiveness of remote sensing systems is the ability to integrate different datasets into a useful real-time or near-real-time product.  There has been considerable progress on developing real-time/near real-time multispectral data, and progress needs to continue to fully develop this capability for the Arctic. 

			Summary

			It is clear that no single RS technology or sensor package is capable of detecting oil in the Arctic environment under all conditions.  Certain methodologies described above can detect oil under certain conditions but all systems have their limitations either due to low visibility including darkness or sea state limitations that generate waves.  Logistical constraints can limit sensor capabilities either due to remoteness or lack of deployment platforms.  Many sensor technologies show promise but more research needs to be conducted. 

			There is an extensive ongoing research effort through the International Association of Oil & Gas Producers Arctic Oil Spill Response Technology JIP to evaluate the capabilities of a range of surface and subsea sensors to detect oil trapped in ice.  These tests will hopefully lead to integrated sensor packages that can better detect spilled oil in the Arctic under a variety of adverse conditions. 

			Environmental Impacts of Oil and Response Options in Arctic Waters

			Introduction

			The choice of response technique for a specific spill has to consider possible impacts of untreated oil on one or more components of the ecosystem and compare the option of no action to possible impacts of oil treated with one or more response techniques.  Industry recommends basing trade-off decisions on a structured Net Environmental Benefit Analysis (NEBA) approach.226  This approach is designed to develop a response strategy that minimizes the environmental impact from the spill and facilitates the fastest recovery.  

			As data continue to accumulate on the environmental effects of oil spills in the Arctic, response decisions can still be made using a combination of Arctic-specific data and relevant data from studies done in temperate regions.  More than 40 Arctic species have undergone toxicity testing with either crude oil or crude oil components and the results compared to temperate counterparts.227,228,229  The conclusion is that the 40+ Arctic species tested are no more sensitive to crude oil and crude oil components than temperate species.  This indicates that the larger database of temperate-region studies is relevant to comparable Arctic species.  In addition, this same study found that oil biodegrades under Arctic conditions using Arctic microbes at rates approximately half the expected rate in warmer regions and not an order-of-magnitude slower.230

			This section reviews the NEBA process, the differences in environmental impacts resulting from the various response strategies, and the toxicity and biodegradation of treated and untreated oil. 

			Net Environmental Benefit Analysis

			Efroymson et al.231 describes NEBA as a methodology for comparing and ranking the net environmental benefit associated with multiple response alternatives.  At its core, NEBA is an assessment of the advantages and disadvantages of implementing differing response options judged against a natural attenuation strategy.  NEBA is not a new invention.232  Systems for making environmental protection trade-offs regarding oil spill countermeasures were originally developed in North America in the 1970s and 1980s.233  A system was developed in the United Kingdom and the term Net Environmental Benefit Analysis was applied in the late 1980s.234  As new spill response technologies have been developed over the years (e.g., in-situ burning in the 1990s) they were added to the NEBA process.235  NEBA is often conducted pre-spill to facilitate contingency planning and establishment of preapproval areas for certain response techniques.  NEBA principles can also be implemented during the spill to ensure that spill-specific circumstances are taken into consideration and that tailoring response techniques to changing spill conditions maximizes the environmental benefit.

			Scientific research, scientific data, and lessons learned from historical spills, expert knowledge, local knowledge, and numerical models are all available to support NEBA and the subsequent selection of the most environmentally responsible response techniques for different Arctic environments.  In this analysis, environmental impact severity, its duration, and recovery rates of populations, communities, and ecosystems should all be considered.  Several studies have addressed population-level impacts in the Arctic.236,237,238  Our understanding of potential environmental impacts can be further advanced by additional studies of the population-level dynamics as well as by evaluating how resilient Arctic biological communities are and how they recover after initial impact.  Studies also should consider multi-stressor models, where an oil spill would be an additional stressor to biological communities that are already being impacted by other stressors.

			The National Research Council study Responding to Oil Spills in the U.S. Arctic Marine Environment made a recommendation supporting the use of NEBA as the decision process to select the response options that offer the greatest overall reduction of adverse environmental impacts.239

			Exposure of Marine Organisms to Dispersed Oil

			Justification for the use of dispersants over mechanical recovery requires a NEBA-based process.  This is because of the perception issues with regard to adding soap-like treating agents to the environment and the fact that the oil isn’t directly removed for the water.  The basis for analyzing the value of using dispersants for oil spill response is understanding the effects that dispersed oil has on marine organisms.

			The key determinants of effects on organisms exposed to dispersed oil are the sensitivity of the species and the level and duration of the exposure.  Numerous studies have contributed to our understanding of the fate and behavior of physically and chemically dispersed oil and this information can be used to assess exposure to water column organisms during a spill event.240,241,242,243,244,245,246,247,248

			These studies have shown that under open water conditions, both physically and chemically dispersed oils dilute rapidly as a result of wave and current action and water mixing.  This results in oil concentrations quickly reducing over time.  Available data suggest that, following initial dispersion, maximum dispersed oil concentrations are less than 50 miligrams/liter (mg/L) and that dispersed oil concentrations reduce to 1 to 2 mg/L in less than 2 hours.249,250,251,252,253,254  Trudel et al. showed that, even in closed wave tanks, concentrations of dispersed oil are rarely higher than 100 mg/L.255  With time, dispersed oil plumes continue to dilute and offshore concentrations of dispersed oil are estimated to fall below a threshold for acute impacts in much less than a day.256,257,258,259,260  As a result, exposure of water column organisms to offshore dispersed oil (chemically or physically) is short and limited to the top few meters of the water column during application of dispersants at the water surface (vessel/aerial).261

			Small-scale field tests have indicated that dispersants also rapidly dilute even in the absence of dispersed oil. Concentrations of dispersant in water have been shown to reduce to less than 1 mg/L within hours, which are generally below estimated toxicity levels derived from experiments with constant exposure.262

			Dispersed Oil Toxicity

			Many years of laboratory testing and field research have generated a large amount of acute toxicity data that can be used for assessing environmental impacts.  Several field and mesocosm studies have not only characterized the environmental fate of the oil, but also the impacts on organisms.263,264,265,266,267,268,269  Not all of these studies provide sufficiently detailed exposure-response data.  Most of the currently available toxicity data on chemically dispersed oils were generated under controlled laboratory test conditions.  The challenge with much of the available data is that they were obtained in the laboratory using exposure concentrations significantly exceeding those that would be experienced under field conditions with more realistic dilution rates.270,271,272,273  Bejarano et al. discussed the large variety in exposure methods, oil type and treatments, and the complications when interpreting and applying these data for impact assessments.274  Several efforts have been made to review the available laboratory toxicity data and facilitate the development of useful benchmarks that help inform decision-makers.275,276,277,278,279,280,281,282,283

			Results from laboratory exposure tests indicate that for most standard invertebrate toxicity testing species, acute toxicity levels (48 to 96 hours) for dispersed oil are in the 1 to 10 mg/L range.  Water-column concentrations exceeding these levels in an actual spill situation may only occur in the top few meters over an area roughly equivalent to the surface slick treated by dispersant, and these concentrations are limited in time because of rapid dilution.  While some sublethal impacts could take place even at low hydrocarbon concentrations, significant adult mortality effects on adult fish populations from dispersant use in the past 40 years have not been observed. 

			Comparative Sensitivity of Arctic vs. Non-Arctic Species

			There has been a considerable effort in the past 5 to 10 years to better understand the sensitivity of Arctic species to dispersed oil.  The majority of studies exposed copepods and fish larvae to crude oil or individual polycyclic aromatic compounds.284,285,286,287,288,289,290,291,292  Several studies addressed the toxicity of chemically and physically dispersed oil.293,294,295  These studies found that chemically dispersed oil had approximately the same toxicity as physically dispersed oil when comparisons were based on the measured concentration of oil in the water column.  Further, the concentrations causing acute toxicity in these studies would only be expected in the first few hours after a real spill and only in a limited area in the vicinity of the treated slick because of the rapid dispersed oil dilution.   

			The amount of data on the toxicity of dispersed oil to Arctic species is less than the data available on sub-Arctic, temperate, and tropical species—although a significant amount of Arctic data exists.296,297,298  As this data gap closes, the available data on Arctic species combined with the non-Arctic data can be used to assess environmental impacts of dispersants.  To support this, a number of studies have been completed to assess the potential relevance of non-Arctic acute toxicity data for assessing Arctic species’ sensitivity.  

			De Hoop et al. conducted a literature search and found toxicity data on crude oil or single components of crude oil for 41 Arctic species with comparative data for 49 temperate species.299  This literature assessment concluded that Arctic species were no more sensitive to crude oil or the crude oil components tested than temperature species.  Olsen et al.300 collected 11 Arctic species and 6 temperate species and conducted comparison toxicity tests with 2-methyl naphthalene—a component of crude oil known to cause toxic effects.  They also found no significant differences in acute toxicity between the Arctic and temperate species.  Gardiner et al. found no acute toxicity differences between Arctic species (two Arctic fish larvae and an Arctic copepod) and their temperate cousins exposed to crude oil as well.301

			This evidence is based on acute studies only and each research team noted that chronic studies are needed.  However, a Norwegian Research Council study reviewed 10 years of research on long-term environmental effects of the oil and gas industry and concluded that Arctic organisms themselves are not necessarily more sensitive to oil discharges than temperate organisms.302

			Biodegradation

			Dispersants are designed to break a surface oil slick into small oil droplets less than 70 microns in diameter.  This dramatically increases the surface area available for microbial biodegradation.  Petroleum-degrading microbes exist in all marine environments including the Arctic303,304,305,306 and they colonize and begin degrading dispersed oil droplets within a few days after they form.307,308  Dispersed oil dilutes within hours to concentrations below those that would exhaust natural levels of biologically available oxygen and nutrients needed to support efficient oil biodegradation.309,310,311  The combination of increased surface area and dilution allows dispersed oil to efficiently biodegrade in all marine environments including the Arctic.

			Lab-based biodegradation studies are used to assess the potential for crude oil to biodegrade in the marine environment.  Unfortunately, most published biodegradation studies used concentrations of dispersed oil that were unrealistically high.  Dispersed oil concentrations used in published biodegradation studies ranged from 83 ppm (parts per million) to 4,500 ppm.312  Average concentrations over the multiple days to weeks that it takes for biodegradation to complete are expected to be well below 1 ppm because of the dilution that occurs in an open marine environment.313  Studying dispersed oil biodegradation at concentrations multiple orders of magnitude higher than is possible in the field has led to biased findings and usually negative bias.  Recent testing found that dispersed crude oil at 2.5 ppm was rapidly and extensively biodegraded.314,315

			To investigate the rate of oil biodegradation under colder climate conditions, Venosa and Holder studied the biodegradation of dispersed Alaska North Slope crude oil at 5ºC and 20ºC.316  They found rapid and only slightly reduced biodegradation rates at 5ºC compared to 20ºC.  McFarlin also demonstrated that biodegradation of fresh and weathered Alaska North Slope crude oil using Arctic microorganisms took place at both 2°C and -1°C.317  Addition of the dispersant Corexit 9500 enhanced the oil degradation process.  These results support the findings by Brakstad and Bonaunet318 that crude oil is degradable by indigenous microorganism populations in Arctic marine environments, even at near-freezing temperatures, although at slower rates compared to higher temperatures.319,320  In addition, studies conducted by Hazen et al.321 and Brakstad322 provide evidence that biodegradation of dispersed oil readily occurs at temperatures similar to those in Arctic waters.

			Impacts from In-Situ Burning

			The primary concerns for ISB are the potential impacts of the smoke plume and toxicity of the unburned residue.  Studies of the emission levels from experimental burns have shown that about 85 to 95% of the burned oil becomes carbon dioxide and water, 5 to 15% of the oil is not burned efficiently and is converted to particulates, mostly soot, and the remaining, 1 to 3%, is composed of other combustion by-products (e.g., nitrogen dioxide, sulphur dioxide, carbon monoxide, and poly aromatic hydrocarbons).  The burn residue from a typical in-situ burn of crude oil is of a semisolid, tar-like consistency and is not readily bioavailable.323

			Two programs studied the potential environmental effects of ISB in the 1990s. These programs looked at various aspects of smoke emissions and soot production.324,325,326  Studies that also examined the burn residue showed the low acute toxicity of the burn residue to salt water, freshwater, and benthic species.327,328  In two known cases, the Haven spill in Italy in 1991 and the Honam Jade spill in South Korea in 1983, sunken burn residues affected benthos and interrupted fishing activities in a relatively localized area due to concerns over contamination of fishing gear.329,330

			The smoke produced during in-situ burning and the concentrations of particles within this plume that are small enough to be inhaled are usually of most concern to the public.  In addition smoke plumes are also of concern because they obstruct visibility and may pose a safety hazard to ships and aircraft.  The smoke plume may also result in limited aesthetic impacts.  By establishing exclusion zones these adverse effects of in-situ burn activities are easily managed.  It is unlikely that these potential impacts will prevent in-situ burn operations in the Arctic due to the relatively low population densities in these areas.331

			Oil Spill Response Field Release Experiments

			Introduction and Background

			Oil spill response researchers in the public and private sectors and manufacturers have spent many decades developing, testing, evaluating, and refining response tools and methods for Arctic operations, and these efforts have increased in recent years.  Experimental field releases are a logical key step in the development and validation of oil spill containment, recovery, and treatment equipment and methods.  Unfortunately, field trials are not consistently conducted and as many as 15 years can lapse between tests.  What is needed is a consistent and collaborative approach to experimental field releases to allow industry and federal agencies to prove oil spill response capabilities in the Arctic, test new response tools, test theory and models associated with oil behavior in the ice environment, and train Arctic responders.  A collaborative approach between industry, government, and academic researchers will increase stakeholder confidence in Arctic oil spill contingency plans and allow responders to select the most effective and environmentally acceptable methods for spill response.  The knowledge and best practices gained through experimental field releases are a necessary step in the process of continuously improving Arctic spill response plans.  As commercial activities increase in the Arctic, industry and federal agencies will need to continue to develop robust oil spill response capabilities that can efficiently operate in harsh environments.  

			Research into Arctic oil spill response began more than 40 years ago, and significant efforts continue today by industry (either by individual companies or through joint industry projects), academia, and the federal government.332,333  There have been few actual accidental spills of significant size in Arctic conditions, so the main source of knowledge on oil behavior and spill countermeasures has come from experimental studies in laboratories, test tanks, and field trials or by extrapolating knowledge from spills in temperate regions.  

			Experimental field releases started in the 1970s and includes work done mostly in Canada, Norway, and some in the United States; however, Arctic releases are scarce.  There are a number of reviews and assessments that provide more details on these studies.334,335,336,337  The last Arctic experimental release in the United States occurred at Prudhoe Bay in 1982.338  The last experimental release of oil into marine ice in North America took place off the Canadian East Coast in 1986.339  Three small releases (200 liters each) took place in ice in the Saint Lawrence Estuary in 2008.340  Norway has since conducted more recent experimental releases, for example, in 2006, 2008, and 2009.341,342  Findings have demonstrated that laboratory and test tank results can be scaled up and applied safely to large-scale field settings.  Large wave basins provide the best alternative to field trials, but they have significant limitations.  

			A collaborative approach is important for experimental field releases as these activities are complex and costly, and benefit the most from the broadest base of expertise and knowledge.  Therefore, industry will continue to attempt to work closely with federal agencies, indigenous people, local residents, and other stakeholders to conduct experimental field releases.  Prior field trials prove that they can be conducted safely and with minimum impact to the environment.  

			The BSEE maintains the world’s largest wave tank dedicated to oil spill response research and training in New Jersey.  Known as the National Oil Spill Response Research & Renewable Energy Test Facility or Ohmsett (Oil and Hazardous Materials Simulated Environmental Test Tank), it provides near full-scale test capability and is an excellent venue for some research.  Ohmsett, however, cannot fully simulate Arctic field conditions.  Without climate control features, Ohmsett can simulate cold water and broken ice conditions and has successfully done so while testing mechanical recovery equipment and dispersants; it cannot fully simulate Arctic conditions.  As a result, there is a very small time window when it is practical to maintain ice in the tank for a useful test duration.

			Industry and the U.S. federal government need to collaborate on oil spill response research as much as possible, including performing the research with international partners.  Some environmental groups have expressed support for these releases to be conducted.  There are two key requirements for enabling experimental field releases in the U.S. Arctic.  One is a more guaranteed path to a permit assuming a straightforward set of permitting conditions are met.  Previous permits for offshore field releases have not been granted just prior to the planned release date after many months of preparation.  The second requirement relates to liability.  Researchers in the U.S. face potential liability from actual or perceived environmental impacts of a planned field release.  The uncertainty of this liability makes industry extremely hesitant to conduct field releases.  A solution would be for a U.S. federal agency or agencies (like Interagency Coordinating Committee for Oil Pollution Research) to hold the permits and limit the liability from the field release.  

			Controlled field releases are an important step in the process of developing and proving oil spill response methods in the Arctic.  A few releases in the Arctic have been conducted in the past, but time periods between tests can be as long as 15 years.  Industry will need a more certain permitting process, collaboration with academic and government researchers, communication with stakeholders, and a method of controlling liability before additional Arctic field tests can be completed in the United States.  There are concerns and challenges associated with carrying out experimental field releases in any location.  These concerns and challenges are even greater in the Arctic.  Working with stakeholders and governments at the national, regional, and local level to ensure the studies are carried out in a way that protects the environment and the safety of local communities at all stages from planning to execution is critical.  The ultimate goal is to develop Arctic oil spill response tools, strategies, and personnel that are as robust and capable as possible, and the consistent execution of experimental field releases is key to reaching this goal.

			Field Release Experiment Objectives

			The following list provides some important reasons for conducting experimental field releases: 

			•To validate lab and basin scale testing that demonstrates the effectiveness of various response strategies (existing, enhancements to existing, and new)

			•To validate lab/basin scale testing and model predictions of the fate and effects of oil in the Arctic environment and to collect data needed to assess environmental impacts and Net Environmental Benefit Analysis considerations 

			•To demonstrate the technical and operational viability, timeframes, and safety of different techniques

			•To advance fundamental scientific knowledge about the Arctic ecosystem

			•To engage stakeholders and educate responders on the capabilities and trade-offs of different response strategies

			•To provide important training opportunities for Arctic oil spill responders.

			Historical Field Release Experiments

			Table 8-2 summarizes most of the medium- to large-scale experimental crude oil spills known to have been conducted in sea ice, regardless of location.  Also included are two significant shoreline projects involving experimental releases and long-term monitoring.  There may be other experiments, for example in Russia that are not included because project reports and publications are not available.  These studies are reviewed and summarized by SL Ross et al.,343 Brandvik,344 Fingas and Hollebone,345 and Dickins and Fleet.346
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			Performing Field Experimental Releases

			Field experiment releases can be performed to research a variety of technical and operational challenges in the areas of: dispersants, in-situ burning, mechanical recovery, natural attenuation, remote sensing, trajectory modeling, and environmental impacts.  Depending on the needs of the different projects, releases could involve oil spilled under ice, in the water between floes or, in some cases, on the ice surface.  Justification for why the data can only be collected in the field will be provided for the final suite of studies selected for field research.  In addition, specific response strategies and data collection methods will receive prior validation in laboratory or basin tests before going into the field.

			Planning and executing a field experimental release can be complex but very achievable. Challenges to carrying out this work in remote areas include logistics, planning, and the permitting process.  The challenges can be met by:

			•Laboratory and mesoscale data to fully confirm the technical feasibility of any response strategy or technology being considered for use in the field

			•Meticulous planning with contingencies in priority areas identified through risk analysis and environmental assessment

			•Ice and weather forecasting and hindcast analysis to pick the optimum time and place to meet experimental objectives

			•Logistics to coordinate multiple marine, air, and space assets, including vessels, aircraft, helicopters, satellites

			•Early outreach, consultation, and dialogue with agencies, regulators, local community leaders, and other key stakeholders, and continued communications with stakeholders, project teams, and field teams. 

			Before any field experimental release can occur, a sequence of assessment, deliberation, community visits, conversations, and formal permit applications needs to take place.  The exact order and scope of these activities and expected timing varies by country but at a minimum is expected to include:

			•Initial consultation with key agencies, regulators, and indigenous and local community leaders/members before committing to a formal application process

			•Initial evaluation to identify geographic areas that meet the necessary criteria

			•Initial research scope and definition

			•Detailed project planning including logistics, personnel, contractors, securing support-in-kind, response equipment, costing, scheduling, etc. 

			•Interim consultation meeting with key agencies, regulators, and indigenous and local community leaders to discuss project plan

			•Necessary permit applications completed and submitted to concerned agencies at national, state, and local levels

			•Follow-up meetings to answer questions and provide supplementary information

			•Provisional go-ahead and agreement in principle

			•Final field activity plans and contracts in place to carry out the field experiment research.

			Measures that can significantly reduce and mitigate risks associated include:

			•Oil spill response strategies to remove as much oil as is practical from the marine environment, including flexible options to cope with changing conditions

			•Environmental Assessment (EA) conducted as part of the permit application to ensure important environmental sensitivities are identified and taken into account in the project design and spill contingency plan

			•Backup plans to deal with a range of outcomes, such as equipment breakdown and changing weather and ice conditions, including parameters of when to stop the test if conditions are not appropriate

			•Monitoring plan to ensure that releases take place away from sensitive wildlife resources and that any residual oil causes no harm

			•Having an onboard environmental observer with knowledge of the local area

			•Communications plans that maintain full transparency throughout the planning and consultation process and maximize opportunities for key stakeholders to view the releases first-hand if possible.

			External stakeholder involvement at the outset of the planning process is critical to ensuring all parties are involved in a conversation about what is being proposed, how it will be carried out, and how people can become actively involved.  The field releases will afford local communities an opportunity to witness the application of a range of response strategies in their own environment and to gain confidence in industry capabilities.  Examples of this involvement may include:

			•Planning.  Including indigenous peoples’ traditional knowledge on the marine environment, ecosystems, and subsistence harvesting is critical to the environmental assessment process and operational planning.

			•Education.  The field releases provide a unique opportunity for a dialogue regarding practical and scientific knowledge about the latest Arctic spill response methods with regulators and community groups.  The release also provides an opportunity for agency and industry personnel to couple the experiment with training elements.

			•Data collection.  This could include monitoring sea ice conditions and wildlife using local hunters.

			Recommendations

			Arctic Well Integrity, Spill Prevention Methods, and Technology

			Well Integrity Recommendation 1.  A joint industry and U.S. government study is recommended to develop a methodology to quantify the risks and benefits of the multiple barrier technologies, using appropriately detailed reliability data and assessments.   The goal of this study is to achieve source control of the well in the most rapid manner to minimize the potential spill volume.  The study should consider overall acceptability of risk levels, contribution of different risk mitigation practices, and other mitigations to risks that could be incorporated into Arctic operations.  This risk-based methodology could then be used as a basis to determine the suitable barrier requirement to prevent loss of well control and thus serve as a performance-based requirement as opposed to the prescriptive requirements.  If this methodology shows that environmental risks from the use of alternative barrier approaches are less than a same season relief well (SSRW), then SSRW and perhaps other spill response requirements could be eliminated for appropriate wells.  This would extend the drilling season and facilitate exploration and development.  Practices in assessment techniques from the nuclear, aviation, and petrochemical industries such as accident sequence precursor analysis could be applied.347

			Well Integrity Recommendation 2.  Industry is leading efforts to enhance well capping and shut-off technology.  Identification and development of technologies that can lead to material advancements (e.g., reliability, speed, and practicality) are potential areas for industry and government collaboration.

			Arctic Oil Spill Response

			Oil Spill Response Recommendation 1.  Support policy that elevates all oil spill response tools (mechanical recovery, dispersants, in-situ burning, and any new/improved technology that is developed) to primary options. Decisions concerning which option should be used in an emergency to minimize environmental impact will be based on Net Environmental Benefit Analysis (NEBA).   Regulatory credit for all these tools should be provided when calculating how much equipment must be included in the Oil Spill Response Plan to meet worst-case discharge requirements (both at the federal and Alaska level).  

			Oil Spill Response Recommendation 2.  The Department of Energy (DOE), other federal agencies, and the state of Alaska should support preapproval use of dispersants and in-situ burning by the Alaska Regional Response Team for all offshore Outer Continental Shelf Alaska.  Decisions regarding preapproval should be based on sound science, including past and ongoing research on fates and effects of dispersant-treated oil in the Arctic environment and on toxicity tests of dispersant-treated oil at realistic concentrations and exposures and at appropriate temperatures and salinities. Preapproval should be based on a NEBA-based approach that includes input by industry, Oil Spill Response organizations, academia, and other stakeholders. 

			Oil Spill Response Recommendation 3.  The NEBA-based decision process should be used in a collaborative process by government (federal, state, and local) decision-makers, academia, responders, local communities, and industry to select and assess the response options that offer the greatest overall reduction of environmental impacts.  This NEBA-based decision-making process should be conducted for relevant Alaska Arctic regions to identify future preapproval zones for dispersants and in-situ burning.  If studies are required to support the NEBA process, DOE, other governmental entities such as National Oceanic and Atmospheric Administration and Alaska Department of Environmental Conservation, and industry should collaboratively perform them (such as the University of Alaska’s study) taking into account local knowledge.  This recommendation was also supported in the NRC 2014 study.

			Oil Spill Response Recommendation 4.  Support the need for additional remote sensing research to enhance the ability to detect and track an oil spill in ice, including scenarios that result in oil under, trapped within, or on top of the ice.  DOE and their National Laboratories should collaborate with industry to determine if any existing military technology or other research in the area of remote sensing, including satellites, can be made available and commercialized for oil spill response use.  A key consideration for this research is the need for as close to real-time information as possible. 

			Oil Spill Response Recommendation 5.  ICCOPR (Interagency Coordinating Committee on Oil Pollution Research, which is composed of 15 agencies) should support the issuance of timely permits (1 year or less) to conduct Arctic oil release field experiments with lead agencies coordinating and championing the issuance of the permits.  In compliance with statutory and permitting requirements, ICCOPR should encourage and facilitate controlled experimental releases of oil for offshore spill response R&D and equipment testing in coordination with regional response teams.  Agencies should also include international cooperation in this area; in the past, the United States has participated and been invited to participate in controlled experimental releases in other countries such as Norway and Canada.  Large-scale basin experiments to validate new technologies and strategies often precede field experiments.  In that regard, continued support is recommended for the operation and maintenance of Ohmsett (BSEE’s National Oil Spill Response Test Facility, located in New Jersey) and any enhancements to facilitate more Arctic testing. 

			Oil Spill Response Recommendation 6.  Support ICCOPR as the federal body for prioritizing oil spill research.  ICCOPR is designated under the Oil Pollution Act of 1990 as the means to leverage efforts of federal agencies engaged in research affecting offshore oil spill response.  ICCOPR should play a strong role in conducting and/or supporting oil spill response research and technology development, both nationally and internationally, with adequate long-term support.  Priorities for oil spill research should take into account available science and past and present research efforts, leverage existing joint agreements, and be addressed through a comprehensive, coordinated effort that links industry, government (federal and state), academia, oil spill removal organizations, international and local experts, and nongovernmental organizations.  Interagency partners should collaborate with industry experts/consultants to evaluate selected oil spill response equipment and tactics and utilize this information to inform planning tools and requirements and regulatory changes.  ICCOPR should hold regular informational/educational sessions with support by industry and oil spill response (OSR) organizations. 

			Oil Spill Response Recommendation 7.  The National Laboratories should work with industry to develop an oil simulant(s) that can be used for field testing.  The simulant(s), to the extent possible, needs to represent the properties of crude oil critical to testing remote sensing technologies, mechanical recovery, in-situ burning, and dispersants.

			Oil Spill Response Recommendation 8.  DOE should support development of communications strategies that explain the capability of Arctic oil spill planning, preparedness, and response to government agencies (federal and state), industry, stakeholders, and the public.  The communications should include issues such as ongoing and existing oil spill response research and science and rapid communication during an incident.  Regulators and industry need to align on oil spill response expectations and ensure the public is informed. 

			Oil Spill Response Recommendation 9.  DOE and other agencies should support the process to obtain long-term permits for use of unmanned aircraft.  These tools are capable of carrying multiple sensors and are small enough to be flown from response vessels.  Unmanned aircraft will also expand the capabilities for 24-hour surveillance and complements the use of manned aircraft.  Unmanned aircraft have much more flexibility than manned systems, but most important of all, they reduce exposure of pilots to flights in potentially hazardous conditions.
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			Overview

		

		
			Chapters 9 and 10 examine the current knowledge on key ecological and human environment considerations and the capacity of industry, and policy and regulatory decision-makers to prudently explore and develop oil and gas resources in a manner that is protective of the Arctic ecosystem and human environment.

			Chapter 9 summarizes the current information that is available to document and interpret existing conditions within the Arctic ecosystem (with specific focus on the U.S. Arctic), understand the rate and trajectory of changes in the environment, and predict or evaluate the impact(s) of exploration and development activities upon ecological resources.  Chapter 10 documents the ways in which the peoples of the Arctic interact with and depend upon their environment; the interplay between development and cultural, health, and economic well-being; and the changing patterns of current human use of the Arctic environment that is undergoing change.  The objective of these chapters is to describe the existing understanding of the physical, biological, and human components and functional interrelationships that exist within the Arctic ecological and human environments and to identify opportunities to improve upon information to facilitate prudent exploration and development.

			This evaluation of Arctic ecological and human environment data was conducted with attention to those data that are most relevant to oil and gas activities and responsible management.  Opportunities have been identified that could enhance capabilities to:

			•Support operational planning and implementation that are informed by and protective of ecological resources and human interactions and dependencies upon their environment

			•Identify measures that can assist in avoidance, reduction, and/or mitigation of impacts

			•Aid in the evaluation of risks and potential impacts

			•Enhance capacities to responsibly manage resources and systems

			•Inform and facilitate regulatory decision-making and permitting that is both protective of resources and their use and accommodates prudent oil and gas exploration and development.

			The process of identifying opportunities for ecological and human research has drawn heavily upon the work products of multiple prior research planning and evaluation efforts that have been conducted over the last two decades to identify and prioritize research.  Multiple research recommendations were reviewed and evaluated to identify common themes and stakeholder priorities.  The working groups that developed these opportunities included industry specialists, representatives of the stakeholder communities, academia, and resource agency scientists.  Workshops were also held in Washington, D.C., and Fairbanks, Alaska, to review findings and early recommendations with key stakeholders and to build consensus around conclusions.

			Opportunities identified in this study are listed in the following table.  These opportunities are grouped into two broad categories, namely research theme and facilitation recommendations that can enhance capacities to accomplish effective research programs through data sharing, planning, coordination, and collaboration.  Priorities have been assessed based upon the immediacy of industry activities that would benefit from additional information related to each theme or upon the need for facilitation of research initiatives and an assessment of priority is given.
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			In the process of developing the research and technology recommendations listed in the table, the investigative teams identified 13 ecological and 5 human environment research themes that are relevant to exploration and development activities in the Arctic.  While the high-level recommendations are derived from these 18 themes, or from strategies that would facilitate implementation of research within these themes, the themes collectively represent a range of investigative topics that would facilitate prudent exploration and development of the Arctic in a manner that supported responsible decision-making, protective of the ecological environment and consistent with cultural and economic sustainability.  The 13 themes for ecological characterization are: 

			1.Understanding and documentation of current conditions

			2.Marine sound and biological resources

			3.Ecological fate and effects of energy-related discharges in the Arctic

			4.Interactions between ice-dependent species and oil and gas exploration and development activities

			5.Population and habitat changes of biological resources

			6.Range and efficacy of mitigation measures

			7.Methods for assessing and forecasting cumulative impacts and risks

			8.Ecosystem characteristics during winter periods

			9.Habitat restoration and rehabilitation

			10.Air quality

			11.Integrating traditional and local knowledge

			12.Emerging technologies for monitoring ecological change

			13.Oil spill prevention and response.

			The 5 themes for characterization of the human environment include: 

			1.Sociocultural demographic and wellness patterns

			2.Subsistence use patterns

			3.Traditional knowledge

			4.Protection of food security through evaluation of contaminants in subsistence foods

			5.Fate and effect of oil spills.
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			The Ecological Environment

		

		
			Introduction

			This chapter examines the current status of drivers and efforts for achieving a characterization of the Arctic ecological environment and recommends themes of continuing investigation.  It provides a history of ecological investigations and assessments that have established the existing bases for decision-making.  In addition to a history of Western scientific investigation and research that has been, at times, intensive, and stretches back more than 60 years, there is a rich history of traditional knowledge that informs Western science and current knowledge and understanding on the state and changes in the Arctic.  The chapter provides a brief high-level description of Arctic ecosystems for which an understanding is important to support prudent development of oil and gas resources.

			As is described in this chapter, much is known about the ecology of the U.S. Arctic based on decades of past and current research, and collaborations by many governments, academic, industry, and indigenous organizations and individuals.

			The scope of this assessment is predominantly focused on the U.S. Arctic; however, information and research from the broader pan-Arctic is drawn on where relevant.  Published peer reviewed literature and government, academic, and industry reports, assessments, and research studies are drawn on to support the findings on areas that should be considered for future research, assessment, or study.  Recommendations are provided on these focus areas, along with identified responsible organizations.

			A number of government bodies1 have conducted assessments of the scientific data necessary to inform decisions in the U.S. Arctic.  The findings in these reports indicate that there is a substantial amount of information, including foundational information on geology, ecology, and subsistence, available for Arctic ecosystems and resource management and to pursue resource development while protecting the environment.

			Sufficiency of data to allow robust permits and regulatory decisions that are based in rigorous science and capable of withstanding stakeholder scrutiny is a key element of the adequacy of information.  For oil and gas exploration and development in the Arctic to be successful, permits and regulatory positions must also allow efficient operations to effectively support prudent exploration and development activities.

			Chapter Objectives

			Prudent exploration and development in the Arctic requires operating safely within an ecological setting that consists of highly specialized biological organisms that thrive in the presence of extreme physical conditions.  Despite historic events such as the hunting and near extirpation of some species of marine mammals, the Arctic ecosystem has not been subject to large-scale alteration or degradation as a result of human activities.  It is currently, however, undergoing physical and biological responses related to changes in climate and varying levels of human development.  The combined popular perception of Arctic ecological resources as being at once unique, pristine, and at risk raises the bar for responsible operation that is informed by an understanding of Arctic ecosystems and the interaction between these resources and the processes and activities related to energy exploration and development.

			Though few conservation policies and regulations are specific to the Arctic, the ecological resources of the Arctic are protected by a broad array of traditional, state, national and international conservation and environmental measures.  These measures are generally applied rigorously within the Arctic through a regulatory construct that is well established and has been functioning effectively in relation to oil and gas exploration and development for several decades.  Oil and gas operations in both land and sea environments of the U.S. Arctic must acquire numerous federal, state, and local permits and demonstrate compliance with them through monitoring and reporting.  Many of these permits are directly applicable to the protection of ecological resources and processes.  Even those permits that are not directly related to ecological resources often require consultation with the trustee agencies and review of potential impacts under the National Environmental Policy Act (NEPA).  As such, nearly all aspects of permitting of all activities within the U.S. Arctic are predicated upon demonstration of an understanding of the ecological resources present, the potential interactions between activities and resources, and mitigation measures that are effective.

			Holland-Bartels and Pierce2 evaluated data adequacy around several key themes (i.e., marine mammals and anthropogenic noise, cumulative impacts, and oil spill lessons learned) and made a number of recommendations for additional research.  Sufficiency of data to allow robust permits and regulatory decisions that are based on rigorous science and capable of withstanding scientific and stakeholder scrutiny is only one measure of the adequacy of information.  If oil and gas exploration and development in the Arctic are to be successful, permits and regulatory requirements must also allow efficient operations, to effectively support prudent exploration and development activities.  Permits that are overly restrictive may not provide the operational latitude to successfully explore or develop energy resources, but may also not provide protection to ecological resources or their use.  Precaution, whether officially mandated in regulation, or representing a standard of practice of regulatory agencies, induces agencies to issue permits that err on the side of reducing the potential for impacts where the extent of such potential is not well understood.  The application of precaution is increasingly supported by international agreements and by legal precedent within the United States.3,4  The standard of applying protection or mitigation measures, unless they can be demonstrated to be unnecessary, potentially creates a significant challenge in terms of the adequacy of information necessary to support permits that are appropriately protective of ecological resources and allow successful exploration and development in the Arctic.  Insufficient data can cause permits to be denied, delayed unnecessarily, awarded with unnecessary constraints, or successfully challenged through litigation.

			In recent years, numerous efforts have been made, both within scientific and governmental bodies and among multiple stakeholders, to ascertain the current state and trends in ecological science of the Arctic.  Recently the National Research Council (NRC) sought to identify the emerging questions in a changing Arctic,5 which included a significant focus on ecological resources and processes.  The Bureau of Ocean Energy Management (BOEM) funds a very extensive annual Arctic Studies Program6 that is designed to address data gaps and has strong applicability to pending pre- and post-lease decisions and management.  These evaluations of science needs have identified key areas where additional studies could benefit decision-making.

			Through the processes of review of recommendations derived from more than 100 research review and planning documents (described in the section titled “Review of Key Research and Planning Documents” later in this chapter, followed by analysis of regulatory drivers for ecological data needs), the NRC study has identified a number of recurrent investigative themes through which resource stewardship, effective and efficient regulatory decision-making, and responsible development can continue to be enhanced.  As such, the results of these review processes reflect the cumulative and common recommendations of a number of organizations, including the National Academy of Sciences, the National Science Foundation, and the U.S. Arctic Research Commission, that had been established to answer the question of what research is needed on Arctic ecological resources.  To the broad range of potential research opportunities that can be undertaken on Arctic ecology, this study applied an additional filter to identify the key areas for supporting prudent development of oil and gas resources in the Arctic.  Specific themes have been used to categorize the potential studies and assess priorities.  The resulting 13 research themes have also been vetted through a dialogue with key stakeholders and participants in this effort, including representatives of tribal organizations and native corporations of the North Slope through workshops in Washington, D.C. and Fairbanks, Alaska.

			Under the heading “Identified Common Themes of Continuing Research Related to Decision-Making,” later in this chapter, 13 subsections delve into the different themes that have been identified from the review of existing information.  These themes are as follows:

			1.Understanding and documenting current conditions

			2.Marine sound and biological resources

			3.Ecological fate and effects of energy-related discharges in the Arctic

			4.Interactions between ice-dependent species and oil and gas exploration and development activities

			5.Population and habitat changes of biological resources

			6.Range and efficacy of mitigation measures

			7.Methods for assessing and forecasting cumulative impacts and risks

			8.Ecosystem characteristics during winter periods

			9.Habitat restoration and rehabilitation

			10.Air quality

			11.Integrating traditional and local knowledge

			12.Emerging technologies for monitoring ecological change

			13.Oil spill prevention and response

			All of these identified research themes are currently being addressed to some degree by a variety of investigative programs operated internationally and nationally, and by both the public and private sectors.  A number of countries have Arctic research programs and have articulated the priorities of these programs.  In most cases, these research programs are not specifically focused on oil and gas exploration and development.  Within the United States, a large portion of the research conducted tends to be oriented toward various trustee responsibilities of government agencies, or the mandates for academic inquiries of public and private institutions.  This includes Arctic research funded by the National Aeronautics and Space Administration (NASA) and National Science Foundation (NSF).  The oil and gas companies also play a significant role in the acquisition and delivery of environmental data and execution of research studies in the Arctic.

			Recommendations for research and environmental technology priorities to advance the characterization of the Arctic ecology are based upon the findings from examination of identified research needs, common investigative themes related to energy exploration and development, and existing research programs.

			Review of Existing Ecological Understanding

			Historical Scientific Programs in the U.S. Arctic

			Humans have observed, studied, and communicated information about the seasonal patterns of the physical environment and biological inhabitants of the Arctic for thousands of years.  Our current ecological understanding of the U.S. Arctic, aided in part by Alaska Native traditional knowledge, has been driven by basic scientific inquiry supported through academia, government institutions, and by various commercial endeavors, particularly oil and gas exploration and development.  Early knowledge of the ecology of the region was derived from the scientific curiosity of members of exploration teams looking for new global travel routes and potentially useful or exploitable natural resources.  The U.S. and Canadian Arctic were heavily exploited by commercial whaling fleets beginning in 1848.7  Despite the devastation inflicted on whale populations, whale distribution and habitat records kept by whalers provided a great deal of ecological information about whales.8,9,10  Schrader and Peters crossed the North Slope coastal plain in 1901 under the auspices of the U.S. Geological Survey (USGS) collecting geological and botanical information and were the first to apply the term “Arctic Coastal Plain” to the region.11  Leffingwell, also under the aegis of the USGS, studied the geology and mapped the coast of the area in the lower Canning River/Flaxman Island region and westward to Prudhoe Bay in 1901, from 1909-1912 and 1913-1914.12  Elsewhere in the Arctic, Norwegian drift stations measured Arctic temperatures starting in 1893 and the Soviets established Arctic stations in 1923.  Recognition of the strategic value of the U.S. Arctic in terms of both its location and its resources led to intensive interest by the military.  Various scientific studies associated with these efforts and the increased accessibility of the area following establishment of the Naval Arctic Research Laboratory in 1947 began a period of extensive study of the U.S. Arctic’s physical and biological systems.

			In the past 100 years, scientists have utilized ever-advancing technology to expand knowledge of the Arctic resulting in a robust understanding of the physical environment, biological resources, various ecosystem processes, as well as the human inhabitants of the Arctic.  Historical data are just as important today as they were when first collected because investigations continuously expand on the scientific foundations built by others.  Historical data also provide a basis for comparison and allow for detecting environmental change and impacts.  The sequence of scientific programs summarized in this section is illustrated on the timeline in Figure 9-1.  The sequence begins with the earliest Arctic drift stations and ends with recent investigative activities by the U.S. government and the oil and gas industry.  These programs serve as an important scientific foundation for current and future environmental studies and impact assessments.  Frozen-in ships or camps on pack ice and ice islands were the first reliable means of conducting ongoing Arctic investigations.  Over the course of 100 years, these Arctic drift stations provided substantial physical and biogeographic information.13  Some of the earliest temperature measurements in the Arctic, for example, were acquired in 1893 with shipboard measurements taken by Fridtjof Nansen and his crew onboard the purpose-built Fram, which drifted within the transpolar current from 1893 to 1896.14  The earliest known attempt to scientifically study the oceanography of the Beaufort Sea Shelf was conducted by the Canadian Arctic Expedition (1913-1918) from the Karluk and other vessels.  The Karluk, not suited for the Arctic, was destroyed when trapped by sea ice; the expedition ended with the loss of the vessel, data, and several scientists.  Efforts to understand the Arctic, however, did not end.  By the 1930s and 1940s, Russian, American, and Canadian expeditions to the Beaufort and Chukchi Seas had already determined the major characteristics of temperature, salinity, chemical nutrient distributions, and that Bering Sea water flowed northward through the Bering Strait into the Arctic Ocean.
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			In 1947, the U.S. Navy formally established the Arctic Research Laboratory, later renamed the Naval Arctic Research Laboratory (NARL), in Barrow, Alaska.  For more than 60 years, the laboratory has been an important center for Arctic science and technology development in the United States.  By the early 1950s, NARL research projects focused on a broad spectrum of Arctic science issues, including cold region physiology, sea ice dynamics, oceanography, and marine biology.  The early marine biological work went far beyond collecting and identifying organisms: it included biogeographical, reproductive, and ecological analyses including planktonic sampling, tundra ecology, cold region physiology, geology and geophysics, sea ice dynamics, oceanography, marine biology, and mammalogy.  Similarly, Russian studies for the Chukchi Sea can be traced to the 1930s.

			The United States began experimental ice floe drift stations in 1950 followed by establishment of the T3 station in 1952 on Fletcher’s Ice Island.  While generally focused on military interests, studies spanned a wide range of disciplines including hydrography (mapping the physical features of oceans, seas, coastal areas, lakes, and rivers), bathymetry (study of the underwater depth of the ocean floor), marine biology, sea ice studies, and meteorology.

			In 1958, the U.S. Atomic Energy Commission’s Project Chariot began to explore excavation of a harbor south of Point Hope along the Chukchi Sea coast.  This project implemented 40 separate investigations of baseline conditions in the area15 including oceanography,16 zooplankton,17 benthic organisms (such as sea stars, oysters, clams, sea cucumbers, brittle stars, and sea anemones),18 and fish.19  These studies represent a fundamental contribution to the current understanding of the Arctic marine and terrestrial ecosystems and pioneered the concept of project-specific environmental studies and impact assessment still used today.  The biological oceanography sampling was focused on marine biota from the seafloor as well as within the water column.20,21  The methods employed during this time are still comparable to the methods used today and allow evaluations of different descriptive data sets over time.

			The Western Beaufort Sea Ecological Cruises occurred between 1970 and 1972 in the Chukchi and Beaufort Seas.  This program was the origin for the long-term practice of conducting Arctic oceanography from U.S. Coast Guard (USCG) icebreakers that continues to this day.22  Numerous surveys of marine biota were conducted; phytoplankton, zooplankton, benthic invertebrate, and marine fish species were collected at numerous stations.23  Much of the data from the Ecological Cruises, such as trace metal sediment chemistry, has been assimilated into various data repositories.

			Sea ice science and the coordinated investigation of oceanographic and meteorological parameters were first conducted in the early 1970s as part of the Arctic Ice Dynamics Joint Experiment (AIDJEX).  This program resulted in an improved knowledge and understanding of sea ice in the Arctic and how ice floes move and change in response to the influence of ocean currents and atmospheric winds.24  More details on these and other ice studies have been covered in Chapter 5 of this report.

			The largest and most comprehensive environmental studies program of the offshore Arctic began in 1975 with the Outer Continental Shelf Assessment Program and continued until 1988.  These studies and syntheses are recognized as a key source for Arctic baseline information today.  The accumulated knowledge contained within Assessment reports and archived datasets provides a crucial basis for predicting and mitigating potential impacts of offshore development in the U.S. Arctic Outer Continental Shelf (OCS).  Many of the projects started during this program continued to advance through the 1980s, 1990s, and 2000s as part of the U.S. Minerals Management Service and BOEM Environmental Studies Programs. 

			Studies on marine and coastal birds, marine mammals, and the effects of offshore oil and gas industry sound on marine mammals have been undertaken in northern Alaskan waters since the mid-1970s.  The surveys have resulted in a unique long-term dataset on marine mammal distribution, relative abundance and density, migration patterns, and general behavior.  From the 1970s through the early 1990s, a substantial amount of offshore science, including marine mammal monitoring, was also conducted by the oil and gas industry.  The areas of focus for industry were quite broad and reflected a desire to actively use and apply environmental information in operations and engineering design.

			The U.S. government, through several federal agencies and the NSF, has collected extensive data on the U.S. Arctic OCS.  Currently, much of this research has been tracked and coordinated by NOAA (National Oceanic and Atmospheric Administration) and NSF through the development of an Arctic Observing Network.  Federal agencies that have conducted important science programs in the Arctic marine ecosystem include National Marine Fisheries Service, NASA, USCG, BOEM, USGS, U.S. Fish and Wildlife Service (USFWS), and the Department of Defense.

			The environmental baseline studies and scientific research programs described in this chapter have been incorporated into numerous impact assessments conducted to assess the potential negative impacts as well as positive benefits of oil and gas exploration activities in the offshore Arctic environment and to identify mitigation options and strategies.

			Description of the Ecological Setting of the Alaskan Arctic, with Emphasis on the Offshore

			The discovery of commercially recoverable oil on Alaska’s North Slope at Prudhoe Bay was announced in 1968, which catalyzed the exploration and development of oil and gas resources, both onshore and offshore, for commercial and strategic purposes.  This exploration spurred additional study by U.S. government agencies as well as the North American oil and gas industry throughout the 1970s and 1980s.  The Naval Arctic Research Laboratory served as a base for numerous studies of the Arctic tundra25 as well as large-scale multidisciplinary programs.  Notable among these were the Tundra Biome project conducted as part of the International Biological Program26,27,28,29 on the coastal tundra and the Research of Arctic Tundra program conducted inland from Barrow at Atqasuk.30  These studies characterized the basic patterns of structure and function of Alaskan tundra and aquatic communities and studies of controls on fundamental ecosystem processes such as photosynthesis and decomposition were initiated.

			In anticipation of potential broader oil and gas development in the Alaskan Arctic, the USGS conducted environmental studies on the National Petroleum Reserve in Alaska (NPR-A) between 1976 and 1979.31  The U.S. Department of Energy conducted the Response, Resistance, Resilience, and Recovery of Arctic Ecosystems project near Toolik Lake in the Brooks Range, and from 1980 to 1985 the USFWS conducted baseline studies of fish and wildlife populations in the 1002 Area of the Arctic National Wildlife Refuge (ANWR).

			In the Alaskan offshore areas, the Western Beaufort Sea Ecological Cruises (1970-1972) surveyed existing marine conditions and biota,32 and AIDJEX studied the oceanography, meteorology, and sea ice dynamics of the Beaufort Sea.  The Outer Continental Shelf Environmental Assessment Program (OCSEAP) began in 1975 and covered a wide range of topics, including chemistry, geology, sea ice dynamics, oceanography, meteorology, Arctic biology, marine mammals, birds, marine fish, benthic communities, intertidal environment, plankton, microbiology, seabirds, and socioeconomics.  Some of these programs have continued through the years, providing long-term data sets that span decades.  The Bowhead Whale Aerial Survey Program began during OCSEAP and continues today as the Aerial Survey of Arctic Marine Mammals.  This long-term dataset provides important information on the distribution, movements, behavior, and relative abundance of the bowhead whale and other marine mammal species that inhabit the Beaufort and Chukchi Seas.33,34,35,36,37,38,39,40,41,42,43,44,45,46

			In addition to government sponsored programs, the oil and gas industry, either as independent companies or as industry associations such as the Arctic Petroleum Operators Association and the Alaska Oil and Gas Association, facilitated or directly sponsored large research and monitoring programs in Arctic Alaska.  The greatest intensity of work took place in the oil fields near Prudhoe Bay throughout the 1980s to the 2000s.  These studies overlapped temporally and spatially with development in the oil fields, characterizing existing conditions and measuring responses of the biota to development activities.47

			Oil production began in 2001 in the Beaufort Sea with the Northstar field, the first offshore oil and gas production facility in the Alaskan Arctic.  Numerous industry-sponsored studies were conducted during exploration and development of Northstar,48,49,50,51 and it prompted additional work by agencies, including bowhead feeding in the eastern Alaskan Beaufort Sea, conducted from 1997 through 2000;52 the Arctic Nearshore Impact Monitoring in the Development Area (ANIMIDA) from 2001 to 2005; and the continuation of that program as cANIMIDA from 2005 to 2009 in the Beaufort Sea.  Since 2005, the Study of the Northern Alaska Coastal System (SNACS), the Bowhead Whale Feeding Ecology Study (BOWFEST), and the National Oceanographic Partnership Program (NOPP) have studied the interaction of oceanography, bowhead whales, and their prey at the boundary between the Chukchi and Beaufort Seas.53,54,55  In the Chukchi Sea, the Western Arctic Shelf-Basin Interactions (SBI) study was conducted from 2002 through 2004,56 and the Russian-American Long-Term Census of the Arctic (RUSALCA) began in 2004.57  The Chukchi Sea Offshore Monitoring in Drilling Area (COMIDA) program has conducted broad-scale marine mammal surveys since 2008,58 building on earlier work in the area as part of the Bowhead Whale Aerial Survey Program (described above), and the COMIDA-CAB program59 focused on chemistry and benthos (CAB).  In 2010, the Chukchi Acoustic, Oceanographic, and Zooplankton (CHAOZ) study conducted by NOAA and funded by BOEM began studying factors responsible for the distribution of marine mammals in the Chukchi Sea that were listed as “endangered” under the U.S. Endangered Species Act.

			Since 2006, renewed interest in the offshore areas of both the Beaufort and Chukchi Seas has driven large-scale monitoring and research programs conducted by the oil and gas industry.  These have included marine mammal monitoring and mitigation studies during industry operations60 as well as the Chukchi Sea Environmental Studies Program (CSESP), which investigates a wide range of physical and biological components of the offshore system.  This in turn has led to increased efforts by local, state, and federal government agencies, which were already funding a number of baseline research efforts.  Notable among these are bowhead whale tagging studies conducted by the Alaska Department of Fish and Game (ADF&G);61 walrus tagging studies conducted by the USGS;62 ringed and bearded seal tagging studies conducted by NOAA, the North Slope Borough, and the Northwest Arctic Borough; the Pacific Marine Arctic Regional Synthesis;63 and numerous other smaller-scale studies.  Collectively, these studies have begun to provide a comprehensive and detailed understanding of various physical and biological ecosystem-level processes and components of the U.S. Arctic.

			The sections below provide a brief description of the ecological setting in the Alaskan Arctic developed through decades of research studies by government agencies, academic institutions, and the oil and gas industry.  While the sections highlight various studies, reviews, and synthesis efforts that have been conducted, it is not intended to be exhaustive and serves only as a starting place for exploring the extensive literature, databases, and wealth of knowledge associated with each of the topics addressed.

			Marine Ecosystems

			The Chukchi and Beaufort Seas are the northernmost seas bordering Alaska and are integral parts of the greater Arctic Ocean.  They are connected ecologically and oceanographically to global water circulation patterns via the Bering Strait to the Pacific Ocean and via the Arctic Ocean.  Each of these seas is of considerable strategic and economic value to the United States, largely due to extensive oil and gas reserves and potentially undiscovered deposits.  As a result, they are at the center of a large scientific research focus.

			Chukchi Sea Oceanography

			Seasonal changes in Chukchi Sea water properties are established by the annual cycles of sea ice formation and ablation (i.e., melting, evaporation, sublimation, erosion of ice), heat loss and wind-driven mixing of the water column (exchange of water among varying depths, mixing across thermoclines or salinity gradients, etc.), and transport of waters through the Bering Strait from the North Pacific Ocean.  Transport of water through the Bering Strait in summer and early fall is primarily northward, driven by the pressure gradient between the North Pacific Ocean and the North Atlantic Ocean, and consists of three major water masses:64,65 the cold, salty, nutrient-rich Anadyr Water; the warm, fresh, nutrient-poor Alaskan Coastal Water; and the Bering Shelf Water.66

			As the North Pacific waters enter the Chukchi Sea, their direction and speed are affected by topographic features of the shallow, broad continental shelf (Figure 9-2).67,68,69,70,71,72  The temperature, salinity, and nutrient composition of these waters are modified by heat exchange with the atmosphere and, in some places, by interaction with other water masses (Figure 9-3), such as those that form seasonally from sea ice melt water; the Siberian Coastal Current;73 upwelling continental slope waters,74 which intrude onto the shelf; or recurring polynyas, the open water areas surrounded by pack ice.75    
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			These interactions funnel warm Pacific Ocean water into the valleys and channels, creating north-south oriented melt-back embayments76 (open bodies of water surrounded on three sides by ice) and variation in nutrient and carbon loads among seafloor habitats in valleys, canyons, and around shoals.77,78,79,80,81  Despite the large-scale factors that drive these typical circulation patterns, strong Arctic windstorms can reverse the flow over broad portions of the shelf, including the Bering Strait, and create significant variation in circulation strength and direction.82,83  

			In summary, the inflow of North Pacific water through the Bering Strait, coupled with topographic features of the Chukchi continental shelf, greatly influence the seasonal distribution of sea ice, regional hydrology (movement and quality of the water), circulation features, and biogeochemical oceanography of the Alaskan Chukchi Sea.  Water flowing through the Bering Strait is a major source of heat and salt transport into the Chukchi Sea and the Arctic as a whole.  Water transport through the Bering Strait serves as a conveyor belt for the dissolved and suspended carbon, nitrogen, and other nutrients that fuel the rich benthic communities of the Chukchi Sea.

			Beaufort Sea Oceanography

			The oceanographic characteristics of the Alaskan Beaufort Sea differ substantially from those of the Chukchi Sea because of its smaller, narrower continental shelf; the comparatively smaller and less direct impact of Pacific water inflow through the Bering Strait; more extensive sea ice distribution; and the influence of oceanic and coastal boundaries.

			The oceanic boundaries of the Alaskan Beaufort Sea consist of the eastern boundary that adjoins the Mackenzie River Delta; the western boundary, which connects to the Chukchi continental shelf; and the offshore boundary along the shelf break and slope, which controls water exchanges between the deep-ocean basin and the shelf proper.  The coastal boundary connects the inner shelf to the coastal discharge from rivers across the North Slope of Alaska.  Exchanges across these boundaries are modulated by winds, topography, and the annual freeze-thaw cycle.

			The Beaufort Sea continental shelf can be covered by sea ice throughout the year, but it is typically icefree inshore of the 20 meter depth contour during the summer months.  In recent years, however, the entire shelf has been ice free at some point during summer.  Landfast ice (anchored to the shoreline and seafloor) begins to form along the coast in October84 and typically covers about 25% of the shelf area.85,86,87  The seaward edge of this immobile ice deforms into pressure ridges and grounded ice keels that gouge the seafloor and form masses of grounded ice called stamuki (refer to Chapter 5).  Stamuki protect the inner shelf and landfast ice from pack ice forces88,89,90 and inhibit exchange between nearshore and offshore waters91 during much of the year.

			Circulation in the Beaufort Sea is controlled largely by the winds that force upwelling, downwelling, and cross-shelf transport, depending on the direction, strength, and duration of the winds.  These forces create a complex distribution of water masses that reflects the effects of ice melt, solar heating, remnant winter water, and the various hydrographic contributions from the Chukchi Sea, Mackenzie Shelf, coastal freshwater discharge and exchanges across the shelf break.92,93,94,95,96,97,98,99,100,101 

			As with the Chukchi Sea, the water-mass properties of the Alaskan Beaufort Sea undergo a pronounced annual cycle.  By mid-fall, ocean temperatures begin to decrease rapidly because of the cold air temperature.  Ice begins to form initially in inshore areas, and somewhat later offshore.  Throughout winter, the shelf consists of nearly homogenous saline waters at the freezing point.  Water temperatures remain at the freezing point until breakup begins the following summer, and do not rise much above freezing over the middle and outer shelf, even during the summer as nearshore waters warm.  This pattern has shown variability in recent years, as open water has occurred nearshore as late as November and December.  In late fall, shelf salinities increase rapidly, and then more gradually through the winter, because of the expulsion of salt from growing sea ice. 

			Planktonic Communities

			Understanding of planktonic communities in the Chukchi and Beaufort Seas has improved considerably over the past decade.102,103,104  Regional community composition is considered well documented,105 although reduced summertime ice cover may influence composition.  Copepods (tiny crustaceans) dominate in abundance, biomass, and species diversity.  Larvaceans (solitary free-swimming plankton) and meroplankton (organisms that are planktonic for only part of their life cycle, such as the larvae of sea stars, sea urchins, or most fish, for example) are also important contributors to community abundance and biomass in the Chukchi Sea.106,107 

			The zooplankton community of the southern Chukchi Sea is predominantly Pacific in character during ice-free periods of the year.108  As North Pacific water flows into the Chukchi Sea through the Bering Strait, large quantities of nutrients, phytoplankton, and zooplankton enter the region.  Species assemblages vary with the water masses with which they are associated.109,110,111  Springer et al. suggested that Bering Sea zooplankton and entrained (swept along in water currents) phytoplankton communities carried into the Chukchi Sea annually by these water masses are responsible for the greater pelagic productivity of the Chukchi Sea when compared to other adjoining regions of the Arctic Ocean.112  This pelagic, or open-ocean, productivity is consumed by higher trophic levels (i.e., creatures higher on the food chain) such as planktivorous fishes, seabirds, or whales, and is exported to the seafloor where it supports rich benthic communities, or is advected northward into the deep Arctic basins.113,114

			Plankton in the Beaufort Sea is widely distributed with the greatest production [biomass] in the coastal zone due largely to the relatively high nutrient inputs and warmer water along the coast.115  Nutrients from the Bering Sea enter the western Beaufort Sea from the Chukchi Sea through Barrow Canyon.  Upwelling in this area creates aggregations of zooplankton116 that are fed upon each year by migrating bowhead whales in September and October.  Similarly, topographically driven upwelling in the Mackenzie Canyon in the eastern Beaufort Sea, may be an important source of nutrients and zooplankton.117,118,119  In addition, the prevailing easterly winds support year-round upwelling over the Beaufort shelf break,120 which transports nutrient-rich deepwater onto the outer shelf.  Farther east, in the Eastern Beaufort Sea, large inputs of nutrients and carbon associated with freshwater inflow of the Mackenzie River discharge and wind-driven currents transport nutrients westward along the coast, driving the biological character of the Mackenzie Shelf.121  This flow supports zooplankton communities along the coast, including areas near Barter Island, which also are used annually by bowhead whales.  Richardson122 and Richardson and Thomson123 reported extensive patches of zooplankton composed mostly of copepods, with the greater abundance of these organisms in nearshore and inner shelf waters when compared to offshore waters.

			Epontic, or ice-associated, or living on the underside of ice, invertebrate and algal communities are also widely distributed across the Arctic, particularly along the sea ice edge, and can be relatively concentrated and productive.124  Various fishes feed on these epontic species, although the magnitude of their annual contribution to the food web is not entirely understood.125

			Benthic Communities

			Large-scale regional studies in the Chukchi Sea since the mid-2000s built on earlier Outer Continental Shelf Assessment Program studies and have documented benthic community types and species composition on a regional scale,126,127,128 and on more local scales in areas of oil and gas interest.129,130  These studies, along with other efforts to integrate knowledge of the area,131 have increased understanding of the process-level controls of benthic community diversity, dynamics, and the role of these communities in the structure of the Chukchi Sea ecosystem. 

			Variation in benthic communities in the Alaskan Arctic seas are driven by physical processes that determine sea-ice dynamics and disturbance regimes, current speeds and locations of oceanographic fronts, water mass primary and secondary production, and delivery of food to the benthos.132,133,134,135,136,137,138,139,140  Grebemeier et al. suggest that pelagic-benthic coupling, in particular, is a defining process for understanding the spatial variability seen in the benthic communities in the Chukchi Sea as unconsumed seasonal primary production sinks to the benthos.141

			Studies of carbon cycling demonstrate linkages between primary production in the water column and the distributions of invertebrate fauna in the Chukchi Sea.  Pelagic grazers (sea creatures of the open ocean) are reduced in the Chukchi Sea due to an absence of deepwater, overwintering habitat for zooplankton, consequently the reduced grazing results in a large influx of phytoplankton detritus to the benthos.142,143  Abundant and diverse benthic infaunal144 (creatures that burrow into the sea bottom) and epifaunal (those that attach to the sea bottom) communities (Figure 9-4)145,146 are supported by this abundance of unconsumed production and include large, energy-rich prey for marine mammals.
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			Sea ice dominates the benthic and coastal habitats in the Beaufort Sea.  Due to the prevalent ice cover and narrow continental shelf area, the benthos and coastline are highly disturbed or modified and support few large organisms.  Typical organisms include isopods (jointed crustaceans), amphipods (tiny shrimp-like creatures such as scud), and small clams, often widely distributed.147,148,149  Substrates consist primarily of silty sands, which are gouged frequently by ice keels.  In general, benthic production is low but tends to be lower in the eastern, deepwater portions of the Beaufort Sea and somewhat higher in the western portion where nutrient-rich waters from the Chukchi Sea have greater influence.

			Dense kelp beds grow in a few areas of the Beaufort Sea composed of hard substrate that are protected from ice gouging.  The Boulder Patch is the largest of these kelp beds and is located inside the barrier islands in Stefansson Sound.150  This biologically complex, species-rich area contains about 300 infaunal and epibenthic (living on the surface of seafloor sediments) species.151  The total biomass of the area is an order of magnitude greater than for most areas of the Beaufort Sea continental shelf.  The kelp plants are long lived and the community spreads slowly, restricted by long periods with no light during winter, low light levels under the ice cover in spring particularly when sediment is present in the ice, and light attenuation in the water column during summer due to depth and sediment load.152,153  Other smaller areas of kelp have been reported including some small patches in the Camden Bay area though no other large areas are known within the Alaskan Beaufort Sea.

			Fish

			No large-scale commercial fisheries operate north of the Bering Strait, which limits knowledge of some marine fish species and communities in the Chukchi and Beaufort Seas.  Early work was reviewed and updated by Reynolds in Fish Ecology in Arctic North America.154  Gallaway and Fechhelm reviewed anadromous (spawn in freshwater, live in saltwater, e.g., salmon, smelt, shad, striped bass, and sturgeon) and amphidromous (born in freshwater or estuaries, drift into the ocean as juveniles, then return to freshwater to live; e.g., Dolly Varden, some mullets, and some goby) fishes of the Beaufort Sea,155 and Moulton and George provided a review of freshwater fishes in the Arctic oil and gas field region.156  Recent studies have characterized current fish species and communities in the Chukchi Sea and the Arctic in general.157,158,159,160  Close connections have been suggested between the distribution of fish species and the oceanographic characteristics of the water masses.161,162,163

			Scientific collection of fish indicates that Arctic cod are the most abundant demersal species (bottom-dwelling, such as rays, flounder, sole, and others).164  Cods (Gadidae), sculpins (Cottidae), eelpouts (Zoarcideae), and righteye flounders (Pleuronectidae) are the typical fish families.  The relatively low species richness reported for the Chukchi Sea demersal fish communities is consistent with the latitudinal diversity gradient phenomenon described by Hildebrand.165  Arctic cod is an important prey species for many bird, marine mammal, and other fish species.166

			In the Beaufort Sea, marine fishes prefer the colder, more saline coastal water seaward of the nearshore brackish-water zone formed by inflow from rivers along the coast.  As summer progresses, river input decreases and these waters become more saline.  During this time marine and migratory fishes share these nearshore waters to feed on epibenthic fauna and to spawn.  Arctic cod are generally concentrated along the interface between the nearshore water and the colder marine waters.  Marine fishes in the area primarily feed on invertebrates, relying heavily on planktonic crustacean such as amphipods, mysids (tiny shrimp-like crustaceans, commonly called opossum shrimp), isopods, and copepods.  Some fish species, such as flounders, feed on bivalve mollusks while sculpins feed on juvenile Arctic cod.167  As nearshore ice thickens in winter, marine fishes move seaward of the bottom-fast ice and continue to feed.

			Common marine fishes in the nearshore areas include fourhorn sculpin and capelin.168,169,170  Saffron cod, Arctic flounder, and snailfish also occur sporadically in low numbers in the nearshore areas.  Common marine fishes further offshore include Arctic cod and kelp snailfish.171,172,173

			Migratory, diadromous fishes inhabit many of the lakes, rivers, streams, interconnecting channels, and coastal waters of the Beaufort Sea.  These fishes spawn and overwinter in rivers and streams, but migrate to coastal waters to feed each summer, annually cycling between freshwater and marine environments.174  Fish feed intensively on invertebrates in the nearshore waters during summer, accumulating fat and protein reserves needed to survive the long winters.175,176,177,178,179  The distribution of diadromous (migrating between saltwater and freshwater) fishes in the Beaufort Sea is dominated by population centers in the Mackenzie River system in Canada and the Colville River and Arctic Coastal Plain systems of Alaska.  The four most common species in the nearshore Beaufort Sea include Arctic cisco, least cisco, broad whitefish, and Dolly Varden (Figure 9-5), but also include Bering cisco, rainbow smelt, humpback whitefish, and inconnu.180,181  These fishes are an important subsistence food source for Alaska Natives in coastal villages.
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			Freshwater fishes inhabit many of the rivers, streams, and lakes on the Arctic Coastal Plain.  Species include lake trout, Arctic grayling, Alaska blackfish, northern pike, longnose sucker, round whitefish, burbot, ninespine stickleback, slimy sculpin, and Arctic lamprey.182  Small streams provide corridors for moving between sites used for spawning, nurseries, feeding, and overwintering.183  Juvenile fishes prefer warmer, shallow-water habitats available during periods without ice.184  Waters with emergent and submerged vegetation are often used for spawning and rearing, particularly if overwintering sites are nearby.185  Larger, deeper lakes with outlets and suitable spawning areas are more likely to support fish.  Lakes less than 2 meters deep usually do not support resident fish, although they may be used during summer for feeding, rearing, or access corridors to other waters.186  Freshwater fishes feed on terrestrial and aquatic insects and their larvae, zooplankton, clams, snails, fish eggs, and small fishes.187,188  Freshwater fishes spawn from early spring to early fall in suitable gravel or rubble, with the exception of burbot, which spawn under ice in late winter.189  At the onset of winter, Arctic freshwater fishes move to deeper areas of lakes, rivers, and streams to survive the winter ice and low oxygen conditions.

			Birds

			Several million birds of more than 70 species use the marine and coastal environments of the Beaufort and Chukchi Seas annually.190  Nearly all of these species are migratory and are present for all or part of the period from May to early November (Figure 9-6).  One notable exception is the black guillemot, which nests on Cooper Island ~40 kilometers east of Barrow in the Beaufort Sea and overwinters in open water leads within the pack ice of the Chukchi and Beaufort Seas.  The nesting colony on Cooper Island was first described by Divoky et al.191 and has been monitored intensively each year for the past 40 years.  It is viewed as a benchmark standard for long-term monitoring studies.
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			Habitat use and abundance of birds in terrestrial areas of the North Slope are well documented.192,193  Aerial surveys in the Beaufort Sea have documented widespread use of the nearshore and offshore waters along most of the coastline and into the northern Chukchi Sea during the open water period (Figure 9-7).  Birds occur out to at least 70 kilometers offshore where open water is available.194,195,196 
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			At least 34 different seabird nesting colonies have been identified along the Alaskan Chukchi Sea coast between Point Hope and Barrow,197 and the USFWS has conducted long-term monitoring studies of nesting birds on the Alaska Coastal Plain since 1986.198,199

			Islands in river deltas and barrier islands provide nesting habitat for waterfowl and marine birds in the Beaufort Sea region.  Numerous studies have documented nesting areas throughout much of the Arctic coastal plain.  Brood rearing, molting, and staging in the post-nesting periods occur in large lakes, lagoons, and bays.  Post-breeding adults concentrate in shoreline areas prior to migration in late July and early August.  Parents with fledged young follow this pattern several weeks later, and eventually juveniles form large flocks in mid- to late-August.200  Most birds have departed offshore areas by mid-September as they migrate south to wintering areas.

			Marine bird habitat use and the processes that drive offshore distributions are less well characterized, and considerable interannual variation has been documented in the Chukchi Sea.201  Birds using the waters of the Chukchi and Beaufort Seas during the open water season include waterfowl, loons, phalaropes, gulls and terns, procellarids (such as petrels), and alcids (e.g., auks, murres, and puffins), although species diversity is greater in the Chukchi Sea.  These waters provide important staging and feeding areas, and processes that influence seasonal prey distribution also influence the distribution and abundance of birds across the area.202 

			During spring migration, species such as long-tailed duck, king eider, common eider, and brant migrate along a broad front that includes inland, coastal, and offshore routes from early May to mid-June203,204,205 using open water areas off river deltas and in leads that largely determine the migration path and distribution of loons, waterfowl, and seabirds at this time of year.  These areas are occupied until local nesting areas are free of snow in June.206,207,208,209,210

			Like the other groups of organisms described above, marine birds also display habitat preferences often determined by water mass characteristics and water column structure that enhance preferred prey abundance and accessibility.211,212,213  The influx of nutrients and oceanic plankton via the northward movement of water through the Bering Strait support fish and planktonic communities in the waters of the Chukchi Sea important to marine birds.  Bird species may specialize in prey, such as planktivorous or piscivorous seabirds, and those that have more flexible diets.  Variation in water masses as described earlier creates variation in the abundance and types of prey that are available, and appears to account for at least some of the large seasonal variations in the numbers of birds utilizing the area, particularly planktivorous birds.214

			Marine Mammals

			Marine mammal populations of the Alaskan Arctic are some of the most intensely studied populations in the world, primarily because of interest in oil and gas resources coupled with the importance of these species to Alaska Native cultures and subsistence activities.  As a result, a great deal is known about the life history, distribution, and behavior of marine mammals in the Alaskan Chukchi and Beaufort Seas.

			Pacific walruses, bearded seals, bowhead whales, beluga whales, and gray whales all use the Arctic waters offshore of Alaska and undergo long-distance migrations that traverse large areas of the Chukchi or Beaufort Seas or both.  Only small numbers of Pacific walruses and gray whales enter the Beaufort Sea; however, beluga and bowhead whales make their way into the Beaufort Sea where they spend the summer feeding.  These waters are also used extensively by ringed and spotted seals, polar bears, and by smaller numbers of other marine mammal species.

			Pacific walruses, bearded seals, and gray whales are bottom feeders that rely on the productivity of the benthic communities in the Chukchi Sea.  The distributions of these species overlap closely with areas that support high biomass of preferred benthic prey species.215,216,217  In the Chukchi Sea, gray whales preferentially feed on amphipods, which dominated benthic habitats in areas where gray whales were routinely sighted.218  Areas where amphipods were not found had few gray whale sightings despite similar effort surveying for whales.219  Similarly, benthic communities sampled in areas where walruses are typically abundant,220 such as those around Hanna Shoal, were found to have high bivalve and polychaete (bristleworms) abundance, which are preferred prey of walruses.221 

			Although walrus distribution in the Chukchi Sea is closely tied to prey distribution and availability, walruses are also influenced greatly by the distribution or absence of sea ice (Figure 9-8).  Female and immature walruses overwinter in the Bering Sea and move northward with the sea-ice front as it recedes into the Chukchi Sea where the walruses spend the summer.  Walruses typically haul out on sea ice above the Chukchi Sea continental shelf between feeding bouts.  In most years since 2007, sea ice has receded off the continental shelf into deeper waters and caused walruses to abandon the remaining ice and haul out onshore.222,223,224  Haul out locations in 2007 occurred in multiple locations along the Chukchi Sea coast but in more recent years walruses have aggregated in a single large haul out near the village of Point Lay.225  Tagging studies suggest that walruses stay with the ice as long as possible, but once it retreats beyond the shelf break they begin to move to shore.226  Results from tagging studies also indicate that they may be swimming out to many of their preferred offshore feeding areas from shore in these years,227 though some evidence also suggests they may be utilizing areas closer to shore as well.228 
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			The Bering-Chukchi-Beaufort (BCB) stock of bowhead whale is among the most studied populations of marine mammals in the world (Figure 9-9).  The pre-exploitation (pre-whaling) population of bowhead whales in the Bering, Chukchi, and Beaufort Seas is estimated to have been 10,400 to 23,000 individuals.  Commercial whaling activities in the late-1800s and early-1900s may have reduced this population to as few as 3,000 animals.229  Up to the early 1990s, the population size was believed to be increasing at a rate of about 3.2% per year.230  A census in 2001 yielded an estimated annual population growth rate of 3.4% from 1978 to 2001 and a population size (in 2001) of ~10,470 animals (George et al.;231 revised to 10,545 by Zeh and Punt232).  A photo identification-based population estimate, from data collected in 2004, indicated the population to be 12,631,233 which further supported the estimated 3.4% population growth rate.  Most recently, Givens et al. estimated the population to be 16,892 individuals in 2011.234  Recent population estimates and relatively high annual growth rates have led some to question whether the BCB stock of bowhead whales remains endangered.235
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			The majority of the BCB bowhead whale population migrates annually from wintering areas in the Bering Sea through the Chukchi Sea in spring (March through June), making their way into the eastern Beaufort Sea where they summer (mid-May through September) on feeding grounds in the Mackenzie River Delta and Amundsen Gulf.  Each fall, individuals migrate westward across the Alaskan Beaufort Sea and back to their wintering grounds (September through March) in the Bering Sea Gulf.236,237,238  This pattern is not absolute, however, as increased observations both through aerial surveys and satellite tagging studies indicate that some portions of the bowhead population spend part of the summer feeding in the Chukchi Sea and the Alaskan Beaufort Sea.239 

			Bowheads feed primarily in the eastern Beaufort Sea during summer but also feed opportunistically in various areas along the Alaskan Beaufort Sea coast during their fall migration when oceanographic conditions support accumulations of prey species.240,241,242  These sites occur sporadically across the eastern portion of the Alaskan Beaufort Sea but form regularly in an area east of Barrow where whales congregate in most years before migrating westward through the Chukchi Sea.243,244,245  Occasional feeding has also been reported in the Chukchi Sea in areas near Point Franklin.  Recent satellite tagging data suggest that most bowheads travel across the Chukchi Sea to the Chukotka Peninsula where they feed along the Russian coast before continuing south to wintering grounds.246

			Northern stocks of beluga whales migrate seasonally with the formation and melting of pack ice.  The two beluga whale stocks found in the Alaskan Arctic overwinter in the Bering Sea and move to coastal bays, estuaries, and rivers for calving and molting in the spring.247,248   The eastern Chukchi Sea population spends part of the summer in the Chukchi Sea congregating in lagoons and nearshore waters along the Chukchi Sea coast, especially Omalik and Kasegaluk lagoons. 249,250  The Beaufort Sea population migrates through the Chukchi Sea into the Beaufort Sea, concentrating along the shelf break in the Beaufort Sea, to the pack-ice edge, or into the pack-ice, although they are sometimes seen in nearshore habitats.  Tagged beluga whales were tracked above 80o N and far into 100% ice cover. 251  Many belugas continue into the eastern Beaufort Sea and Amundsen Gulf, where they summer.  Other whales remain in the Alaskan Beaufort Sea near the ice edge and in waters near the shelf break where the continental shelf recedes to the deep ocean of the Canadian Basin.  Aerial surveys conducted as a part of the Aerial Survey of Arctic Marine Mammal program also report concentrations of belugas close to the coastline in the western Beaufort Sea during the summer.

			Other cetacean species that are found in the Chukchi Sea planning area include gray whales, minke whales, fin whale, humpback whales, killer whales, and harbor porpoise.  Gray whales are found feeding in high densities with calves, particularly in the nearshore environment between Barrow and Point Lay.  Distribution of the minke, fin, humpback, and killer whale stocks is only known for small portions of their range.  Additionally harbor porpoise distribution is in a similar state for animals observed in parts of the Alaskan Arctic.  These species do, however, seem to be found in increasing numbers in recent years.252,253 

			Bearded seals are found in relatively low numbers throughout the Chukchi and Beaufort Seas though they are somewhat more common in nearshore waters.  Seasonal movements are directly related to the advance and retreat of sea ice and to water depth.  During winter, most are found in the Bering Sea.  As ice recedes each spring, they migrate north through the Bering Strait into the Chukchi Sea.  During summer they are found near the fragmented ice margin and nearshore areas of the Beaufort and Chukchi Seas.  Bearded seals, like walruses, are benthic feeders and exploit similar habitats to those used by walruses.  They are generally associated with drifting sea ice in shallow waters that provide access to benthic food organisms.254,255  Bearded seals are typically solitary but may become concentrated in nearshore pack-ice habitats in spring where females give birth on stable portions of the ice.256

			Spotted seals are found primarily in the Bering and Chukchi Seas during summer months, but some individuals range into the Beaufort Sea257,258 from July until September.  At this time of year, spotted seals frequent bays, lagoons, and estuaries, haul out on land part of the time, but also spend extended periods at sea.  In summer, they are rarely seen on the pack ice except when ice is very near shore.  In the Chukchi Sea, spotted seals haul out in Kasegaluk Lagoon and at Icy Cape from mid-July until freeze-up in late October or November.  Relatively low numbers of spotted seals are present in the Beaufort Sea.  A small number of spotted seal haul outs are (or were) located in the central Beaufort Sea in the deltas of the Colville River and previously the Sagavanirktok River.259  As the ice cover thickens with the onset of winter, spotted seals leave the northern portions of their range and move south into the Bering Sea where they overwinter along the ice edge.260  Spotted seals eat a variety of schooling fish (Pollock, capelin, Arctic cod, and herring), as well as bottom dwelling fish such as flounder, halibut, and sculpin.261  They are also known to feed on crabs and octopus.  Spotted seals are able to forage to depths of 305 meters.  Juveniles eat smaller prey than adults, consuming amphipods, krill, and other small crustaceans.

			Ringed seals live year-round in the ice-covered waters of the Arctic.  They are found throughout the circumpolar oceans of the Northern Hemisphere and are the most common and widely dispersed seal species in the Arctic.  During cold periods of heavy sea-ice cover, ringed seals use the claws on their front flippers to excavate breathing holes and birthing lairs for pupping in the ice.262  Lairs are used for birthing, nursing, and weaning pups from mid-March through April.263,264  Mating occurs and pups are weaned in late April or May.  During late April through June, ringed seals are distributed throughout their range from the southern ice edge northward.  When the ice retreats to the north, ringed seals remain in the Beaufort, Chukchi, and Bering Seas throughout the open water season.  In open water they tend to occur in patches, likely associated with the fish they prey upon.  Ringed seals feed on polar and Arctic cod, other fish, and a variety of planktonic crustaceans.265  Physiological adaptations help them make deep, sustained dives searching for prey.  Ringed seals are the primary prey of polar bears and are also occasionally eaten by walruses and killer whales.

			The polar bear is the largest species of bear.266  They have a circumpolar distribution in the Northern Hemisphere and occur in most ice-covered seas, including the Bering, Chukchi, and Beaufort Seas.267  In general, their distribution is limited to that of the sea ice though they occasionally occur on land and rarely inland of the coast (Figures 9-10 and 9-11).  Long-distance north-south movements generally reflect seasonal melting and refreezing of sea ice.268,269  Bears will move from summer pack ice to coastal sea ice as soon as it reforms in shallow areas in the fall.270   
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			Polar bears breed between March and June following weaning of the young.271 Female polar bears reach breeding age late in life (5 to 6 years old) compared to many animals, have small litters and high parental investment in their young.272,273  Pregnant females excavate dens in snowdrifts on pack ice or land in November and December.274,275,276,277  Denning habitats are characterized by topographic features such as ice ridges in pack ice, river banks, or coastal bluffs that catch snow in the autumn and early winter, and tend to occur near the coast.  Cubs are born in late December to early January and females remain with the cubs in dens until March or April278 returning to the sea ice in the spring as soon as the cubs are able.  Cubs stay with their mothers until they are weaned at about 2.5 years of age.279  Once cubs are weaned females can breed again.

			Polar bears eat mostly ringed seals, bearded seals, and to a lesser extent walruses and other marine mammals.280,281  Polar bears primarily eat energy-rich seal blubber, allowing them to quickly put on large amounts of fat so as to survive extended periods without food when necessary.  Polar bears have an extremely acute sense of smell and routinely search out and excavate seal birthing lairs to prey on the seal pups.  They also stalk adult seals at breathing holes and at haul out sites.  Many individuals scavenge whale carcasses at subsistence hunting sites near Kaktovik and on Cross Island, and are also attracted to dump sites and camps where food waste is not properly handled.282

			Terrestrial Ecosystems

			The North Slope of Alaska spans roughly 230,000 square kilometers north of the crest of the Brooks Range.  It encompasses the drainage basins that empty into the Beaufort and Chukchi Seas as the land slopes gradually from the Brooks Range northward to the Arctic Ocean.  The Arctic Slope can be broken into three physiographic provinces: the Brooks Range, the Arctic Foothills, and the Arctic Coastal Plain, which differ in topography, geology, climate, and history and as a result also in flora and fauna.

			Variations in slope and topography in the Brooks Range create large differences in microclimatic and soil properties, resulting in diverse habitats for plants and animals.  Floodplains of the larger rivers are dominated by shrub thicket while the valley bottoms contain sedge meadows and tundra dominated by willow and dwarf-birch shrub communities.  The slopes support dry meadow and heath communities often dominated by species of Dryas.  Above elevations of 1,800 meters, vascular plants (i.e., most trees and flowering plants) are found only in protected sites; at higher elevations, only discontinuous nonvascular plants such as lichen are found. 

			The Foothills to the north of the Brooks Range consist of more rolling terrain.  Tussock tundra dominated by Eriophorum vaginatum and a rich assemblage of shrubs covers vast areas of the Foothills.  Dry meadows and fellfields (screes with seasonal plants growing among the rocks) occur on the drier exposed ridges, and sedge-dominated meadows and willow thickets are found in the wetter valleys and swales.

			The Coastal Plain is composed of nearshore marine, fluvial, alluvial, and Aeolian deposits of mid-to-late Quaternary age.283,284  Large elliptical thaw lakes cover up to 40% of the land surface of the northern part of the Coastal Plain285 near Barrow, but are less prevalent to the east in the NPR-A and near Prudhoe Bay.  The lakes become oriented and elongated due to differential erosion at their north and south ends driven by prevailing winds.  Lakes, river terraces, ice wedge polygons, and occasional pingos (conical or asymmetric dirt-covered ice hills formed by the freeze-thaw cycle in permafrost) provide topographic relief on the Coastal Plain.  Along the coastline, relief is typically 2 to 5 meters with occasional bluffs and cliffs that may be 20 meters in height.  The generally low topographic relief and the presence of permafrost cause poor soil drainage.  Rivers generally originate in the Foothills and Brooks Range, and meander widely through the Coastal Plain to the ocean.  The largest river crossing the Coastal Plain, the Coleville River, drains 60,000 square kilometers of the Foothills and the western Coastal Plain.286 

			The coastal climate has long, dry, cold winters and short, moist, cool summers.  At Barrow, the sun is above the horizon continuously from May 10 to August 2, and below the horizon from November 18 to January 24.  Air temperature remains below freezing for 9 months of the year and can fall below freezing at any time during the summer as well.  The microclimate is influenced by the insulating snow cover in winter and the underlying permafrost.  A gradual warming trend usually begins in April but snowmelt does not typically begin until June.

			The vascular plants of the North Slope of Alaska consist of about 574 taxa, most of which occur in the Foothills.  Species richness is greatest in the Foothills and least on the Coastal Plain for vascular plants and cryptogams (plants and fungi that produce by spores, rather than seeds).  The plant communities differ substantially across the Coastal Plain due to differences in parent material (soil and underlying geology) and topography.  The Barrow Peninsula is dominated by wet, acidic soils whereas soils near Prudhoe Bay to the east are influenced by carbonates contributed by the Sagavanirtok and Kuparuk Rivers, which result in more alkaline substrates.287  The Barrow area is dominated by thaw lakes that support sedgegrass meadows of Carex aquatilis, Eriphorum angustifolium, and Dupontia fisheri, and Sphagnum moss species that grow well in the acidic soils.288  Sphagnum mosses are uncommon to the east of Barrow, and numerous exposed and well-drained habitats occur on coarse textured soils along river banks, gravel bars, dunes, and pingos.289,290  Small areas of salt marsh also occur along the coastline in areas of salt water intrusion.  These areas may support only a few species of plants, often with a mosaic pattern maintained by ephemeral deposition of peat eroded along the shoreline or sand during storm events, unlike the zonation typical of salt marshes in lower latitudes.291,292

			The North Slope is well known for its vertebrate wildlife resources, which include fish and birds (described previously) and mammals.293  Mammals inhabiting the Arctic Slope include Dall sheep, wolves, grizzly and polar bears, moose, caribou, wolverines, weasels, Arctic and red foxes, and numerous other small mammal species such as lemmings and voles.  Musk oxen, eliminated from the North Slope in the 1800s, were reintroduced into the Arctic National Wildlife Refuge (ANWR) beginning in 1969, and the population has survived and grown since.  Caribou form three major herds that roam across the North Slope; these are the Western Arctic Herd, the Central Arctic Herd, and the Porcupine Herd.  Caribou winter in the Foothills near the Brooks Range and migrate north to the coast during summer seeking relief from insects.294  Calving occurs in several locations during movement from the foothills to the coast.295  The herds are frequently seen in some oil and gas production areas.

			Arctic foxes are the most common furbearing mammal on the North Slope and are highly adapted for survival in cold, seasonal environments.296  They have also adapted well to the presence of humans in the oil fields near Prudhoe Bay,297 although recent studies show that their numbers have declined dramatically near the oil fields as red fox numbers have increased.  Microtine rodents include collard and brown lemming, and inland from the coast these two species occur together with the tundra vole.  The redbacked mouse is present in the Foothills region, and singing voles are present in the rocky habitats of the southern Foothills and Brooks Range.298

			The invertebrates of the North Slope are dominated by insects, arachnids, and crustaceans.  The most abundant groups are the soil mites (Acari) and springtails (Collembola), which are critical agents in organic matter decomposition, soil production, and nutrient cycling.299,300,301  Chironomid larvae are the most common benthic invertebrates in tundra ponds, and zooplanktonic invertebrates are also common, usually dominated by crustaceans, particularly Daphnia and fairy shrimp.302,303,304,305  In vegetated areas, snails, stone fly nymphs, caddisfly larvae, cranefly larvae, and diving beetle larvae are also common.306,307,308  These invertebrate organisms support fish and bird populations using the terrestrial and freshwater habitats of the coastal tundra.

			Overall, there has been an extensive set of data collected on the broad range of species occurring across the North Slope and the nearshore and offshore habitats.  Continuation of many of these studies, and subsequent impact assessments and research will continue to build this pool of knowledge (see Figure 9-12). 
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			Review of Research Plans, Analysis Reports, and Regulatory Drivers

			Review of Key Research and Planning Documents

			This section summarizes a representative selection of ecological studies occurring in the Arctic from the perspectives of a broad range of stakeholders.  There have been numerous monitoring and research projects that have occurred in the Arctic over the past decades, and this review is not intended to represent a comprehensive list of all of the research; rather, it is focused on those projects or activities related to prudent development of oil and gas in the offshore U.S. Arctic.  Some of the original science in the Arctic began as early as the 1800s and has continued at an increasing pace since that time—and encompasses a significant variety of ecological aspects.  This depth and breadth of science puts the Arctic—and Alaska in particular—in a unique position to have a strong base of understanding of the ecology of the region.  If the research is assessed and the gaps filled, it will offer the oil and gas exploration and development industry a greater fact-base from which to make critical ecological, human, and economic decisions in developing any identified hydrocarbon resources in a prudent and environmentally protective manner.  To exhibit the breadth of research undertaken or underway, a range of documents and websites were reviewed, including:

			•Policy documents (i.e., ranging from overarching country policies to federal agency policies)

			•Agency or regional strategic plans

			•Agency or regional study or research implementation plans

			•Regional assessments

			•Syntheses of research

			•Issue-specific research reports.

			An extensive list of documents and webpages have been reviewed for this assessment.  This review was focused on the following key aspects:

			•List of key science issues or questions that were the subject of Arctic ecological research

			•Entities involved in research or those that have identified future research needs

			•Regulatory drivers associated with the science issues or questions identified (also see Table 9-1)    
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			•Future research opportunities to address questions or needs related to prudent development of oil and gas in the Arctic.

			Scientific research questions were organized into six broad categories, namely:

			•Biological and environmental

			•Climate change

			•Oil spills

			•Support technology

			•Physical oceanography

			•Mitigation.

			Each of these broad categories, except mitigation, also have tiered subcategories as shown in Figures 9-13 and 9-14.  To demonstrate the amount of ecological research by science issue, these figures provide the number of documents by research question or topic.  As shown in the figures, past and current research is indicated in green, and future research opportunities are presented in gold.    
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			The amount of baseline data collected as shown in Figure 9-13 reflects the amount of research that has occurred in the Arctic, and the amount of information that is available to industry, natural resource managers, scientists, and other stakeholders in order to inform decisions and understand the Arctic ecosystem.  The regulatory permitting requirements necessary for Arctic oil and gas exploration and development have in part driven this level of research as well as future opportunities for baseline data collection, particularly in the United States.  Notable in Figure 9-14 is less dedicated research on mitigation for actual or potential impacts.  Research on mitigation is often included in comprehensive agency reporting rather than standalone research.

			Regulatory Drivers for Ecological Data Collection

			U.S. Arctic research funded by the private sector is driven in part by regulations, laws, and authorizations required by regulatory agencies with trust responsibilities, along with the need of industry to be able to assess any impacts and measure the effectiveness of mitigations and management.  In order to obtain the required permits or authorizations needed for oil and gas exploration or development, project proponents often must demonstrate an understanding of the baseline environmental conditions and the potential impacts associated with proposed activities.  In addition to data collection associated with specific proposed actions, agencies encourage or even require implementation of long-term research and monitoring in order to distinguish effects from oil and gas operations from other anthropogenic impacts and from changes due to natural processes. 

			Table 9-1 shows the number of permits required by government agencies to explore and develop oil and gas in Alaska’s Arctic.  The table includes the relevant research topics or questions that correspond to those listed in Figures 9-13 and 9-14.  Alaska Department of Environmental Conservation and Alaska Department of Natural Resources Division of Mining Land and Water require the greatest number of permits.  Research supports the permitting process and provides the necessary data for decision-making, mitigation planning, and implementation.  Notable is the frequency of repeated research questions across multiple permits, such as oil spills, wildlife, birds, marine mammals, and others.

			Research Support for the Regulatory Life Cycle

			In the United States, development projects can be broken down into four phases:

			•Pre-feasibility

			•National Environmental Policy Act (NEPA) compliance and documentation

			•Permitting

			•Mitigation and monitoring.

			Research is needed at varying stages of a project life cycle depending on the specific regulation or authorization required and the environmental aspects being undertaken.  This research must incorporate traditional knowledge to support oil and gas activity (studies, site investigations, construction, and operations), permits, and authorizations.  For this reason, it is difficult to generalize about any standard length of time to collect and analyze research data, given the variability among projects and the specific location, environmental conditions, project components, agency coordination, stakeholder inputs, and other factors that can influence these phases.  For example, a Section 103 permit under the Clean Water Act requires approximately 2 years lead time for processing, and would require some level of baseline research in support of the permit application.  A Temporary Land Use Permit from Alaska’s Department of Natural Resources, however, may require only a few months to prepare, apply for, and obtain.  The timing of research studies in support of permits or authorizations varies depending on the type of approval needed.  Each agency has a published schedule for when to submit permit applications and the specific requirements for the application (which may require data obtained through research over a range of seasons).

			Monitoring and research are important aspects of permitting and authorizing Arctic oil and gas development as they provide critical information necessary for regulatory agencies to make decisions on which actions to allow and what mitigations may be necessary to protect resources.  Streamlining the permitting process will involve coordinating with agencies throughout the research, monitoring, and permitting process to continue sharing knowledge about the status of Arctic resources in order to make prudent decisions about oil and gas development.

			Identified Common Themes of Continuing Research Related to Decision-Making

			There is a broad range of potential research opportunities that can be undertaken in the Arctic on its ecology.  To identify the key areas that are particularly important for supporting prudent development of oil and gas resources in the Arctic, specific themes have been used to categorize the potential studies and assess priorities.  The following sections delve into the different themes that have been identified from the review of existing information.

			Theme 1:  Understanding and Documentation of Current Conditions

			Description of the Theme

			One of the most essential groundings for regulatory policy and natural resource management are the data that establish existing environmental conditions within an area.  These data are sometimes referred to as baseline or current conditions, and consist of an inventory of existing ecological resources, characterization of the physical environment, and examination of biotic interactions (interactions between living things, e.g., predator-prey, herbivore-plant, competition, and symbiosis) and abiotic interactions (interactions between living things and the environment, e.g., temperature, light, pH, salinity, etc.).  They provide a basis for examining the current wellbeing of resources and for projecting potential change that may result from both natural and anthropogenically induced variability.  Existing conditions may reflect patterns of species movement and the use of an area or habitat.  They may also reflect the current status and trends of species and identify the existing bounds of variability of both biotic and abiotic parameters.

			In the Arctic the characterization of existing conditions is necessarily derived from a combination of the knowledge and observations of the people of the North, as well as from established methods of scientific measurement and assessment.  Accurate assessment of existing conditions is a critical element in establishing robust regulatory policies that are appropriately protective of resources, and accommodate exploration and development of oil and gas resources.  Characterization of the environment is a required element of environmental assessments, as prescribed by NEPA, that support major actions and project proposals as well as permit reviews.  This typically includes a broad array of information about the ecosystem such as a full accounting of the flora and fauna present within a project area or area of influence, evaluation of population levels and trends, and identification of species sensitivity to perturbation.  In general, the more robust the basis of information, the less uncertainty there is about resource-project interactions, and the more accurate the assessment of potential impacts, allowing for appropriate mitigations.

			Relevance to Exploration and Development in the Arctic

			Data documenting existing conditions are a critical element in the establishment of regulatory policies—e.g., determination of species candidacy for protected status and the determination of critical habitat under the Endangered Species Act or the Marine Mammal Protection Act.  The requirement for impact avoidance and mitigation measures may be based upon information about resource presence, abundance or relative abundance, and potential response to actions.

			Applying the large body of knowledge from various studies in the Arctic to site-specific conditions requires investigation and comparison at the site level.  Information discussed in the earlier section on review of existing ecological understanding is particularly relevant to this application and assessment.

			The monitoring of ecological change that may result from project actions can be successful only if it is based on a sound assessment of conditions that exist prior to the proposed activities.  If there is too much uncertainty about preexisting conditions, the ability of a monitoring program to detect and explain the reason(s) for change may be extremely limited.  Though it is not monitoring in the traditional sense, the ability to detect changes in resource status is a critical requirement for the assessment of resource damages in the case of an accidental release.

			Current Knowledge on the Theme

			Information about existing conditions within the Arctic is available from the many studies that have been conducted in the past.  There is generally good understanding of the species present and their life histories and broad patterns of distribution, movement, population status, and sensitivity.309,310,311  Recent studies programs, including CSESP (Chukchi Sea Environmental Studies Program),312 COMIDA-CAB,313 AKMAP (Alaska Monitoring and Assessment Program),314 ASAMM (Aerial Survey of Arctic Marine Mammals),315 AEIS (Arctic Ecosystem Integrated Survey),316 Transboundary,317 and CHAOZ (Chukchi Acoustic, Oceanographic, and Zooplankton Study)318 have significantly advanced the understanding of existing conditions within the OCS and nearshore areas of interest for oil and gas exploration and development.  Key areas of uncertainty do, however, exist.  While population estimates for bowhead whales are very good, other species of marine mammals are less well understood.   Existing stock assessments319 for many species include broad ranges for population estimates.  In some cases (e.g., fin, humpback, killer and minke whales), it is not even clear which stocks or populations are occurring in the Chukchi Sea.  For example, the abundance and distribution and community composition of some fishes, especially nearshore fishes in the Beaufort Sea, are reasonably well known; others, especially those in deeper offshore waters, are not well understood.

			Planned Research or Investigation

			Of the current condition programs listed above, the CSESP, ASAMM, and CHAOZ programs are continuing during 2015.  Industry programs in the Prudhoe Bay and Kuparuk oil fields areas continue to build on data collected over the past four decades, with some individual studies (for example, the nearshore fisheries study associated with the Endicott development) continuing to apply the same methods annually for three decades.  One of the main industry-funded programs in the Chukchi Sea through the CSESP, is in its eighth year of operation.  Among the many components of this study, CSESP continues to deploy and operate extensive arrays of acoustic recorders in both the Chukchi and Beaufort Seas that provide valuable information on the distribution and movement of vocalizing marine mammals and on the levels of ambient and anthropogenic sound in these environments.  The BOEM Environmental Studies Program is funding a number of ongoing and new habitat and ecology projects320 that include studies focused on fishes, birds, marine mammals, ecosystems, physical oceanography, and marine chemistry.  A number of these studies are being carried out in collaboration with other state and federal agencies including USGS, NOAA, USFWS, and ADF&G.

			The North Slope Borough (NSB) Department of Wildlife continues to conduct a variety of baseline studies including bowhead whale censuses and caribou and bird studies.  Collaborations between Shell and the NSB and Northwest Arctic Borough are funding community-based programs in both areas, including a variety of assessments of existing conditions such as ice-seal tagging, ice and open water drifter buoys, and assessments of the anatomy, physiology, and contaminant levels associated with bowhead and beluga whales.

			Theme 2:  Marine Sound and Biological Resources

			Description of the Theme

			Humans use sound in the oceans for a variety of reasons such as navigation, defense (sonar), scientific research, and exploration for resources.  Underwater sounds are also generated from oil and gas exploration, development, and production activities, and by marine animals themselves.  Over the past three decades, sounds generated by offshore oil and gas exploration and production, particularly seismic acquisition, have been of increasing concern for marine life.321  Sounds can be intermittent, or pulsed, from seismic or other geophysical surveying activities, or they can also be continuous, or non-pulsed, from drilling operations, ships, or managing and breaking ice.  Low frequency sounds can travel hundreds of kilometers through water (though not as far in shallow water)322 while higher frequency sounds generally travel much shorter distances.323  Anthropogenic sound levels can affect marine life either through direct injury or from disturbance of behavioral patterns.324,325,326 

			The Marine Mammal Protection Act (MMPA) and the Endangered Species Act (ESA) prohibit, with certain exceptions, the killing, injuring, or disturbing of marine mammals in U.S. waters and by U.S. citizens on the high seas.  The exceptions are for Alaska Native subsistence hunting, authorized scientific research, for authorized disturbances incidental to other activities, and in some cases for authorized intentional disturbances.  NOAA and USFWS are responsible for administering the MMPA and the ESA.  

			Arctic oil and gas resources can play a substantial role in meeting global energy needs over the coming years, given their significant potential.  As oil and gas exploration increases in the Arctic offshore along with other activities (e.g., shipping, commercial fishing, tourism, etc.), levels of anthropogenic sound introduced into the environment will also increase, potentially affecting marine mammals, fish, and invertebrates.327,328,329  The oil and gas industry has recognized this challenge, and initiated the IOGP Sound and Marine Life JIP in 2005 (see text box titled “International Oil & Gas Producers’ Joint Industry Program on Sound and Marine Life”).

			
				
					[image: ]
				

			

			Relevance to Oil and Gas Exploration and Development in the Arctic

			NOAA has established regulatory thresholds for pulsed and non-pulsed sounds, although the regulations do not include clear definitions separating these two types of sound.330  To minimize impacts, mitigations are applied that usually include protected species observers to watch for the presence of marine mammals, and advise on shut down requirements if marine mammals approach within a set distance of some activities, or time-area restrictions for conducting some activities (see text box titled “Examples of Typical Mitigation and Monitoring Measures”).  The requirements are intended to both mitigate the potential impacts to individual animals and assure that impacts do not affect large populations.  Monitoring of marine mammal density, abundance, and behavior is also required in order to demonstrate that the mitigations are adequate and effective.
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			The MMPA also requires that any impact from oil and gas operations in the Arctic OCS be mitigated such that sufficient marine mammals are available for subsistence harvest.  In 1994 the Act was amended to impose the requirement for independent peer review of industry monitoring plans when offshore oil and gas activities might affect the availability of marine mammal subsistence resources, thus codifying a cooperative process worked out between subsistence whalers, the oil and gas industry, and the federal government.331  This requirement, along with additional mitigations under consideration in the National Marine Fisheries Service Supplemental Draft Environmental Impact Statement332 and the proposed U.S. Environmental Protection Agency (EPA) General Permit for Geotechnical activities,333 includes several constraints on producing oil and gas in the Arctic OCS.  Proposed mitigations include limiting the number of drilling rigs that can operate in a drilling season, drilling during the open water season only, and a time area closure in the Beaufort Sea from August 25 until the end of the fall whale subsistence harvest.

			Current Knowledge and State of the Science

			In the oceans, sound is generated by a variety of natural and anthropogenic sources.  Examples of natural sources include vocalization by marine life, wind and wave action, ice movements, and meteorological and oceanographic conditions.  Oceanographic variables such as the geologic characteristics of the seafloor, the water depth, temperature, salinity and density stratifications can influence the propagation and transmission of sound as it travels through water.  Marine mammals use sound to navigate, interact socially, communicate, locate food, and sense the presence of predators.  The frequencies at which marine mammals hear sounds are dependent on the species.  For example, large baleen whales hear and vocalize primarily in the low frequency range (5-22 Hz), whereas some toothed whales and dolphins utilize higher frequencies (150-160 kHz) to communicate and to echolocate food sources and their surroundings.334

			Sounds from oil and gas activities may have the potential to affect marine mammals in several ways.  If an animal is close enough to a sound source, auditory injury may occur.  There are, however, no known instances where auditory injury has been documented that was due to oil and gas activities.335  Lower-level sounds can cause marine mammals to alter their behavior, ranging from reducing their calling frequency, to altering migration patterns, to disrupting feeding.  Sounds from oil and gas activities can also raise the background level of sound in the water, making it more difficult for marine mammals to communicate with each other.336,337

			For example, bowhead whales are known to alter their migration routes and deflect around oil and gas drilling platforms in the Beaufort Sea (see Figure 9-15).338,339  It has also been observed that bowheads may alter the rate at which they call when exposed to sound levels from oil and gas activity.340,341  However, evidence to date does not suggest that these changes in behavior cause harm to individual whales or the bowhead population.  The bowhead stock has continued to increase in size concurrent with exploration and production activities in the Beaufort and Chukchi Seas.  This has also been documented through the IOGP Sound and Marine Life JIP studies on cetacean stock assessments (see earlier text box on the IOGP’s Joint Industry Program on Sound and Marine Life).
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			Fish and invertebrate species may also be affected by increases in sound in the water, though potential effects and impacts are less well understood.  Some studies suggest that sounds generated from seismic surveys can decrease catch yields of nearby commercial fishermen,342 while other studies show no effect.  Injuries to swim bladders in fish have been observed in studies where explosives were used.343  Again, the IOGP Sound and Marine Life JIP has identified these questions and is currently seeking study proposals to further address these questions.

			Planned Research or Investigations

			Marine sound research or investigations most relevant to prudent development of oil and gas resources in the Arctic OCS fall into three broad categories: 

			1.	Understanding and assessing risk to marine life from anthropogenic sound

			2.	Technological developments to reduce sound generated from oil and gas activities

			3.	Improvements in ways to monitor marine mammals to study effects on fish, birds, and invertebrates.

			Additional studies of marine sound research are provided by the Office of Naval Research Marine Mammal and Biology Program,344 the BOEM Environmental Studies Program,345 and oil and gas industry through development-specific studies.

			Assessing the risk to marine life from oil and gas activities involves many program elements.  Some fundamental information is thought to be lacking, for example, in understanding the hearing capabilities of ice seals.346  However, research is underway on three species of ice seals to determine their hearing in air and water, and to assess how oil and gas industry sounds (particularly seismic survey sounds) may affect their hearing.

			It has been known for some time347 that bowhead whales deflect around some oil and gas operations, but it is not yet clear whether these deflections have a biological significance or interfere with subsistence harvest.  Finally, integrating this knowledge into an analytical framework that takes into account cumulative effects and can then be used by regulators to address level of activity, and authorizations for incidental harassment has been initiated using simulation models, but requires further development.

			The oil and gas industry is required to measure the underwater sounds generated from some activities.  These sound source verification studies have provided valuable information on the sound levels and frequencies from various types of activities that take place during oil and gas operations.  For example, setting anchors for drilling platforms has been shown to be one of the loudest sound producing activities of a particular drilling operation.348  If levels of anthropogenic sound are determined to negatively affect marine life, quieter technologies may need to be developed.  The oil and gas industry continues to assess a number of quieting options for some types of operations.  Two examples are (1) bubble curtains, a technology known to reduce sound levels propagating from operations such as pile driving that may have applications to drilling operations, and (2) developing or advancing the technology of marine vibroseis, a technology that may eventually be used as a sound source for seismic surveying instead of air guns in some situations (see text box titled “Sound Quieting Technologies”).
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			Aerial observations of marine mammals in the Arctic OCS have occurred annually since 1979, providing a large data set on historical trends of marine mammal distribution and abundance during the open water seasons.  Today this program is titled the Aerial Survey of Arctic Marine Mammals (ASAMM), conducted by NOAA and funded by the BOEM.  This program relies on piloted fixed-wing aircraft and Protected Species Observers.  Aerial surveys are also a requirement of NOAA and USFWS authorizations for conducting oil and gas activities.  As activity levels increase, the need for expanded coverage further from shore will be necessary to assess effects of oil and gas activities on marine mammals.  Additionally, relatively little is known about ice seal distribution during the winter season although some satellite tagging of bearded seals has been undertaken (e.g., NOAA, BOEM, ADF&G).  Unmanned aerial systems (UAS) are now commercially available and approaching reliability performance that allows for operations in the Arctic environment.  Outfitting these systems with high-speed, high-resolution digital camera technology and flying them over the survey area of interest eventually may be a viable alternative to manned flights in some circumstances (Koski et al.,349 a study funded by the IOGP Sound and Marine Life JIP).  Some work has also been done with the camera technology on fixed wing aircraft350 to improve data collection.  Barriers still to be overcome include automated processing of the digital images and Federal Aviation Administration (FAA) approval to fly beyond line of sight distances.  Other needed improvements include improved coordination between manned and unmanned aircraft and improved capacities for UAS to operate under Arctic conditions (e.g., to deploy sensors to detect icing conditions).  Data transmission technologies and rates are also challenging in this environment, where more broadly available technologies (satellites and GSM cellphones) are limited in the Arctic. 

			In order to operate safely in the Arctic, ice will need to be managed to avoid damage to drilling and production platforms or facilities.  Scouting for ice and managing ice in low visibility conditions risks unexpected encounters with walrus hauled out on ice floes.  Technologies such as thermal imaging are needed in order to be able to detect animals on ice when visibility is low.  Some systems are commercially available currently;351 however, the inability to detect animals in fog and mist conditions must be overcome in order for these systems to be useful in the broader Arctic OCS.

			Theme 3:  Ecological Fate and Effects of Energy-Related Discharges in the Arctic

			Description of the Theme

			The nature of oil and gas exploration and appraisal (E&A) activities is different from development and production (D&P) operations in the Arctic when potential discharges to the environment are considered.  E&A discharges are predominantly intermittent, from drilling platforms and their associated support vessels.  This compares with fixed floating or anchored facilities for D&P operations where discharges in temperate regions may be more or less continuous as water is produced from the reservoir formation along with hydrocarbons.  To date, however, produced waters are not discharged in Arctic D&P operations.  The chemical and physical characterization of all discharges and their environmental fate is well understood from past studies globally and also for Arctic operations.352  Current discharges and discharge practices cause little or no disturbance to the marine environment if performed in compliance with regulatory requirements.

			Discharges from oil and gas exploration facilities in the Arctic OCS are regulated by the U.S. EPA under the National Pollution Discharge Elimination System program (NPDES).353,354  Thirteen waste streams are authorized for discharge including water-based drilling fluids and drill cuttings, once through cooling water, and discharge of muds, cuttings, and cement at the seafloor.  Any component that would cause acute toxicity is prohibited, including diesel oil, free oil, or chromates.  Oil-based drilling muds are prohibited from discharge as are discharges onto stable ice.

			Assessment of the fate and effects of drilling discharges has shown that water column impacts are transient and limited in spatial extent.  Any longer-term fate or effects will be at the seafloor, where the cuttings and any associated drilling muds settle around the drill site.  The spatial extent of any such settled cuttings and muds is dependent on the oceanographic conditions in the area.  Typically though, these effects are limited to within hundreds of meters of the well site, and depending on the drilling mud type, usually the duration of measurable effect on the environment is measured in years, not decades.355 

			Geotechnical assessments of the seafloor prior to selecting a drill site also can identify environmentally sensitive habitats.  Assessment and planning using this information can lead to alternative well sites being identified, which may have a lessened impact on the general ecology of the area.

			Relevance to Exploration and Development in the Arctic

			More than 50 exploratory wells were drilled in the state and federal waters of the Beaufort and Chukchi Seas between 1981 and 2002.  There have been many reviews of existing information on the ecological effects of discharges of drilling muds and cuttings356,357,358 and tools and data exist to evaluate the potential effects on the receiving environment.  Evaluation of the effects on the environment for historical discharge sites in the Arctic OCS has been studied with data available to assess the impacts and recovery of areas.359  Nonetheless, stakeholder concerns regarding the fate and effects of drilling muds and drill cuttings has led to voluntary zero discharge commitments in the Beaufort Sea and requirements by the federal government for continued study and evaluations.

			As part of the NPDES authorization to discharge, the permit holder must develop and implement an environmental monitoring program plan of study (see text box detailing NPDES requirements for an environmental monitoring program) for each well drilled, to demonstrate that offshore exploration drilling discharges will not result in an unreasonable impact on the marine environment.  Current permit requirements consist of design and implementation of a four-phase study intended to characterize predrilling site conditions, effects of discharge plumes on physical and chemical composition of the receiving water, initial disturbance of the seafloor sediments, and finally, assessment of recovery from disturbance conditions.  These requirements present to the permit applicant a technically complex and logistically challenging study program that must be performed for each well drilled.  To achieve the minimum objectives of the study, a drilling program will need to include at least one additional vessel dedicated to implementing the field program.
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			Currently there is no authorization for development and production discharges, and authorization for discharges related to geotechnical investigation activities is currently under consideration in a proposed permit.360  It is important to consider the overall life cycle analysis of potential discharges to the environment when planning for E&A activities is being undertaken.  In many locations and environments, suitable waste management facilities onshore are not available, and consideration must be given for all waste disposition alternatives.  Key stakeholder engagement in assessing this issue and alternative waste management strategies is essential to ensure that the best environmental alternative is identified.

			Current Knowledge and State of the Science

			Of the 13 waste streams authorized for discharge in the U.S. Arctic OCS, the greatest quantities of discharges relate to drilling muds and drill-cuttings.  Drilling muds can vary from water-based gel sweeps, to water-based muds, to synthetic-based drilling muds.  They are used at various stages in the drilling process, depending on the geological conditions, the risks to the environment, and the drilling equipment capabilities.  Well control is the key driver for drilling mud composition, and is discussed in Chapter 4.  Drilling muds are used to remove the rock chips from the wellbore while drilling and keep an overbalanced pressure on the geological structure.  These rock chips are predominantly non-hydrocarbon bearing rock, and when separated from the drilling mud on the drilling platform, they have some remaining drilling mud adhered to them.  These rock chips and remaining adhered mud are then typically discharged to the sea during the exploration and appraisal phase due to their non-hazardous nature.

			Various simulation models and tools are available to assess these discharges.  Simulation of the processes of discharge patterns and volumes of drill cuttings and muds and their fate in the environment can be made.361  These models are used to provide the assessment basis for environmental impacts, along with the chemical and physical characterization of the discharge materials.  Assessment of seafloor sediments for impacts can be evaluated by remotely operated vehicles (ROVs), sediment profile imaging equipment, and standardized benthic, physical-chemical, and biological sampling, with subsequent laboratory analyses.

			When discharged to the ocean, water-based drilling muds and drill cuttings, which are slurries of particles of different sizes and densities containing dissolved inorganic salts and low levels of organic chemicals, form a plume that dilutes rapidly as it drifts away from the discharge point with the prevailing water currents.  The water-based drilling fluids and drill cuttings undergo dispersion, dilution, dissolution, flocculation and settling through the water column.  Most dissolved components, such as sodium chloride, continue to dilute rapidly by turbulent mixing (eddy diffusion) in the receiving waters.  The water-based drilling fluids and drill-cuttings plumes will partition into two phases: (1) a dense, rapidly-settling particulate solids phase and (2) an upper-water-column, slowly-settling phase containing fine-grained (clay-size) particles and dissolved materials (see Figure 9-16).362  Water-based drilling fluid and drill-cuttings particles may accumulate at a water depth where the density of the water and particles are equivalent.
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			Ecological effects of drilling muds and cuttings, when detected, are caused predominantly by physical disturbance of the water column and the seafloor benthic communities.  High suspended particle concentrations may locally clog gills or digestive tracts of zooplankton or benthic filter feeders.  Accumulation of discharged muds and cuttings on the seafloor may bury immobile benthic organisms.  Changes to sediment grain size and texture can render the sediment more or less suitable for certain benthic species.  Rate of recovery of the benthic communities depends on the thickness of the cuttings layer and the nature of the affected communities, but is generally rapid (i.e., within 1 to 2 years).363,364

			One area of research focus for the oceans more broadly is the potential for ocean acidification and the consequences for further water quality change.  This is an element that should be considered in the planning and assessment of the potential discharges to the marine environment from oil and gas development.

			Planned Research or Investigation

			Integrated and spatially extensive sampling and analysis of the Chukchi Sea, and to a lesser extent the Beaufort Sea, is available to understand site characterization and long-term ecological trends and to assess what potential impacts, if any, discharges from oil and gas exploration activities will have on the Arctic marine ecosystem.

			Data in the past 5 years for the northeastern Chukchi Sea have been collected by two large, multi-year baseline studies.  The Chukchi Sea Offshore Monitoring in Drilling Area (COMIDA)365 program is a comprehensive program funded by the BOEM that is designed to establish an integrated knowledge of the Arctic marine ecosystem within the northeastern Chukchi Sea, and specifically within the planning area designated for oil and gas exploration and development.  The sampling cruise reports, principal investigators’ presentations, seafloor video footage, data models, links to data archive sites, and the May 2012 Final Report are all included on the program’s website at http://arcticstudies.org/comidacab.

			The Chukchi Sea Environmental Studies Program (CSESP), begun in 2008, is a multi-year, multidiscipline marine science research program in the northeastern Chukchi Sea.  The overall purpose of the program is to provide the oil and gas industry partners with the necessary baseline site characterization data that can be used to conduct evaluations on the potential impacts of oil and gas activities.  Importantly, it also contributes to the overall knowledge of the northeastern Chukchi Sea marine ecosystem.  The studies program has included various scientific disciplines over time, including physical oceanography, chemical oceanography, plankton ecology, benthic ecology (infaunal and epibenthic communities), seabird ecology, marine mammal ecology, pelagic and demersal fisheries, and bioacoustics.  Details about the studies and the investigators as well as maps, presentations, and final reports are available through the program website at www.chukchiscience.com.

			Three additional study programs are in the planning stage.  The Marine Arctic Ecosystem Study (MARES)366 is an integrated ecosystem research initiative managed by the BOEM with support from nine other federal and private partners.  The purpose of MARES is to investigate the integration of physical, biological, chemical and social science aspects of the Beaufort Sea ecosystem from Barrow, Alaska, to the Mackenzie River delta in Canadian waters.  NOAA is in the process of establishing biodiversity observation networks367 for ocean, coastal and Great Lakes ecosystems, including the Arctic Ocean.  The North Pacific Research Board has formalized its intention to commit funding toward the development of an integrated Arctic research program.368

			Enhanced collaboration between the oil and gas industry with pan-Arctic, regional- and site-specific environmental studies being planned or undertaken, as discussed above, by the broad range of stakeholders and agencies is essential.  Research plans reviewed for this NPC study have identified a broad range of potential collaborations, as well as key data being collected, all of which can be utilized to assess the fate and effects of discharges to the Arctic environment.  Specific opportunities for collaboration and integration are identified in the recommendations at the end of this chapter.

			Reduced lag time between data collection and delivery of data products and analyses to end users is important for responding to changes via improved mitigations if required.  More automated, digital techniques would expedite assessments.  Access to broader spatial scale data for existing or past conditions in the area will assist in improving impact assessment and mitigations.  Improved ecological characterization through broader scale techniques (remote sensing, digital mapping, and ecosystem modeling) may identify alternative strategies for environmental management (e.g., waste discharge) if warranted.

			Theme 4:  Interactions Between Ice-Dependent Species and Oil and Gas Exploration and Development Activities

			Description of the Theme

			Among the unique fauna of the Arctic, there are several species that regularly interact with, and in some cases depend on, sea ice during all or part of their life histories.  The spatial and temporal variability in sea ice cover and other aspects of the environment drive large-scale movements of many of the marine mammal species that inhabit the Arctic.  These movements lead to wide seasonal variation in habitat use and marine mammal abundance in particular areas, and to a large degree determine the timing and success of subsistence hunts of these resources by Alaska Natives in the area.369  For example, the location of the bowhead whale fall migration corridor has been shown to be influenced by the amount of ice that is present in the Beaufort Sea,370 which in turn can affect the subsistence hunt.  Associations with ice include the use of ice by pinnipeds (finned semi-aquatic creatures such as walrus, sea lions, and seals) and polar bears for denning, pupping, and rearing of young; use of ice as a platform for resting between foraging forays or during molt; use of ice as a refuge from competition and predation; and use of ice as a platform for hunting.  In some cases, such as the polar bear, ice is a common habitat component for all phases of life history.  For other species, obligate ice dependence (i.e., reliance on sea ice platforms) is seasonal.

			The patterns of character, abundance, and temporal and spatial availability of ice are changing in the Arctic.  Many of these changing patterns are most pronounced in areas where the ice sheets occur seasonally over highly productive areas of continental shelf and in nearshore areas.  Although ice still covers, and is projected to cover, these areas for much of the year in the Arctic, variability around the norm is projected to increase as is the annual duration of open water.  These factors have the potential to reduce habitat availability or suitability, and to increase concentration of species in decreasing areas of suitability during critical life history periods.  Recent data indicate that abundance of ice seals and walruses increases as proximity to ice increases in at least some areas.371 

			Given that ice habitat could become more limited during key parts of the year when exploration and development activities may be focused, it is important to understand the interactions between these ice-dependent species and industry operations.  Based upon this understanding, appropriate mitigation measures are established and can be enhanced, such that resources are appropriately protected and exploration and development activities are accommodated.

			Relevance to Exploration and Development in the Arctic

			Exploration and development in the Arctic occur in the vicinity of ice and, in some cases, require operations within ice habitats.  It has been demonstrated through a combination of science and traditional knowledge that some species, namely walruses and bowhead and beluga whales, demonstrate avoidance behavior, changing their distribution and area use patterns in the presence of industry activities.

			Ice-associated marine mammals are protected resources under the MMPA and may be protected under the ESA.  Within the past 5 years the polar bear and ringed seal have been listed as threatened, the bearded seal was listed as threatened (pending resolution in the courts), and the Pacific walrus was designated as a candidate for listing as threatened or endangered.  All of these listing proposals were based in large part upon the decline of ice habitat.

			The permitting of exploration and development activities requires evaluation of the potential impacts on these species.  In some cases, permits and authorizations may require monitoring programs and prescribed mitigation measures, which may include time-area closures that constrain industry operations, thereby affecting the feasibility of exploration or development.

			The subsistence hunting communities of the U.S. Arctic are key stakeholders in the exploration and development of energy resources.  In the case of marine mammals, the integrity of subsistence hunting is protected under the MMPA.  Some of these hunts occur on ice or in close proximity to ice.  As such, the potential for behavioral reactions of these species may influence hunting success.

			Current Knowledge on the Theme

			Some Arctic marine mammals are known to avoid seismic activities under some circumstances,372,373,374 while there may be less avoidance of such sounds by some pinniped species.375,376  Individual marine mammals appear to respond differently to sound stimuli depending on their activities.377  With respect to ice interactions, the majority of demonstrated impacts have been related to the processes of icebreaking, or ice management during transit and support of exploratory drilling.  Walruses have been shown to alter distribution patterns and behavior in the presence of aircraft and vessels around a drilling operation.  Disturbed walruses hauled out on ice abandon the ice when an icebreaking ship is within ½ to 1 kilometer.378  LGL documented similar responses by walruses to vessels operating in ice at a distance of ½ to 1 kilometer in the Chukchi Sea.379  Beluga whales and narwhals have also been shown to react to the sound of icebreakers.380  Interactions between ice dependent species and production infrastructure and operations are less well investigated due to the limited offshore presence of the infrastructure.  Studies of seal distribution and behavior during ice covered periods indicate that seals are tolerant of many activities.381 

			The USGS has conducted extensive investigation of walrus habitat use in the Chukchi Sea.382  As ice melts during the open water season, walrus distribution becomes increasingly focused on the shallow area of Hanna Shoal where topography and oceanographic conditions result in high benthic biomass and persistent ice that are favorable to walruses.  On the basis of this knowledge the USFWS designated the Hanna Shoal Walrus Use Area383 and works closely with project proponents to establish mitigation measures for operations in this area. 

			Planned Research or Investigation

			Several studies are examining habitat use patterns and life histories of ice-dependent species.  USGS and USFWS operate extensive research programs on polar bears and Pacific walruses as a part of their Changing Arctic Ecosystems program.384  The ASAMM, ARCWEST (Arctic Whale Ecology Study), and CHAOZ programs that are conducted by NOAA and funded by BOEM examine the distribution and abundance, habitat use, and feeding ecology of cetaceans in the Beaufort and Chukchi Seas.  NOAA also conducts research on the abundance and ecology of ice-associated seals in the Chukchi and Beaufort Seas.  Quakenbush et al. have been tracking bowhead whales since 2006 and evaluating their movement patterns in relation to areas of industry interest and activity.385  Projects operated by the North Slope Borough Department of Wildlife and Northwest Arctic Borough are tracking ice seals in the Chukchi and Beaufort Seas.

			Theme 5:  Population and Habitat Changes of Biological Resources

			Description of the Theme

			The physical changes that are occurring in the Arctic are well documented386 and are expected to result in a range of related changes for the different populations and their habitats.387,388,389

			Relevance to Exploration and Development in the Arctic

			Data about existing populations and habitat conditions are critical elements in the establishment of regulatory policies—e.g., determination of species candidacy for protected status and the determination of critical habitat under ESA or MMPA.  The requirement for impact avoidance and mitigation measures may be based on information about resource presence and potential response to actions.

			The monitoring of ecological change that may result from project actions can only be successful if it is based upon a rigorous assessment of conditions that exist prior to activities.  If there is too much uncertainty about pre-existing conditions, the ability of a monitoring program to detect and identify the reasons for change may be extremely limited.  Though it is not monitoring in the traditional sense, the ability to detect changes in resource status is a critical requirement for the assessment of resource damages in the case of an accidental release.

			Current Knowledge on the Theme

			Information about existing conditions within the Arctic is available from the many studies that have been conducted in the past.  There is generally good understanding of the species present and their life histories and broad patterns of distribution, movement, population status, and sensitivity.390,391,392  Recent studies programs, including CSESP,393 COMIDA-CAB,394 AKMAP,395 ASAMM,396 AEIS,397 Transboundary,398 and CHAOZ,399 have significantly advanced the understanding of existing conditions within the OCS and nearshore areas of energy prospectivity.  Key areas of uncertainty do, however, exist.  While population estimates for bowhead whales are very good, other species of marine mammals are less well understood.  Existing stock assessments400 for many species include broad ranges for population estimates.  These estimates contain considerable uncertainty, however, and many are outdated.  In some cases where there are accurate abundance estimates, it is not clear which stocks or populations are utilizing the Arctic.  This is the case for the sub-Arctic marine mammal species (e.g., fin, humpback, killer, and minke whales) that are occurring more regularly in the Northern Chukchi Sea.  It is also true of the Eastern Chukchi Sea and Beaufort stocks of beluga whales in certain areas at certain times of the year.  For fishes, the abundance, distribution, and community composition of some fishes, especially nearshore fishes in the Beaufort Sea, are reasonably well known, while others, especially those in deeper offshore waters, are not well understood.

			Planned Research or Investigation

			Of the baseline studies programs listed previously, the CSESP, ASAMM, and CHAOZ programs are continuing during 2015.  One of the main industry funded programs, CSESP, is operating for the eighth year in the Chukchi Sea.  Among the many components of this study, CSESP continues to deploy and operate extensive arrays of acoustic recorders in both the Chukchi and Beaufort Seas that provide valuable information on the distribution and movement of marine mammals and on the levels of ambient and anthropogenic sound in these environments.  The BOEM Environmental Studies Program is funding a number of ongoing and new habitat and ecology projects401 that include studies focused on fishes, birds, marine mammals, ecosystems, physical oceanography, and marine chemistry.  A number of these studies are being carried out in collaboration with other state and federal agencies including USGS, NOAA, USFWS, and ADF&G.  Oil companies, including BP and ConocoPhillips, that have been operating in the onshore and nearshore environments have invested significantly in long-term monitoring programs. 

			The NSB Department of Wildlife continues to conduct a variety of baseline studies including bowhead whale censuses, caribou, and bird studies.  Collaborations between Shell and the NSB and Northwest Arctic Borough are funding community-based baseline studies program in both areas, including a variety of assessments of existing conditions such as ice seal tagging, ice and open water drifter buoys, and assessments of the anatomy, physiology, and contaminant levels in bowhead and beluga whales.

			Theme 6:  Range and Efficacy of Mitigation Measures

			Description of the Theme

			Environmentally sound oil and gas exploration and development requires understanding the range and efficacy of various mitigation measures that might be required during operations.  Well-designed mitigation prevents unnecessary harm to organisms, and limits habitat disturbance in areas where operations are occurring.  Some mitigation efforts are expensive for operators to implement because they require work stoppage or significant delays (seasons or years) that affect project schedules, besides the monitoring required to assess whether impact mitigation was successful.

			Avoidance of organisms in time and space is probably the most effective mitigation, and has been a key part of the strategies employed during exploration and development of oil and gas operations on the North Slope of Alaska.  Shifting noisy or otherwise disruptive activities like construction to periods of the year when the fewest organisms will be affected makes practical sense for many operations.  For example, operating during the winter when most animals have migrated from the area or are in hibernation or torpor has been effective for many operations.  Similarly, siting of pipeline and travel routes to avoid sensitive areas has been generally effective in limiting or eliminating impacts.  Since many of these mitigations can be determined ahead of time, they also generally do not result in work stoppage.

			Many operations, however, occur during periods or in places where mitigation other than avoidance is needed.  These types of mitigation often limit impacts by reducing exposure levels.  For example, it may be possible to decrease sound entering the water from ships, drill rigs, or seismic air guns using sound-insulating materials placed around noise-generating equipment.  Similarly, air gun array geometry can be tuned to focus sound downward and into the earth, thus reducing lateral propagation of broadband sounds spreading away from the source.  Similarly, discharges from drill rigs limit impacts by cooling water to near ambient conditions, using environmentally acceptable muds, and maintaining levels of discharge that will reach background concentrations over relatively short distances from the point of release.  The most drastic form of this type of mitigation is a shut down of operations to avoid exposure of organisms or the environment to levels of sound or contaminants greater than regulatory thresholds.  An example is the shutdown of air guns during seismic operations if animals subject to MMPA permitting enter exclusion zones around an air gun array, to avoid exposing them to potentially harmful sound levels.

			Lastly, adaptive management strategies are important in allowing operators to work with regulators to implement mitigation when it is needed on a case-by-case basis.  Adaptive strategies can be used to replace rigid restrictions that may not be relevant to all scenarios or are likely to result in a decrease in impacts on organisms or the environment.  Examples of adaptive management include moving ships to a new location, away from areas where animals may be concentrated, prior to conducting personnel transfer operations by helicopter.  Also, use of an adaptive management plan for managing ice floes that have the potential to have walruses present has been effective in limiting the take of walruses in the Chukchi Sea.  Additionally, Conflict Avoidance Agreements (CAAs) have been an effective adaptive management tool.  Negotiations with the Alaska Eskimo Whaling Commission have allowed industry to conduct a full range of exploration activities before and after the fall bowhead whale hunt while limiting some operations during the hunt to avoid interfering with the animals (subsistence hunts).  There have been no known conflicts between industry and bowhead subsistence users in the Alaskan Arctic since the adoption of CAA measures in 2010.

			Relevance to Exploration and Development in the Arctic

			The efficacy of mitigation affects both oil and gas operations as well as regulators in a number of ways.  In particular, the evaluation of potential impacts is important in understanding the level of mitigation that is required.  Most mitigation measures err on the side of caution and provide greater protection for organisms and the environment than typically has been demonstrated as necessary to avoid impacts at a specific level.  For instance, in most cases, received sound levels where mitigation is required for marine mammals are at distances that are deemed safe for all species and are not implemented with regard to species-specific criteria.

			Permit requirements need to be robust yet straightforward for the greatest efficacy in implementing them.  Elaborate regulatory criteria require equally elaborate training for people implementing the mitigation, may limit the number of people qualified to implement such actions, and could result in erroneous implementation in some cases.  Requirements should be written to allow applicability in the greatest number of situations possible, yet must still have enough flexibility to recognize the unique nature of each operation and not subject any to unnecessary or ineffective requirements or implementation.

			Permit requirements and mitigation often require engineering, design, and planning with long lead times.  It is important that ample time is available between receiving a permit and the start of operations to allow for compliance with or adjustments to these requirements.  This is particularly critical in the Arctic when operating windows may be short because of weather and darkness.  To the extent possible, the design of mitigation measures and their implementation via permit regulations should seek to minimize shut down of operations, which is costly and in most cases prolongs the potential for impacts from such operations.

			Current Knowledge on the Theme

			Mitigation measures for anthropogenic sound, as prescribed by National Marine Fisheries Service (NMFS), are based on sound criteria for cetaceans and pinnipeds that were established in a precautionary manner to ensure protection of all species until more specific data were available to support refinement of these measures.402,403  Under current NMFS guidelines, “exclusion zones” designed to prevent auditory injury to marine mammals around air gun arrays and other sound sources are customarily defined as the distances within which received sound levels are ≥180 decibels (dB) re 1 µPa (rms) for cetaceans and ≥190 dB re 1 µPa (rms) for pinnipeds.  Disturbance to marine mammals could occur at distances beyond exclusion zones if the mammals were exposed to moderately strong pulsed sounds generated by the air guns, or perhaps by vessel or other continuous sounds.404  NMFS currently assumes that marine mammals exposed to pulsed air gun sounds with received levels ≥160 dB re 1 µPa (rms) or continuous sounds with received levels ≥120 dB re 1 µPa (rms) are likely to be disturbed.

			The current NMFS sound criteria have a wide margin of safety and are believed to be well below the sound levels where exposure would have even temporary effects on hearing, let alone cause any permanent damage.  As more species-specific data have become available, NMFS has begun to refine the allowable exposure thresholds, which could actually reduce the burden on industry, but as they currently stand, the established criteria provide a margin of safety for all marine mammal species.

			Lastly, it should be emphasized that industry often has taken a very conservative approach to mitigating potential effects of anthropogenic noise on marine mammals.  One example of this occurred during Shell’s 2008 seismic acquisition program in Camden Bay, Beaufort Sea, when aerial surveys revealed small groups of feeding bowhead whales within the 160 dB re 1 µPa (rms) disturbance zone.  Although there were fewer whales than specified in the Incidental Harassment Authorization requirement to implement mitigation, Shell relocated operations to an adjacent area with fewer feeding whales.  Operations did not resume in the preferred seismic survey location until a subsequent aerial survey confirmed that the main concentration of feeding whales had departed the localized area and the 160 dB re 1 µPa (rms) disturbance zone.

			Planned Research or Investigation

			Concern for potential impacts on marine mammals from anthropogenic sound has resulted in a significant body of scientific knowledge (reviewed in Richardson et al.;405 Southall et al.;406 NMFS;407 and reported by the IOGP Sound and Marine Life JIP, see earlier text box on the IOGP Sound and Marine Life JIP).  Information presented in these reviews demonstrates how much attention this topic has had and continues to receive.  As a result, substantial progress has been made to characterize the properties of underwater anthropogenic sound, design and implement appropriate mitigation measures that are protective, and identify further opportunities for ongoing research.  Industry is working extensively along with government to identify response thresholds that would be valuable for refining sound and mitigation criteria and to answer other questions of importance to understanding the effects of sound on marine life.  These efforts include industry sponsored monitoring and mitigation programs (IOGP Sound and Marine Life JIP) as well as workshops planned by NOAA/NMFS to establish consensus on what constitutes successful monitoring and mitigation, and how it can be achieved.

			Theme 7:  Methods for Assessing and Forecasting Cumulative Impacts and Risks

			Description of the Theme

			Potential effects of anthropogenic activities in the offshore environment typically have been assessed on the basis of the individual stressors.  NEPA requires that the cumulative impact of a range of potential activities be considered in the environmental assessment.  Oil and gas exploration and appraisal activities will be undertaken in the offshore Arctic in areas allocated as license blocks.  There are often adjacent blocks for different operators, and exploration activities are undertaken at different time frames for different areas. 

			Initial environmental and socioeconomic impact assessment of a region of the offshore U.S. Arctic is undertaken by the appropriate regulatory authority prior to a lease sale of the acreage for exploration.  This typically is done by considering various exploration and development scenarios based on the regulatory agencies’ forecasts or predictions.

			Exploration typically comprises geophysical and geotechnical data collection, followed by exploration and appraisal drilling once prospective leads have been identified.  The timescales for these activities are discussed in the prudent development sections.

			In addition to the potential oil and gas exploration and development activities, there are many other anthropogenic and natural processes going on in the environment.  Subsistence hunting by native communities, coastal settlement and development activities, tourism, other natural resource assessment and exploitation, coastal protection activities, defense infrastructure and activities, coastal and trans-Arctic shipping, icebreaking for scientific and operational needs (community resupply), along with climate change, species migrations and invasions/range extension, landform changes, etc., can all be occurring in the same spatial and temporal scales.

			Interaction of any or all of the above activities or changes can lead to broader scale changes or synergistic or antagonistic effects.  Assessment of such arrays of activities can be very complex, with little in the way of empirical methods available to aid such analysis.  Modeling to allow assessment of the cumulative impacts or risks is critical in order to assess the level of the impacts and to determine appropriate mitigation and management strategies for the risks.

			Chronic, acute, sublethal, and stress impacts can all be induced or triggered by changes (natural or anthropogenic) in the environment.  Anthropogenic underwater sounds have also been suggested as having potential cumulative impacts on marine mammals and are usually assessed on the basis of exposure to one sound source.  However, marine mammals receive sounds from multiple dynamic sources that may interact.

			How these relate to development assessment and planning is critical to maintaining an environment that is sustainable for future use and resource needs of the communities, state, and the nation.  All stakeholders must play an important role in managing the various interests in this activity.

			Relevance to Exploration and Development in the Arctic

			Exploration and development of oil and gas opportunities requires assessment of environmental risk and impact, and with potential for multiple exploration and development activities in a region, cumulative impact and risk assessment is required in advancing the permitting of such activities.  It can be expected that sequential and coincident activities will provide multiple stressors to a changing Arctic environment, and will require mitigation and management strategies commensurate with the assessed risks and potential impacts.  Oil and gas proponents will need to apply methodologies that allow for such cumulative impact assessments.  Currently, there are few methodologies that allow rigorous or quantitative assessments.

			Developing cumulative effects assessments will improve our understanding of which anthropogenic activities should be monitored and managed in the Arctic.  This will allow for more effective monitoring in a changing environment.

			Planned Research or Investigation

			The North Slope Science Initiative (NSSI) is currently undertaking a study using a “development scenario basis” to assess potential needs for future research.  This approach is looking at a broad range of anthropogenic activities that are being executed or planned by various Arctic stakeholders.  The interaction of these scenarios will be complex and will require new methodologies to allow for a full assessment and to identify appropriate management strategies to support sustainable development in the broader U.S. Arctic.

			Oil and gas industry exploration and development proponents have an opportunity to draw on this work and contribute to the broader management regime for the Alaskan Arctic, both onshore and offshore, as prudent development of oil and gas progresses.

			Theme 8:  Ecosystem Characteristics During Winter Periods

			Description of the Theme

			The period of winter conditions—i.e., subfreezing temperatures, snow, and ice cover of terrestrial and marine ecosystems, and extended periods of darkness—represents a large portion of the Arctic year.  Although this was long thought to be a dormant period for the ecological systems present, recent studies indicate that there are a number of physical and biological processes that occur during this time that maintain productivity and strongly influence ecosystem function throughout the year.  Though these periods of strong cold influence are likely to remain the norm in the Arctic, shortening of these periods has the potential to dampen the influence of winter conditions on the system.  While some processes slow during the Arctic winter, biota in both terrestrial and marine systems maintain productivity and activity, and some processes even accelerate in winter.408,409,410 

			While the Arctic has generally been less well studied than some more temperate areas, because of the difficulty of access and harsh conditions, the winter is the least well investigated period.  In the marine setting, traditional vessel-based oceanographic observing methods require special icebreaking capabilities, vessel freeze-in, or operation in remote areas from the ice surface.  All these barriers present their own challenges for safety, health, and the environment. 

			Relevance to Exploration and Development in the Arctic

			Although most Chukchi Sea exploration activity is currently conducted during the relatively short periods of open water, there is still a significant amount of activity in the other seasons, including winter.  For example, cost considerations often drive exploration activity into the shoulder seasons that overlap with winter ecological conditions.  Furthermore, some exploration in the shallow water of the Beaufort Sea and on land occurs in the winter.  When oil or gas are discovered, development and production activities function year-round with operating infrastructure, and supporting operations such as re-supply and construction also occur throughout the year.  Understanding the implications of year-round activity, especially in the marine environment, is important to an overall understanding of the potential impacts of exploration and development and accurate development of assessment and permitting documents.

			In addition to the general impacts of exploration and development activities, questions about the potential impacts of an oil spill that could occur during winter seasons and the effects on the flora and fauna of the winter ecosystem are a subject of conjecture.  Assessing the potential impacts of a winter oil spill is a necessary component of impact assessments related to permitting of both exploration and development activities.

			Current Knowledge on the Theme

			Primary production occurs during the Arctic winter in both terrestrial and marine ecosystems.411,412,413  In some cases, epontic algal communities (growing on the underside of the ice) are responsible for 74% of pelagic productivity sustaining populations of benthos and pelagic zooplankton, which in turn support fishes and higher tropic organisms.414,415,416  Resident populations of ice seals occur in the Arctic throughout the winter and spring and utilize under-ice habitat for foraging and ice habitat for denning, pupping, and rearing young.  Polar bears forage on ice and, in the case of pregnant females, den on ice as well as onshore during the winter and spring.

			Recent investigations utilizing satellite telemetry417 and acoustic deployments418 indicate that bowhead whales use areas that are ice dominated through much of the winter.  Polynyas (open water areas surrounded by pack ice)  are particularly important areas of upwelling and productivity during winter and spring.419 

			Planned Research or Investigation

			The development and expanded application of remote sensing technologies and instrumentation to be deployed on under-ice oceanographic moorings have greatly enhanced capacities to investigate both marine and terrestrial conditions and biological activity in ice and snow dominated environments.  Through the CSESP, industry continues to fund acoustic and oceanographic studies in the subnivian environment (i.e., under the snow pack).  The NSF maintains an Arctic Long Term Ecological Research site at Toolik Lake where long-term trends and ecological processes are investigated. 

			Theme 9:  Habitat Restoration and Rehabilitation

			Description of the Theme

			Oil and gas lease stipulations as well as federal regulations (Section 404 of the Clean Water Act) require rehabilitation or restoration when infrastructure is decommissioned.  The Natural Resource Damage Assessment (NRDA) process as well as other regulations can also require restoration following events that damage natural ecosystems, such as oil spills and ship groundings.

			Return of a damaged or affected site to a functional habitat for plants and animals without restoring the original species and processes is usually considered to be “rehabilitation,” while re-establishment of habitat features, species, and processes that were present prior to disturbance is usually considered to be “restoration.”  In practical terms, the lines between rehabilitation and restoration are often blurred, but in general Arctic projects should be thought of in terms of rehabilitation, reflecting conditions that render a return to the originally occurring species and processes difficult or impossible in meaningful time frames.  While most North Slope projects are focused on rehabilitation over time spans of 10 years and longer, many may eventually evolve into restoration projects (over many decades) as plant communities, ground ice conditions, and other site characteristics mature.

			Relevance to Exploration and Development in the Arctic

			Although various legal mechanisms require eventual rehabilitation, infrastructure intended for decades of service is often designed without serious consideration of decommissioning.  In recent years, however, there has been increased interest in “cradle-to-grave” designs.  Also, as rehabilitation projects become more common and more visible in the existing North Slope oil fields, recognition of the need to plan for eventual large-scale rehabilitation grows.  Two federal government reports pointed out the need for improved rehabilitation planning, noting that the costs of rehabilitation upon decommissioning may not be captured in current practices and that practical means of large-scale rehabilitation are poorly understood.420,421  North Slope oil spill response guidelines include recommendations that consider impacts of response on potential rehabilitation of vegetation communities.422  Also, permits for Arctic projects place increasing emphasis on rehabilitation, including off-site rehabilitation as a form of mitigation, and eventual on-site rehabilitation upon decommissioning. 

			Current Knowledge on the Theme

			More than 150 rehabilitation sites are currently managed and monitored in the existing North Slope oil fields, and hundreds of site-specific plans and monitoring reports have been submitted to agencies (see, for example, BP Rehabilitation Site database, available from BP Alaska in DVD format).  These sites range in size from a fraction of a hectare to more than 20 hectares.  Sites include abandoned exploration drilling pads, abandoned airstrips, oil spill sites, pipeline and cable trenches, sites damaged by vehicle travel, gravel mines, and abandoned artificial islands (see Figure 9-17).
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			Over the past 30 years, numerous peer-reviewed papers have described aspects of Arctic rehabilitation, including work on seeding and fertilizing, other methods of plant establishment, and rehabilitation site performance standards.423,424,425,426  In the past 5 years, new methods have been tested, including, for example, application of tundra sod capable of establishing natural plant communities within 2 to 3 years and application of tundra mats grown in greenhouses to quickly establish dense stands of the sedge Carex aquatilis. 

			The North Slope Plant Establishment Guidelines Table427 and the North Slope Gravel Pit Performance Guidelines428 summarize basic rehabilitation methods.  Annual in-field and in-office meetings bring together agency, academic, and private sector representatives, facilitating knowledge sharing among researchers, practitioners, and regulators involved with rehabilitation.

			Planned Research or Investigation

			Most planned research is integrated with trials on active rehabilitation sites.  For example, improvements in sodding methods are under investigation at several North Slope sites.  In addition, limited investigations of wildlife use of rehabilitation sites, especially by nesting birds, have been initiated on existing sites, as have initial pilot-level efforts to understand grazing impacts (especially goose grazing) on development of vegetation communities.

			In some cases, research projects unrelated to individual sites could provide needed information.  Examples include research on locating viable native species seed sources, optimal timing of seed collection, and seed harvesting techniques, all of which would benefit many future rehabilitation projects even though they cannot be justified as site-specific studies.  Similarly, a clear understanding of typical plant and animal community trajectories during the first two to three decades following initialization of rehabilitation is needed, but is beyond the scope of work associated with individual sites.  In almost all cases, research related to site rehabilitation in the North Slope oil fields requires 10 years or more, the minimum time typically needed for plant community development in the area.  Needs such as these underscore the potential value of a programmatic rather than a site-specific approach to rehabilitation research, a reality recognized by the broader community of North Slope ecological researchers and regulators but not captured by current initiatives.429

			Methods have progressed substantially over the past 10 years, and the need for a summary review accessible to researchers, regulators, and practitioners grows with each year of additional experience.  Future needs also include efforts to scale up current methods for use on larger areas and on more sites, perhaps in part through dedicated research programs or projects, along with development of overall rehabilitation strategies for aging infrastructure and cradle-to-grave planning for new infrastructure.

			Theme 10:  Air Quality

			Description of the Theme

			Potential impacts to air quality in existing and proposed oil fields come from (1) air pollutants carried into the area from other regions, including black carbon; (2) combustion emissions primarily associated with natural gas-fired equipment used for heating and electrical power generation in the oil fields; and (3) dust from roads and gravel pads in the oil fields.

			Relevance to Exploration and Development in the Arctic

			The Clean Air Act requires application of “best available control technology” to limit emissions from all major stationary sources in the United States.  In practical terms, permits allowing air pollutant emissions have dramatic impacts on the design of facilities.  In some cases, changes to existing facilities trigger requirements for upgrades to emission control technologies.

			Both onshore and offshore, regulations intended to control combustion emissions can mandate construction and operating permits that typically require significant time to obtain and that can cause project delays.  In addition, compliance with regulations can present challenges, as can stakeholder concerns about air quality.  In some cases compliance with air permits may place offshore vessels in areas where they have a greater potential to negatively affect marine mammals or may impede our ability to effectively respond to oil spills.  A significant issue facing operators are EPA dispersion models that may overestimate the potential impacts of combustion emissions while also requiring significant data collection and lengthy negotiations with regulators.  Onshore or nearshore developments using gravel pad or island construction may limit the footprint of the development to conserve use of wetlands or to lower costs while reducing the distance to the “fenceline” for dispersion modeling purposes.  This leads to excessive estimates of impacts and generates what is sometimes called a “perverse incentive”—that is, an incentive generated by an environmental requirement that increases, rather than decreases, environmental impacts.

			Although this assessment is focused on offshore oil and gas exploration and development, support and logistics for the offshore activity will require some onshore activities.  Construction and use of such facilities will require roads, laydown yards, etc., as identified in Chapter 7 (Logistics), and community interaction on such facilities may also generate road dust.  Road dust is not regulated, but its ability to affect and change plant communities close to gravel roads must be considered, especially in heavily trafficked areas such as the roads in Deadhorse, Alaska.  Dust from roads can coat vegetation and change the thermal characteristics of soils (mainly by changing soil albedo, or reflectivity), triggering thaw of shallow permafrost and subsequent collapse, or thermokarst, of surface soils.  Localized dust-triggered thermokarst is sometimes evident along the western edges of roads, reflecting the prevalence of summer easterly wind.  Dust-triggered thermokarst can alter local hydrology, increasing ponding near roads and increasing surface flows through channels that form between previously stable tundra polygons.  Impacts have led to occasional calls for improved methods of dust control.

			Stakeholder concerns about greenhouse gas emissions, coupled with ongoing discussions about possible changes in greenhouse gas regulations, leads to substantial uncertainty with the potential to affect business decisions.

			Current Knowledge on the Theme

			Air pollutants carried into the area from other regions result in what is often called “Arctic haze.”  Military reconnaissance flights as early as 1949 observed reduced visibility at altitudes generally above 1,000 meters.  Later research showed that Arctic haze originated as soot and sulphur dioxide emissions from industrial coal furnaces in northern Eurasia and Siberia.  This is referred to as black carbon deposition in the Arctic.  The U.S. EPA has summarized the current literature on black carbon and states, “Overall black carbon emissions are likely to decrease globally in the next several decades, but this trend will be dominated by emissions reductions in developed countries and may be overshadowed by emissions growth in key sectors (transportation, residential) in developing countries, depending on growth patterns.  Black carbon emissions in the United States are projected to decline substantially by 2030, largely due to controls on new mobile diesel emissions.”  Black carbon management and control has also been identified as a priority under the upcoming U.S. chairmanship of the Arctic Council.

			Nitrogen oxides (NOX) make up the majority of combustion emissions released in the existing oil fields, followed by carbon monoxide, particulate matter, and sulphur dioxide.  With exposure time and transport, most nitrogen oxides become nitrogen dioxides (NO2) and, eventually, nitrate aerosols.  Aerosols can, under the right conditions, decrease visibility.  Although fallout of combustion emissions has been associated with changes in plant communities in some regions, air pollutant levels in existing and proposed Alaskan Arctic oil fields remain below levels required to affect vegetation.  Studies undertaken by Cornell University’s Boyce Thompson Institute for Plant Research failed to show measurable impacts to vascular and nonvascular plants, including lichens, at Prudhoe Bay locations specifically chosen because of the relatively high levels of air pollutants.430  The same researchers exposed vegetation in the laboratory to pollutant levels far exceeding those in the field but did not report chronic or acute effects.

			Dust from roads can cause early snowmelt to a distance of 100 meters, allowing early season use by returning waterfowl.  During summer, road dust can decrease cover by Sphagnum species and other acidophilous mosses (which thrive in more acidic rain- or snow-water), can increase cover by minerotrophic moss species (which thrive in more basic, or alkaline, stream or spring water), and can eliminate soil lichens such as Cladina spp., Peltigera spp., and Stereocaulon spp.431

			The amount of greenhouse gas (GHG) emissions due to combustion is low compared to other industrialized areas because most power is generated using natural gas-fired combustion turbines.  GHG emissions are expected to decrease in the future as even more efficient stationary combustion turbines are installed to meet power requirements.

			Planned Research or Investigation

			Within the existing North Slope oil fields, operators have implemented comprehensive air quality ambient monitoring programs (see Figure 9-18) to establish baseline conditions, characterize emissions and impacts, and demonstrate Clean Air Act compliance.  Support of ongoing work may be jeopardized by changes in oil field management.  Efforts are underway to encourage a consortium approach to ongoing support of and possible expansion of existing monitoring programs.
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			A well-funded multi-year study of dust impacts on vegetation and shallow permafrost began in 2014.  Early results suggest that the study, led by Professor Donald (Skip) Walker of the University of Alaska, Fairbanks, will document increased thermokarst near roads over the past 20 years.

			Greenhouse gas research, including research on methods to reduce these emissions, is being actively pursued by many of the companies working in the Alaskan Arctic.  While most of this research occurs outside the Arctic, results relevant to Arctic operations can be applied in some circumstances.

			Theme 11:  Integrating Traditional and Local Knowledge

			Description of the Theme

			There are a variety of definitions for traditional knowledge across the literature and field.  The most common definition encompasses the historical knowledge of an area or region and the methods and customs traditionally deployed to thrive within that area.  This information is handed down from generation to generation.  Knowledge may pertain to an indigenous group, as it is most often used, or to any long-term peoples within an area.  Traditional knowledge can also include those historical adaptations made necessary by changes in physical area characteristics, or as new methods are deployed.  Local knowledge, in contrast, need not have the historical depth of traditional knowledge, but is a more current set of knowledge that may be localized to an individual’s lifetime.

			Complementary to the scientific process, which is subdivided by specialty and may be focused on a specific timeframe, traditional knowledge is taught in a holistic and linked manner.  As geographic exploration and scientific studies in the Alaskan Arctic began as early as the 18th century, learning from traditional and local knowledge has been long deemed critical for basic survival.  As in other parts of the world, early Arctic expeditions would bring along local guides with this multigenerational knowledge.  When initially establishing a field laboratory for Arctic science studies in the 1940s, traditional and local knowledge was applied to existing scientific techniques to optimize processes of construction, technology development and scientific data collection (Figure 9-19).
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			Relevance to Exploration and Development in the Arctic

			The history of peoples of the Arctic and their ability to both pass down traditional knowledge from the earliest years of life and to deploy that knowledge to survive the historically harsh and extreme Arctic environment is acknowledged and discussed by the oil and gas industry and agencies alike (Figure 9-20).  In the permitting processes, stakeholder consultation or engagement effort is certainly encouraged, recognizing the potential value to decision-making during development.
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			Specific areas of relevance for traditional knowledge include insight into the potential need for mitigation of either ecological or human impacts due to development.  In addition to traditional knowledge that goes back multiple generations, there is the local knowledge that retains experience of those earlier days of oil and gas development, along with experience of construction on permafrost or near species habitats and the effects thereof.  Seismic survey activity in the 1960s and its effects on whale migration is an example of this more recently acquired local knowledge.

			Traditional knowledge often informs project design and results in operational advantages and environmental benefits, and the permitting process can be disrupted or delayed when traditional knowledge is not visibly incorporated into exploration and development.  Concerns reflected in the literature by the traditional knowledge holders include assurance of the oil and gas industries’ appreciation of the relationship between subsistence lifestyle patterns and species habitats, the impacts of subsistence lifestyle on health, the preservation of culture, and concerns about cultural impacts due to climate changes.

			Current Knowledge on the Theme

			Many recent scientific studies have looked at the potential for integrating traditional knowledge and science with some options for co-management of a given process.  New roles have been created to further obtain knowledge of local species by those who have the deepest experiences in the environment, and to apply that knowledge to resource development.  Those with traditional and local knowledge have been employed within the oil and gas industry as subsistence advisors, village liaisons, and wildlife observers; however, the literature suggests there is more opportunity to integrate and leverage traditional knowledge with science and new industry technologies.  An often-mentioned recommendation suggests that this is, and will continue to be, an important contribution in the development of the Arctic.

			Planned Research or Investigation

			While studies have been done for some time on traditional and local knowledge, researchers frequently miss the opportunity to integrate that knowledge completely into science.  Participatory methodologies that incorporate both scientific and traditional and local knowledge are beginning to emerge, and there is interest in identifying an appropriate method of integration.  Nevertheless, much of the research appears to be focused on methodology for simply gathering and documenting traditional and local knowledge instead of viewing them as an additional source of data.  Emerging efforts to integrate traditional knowledge into science are leveraging existing local knowledge—and the current colleges of the Arctic appear poised to move this into reality, leveraging the local knowledge and experience of working with the industry during the past 50 years to continue the development of the Arctic into the future.

			Theme 12:  Emerging Technologies for Monitoring Ecological Change

			The process of addressing aspects of the research themes identified in the preceding sections can be facilitated by the development and advancement of a number of technical investigative tools.  Historically, collection of ecological data has been challenged by limitations of access that are presented by the barriers of the physical environment (ice and temperature extremes) and the remoteness of Arctic locations.  Cost, benefit, and risk are also factors that go into the determination of such studies.  The creation of research facilities like the Naval Arctic Research Laboratory, Barrow Arctic Science Consortium, the Toolik Creek Long Term Ecological Research site, and oil field infrastructure have provided shore bases from which both marine and terrestrial research can be conducted.  Many of the technologies discussed in this section are advantageous, in part because of their ability to collect data during periods of limited access over longer periods of time and to collect, manage, and report large volumes of data.

			An increasing number of oceanographic sensors and measurement systems are available for ecological characterization of the Arctic marine system.  Many of these systems have been recently reviewed in two NRC studies.432,433  They are briefly described in this section; the reader is directed to the NRC reports for a more complete discussion and set of references.

			These technologies are evolving at a rapid pace, yielding an ever-expanding selection of measurements and options for sampling designs.  Nevertheless, there are opportunities to improve the existing suite of available sensors, with improvements largely needed in autonomous sensor packages that are deployed for long time frames (months to a year) from drifting buoys, underwater vehicles, or moorings.  These are precisely the platforms required, along with longer-term power supplies and greater data transmission capabilities, to make year-round measurements in remote portions of the Arctic marine environment.  For example, the most mature sensors available are those that measure physical parameters of the system (light, ice thickness, currents, temperature, salinity, sediment load, bottom pressure).  Substantial improvements continue to be made in nutrient, pH, oxygen, methane, and pCO2 sensors.  Perhaps the most pressing need is for the development of sensors capable of detecting the genomic or molecular signatures of organisms that are or have been present in the area.

			Autonomous Underwater Vehicles 

			Autonomous underwater vehicles (AUVs), include buoyancy-driven ocean “gliders,” propeller-driven AUVs, and wave gliders.  All have potential for environmental monitoring, ocean process studies, and inspection of industrial facilities in the Arctic.  Each vehicle can collect high-resolution data and transmit it nearly in real time.  Mission protocols can be preprogrammed or adjusted “at sea” to permit adaptive sampling.  The vehicles operate differently from one another to allow independent or collaborative application.  Gliders and AUVs have been applied extensively in open water settings including the ice-free waters of the Arctic.  Previous under-ice AUV operations include under-ice and bathymetric mapping,434,435 seafloor exploration,436 and coastal hydrography.437  Under-ice glider operations are a more recent development and are still being vetted.  Wave gliders have been recently applied to the open water areas of the Arctic Ocean’s shelves.  These devices come in a range of sizes, payload capacity, navigation options, and endurance limits.  Deployment and recovery of the smaller vehicles can be done by hand from small vessels (including skiffs) or through the ice or both, while larger vehicles require mechanical aids (and therefore large vessels or ice camps).

			Although these vehicles can incorporate a variety of sensors, sensor configuration and mission design may be limited by vehicle size, power requirements of the sensors, and data storage or transmission capabilities.  Gliders and AUVs support standard oceanographic sensors (e.g., conductivity, temperature, depth profilers [CTDs], optics, passive acoustic recorders), while the AUVs can also incorporate acoustic Doppler current profilers (ADCPs), side-scan, and/or ice profiling sonars.  Sensor packages for the wave gliders are more limited (5 to 10 meters depth in ice-free conditions) given their size and that their propulsion mechanism limits the depth to which sensors can be deployed.  All vehicles are quite flexible in design so that as new sensors evolve, many could be incorporated easily into one or more of these vehicles.  While each vehicle type is mature, there are several hurdles to overcome in order to expand their use in the Arctic.  Gliders have difficulties navigating under ice, and while new navigational approaches appear promising, through-ice glider deployments and recoveries have yet to be explored.  Required glider improvements include incorporating inertial and acoustic navigation systems and a glider propulsion mechanism that would be used intermittently to enable gliders to navigate precisely to an ice hole for recovery.  There have been a variety of short-duration, attended AUV deployments under the ice, but extended, unattended operations under the ice will require substantial new developments for navigation, power, and communications.  These include an autonomous on-ice power and communication system that drifts with the ice and includes a through-ice docking port by which the AUV can recharge its batteries, transfer data to the surface, and receive new mission protocols.  It will also require the distribution of an acoustic transponder network (drifting with the ice or fixed on moorings or on the ocean floor) and acoustic modems for passing the position of drifting beacons to the vehicle.  AUVs will also require improved decision-making software for docking and for choosing the appropriate set of transponders by which to navigate.  An alternative docking scenario may be feasible in the event that offshore hydrocarbon development occurs and subsea pipelines extend onshore.  It may be possible to incorporate fixed AUV docking ports that include communication and power cables associated with the pipeline.

			Drifting Buoys

			In addition to autonomous vehicles, there is a variety of drifting sensor platforms (buoys) developed for the Arctic Ocean.  These buoys are either installed into and drift with the ice, drift in the ocean below the ice, or drift in open water.  They can carry a diversity of sensor packages that transmit their position (determined by GPS) and sensor data in real time via Iridium.  There are also polar profiling floats that drift for extended periods at a fixed depth beneath the ice and periodically rise to the surface, sampling the water column during ascent.  Once at the surface they transmit the data via Iridium, acquire a GPS fix, and then descend again.  These profilers do not break through the ice, but will surface if open water is present and then communicate.  For periods of extended under-ice operations, the profilers use fixed sound sources for geo-positioning but store their data until they reach open water.  To date most of the profilers have been developed to study ice and ocean physics, but it seems feasible that many other sensors can be adapted to these devices as well.

			High Frequency Radars 

			Surface ocean currents (uppermost 1 to 2 meters) can be determined in real time in the absence of heavy ice concentrations from shore-based high frequency radars (HFR).  The HFR systems work in pairs and are distributed at 70 to 100 kilometer intervals along the coast.  Surface currents are mapped at hourly intervals at a nominal spatial resolution of 6 kilometers, up to 150 to 200 kilometers offshore.  (Note, however, that at these high latitudes, the offshore extent varies with diurnal excursions of the ionosphere, or ionospheric disturbances throughout the day, so that range is diminished at night and expanded during the day.)  HFR are becoming prevalent along the coastlines of the continental United States, where grid power is easily accessible.  Limited access to grid power has prevented their application in the Arctic, but reliable autonomous power and satellite communication systems have been developed recently438 that allow HFR to operate in some remote locations.  HFRs are likely to become more usable in the Arctic for use as realtime response tools for oil spills, search and rescue, and vessel tracking.  In addition, HFR data could be incorporated into data assimilation ocean circulation models that may improve short-term predictions of field conditions for use as an oil spill response tool.

			Oceanographic Moorings

			Oceanographic moorings are typically deployed for extended periods (several months to a year) and contain a variety of sensor packages that sample at fixed time intervals.  These sensors may include devices for measuring ocean currents, temperatures, salinity, nutrients, bio-optical properties, or sediment loads, and may also include passive acoustic recorders, active acoustic recorders (for zooplankton and fish), ice keel depths, etc.  A chief difficulty for Arctic oceanographic moorings is that deep ice keels can capture the moorings and destroy or displace them from their positions so that they are effectively lost.  There are, however, a growing number of technologies that allow moorings to operate in the Arctic without loss of instrumentation or data.  Hence, the mooring data could be ideal for environmental assessments of how ocean properties vary in time throughout the year in regions and seasons when access by vessels is not feasible.  Oceanographic moorings can be modified so that data are transmitted to a surface buoy package, which then relays the data to shore in real time.  This approach is feasible during the open water season, but not when drifting pack ice is present.  Surface buoy packages can, however, be installed in the landfast ice zone where the ice is immobile.  In such an application, under-ice ocean sensors can be connected to the surface package so that real-time data transmission can be implemented.

			Acoustic Detection, Recording, and Analysis

			Acoustic detection and recording devices have been valuable tools for collecting ecological information about vocalizing marine mammal abundance, distribution, and behavior and about industry sound levels, since the 1980s.439,440  The capabilities of these systems have greatly increased over the last three decades, and include the ability to identify and locate some animal calls in time and space441 and to collect data year-round in both open and ice-covered water.442

			Based on methods developed in support of a single offshore production island (BP’s Northstar) beginning in 2001, an acoustic monitoring program in support of offshore exploration activities was established in the Alaskan Chukchi and Beaufort Seas in 2006 (Figure 9-21).  The acoustic monitoring program was designed to serve three primary functions: (1) record and characterize industry sound levels and sound propagation; (2) observe call distributions of marine mammals over a large area; and (3) investigate the possible effects of anthropogenic sounds on measurable aspects of bowhead whale behavior, such as call detection rates and locations in the Beaufort Sea.  Custom-designed autonomous recorders have been deployed to record industrial sounds produced by anthropogenic activities, and also the vocalizations of marine mammals around these activities.  In addition to large-scale acoustic monitoring programs in each sea, focused sound source characterization and sound source verification studies specific to particular industry activities have also been conducted for more than 20 years.
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			Several other acoustic programs are operated in the Arctic, including aspects of the CHAOZ program that is funded by BOEM and operated by NOAA.  BP’s work at Northstar used acoustic monitoring to assess potential environmental effects of industrial sounds on migrating bowhead whales beginning in 2001.  Recently the ability to record, identify, and communicate data about vocalizing marine mammals has been established on an AUV glider.443 

			Ice-Capable Research Vessels

			Research vessels will always be required for ecosystem assessment, instrument deployment and recovery, and experimental studies in the Arctic.  Numerous reports have discussed the need for ice-capable research vessels.444,445  The NSF’s R/V Sikuliaq, operated by the University of Alaska, is an ice-capable research vessel designed for operations in ice thicknesses of 1 meter or less, and will be available in 2015.  The USCGC Healy, a medium-duty icebreaker, has science as its primary mission and is at mid-life, with another 15 to 20 years of service before decommissioning.  The USCGC Polar Star, a heavy icebreaker, has recently undergone extensive refitting and will serve national security interests in the Arctic and Antarctic.  The Arctic Icebreaker Coordinating Committee was established by the USCG, NSF, and University National Oceanographic Laboratory System for the purpose of facilitating and coordinating Arctic research aboard ice-capable research vessels.

			Theme 13:  Oil Spill Prevention and Response—Ecological Fate and Effects of Oil and Response Measures

			Understanding the many aspects and implications of an oil spill in Arctic waters is one of the most significant questions that is raised in relation to prudent exploration and development of this region.  For the purpose of convenience to the reader the entire discussion of oil spill prevention, response, and the fate and effects of oil in the environment has been addressed in Chapter 8, and the reader is referred to this chapter.  The theme is included within this chapter, however, in recognition that the investigation of the ecological processes and ramifications of oil in the Arctic ecosystem is a widely recognized area of priority research.

			When oil enters the ecosystem, either through inadvertent release or through natural seeps,446 it undergoes a number of processes that ultimately determine the short- and long-term fate of the molecular components of the oil.  These processes, in combination with the characteristics of the specific oil released and the presence and relative susceptibility of ecological resources present, influence the ecological effects of that oil.  Physical characteristics of the environment, such as temperature and ice, also influence the processes of both fate and effects of oil in an ecosystem.  Response measures such as the use of dispersants or in-situ burning may have their own aspects of ecological fate and effects.

			There is a large and expanding body of science and literature related to the fate and effects of oil and response measures in a variety of ecological settings.  Questions remain, however, about whether the Arctic represents a special case of behavior, persistence, or sensitivity of organisms.  It is important to recognize that there is a body of research that has been done on these topics and that the results of these studies to date indicate a general consistency with the fate and effects of oil in more temperate locations.  As exploration continues to develop in the Arctic, it can be expected that this science will expand and will continue to inform decision-making and research planning in this field.

			Current Research Groups with Programs, Initiatives, and Activities on Arctic Ecology 

			This section provides a summary of current research groups that state they have programs, initiatives, and activities specifically on Arctic ecology.  Summaries are organized by entity responsible for the program or initiative such as international, U.S. agencies and organizations, private industry, and public (i.e., nongovernmental) organizations.  This is not meant to be an exhaustive list of all Arctic research programs but is focused on ecological programs that currently exist with the purpose of supplementing data requirements necessary for oil and gas exploration and development. 

			International Organizations

			Arctic Council

			The Arctic Council was conceived in 1996 as a high-level intergovernmental panel of Arctic nations for the purpose of promoting cooperation and interaction between the Arctic states, with the involvement of indigenous communities and other Arctic inhabitants in common Arctic issues, in particular issues of sustainable development and environmental protection in the Arctic.  The Arctic Council member states are Canada, Denmark, Finland, Iceland, Norway, Russian Federation, Sweden, and the United States.  There is also a Permanent Participant member category that includes indigenous groups based in the member states.  Within the Arctic Council are six working groups: 

			•Protection of the Arctic Marine Environment 

			•Conservation of Arctic Flora and Fauna 

			•Arctic Monitoring and Assessment Program 

			•Arctic Contaminants Action Program 

			•Emergency Prevention, Preparedness and Response 

			•Sustainable Development Working Group.

			International Arctic Science Committee

			The International Arctic Science Committee (IASC) is a nongovernmental, international scientific organization whose mission is to encourage and facilitate cooperation in Arctic research in all countries engaged in Arctic research and in all areas of the Arctic region.  IASC promotes and supports interdisciplinary research in order to foster a greater scientific understanding of the Arctic region and its role in the Earth system.447

			Pacific Arctic Group

			Pacific Arctic Group (PAG) is a group of institutes and individuals with a Pacific perspective on Arctic science.  Organized under IASC, the PAG’s mission is to serve as a Pacific Arctic regional partnership to plan, coordinate, and collaborate on science activities of mutual interest.  The four PAG principal science themes are climate, contaminants, human dimensions, and structure and function of Arctic ecosystems.448

			International Association of Oil & Gas Producers

			International Association of Oil & Gas Producers (IOGP) is an upstream oil and gas producer association with a focus on industry research and advocacy that started in 1974.  It works on behalf of the world’s oil and gas exploration and production companies to promote safe, environmentally responsible, and sustainable operations.  It has published materials that are relevant to the interface of Arctic ecology and the oil and gas industry such as the Environmental Management in Arctic Oil and Gas Operations–Good Practice Guide.  This global industry group of 82 member companies is organized into various committees that produce publications, fact sheets, and position papers, and issue industry-focused press releases.  IOGP focuses on industry safety and security and promotes social responsibility and sustainability.  The IOGP has an Arctic Committee as one of its eight permanent standing committees to be the technical and advocacy focal point for the industry on issues related to upstream activities in the Arctic.

			The Arctic Committee and the Environment SubCommittee are currently addressing several key issues: Arctic science, Arctic oil spill response, climate change, sound and marine life, technology and standards, natural resources management and development, and indigenous peoples.  IOGP is currently the leader in Arctic oil spill prevention research and is conducting research in: environmental impacts from Arctic oil spills and Arctic oil spill response technologies, fate of dispersed oil under ice, mechanical recovery of oil in ice, oil spill detection and mapping in low visibility and ice, dispersant testing under realistic conditions, and in-situ burning of oil in ice-affected waters.449

			The IOGP is also the body that is managing the Sound and Marine Life JIP, which is focused on researching the propagation and transmission of sound, its effects on marine life, mitigation and monitoring methodologies and advanced research tools.

			Alfred Wegner Institute, Helmholtz Centre for Polar and Marine Research

			The Alfred Wegener Institute (AWI) conducts research in the Arctic and Antarctic, as well as in temperate latitudes.  The AWI coordinates polar research in Germany and provides the necessary equipment and key infrastructure for polar expeditions.450  Scientists from various disciplines and nations use technology for cooperative and interdisciplinary investigations of the global climatic, biological, and geological systems of the earth.  Currently, the framework for ongoing scientific projects at the AWI is provided by the research program Polar Regions and Coasts in a Changing Earth System, following the program Marine, Coastal and Polar Systems (2004-2008).

			Research Council of Norway 

			The Research Council of Norway is a national strategic and funding agency for research activities.  Svalbard provides a location for Norwegian Arctic research and has come to serve as a venue for an increasing number of foreign research institutions as well.  The Research Council seeks to:

			•Enhance the knowledge infrastructure of the North

			•Obtain the best possible knowledge for public administrators, communities, and trade and industry 

			•Strengthen international research cooperation.

			The Research Council invites researchers, companies, and investors to take part in Norway’s northern areas initiative.  They state that processes affecting the Arctic region are important in the context of global problems, and encourage the international research community to work together to deal with these important issues.451

			Natural Environment Research Council, Arctic Research Programme, UK

			The Arctic represents a critical region for global environmental change: a region where the UK has significant strategic interests.  It is their stance that understanding the drivers and feedbacks of this change, and predicting its scale and rate on time scales from months to decades, represents a major and urgent global scientific challenge of great societal importance.  To address these scientific uncertainties, Natural Environment Research Council (NERC) is investing in a 5-year Arctic Research Programme, over the period 2010 to 2015.452  The Arctic program focuses on four linked scientific objectives:

			•Understanding and attributing the current rapid changes in the Arctic 

			•Quantifying processes leading to Arctic methane and carbon dioxide release

			•Reducing uncertainty in Arctic climate and associated regional biogeochemistry prediction 

			•Assessing the likely risks of submarine hazards associated with rapid Arctic climate change.

			Other Countries That Conduct Research Focused on Arctic Ecology

			In addition to programs listed above, Sweden, Finland, Denmark, Iceland, Greenland, Russian Federation, South Korea, China, and Canada also conduct Arctic research programs focused on ecology.  While not an exhaustive list, the Arctic Research Institute Database provides a list of research institutions by country or by topic and can be accessed to get a list of research programs underway that may be related to Arctic ecology.453

			United States Agencies and Organizations

			Academic Research

			University of Alaska Fairbanks, Center for Global Change and Arctic System Research

			The Center for Global Change and Arctic System Research (CGC) was established in March 1990 to serve as the focal point at the University of Alaska Fairbanks (UAF) for developing, coordinating, and implementing interdisciplinary research and education related to the role of the Arctic and sub-Arctic in the Earth system, and to stimulate and facilitate global change research in this region.  CGC also administers the Cooperative Institute for Alaska Research, a joint venture between NOAA and the University of Alaska that focuses on ecosystem and environmental research related to Alaska and its associated Arctic regions, including the Gulf of Alaska, Bering Sea, Chukchi/Beaufort Seas, and Arctic Ocean.  CGC is organized under the International Arctic Research Center,454 but involves scientists from numerous UAF departments and institutes.

			University of the Arctic

			The University of the Arctic (UArctic) is a cooperative network of universities, colleges, research institutes, and other organizations concerned with education and research in and about the North.  UArctic works to build and strengthen collective resources and collaborative infrastructure that enables member institutions to better serve their constituents and their regions.  Through cooperation in education, research, and outreach they work to enhance human capacity in the North, promote viable communities and sustainable economies, and forge global partnerships.  Among the goals of UArctic’s research area focused on the North are: to increase research cooperation between UArctic member universities and research organizations, to improve opportunities and conditions for research funding, and to promote cooperation with international science organizations and the use of traditional knowledge.455

			Purdue Climate Change Research Center 

			The Purdue Climate Change Research Center (PCCRC) was established in April 2004 and is focused on interdisciplinary research on climate change and its ecological, social, economic, and political impacts.  The overarching goals of PCCRC research are to understand the causes and consequences of climate change; improve predictive models to project future climate conditions; and inform ongoing state, national, and international policy discussions on climate change, including mitigation and adaptation strategies.456

			Federal Agency Research

			Bureau of Ocean Energy Management, Environmental Studies Program, North Slope 

			The Division of Environmental Sciences manages the Environmental Studies Program (ESP) for the BOEM.  ESP develops, conducts and oversees world-class scientific research specifically to inform policy decisions regarding development of Outer Continental Shelf energy and mineral resources.  Research covers physical oceanography, atmospheric sciences, biology, protected species, social sciences, economics, submerged cultural resources, and environmental fates and effects.  BOEM is a contributor to the growing body of scientific knowledge about the nation’s marine and coastal environment including in the Arctic.  BOEM’s Alaska Region Office is responsible for managing the development of oil, natural gas, renewable energy, and mineral resources on Alaska’s Outer Continental Shelf in an environmentally and economically responsible way.  To that end, it manages programs relating to lease management, exploration plans, environmental science, environmental analysis, and resource evaluation.  It oversees more than 1 billion acres on the Outer Continental Shelf and more than 6,000 miles of coastline—more coastline than in the rest of the United States combined.457

			North Slope Science Initiative 

			The North Slope Science Initiative (NSSI) is an intergovernmental effort to increase collaboration at the local, state, and federal levels to address research, inventory, and monitoring needs as they relate to development activities on the North Slope of Alaska.  The vision of the NSSI is to identify those data and information sources that management agencies and governments will need in the future to responsibly manage development and natural resources.  The NSSI is made up of the following partners: Bureau of Land Management, USFWS, National Park Service, NOAA, BOEM, Alaska Department of Natural Resources, ADF&G, Alaska Slope Regional Corporation, North Slope Borough, and the Bureau of Safety Environmental Enforcement (BSEE).  In addition, the NSSI has an Oversight Group that includes the above organizations with the following additions: USGS, U.S. Arctic Research Commission, Department of Energy (DOE), National Weather Service, and the Coast Guard (USCG).  The Science Technology Advisory Panel (STAP) provides advice to the Oversight Group.  Members of the STAP are required to receive Federal Advisory Committee Act approval and come from state and federal agencies, industry groups, and other private organizations.

			Currently the NSSI has cataloged a total of 123 long-term monitoring studies.  The NSSI Oversight Group is undertaking a project called the “Scenarios for North Slope Development and Related Science Needs” to identify future research and monitoring needs.  Collaborators on this project include NSSI, the University of Alaska Fairbanks, and GeoAdaptive, LLC.  The process will contribute toward strategies to help develop the plausible outlook of future U.S. Arctic development as they pertain to environmental research and monitoring needs.  Based on this effort, NSSI will assess the science needed to understand the implications of each scenario, so that NSSI member agencies will be prepared with strategies to collect the appropriate information to make effective decisions.458

			National Research Council, Polar Research Board

			The Polar Research Board (PRB) has a long history of distinguished service to the polar community.  PRB exists to promote excellence in polar science and to provide independent scientific guidance to federal agencies and the nation on science issues in the Arctic.459  The PRB strives to:

			•Make research in the polar regions more productive and responsive to the needs of the United States 

			•Maintain U.S. awareness of and representation in international science programs

			•Enhance understanding of issues in polar regions. 

			The PRB program has two elements: a core element and a study element.  Under its core element, the PRB serves as a source of information and assistance to federal agencies, Congress, and others in the polar community, and attempts to foster improved coordination of research activities at both poles.  The PRB also serves as the U.S. National Committee for the IASC.  Arctic-focused reports include:

			•The Arctic in the Anthropocene: Emerging Research Questions460

			•Responding to Oil Spills in the U.S. Arctic Marine Environment461

			•Seasonal-to-Decadal Predictions of Arctic Sea Ice: Challenges and Strategies462

			•Scientific Value of Arctic Sea Ice Imagery Derived Products463 

			•Toward an Integrated Arctic Observing Network.464

			Arctic Research Commission

			The U.S. Arctic Research Commission (USARC) contributes to the effort of Arctic research by identifying research goals and objectives for the nation, and then working with a broad variety of entities in federal, state, local, and tribal governments, nongovernmental organizations, industry, and in other countries to advance Arctic research.  USARC states that it listens to and consults with communities of scientists, researchers, decision-makers, and Arctic residents.  Under the Arctic Research and Policy Act, USARC recommends key goals and objectives biennially for the U.S. Arctic Research Program Plan.  For this report, USARC gets input from scientific researchers, policymakers, the public in Alaska and the United States, and nations with Arctic interests.  In defining its research goals and objectives, USARC cosponsors scientific meetings and workshops on oil spill response; the impacts of an ice-diminishing Arctic on naval and maritime operations, on the provision of safe supplies of water and sanitary facilities in rural Alaska, on Arctic civil infrastructure, and on “Operating in the Arctic: Supporting U.S. Coast Guard Challenges Through Research.”

			Interagency Arctic Research Policy Committee

			The U.S. Interagency Arctic Research Policy Committee (IARPC) consists of 15-plus agencies, departments, and offices across the federal government.  Established by Congress through the Arctic Research and Policy Act, IARPC is chaired by the National Science Foundation.465  The IARPC states that it: 

			•Helps set priorities for future Arctic research

			•Works with USARC to develop and establish an integrated national Arctic research policy to guide federal agencies in developing and implementing their research programs in the Arctic

			•Consults with the USARC on matters related to Arctic research policy, programs, and funding support 

			•Develops a 5-year plan to implement the national policy, and updates the plan biennially 

			•Coordinates preparation of multiagency budget documents for Arctic research 

			•Facilitates cooperation between the federal government and state and local governments in Arctic research 

			•Coordinates and promotes cooperative Arctic scientific research programs with other nations 

			•Promotes federal interagency coordination of Arctic research activities, including logistical planning and data sharing 

			•Submits a biennial report to the Congress through the President containing a statement of the activities and accomplishments of the IARPC since its last report.

			National Oceanic and Atmospheric Administration

			The NOAA works in Arctic science, service, and stewardship, ranging from biological, physical, and chemical research; to weather and climate services; to nautical charting, spill response, fisheries management, and marine mammal protection.  NOAA’s six Arctic strategic goals are to: forecast sea ice; improve weather and water forecasts and warnings; strengthen foundational science to understand and detect Arctic climate and ecosystem changes; improve the stewardship and management of ocean and coastal resources in the Arctic; advance resilient and healthy Arctic communities and economies; and enhance international and national partnerships.  Other key areas for NOAA are improving Arctic mapping and charting and improving Arctic environmental incidence prevention and response.  The geographic scope of NOAA’s Arctic Action Plan includes all of the areas defined by the Arctic Research and Policy Act of 1984 including West Bering Sea, East Bering Sea, Chukchi Sea, and Beaufort Sea.  NOAA currently has active programs in all of these Arctic geographic subareas.466

			North Pacific Research Board, Arctic Program

			The North Pacific Research Board (NPRB) works on peer-reviewed scientific research in the Chukchi and Beaufort Seas that informs effective management and sustainable use of marine resources.  NPRB’s Arctic Program involves a synthesis of existing scientific and traditional knowledge of the Arctic marine ecosystem and an identification of research needs to help plan a potential upcoming research program that will likely be undertaken in cooperation with other organizations.  Early stages of this program include the Pacific Marine Arctic Regional Synthesis a synthesis of existing information on the marine ecosystem in the Bering Strait and Chukchi and Beaufort Seas.  Funding for this effort comes from Shell Exploration and Production and ConocoPhillips.  In later stages the Arctic Research Program plans to develop a coordinated, collaborative program to fund science that will improve the understanding of the Arctic marine ecosystem.467

			Department of Energy

			The mission of the DOE is to ensure U.S. security and prosperity by addressing its energy, environmental, and nuclear challenges through transformative science and technology solutions.  In the Arctic, DOE is currently involved in the “Using Artificial Barriers to Augment Fresh Water Supplies in Shallow Arctic Lakes” project with the UAF.  The goal of this project is to implement a snow control practice to enhance snowdrift formation as a local water source that recharges a depleted lake despite possible unfavorable climate and hydrology.468

			Department of Defense

			The U.S. Department of Defense’s strategic approach for the Arctic supports the U.S. National Arctic Strategy469 and enables the United States to exercise sovereignty and protect the homeland, engage public and private sector partners to improve domain awareness in the Arctic, preserve freedom of the seas in the Arctic, evolve Arctic infrastructure and capabilities consistent with changing conditions, support existing agreements with allies and partners while pursuing new ones to build confidence with key regional partners, provide support to civil authorities as directed, partner with other departments and agencies and nations to support human and environmental safety, and support the development of the Arctic Council and other international institutions that promote regional cooperation and the rule of law.470

			U.S. Coast Guard

			The USCG’s strategic objectives are to improve awareness of maritime activity, modernize governance of the region, and broaden partnerships.  The USCG Arctic strategy document discusses the current status of sea ice including shore-fast ice and multi-year ice.  USCG leads efforts to plan for and respond to environmental threats under the National Oil and Hazardous Substances Pollution Contingency Plan.  Opportunities for expanded USGC capabilities include the need for more icebreaking ships and long-range patrol vessels, additional aviation assets, improvements to domain awareness, and better charting and communication systems.471

			Bureau of Land Management 

			The Bureau of Land Management (BLM) Alaska Energy Program is responsible for the administration of leasable federal minerals, including oil and gas, phosphates, coal, coal bed natural gas, oil shale, and geothermal resources.  The BLM reviews and approves permits and licenses from companies to explore for leasable minerals on federal lands.  A federal lease must be obtained before development and production of these resources can take place.  The primary responsibilities of BLM Alaska’s Energy Program include: conducting pre-lease assessments and post-lease sale bid evaluations for the tracts in the National Petroleum Reserve in Alaska; permitting oil and gas exploration and development activities; protecting federal lands from drainage of oil and gas from wells drilled on nonfederal lands; administering federal oil and gas units; inspecting industry operations for compliance with regulations, lease terms, and permit conditions; and conducting mineral evaluations and development scenarios for land exchanges (sales or disposals, resource management plans, environmental impact statements) and land use plans developed by other federal agencies.472

			U.S. Fish and Wildlife Service

			The USFWS functions to enforce federal wildlife laws, protect endangered species, manage migratory birds, restore nationally significant fisheries, and conserve and restore wildlife habitat such as wetlands.  In Alaska, the USFWS manages 16 National Wildlife Refuges totaling 76,774,229 acres, dedicated specifically for wildlife conservation, including the Arctic National Wildlife Refuge.  USFWS also contributes to research studies to follow up on a 1987 Coastal Plain Resource Assessment and Legislative Environmental Impact Statement to assess the potential impacts of development on the Refuge coastal plain.  The USFWS worked with the USGS to produce an update of such research titled Arctic Refuge Coastal Plain Terrestrial Wildlife Research Summaries in 2002.  USFWS also coordinates and leads the Arctic Landscape Conservation Cooperative.473

			Arctic Landscape Conservation Cooperative

			The Arctic Landscape Conservation Cooperative (ALCC) supports conservation in the Arctic by providing applied science and tools to land managers and policymakers.  ALCC is committed to studying topics such as the effects of a warming climate on subsistence food safety, fish and bird distribution, and the preservation of extant data sets that will become increasingly difficult to find and recover with time.  Within Alaska, the Arctic LCC encompasses three eco-regions; the Brooks Mountain Range, the Arctic Foothills, and the broad Arctic Coastal Plain.474

			National Science Foundation

			The NSF Arctic Research Opportunities program invites investigators to submit proposals to conduct research about the Arctic.  Arctic research includes field and modeling studies, data analysis, and synthesis about the Arctic region.  The goal of the NSF Section for Arctic Sciences, Division of Polar Programs, is to gain a better understanding of the Arctic’s physical, biological, geological, chemical, social, and cultural processes; the interactions of oceanic, terrestrial, atmospheric, biological, social, cultural, and economic systems; and the connections that define the Arctic.  The NSF sponsors the following Arctic research programs: Arctic Natural Sciences Program, Arctic System Science Program, Arctic Social Sciences Program, Arctic Observing Network, and the Polar Cyber Infrastructure.475

			U.S. Geological Survey

			In 2010, the U.S. Secretary of the Interior asked the USGS to conduct an initial, independent evaluation of the science needs that would inform the administration’s consideration of the right places and the right ways in which to develop oil and gas resources in the Arctic Outer Continental Shelf, particularly focused on the Beaufort and Chukchi Seas.  In 2011, USGS developed more than 50 findings and recommendations in the course of its examination of these topics, including detailed scientific information, key knowledge gaps, and recommendations.476

			National Center for Atmospheric Research

			The National Center for Atmospheric Research (NCAR) is a federally funded research and development center devoted to service, research, and education in the atmospheric and related sciences.  NCAR’s mission is to understand the behavior of the atmosphere and related physical, biological, and social systems; to support, enhance, and extend the capabilities of the university community and the broader scientific community, nationally and internationally; and to foster transfer of knowledge and technology for the betterment of life on Earth.  The NSF is NCAR’s primary sponsor, with significant additional support provided by other U.S. government agencies, other national governments, and the private sector.477

			State Agency Research

			Alaska Department of Fish and Game 

			The ADF&G conducts research in support of its regulatory authority over lands and waters to protect fish and wildlife populations and their habitats.  ADF&G land and water use permits, required for development in Alaska’s Arctic, are issued through the Division of Habitat and can be divided into two major categories: fish habitat permits and special area permits.  The department also reviews land plans and land use actions of other agencies with jurisdiction in the Arctic.

			Alaska Department of Environmental Conservation

			The Alaska Department of Environmental Conservation (ADEC) is made up of five divisions: Air Quality, Environmental Health, Administrative Services, Spill Prevention and Response, and Water.  The Spill Prevention and Response Division is also tasked with the Industry Preparedness Program, which protects public safety, public health, and the environment by ensuring that producers, transporters, and distributors of crude oil and refined oil products prevent oil spills and are prepared materially and financially to clean up spills.  ADEC is part of an interagency collaboration with U.S. EPA, NOAA, USFWS, and USGS called National Aquatic Resource Surveys (NARS) – Alaska Monitoring and Assessment Program.  The focus of NARS in Alaska for the next 5 years is the Arctic Coastal Plain.478

			Alaska Department of Natural Resources

			The mission of the Alaska Department of Natural Resources (ADNR) is to develop Alaska’s resources responsibly by making them available for maximum use and benefit consistent with the public interest.  ADNR conducts and contributes to Arctic research in support of this mission.  ADNR manages all stateowned land, water and natural resources, except for fish and game, on behalf of the people of Alaska.  In 2013, ADNR published The Oil and Gas Resource Evaluation & Exploration Proposal for the Arctic National Wildlife Refuge 1002 Area to “foster a cooperative effort between the State, local, and federal governments and private parties to responsibly assess and explore the 1002 Area.”479,480

			Tribal Research

			Inuit Circumpolar Council

			The Inuit Circumpolar Council’s (ICC’s) Executive Council made considerable efforts and significant gains in advancing the interests of Inuit with respect to climate change between 2002 and 2006 and undertook many climate change activities.  These include communicating its Arctic manifestations to the world, working with those who hope to mitigate the current and future impacts of climate change, and supporting initiatives to hold those responsible for climate change accountable to Inuit and other affected parties.  ICC participated in the preparation of the Arctic Climate Impact Assessment by the Arctic Council (2002-2004).  ICC also drafted climate change policy recommendations in cooperation with all six permanent participants to the Arctic Council in 2004.

			Native Village of Kotzebue

			The Native Village of Kotzebue Environmental Program director was hired to develop a program to address environmental issues that identify environmental priorities for the community.  In 2011, Whiting et al. produced Combining Iñupiaq and Scientific Knowledge: Ecology in Northern Kotzebue Sound, Alaska.  The Native Village of Kotzebue continues to work in the area of environmental education, informing Kotzebue’s citizens so they can participate more effectively in influencing public policy that will affect their Arctic environment.481

			Alaska Eskimo Whaling Commission and Environmental Law Institute’s Ocean Program

			In partnership with the Alaska Eskimo Whaling Commission, the Environmental Law Institute has worked to increase understanding of how communication occurs between researchers and coastal communities during research focused on the Alaskan marine environment.  They focus especially on research related to the management of marine subsistence resources, including questions about climate change and its impacts.  Their goal is to understand what processes should be used to guide research project design, implementation, and information dissemination so that it incorporates the knowledge and input of coastal communities and benefits them over the long term.482

			Alaska Beluga Whale Committee

			The Alaska Beluga Whale Committee (ABWC) conducts research to understand the biology of the whales to ensure that the populations remain large enough for sustainable harvests.  A primary goal of the ABWC is to maintain a healthy beluga whale resource for subsistence use and public enjoyment by future generations.  Co-managed research by the ABWC and researchers contributes to collection of whale samples by hunters that scientists cannot get, information sharing with ABWC about safe harvest levels and other scientific baseline data, and sharing of traditional knowledge about the whales that can better inform decision-makers.483

			Eskimo Walrus Commission

			The Eskimo Walrus Commission (EWC) works cooperatively with USFWS to monitor subsistence hunts, collect detailed walrus harvest data and biological samples, and record harvest data through the federally mandated marking, tagging, and reporting program.  Gathering culturally based traditional knowledge is an important aspect of co-management.  The EWC also works with USFWS to address challenges associated with climate change and the impacts to the walrus population.484

			Alaska Nanuuq Commission

			The Alaska Nanuuq Commission (ANC) is the federal co-management body for the conservation and management of Alaska’s polar bears.  Along with partners at USFWS, ANC is working together to protect polar bears and the Alaskan Native subsistence way of life by development of a shared harvest management plan under an international agreement between the United States and the Russian Federation.485

			Ice Seal Committee

			The purpose of the Ice Seal Committee (ISC) is “to preserve and enhance the marine resources of ice seals including the habitat; to protect and enhance Alaska Native culture, traditions, and especially activities associated with subsistence uses of ice seals; to undertake education and research related to ice seals.”  Collection of harvest information is a top priority and is an important contribution to management of seals.  In collaboration with ADF&G, ISC has worked to compile available ice seal harvest information into one document that is updated annually.486

			Regional Research

			North Slope Borough, Department of Wildlife Management

			The North Slope Borough (NSB) Department of Wildlife Management manages resources encompassing 89,000 square miles in northern Alaska.  It contains the following eight Iñupiat villages: Anaktuvuk Pass, Atqasuk, Barrow, Kaktovik, Nuiqsut, Point Hope, Point Lay, and Wainwright.  The Department of Wildlife Management conducts research to support sustainable harvests and fish and wildlife population monitoring from local to international levels.487  In 2010, NSB entered into a Collaborative Research Agreement with Shell Exploration & Production to guide research based on needs and priorities to help fill data gaps in Arctic research.  The NSB and Shell recognized that better scientific information was needed to make good decisions regarding development in the Arctic Ocean, specifically in the Chukchi and Beaufort Seas.488

			Northwest Arctic Borough, Research Steering Committee

			The Northwest Arctic Borough (NWAB) covers approximately 36,000 square miles in Northwest Alaska.  The NWAB Planning Department contributes to research and knowledge sharing related to climate change, coastal management and flood protection, land coordination and mapping, and to land management associated with rights-of-way, easements, and historical protection.  In April 2013, Co-Principal Investigators Noah Naylor of NWAB and Pauline Harvey of Chukchi College coordinated a Workshop on Improving Local Participation in Research in Northwest Alaska.

			Private and Nongovernmental Research

			The following summaries provide an overview of industry and nongovernmental organization (NGO) sponsored research as well as collaborations between these entities and with government agencies.

			BP Exploration Alaska Inc.

			BP Exploration Alaska Inc. (BPXA) has been conducting research in support of oil and gas exploration and development beginning before the beginning of the Endicott Development Project in 1974.  Ecological research has supported several BPXA developments including but not limited to Northstar and Liberty Developments and the Trans-Alaska Pipeline.  More recently, BPXA initiated annual summaries of monitoring of North Slope ecosystems (2002 to present).489  The program’s goal was to summarize “scientifically sound information on the current status and long-term trends in the composition, structure, and function of North Slope ecosystems, and to determine how well current management practices are sustaining those ecosystems.”  Some examples of their studies include vegetation and active layer thickness monitoring; tundra nesting birds; snow geese, brant, and ravens; nearshore fishes; the Boulder Patch; ringed seal counts at Northstar Island; underwater sound; and whale calls.

			ConocoPhillips Alaska Inc.

			ConocoPhillips Alaska Inc. (CPAI) has a history of ecological research in Alaska’s Arctic to support development projects dating back to Prudhoe Bay Waterflood (formerly ARCO) and the more recent Alpine Development.  CPAI routinely conducts environmental studies to support exploration, development, and operations activities.  CPAI has collaborated with stakeholders for their onshore program and has extended that model to the offshore in the Chukchi and Beaufort Seas.  These studies have resulted in the accumulation of years of key data that enables CPAI to plan the routing and placement of gravel roads, pipelines, drilling pads, and general operations in a way that minimizes effects to the environment, including effects on migratory birds and other wildlife.  Working with federal, state, and local regulators, as well as local communities, CPAI conducts multi-year baseline environmental studies programs, including hydrological surveys, lake surveys for water quality and fish species, archaeological surveys, wildlife surveys (birds and caribou), and vegetation mapping.  ConocoPhillips is also a contributor to the Chukchi Sea Environmental Studies Program described in more detail below.

			Pioneer Natural Resources (now Caelus Energy)

			In 2003, Pioneer Natural Resources (now Caelus Energy) began work on the Oooguruk Development Project and was responsible for studies in and around the Colville River Delta related to caribou, fish, and acoustics monitoring and aerial surveys for marine mammals.  Pioneer also conducted forward-looking infrared surveys for polar bear dens.  This baseline research contributed to completing the National Environmental Policy Act (NEPA) process to evaluate potential impacts, and ultimately permits for development, in 2006.

			Shell Oil Exploration and Production

			Shell’s Arctic Science program builds on their long experience of exploration and operations in the Arctic and sub-Arctic.  Shell works with local people to study historical trends and consider how oil and gas activity can coexist with the subsistence culture and Arctic communities.  Shell also learns from indigenous people, whose traditional ecological knowledge can contribute essential information and provide an early warning system for potential environmental problems.  Their Subsistence Advisor Program is an example of how the company is drawing on local traditional knowledge to inform environmental studies programs in Alaska’s Arctic.  Shell carries out integrated research that includes zoology (caribou calving, ecology of forage fishes, ringed seal behavior, etc.), sediment sampling, deepwater studies, and looking at the food web systems that support marine mammals.  The Chukchi Sea Environmental Studies Program is a collaborative effort between Shell, ConocoPhillips, and Statoil to collect baseline data about the marine environment for oil and gas permit applications, NEPA compliance, and to help manage these resources.  Also as described above, in 2010 Shell entered into a long-term agreement with Alaska’s NSB to collaborate on further research into significant environmental challenges connected with developing energy resources in the region.

			Statoil-ARCTOS Arctic Research Program

			Statoil, an energy company based in Norway, believes in sustainability to help meet the world’s growing energy needs in an economically, environmentally, and socially responsible manner.  Statoil’s values guide them in how they conduct business and in how they work together and with external stakeholders.  Statoil conducts integrated ecological research and local stakeholder activities as part of its longstanding interests and operations in the Arctic.

			The Statoil-ARCTOS Arctic Research Program was started in 2006.  The 6-year research program studied Arctic marine ecosystems.  The purpose of the program was to generate additional fundamental knowledge that would lead to improvements in environmental monitoring and management routines for the Arctic.  To address these objectives, 62 senior scientists, early career scientists, and students connected to the ARCTOS research network performed research in and on the Arctic, with specific emphasis on the environment and ecosystems of seasonally ice-covered waters.

			Examples in offshore Alaska include the Chukchi Sea Environmental Studies Program, which is a collaborative effort between Shell, ConocoPhillips, and Statoil collecting baseline data on the marine environment and ecosystem; the Dynamic Risk Assessment Model for Acoustic Disturbance, which dynamically models the movement patterns and distribution of individual mammals (whales and seals) before, during, and after noise exposure in the Chukchi Sea; and the Traditional Ecological Knowledge of Acoustic Disturbance to Marine Mammals project, part of Statoil’s stakeholder engagement activities in the Chukchi Sea, where Statoil partnered with three coastal Alaska Native subsistence communities to understand and document the wealth of information contained within their local and traditional knowledge.

			ExxonMobil Arctic Research Program

			In the Canadian Northwest Territories, some of the first applications of man-made ice islands for winter exploration drilling (1979) and the first application of gravel islands for production (1985) were employed at Norman Wells.  Extended-reach drilling technology for horizontal wells to test reservoir quality underneath the Mackenzie River was also applied here in the late 1970s.  In Alaska, ExxonMobil and its co-venture partners continue to assess opportunities for additional recovery improvements at Prudhoe Bay, and application of ExxonMobil’s enhanced oil recovery technologies and expertise have markedly increased recoverable reserves.  In 1990, ExxonMobil’s heat pipe work for the Trans-Alaska Pipeline System (TAPS) was recognized by the United States Space Foundation with an Outstanding Achievement Award for civilian applications of NASA technology.  Today, TAPS remains a first-of-its-kind design that has operated successfully within an Arctic environment for more than 30 years.  At Point Thomson a number of innovative approaches are being applied to address environmental conservation and protection, including the experimental use of tundra sod for rehabilitation of tundra wetlands and a pilot study using ground surveillance radar to detect polar bears and other wildlife.  ExxonMobil also worked closely with the local villages of the North Slope on an engineered ice cellar solution to melting permafrost, and supports the use of marine tracking technology for enhanced vessel safety and emergency response.  Furthermore, ExxonMobil has a dedicated internal oil spill response research and technology development program with application to the Arctic ecosystem, which has been maintained for more than 40 years.

			Olgoonik Fairweather LLC Chukchi Sea Environmental Studies Program

			Olgoonik Fairweather LLC operates the Chukchi Sea Environmental Studies Program funded by ConocoPhillips, Shell, and Statoil.  The studies program includes various disciplines of the marine ecosystem, including physical oceanography, chemical oceanography (new in 2010), plankton ecology, benthic ecology (infaunal and epibenthic communities), seabird ecology, marine mammal ecology, pelagic and demersal fisheries, and the hydroacoustic environment.490

			The Arctic Institute of North America 

			The Arctic Institute of North America (AINA) is developing a broad research program in the context of a new strategic plan that identifies three focal areas that allow AINA to fulfill their mandate to conduct research on and disseminate information about the physical, biological, social, and cultural aspects of the North, and provide data and information of relevance and interest to northerners and all Canadians.  AINA’s research goals align with those identified by northern peoples, by Canada’s northern research community, and internationally.491

			Polar Bears International

			Polar Bears International’s research, education, and action programs address a broad range of issues including those that are endangering polar bears (e.g., climate change, environmental impact of industry, sea ice loss, global warming) and also aspects of population sustainability and endangered species management.  Leading scientists from around the world serve on the Advisory Council.  Working with their chief scientist, Dr. Steven Amstrup, Polar Bears International addresses what they believe to be the most urgent projects in a warming Arctic.  Polar Bear International’s projects include: Polar Bear Population Studies, Maternal Den Studies, Sensory Studies, Citizen Science Project, Western Hudson Bay Coastal Surveys, Cortisol Study, and an Arctic Documentary Project.492

			World Wildlife Fund

			World Wildlife Fund (WWF) brings U.S. and Russian counterparts together to support scientific research, community engagement in resource management, and conservation efforts for Arctic species such as Pacific walrus and polar bears.  In the Bering Strait, WWF works with partners to identify the most effective measures possible to ensure safe maritime shipping to coexist with community and wildlife needs.493

			Toolik Field Station, Institute of Arctic Biology, University of Alaska Fairbanks

			The Toolik Field Station (TFS) is operated and managed by the Institute of Arctic Biology at the UAF with cooperative agreement support from the Division of Polar Programs, Directorate for Geosciences at the NSF.  TFS provides laboratories and support services for Arctic research and education to scientists and students from universities, institutions, and agencies from throughout the United States and the world.  Much of what is known about terrestrial and aquatic ecosystems of the Arctic has emerged from long-term research projects at the Toolik Field Station.  Projects address the effects of environmental change on Arctic ecology, ecosystem structure, and the function of Arctic tundra, streams, and lakes.  Current projects focus on the role of disturbance, especially fire and thermokarst, and interactions with climate change.  Projects on animal adaptation to the Arctic include long-term studies of the behavior, ecology, physiology, endocrinology, and genetics of hibernating mammals, migrating songbirds, and overwintering insects.494

			Oil Spill Recovery Institute

			The purpose of the Prince William Sound Oil Spill Recovery Institute (OSRI) is to support research, education, and demonstration projects designed to respond to and understand the effects of oil spills in the Arctic and sub-Arctic marine environments.  Working with a wide variety of industry and agency organizations to sponsor technological improvements for oil spill response, OSRI contributes to the testing of new skimmer technologies, sensitivity index maps, and sponsoring workshops to identify best practices and research needs.495

			Barrow Arctic Science Consortium

			The Barrow Arctic Science Consortium (BASC) is a not-for-profit organization based in Barrow, Alaska, that is dedicated to the encouragement of research and educational activities pertaining to Alaska’s North Slope and the adjacent portions of the Arctic Ocean.  As part of BASC’s mission to support science they work with every federal agency that has a presence or wants to have a presence in the U.S. Arctic.  BASC works with its sister organization in Russia, the Chukotka Science Support Group, and with numerous international schools and research institutes.  With local connections, experience, and knowledge, BASC provides logistical support in the field, assistance with permitting issues, and helps facilitate outreach efforts for researchers.496

			Other Organizations

			There are many other international, state, local, industry, and native organizations who contribute to the identification of scientific questions, funding of research studies, facilitation of research initiatives, and communication of scientific outcomes, and it is not possible to reflect all these in this review.  Their contributions are certainly recognized with the scientific and the Arctic communities.

			Key Recommendations from This Assessment

			Research has been conducted by industry, government, and academia for decades, and much is known about the Arctic ecology and native peoples.  Obtaining higher confidence in ecological and human environment conditions and interactions would support improved science-based decision-making.  Key study areas include enhancing the ability to determine impacts, better defining special status species listings and critical habitats, and improving ecological resource management.  This research would promote prudent development. 

			•Trustee agencies, such as U.S. Fish and Wildlife and U.S. National Marine Fisheries, could execute multi-year population assessment and monitoring of key Arctic species, including the Pacific walrus, ice seals, polar bears, and bowhead and beluga whales.

			•Under its legislative mandate to coordinate scientific data that will provide a better understanding of the ecosystems of the North Slope of Alaska, the NSSI should work with trustee agencies, industry members, and other stakeholders to define, develop, and maintain an ecological monitoring program to detect and interpret change in the Arctic ecosystem.

			•DOE, other governmental entities, the National Laboratories, and industry should execute additional studies of fate and effects of oil under Arctic conditions and upon Arctic species: toxicity of oil, oil residue, and dispersants to key Arctic species, including Arctic cod and plankton; the rate and extent of biodegradation of oil in Arctic environments; and the interactions of oil with under-ice communities.

			•The federal government (National Marine Fisheries Service) should work collaboratively with industry and other stakeholders to develop a coordinated strategy for industry and government research on interactions between energy development and key species.

			−Specifically, the improved understanding of the response of ice dependent species to specific industry activities (ice management, seismic, drilling, etc.) will inform operational planning and permitting as well as designations and management of critical habitats.

			−NMFS should join BOEM as an observer in the Sound and Marine Life Joint Industry Program.

			•The U.S. National Security Strategy for the Arctic Region states that it is vital to “increase understanding of the Arctic through scientific research and traditional knowledge” while at the same time “pursu[ing] innovative arrangements” to ensure “faster progress through a well-coordinated and transparent national and international exploration and research agenda.”

			−An important tool to enhance this understanding as well as to implement integrated Arctic management is the enhanced use of the NSSI.  It is recommended that NSSI establish appropriate protocols and gather best practices for the effective collection and integration of traditional knowledge, existing science, community engagement, and resource management.  NSSI will engage all key stakeholders to develop appropriate methodologies and improvements in this integrated management model.

			•An updated Social Impacts Assessment protocol is needed, to improve consistency and the ability to integrate baseline data across agencies, industry, and communities, and to be consistent with other Arctic nations.

			−The Department of State, via the Senior Arctic Official and the Arctic Council Sustainable Development Working Group, should update the Social Impacts Assessment protocol, leveraging the state of Alaska’s coordinated framework for a Health Impact Assessment, recently developed by the Alaska Department of Natural Resources and Department of Health in partnership with federal agencies, the Alaska Native Tribal Health Consortium, and local boroughs.

			−The Council for Environmental Quality should include this updated protocol in the existing Environmental Impact Assessment protocol under NEPA.

			•The NSSI provides scientific information on both environmental and social science to its 14 federal, state, and local government members and to the public.  Enhancement of NSSI capabilities in social science would help provide crucial information for both industry and governments, and provide improved coordination on human environment research activities.

			•Industry, government, and academia should work to establish data sharing agreements and promote use of platforms such as Alaska Ocean Observing System and UAF/NSSI catalog.

			Along with the above key recommendations, this assessment of research on characterizing and assessing the ecological environment has identified a range of secondary recommendations, and these were discussed in  earlier sections of this chapter.  The following are key common elements for these recommendations:

			•Establish an annual forum or mechanism for routine sharing of information among industry, agencies, and researchers.  New opportunities exist to work collaboratively, share resources, and plan strategically to facilitate maximum outcomes from the resources invested.  Such a forum should also strive to create and enhance mechanisms for providing financial and logistic resources to support scientific research of mutual interest. 

			•While recognizing the value and extent of existing relevant scientific knowledge, strengthen and support scientific research efforts to improve the quantity and quality of information upon which permit decisions are based.  To ensure that research activities are adequately focused on the information needed for science-based permitting and regulatory actions, regulators should clearly identify, prioritize, and communicate specific information needs to all stakeholders.

			•Develop a multi-stakeholder private-public partnership, or a cooperative approach, to fund and oversee applied environmental research and monitoring relevant to economically and ecologically sustainable oil and gas development in the Alaskan Arctic.  A cooperative approach will promote and support strategic research rather than research linked to individual development projects and permits.  Broad integration of the accumulating data is essential, to provide a strong management basis for the Arctic.

			•DOE should facilitate a workshop aimed to identify priority research topics focused on the winter or dark periods so as to facilitate data collection from these periods.  This will assist stakeholders and government increase the understanding of ecological processes in this less studied period.

			•Industry, government, and academia should work to improve the understanding of the response of ice dependent species to specific industry activities (ice management, seismic surveys, drilling, etc.); and this will inform operational planning and permitting as well as designations and management of critical habitats.

			•DOE, BOEM, and NMFS should follow the studies and outcomes of the IOGP Sound and Marine Life Joint Industry Program.

			One overarching focus of the recommendations above on the characterization of the ecology of the Arctic, and the application of this science to the management of Arctic resources, is that there needs to be a continuing focus on improving modes of delivery and sharing of scientific information through collaboration.  It is through such efforts of all interested and engaged parties that the maximum benefits for the ecology and the communities that depend on these resources will be realized in a sustainable manner.
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			The Human Environment

		

		
			A framework for prudent Arctic resource development requires an understanding of the human environment if it is to minimize adverse effects on communities and the natural environment and optimize economic benefits.  This chapter gives an overview of the people who live in the Arctic and explains how their communities are organized and how they are affected by oil and gas activity.  The chapter begins with a review of existing studies, including those funded by governments, NGOs, and industry.  It then covers common themes in research, with an evaluation of how each relates to both the people of the Arctic and the impacts of oil and gas activity.  Finally, it gives an overview of existing Arctic research and programs.

			The term “human environment,” as used in this assessment, means understanding the physical, social, economic, and cultural aspects of local communities and how these aspects may be directly or indirectly impacted (positively or negatively) by oil and gas exploration and development and other activities.  The chapter begins with a comprehensive review of existing research studies on the U.S. Arctic and the groups that conduct them. In addition, future priority research areas from an oil and gas industry perspective are suggested to support sustainable and responsible resource development.  

			Indigenous cultures, such as the Inuit (Iñupiat), Yup’ik, Chukotka, and Sami, inhabit the circumpolar Arctic and have survived many episodes of environmental change1 (Figure 10-1).  Climate models predict that sea ice loss and thawing permafrost are accelerating and may cause disruptions to traditional subsistence practices and food security.2,3,4  Yet, the changing environment may also provide an opportunity for economic and social development, including increased opportunities associated with the opening of trans-Arctic summer shipping routes from the North Atlantic to the Bering Strait.5 
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			Oil and gas activities are not new to the circumpolar Arctic or to Alaska’s Outer Continental Shelf (OCS).  In the 1980s and early 1990s, 32 exploration wells were drilled in Alaska’s OCS in the Beaufort and Chukchi Seas.  Most of the wells were drilled in the 1980s, with 11 drilled in the 1990s and one in 2002.  Oil and gas development in Arctic regions is an important component of the economic activity of all Arctic states.  Advances in technology will support ongoing future exploration and production activities.  Therefore, ensuring the continued protection of the environment and the communities, while providing employment opportunities via responsible oil and gas development, is a key responsibility for all Arctic stakeholders. 

			Three key areas of the human environment provide the context of the request by the Secretary of Energy to review U.S. oil and gas activities in the Arctic.  These areas are:

			•Social and human health.  This section includes discussion on the demographics, community wellness, local infrastructure and social service needs, and food security considerations.

			•Economic development.  This section provides context for evaluating research needs to understand employment and training needs of indigenous communities and the role that business can play in helping to transfer these skills while expanding business and development opportunities.

			•Cultural.  This section discusses the important issues and background on subsistence harvesting, traditional knowledge gathering and use, heritage resources, and land use. 

			These key areas encompass the discussions and recommendations that follow in this chapter.

			The chapter is organized in four sections.  The first section, “Review of Existing Human Environment Understanding,” establishes the context for subsequent sections.  It reviews the current understanding of the human environment and discusses the historical and current research on the human environment as it relates to oil and gas development in the Arctic.  It then provides a brief description of the human environment setting. 

			The second section identifies the common research themes associated with Arctic decision-making.  The five themes are as follows:  

			1.Sociocultural demographic and wellness patterns

			2.Subsistence use patterns 

			3.Traditional knowledge

			4.Protection of food security through evaluation of contaminants in subsistence foods

			5.Fate and effect of oil spills.

			The third section provides an overview of the organizations currently engaged in Arctic human environment research and the programs in which they are involved.  The section emphasizes research work in the U.S. Arctic and programs based in Alaska.  However, some notable circumpolar Arctic and international research is described.

			Finally, the fourth section, “Key Recommendations from this Assessment,” prioritizes research activities and gives recommendations. 

			Multidisciplinary and collaborative approaches to Arctic research are important, and this importance is demonstrated in this chapter.  Multiple stakeholders are responsible for the research required to ensure protective stewardship of the Arctic human environment of the United States.  These stakeholders include industry, regulators, academia, and local communities.  Individual oil and gas operators have made significant investments in research, data collection, and analysis over recent decades.  These investments ensure that impacts to the human environment from their activities are understood and appropriate mitigations are in place.  Regulators and academic organizations have an established U.S. Arctic research history that informs decision-making, which balances social and environmental protection with economic opportunity.  Local communities have collected knowledge for thousands of years while living in the Arctic.  Over generations, they have gathered and shared knowledge gained from and applied to subsistence activities, resources, the physical environment, and other environmental factors.  We will refer to this traditional knowledge frequently throughout this analysis.

			This collaboration leads to a comprehensive understanding of the U.S. Arctic human environment—a knowledge baseline.  Continued collaboration—working collectively, identifying synergies, and common research interests—is critical to the research themes discussed in this chapter and will ensure that informed decision-making supports responsible oil and gas development of the Arctic. 

			“I want to emphasize that putting people together and putting industry and local corporations together have proven to be a successful path where all parties work together to achieve a balance that residents can live with.” – Gordon Brower, Iñupiaq, North Slope Borough Planning Department.6

			Review of Existing Human Environment Understanding

			Previous and Existing Research and Studies

			Historical Research in the U.S. Arctic

			Waves of Arctic activity such as whaling in the 1800s, military activities in the 1900s, and oil and gas exploration in the late 1900s and early 2000s have driven research on the human environment in the Arctic.  While living in the Arctic, indigenous peoples have formed a strong base of local and traditional ecological knowledge.  

			Early documentation of the Arctic human environment came from the early “outside” travelers who wrote down and shared their experiences of indigenous people.  In Alaska, the first non-indigenous visitors who wrote about Native Alaskans were the Russian fur hunters and traders and explorers who accessed Alaska through the Aleutian Islands, exploiting furs as early as the mid-1700s.7  The Russian fur trade initially focused on the southern Alaska coastal areas—the Aleutian Islands, Cook Inlet, and Kodiak Island.  When the Russian American Company was established in 1799, fur trade expanded inland.8  The Russian Orthodox Church missionaries soon followed the fur traders.  The missionaries worked closely with Native Alaska communities, documenting information about them and sending it to Russia.  In the 1830s, the missionaries put many Native Alaska languages into written form.9  These missionaries were among the first ethnographers or researchers of the human environment in Alaska.

			Other early knowledge of the human environment comes from explorers, cartographers, miners, and anthropologists.  Explorers Frederick Schwatka and Charles Willard Hayes are two such examples.  In 1891, these two men traveled then-unmapped areas of the White River, Skolai Pass, and the upper Chitina River drainage, all areas in Alaska.  Their diaries of these travels provide a wealth of information on the Native Alaskan populations, geography, and environment.10  U.S. Geological Survey’s Alfred Hulse Brooks was also a pioneer in the history of Alaska human environment studies.  Brooks was a scientist of both the natural and human environments.  He explored much of Alaska, mapping the state and documenting the Native populations, history, mining, fauna and flora, geology, fisheries, climate, agriculture, and government.11  Early anthropological/archaeological expeditions and studies include those of Aleš Hrdlička from 1926 to 1938. Hrdlička studied many Alaskan communities and people, including the North Slope and Northwest Arctic communities of Barrow, Kotzebue, Point Hope, Shishmaref, and Wainwright.12

			The Arctic Research Laboratory, originally called the Naval Arctic Research Laboratory (NARL), was established in 1947 in Barrow, Alaska.  Originally operating under the Office of Naval Research in Washington, D.C., the laboratory came under the National Science Foundation’s (NSF) jurisdiction in 1969 when the NSF was named lead agency for Arctic research.  In 1980, the Navy relinquished its involvement in NARL.13,14  In 1989, the Ukpeagvik Iñupiat Corporation, the Barrow Alaska Native Corporation, formally took over managing NARL, which continues to be involved in collaborative research related to the Arctic physical and human environment.

			Perhaps the most significant outcome of work at NARL is the established history of collaboration between Iñupiat and non-Iñupiat scientists.15  From its beginning, NARL has brought global attention to the Iñupiat, providing a detailed history of the area and important Arctic scientific findings.16  Combining natural science, social science, and traditional knowledge methods, researchers at NARL have conducted a multitude of studies on the physical and human environment.  Through NARL, Iñupiat and non-Iñupiat scientists pioneered collaborative research efforts that integrated traditional knowledge and science.17

			Many of the U.S. Arctic human environment studies have been related to resource development.  Often these studies were launched as the result of federal mandates: the National Environmental Policy Act (1969), Outer Continental Shelf Lands Act (1978), and other mandated responsibilities of the Department of Interior (DOI) such as the Bureau of Ocean Energy Management (BOEM) (CFR 30.256.82).  For example, Norman Chance’s ethnographic studies of the Iñupiat focused on effects of oil and gas discovery and development on the North Slope.  His studies provide more than 30 years of observations and analysis that document “baseline” conditions during the beginning of the North Slope oil rush, the changes resulting from oil and gas activity, and the resilience of the Native people and their ability to sustain their culture through times of change.18 

			Both BOEM and the Bureau of Land Management (BLM) continue to contribute substantially to Arctic human environment studies.  BOEM was mandated to collect data on the baseline conditions needed to assess and manage the impact on human, marine, and coastal environments by OCS oil and gas activities.  BOEM used these baseline core studies to serve as starting points to document subsistence patterns and for subsequent environmental impact statements.

			In 2006, BOEM implemented a Study Plan for the Social and Economic Impact Assessment of Alaska OCS Petroleum Development that was funded through the Alaska Sea Grant Program.  The major BOEM drivers of the social component of their Environmental Studies Program are:  (1) assessing potential socioeconomic effects of OCS activities and (2) the effects of these activities on subsistence as an economic sector in rural communities.  The BLM Environmental Studies Program taps scientific knowledge of regional and local experts to collect and disseminate environmental information about resource issues.  The program shares and coordinates this research with the international Arctic Council monitoring and assessment programs such as the Arctic Monitoring and Assessment Program (AMAP), the Arctic Council’s working group on Conservation of Arctic Flora and Fauna (CAFF), and Arctic Climate Impact Assessments.  

			The Environmental Studies Program contains a social research component to gather and analyze environmental, social, and economic information for federal lands onshore.  BLM assists BOEM with preparing environmental impact statements and facilitating sound decision-making related to the offshore oil and gas program.

			As part of its Social and Economic Studies Program, DOI commissioned a study on the North Slope Economy from 1965 to 2005.19  This report assessed the structure of the North Slope economy, the role of local government, the role of for-profit Alaska Native corporations, the role of other government and nonprofit organizations, and the impact on household economics.  In 2009, the Minerals Management Service published a compilation of studies conducted on the human environment as related to offshore oil and gas development, entitled Synthesis: Three Decades of Research on Socioeconomic Effects Related to Offshore Petroleum Development in Coastal Alaska.20  Stephen Braund conducted a comprehensive series of harvest assessments in Barrow and Wainwright from 1987 to 1989, which provided quantitative information on subsistence harvests across all species.21,22  Braund and colleagues conducted systematic household interviews at regular intervals, collaborating with the North Slope Borough.  BOEM’s synthesis of three decades of research on socioeconomic effects related to offshore energy development provided an exceptional series of subsistence harvest assessments providing baseline conditions for use in environmental impact statements addressing the prediction and monitoring of potential effects of activities in the Outer Continental Shelf.

			State of Alaska Department of Fish and Game Village Subsistence Studies

			Since the 1970s, the state of Alaska, through the Alaska Department of Fish and Game (ADF&G), has sustained a program of village subsistence research complementing the sociocultural studies produced by DOI.  There have been more than 300 studies focusing on subsistence uses within particular communities and specific topics relating to “customary and traditional use findings” for fish stocks and game populations.

			Initially, subsistence harvest data for the OCS development area was largely absent.  ADF&G did produce harvest data for Point Lay, which was reported for the first time in a BOEM technical report.  Subsequently, there have been additional research studies sponsored by BOEM and the North Slope Borough.  With funding from the revenue generated by oil and gas development, the North Slope Borough established a Department of Wildlife Management and a regional Fish and Game Management Committee.  These entities are mandated to help protect subsistence activity on the North Slope.  

			A major finding of ADF&G’s subsistence harvest surveys was that contemporary subsistence uses take place within a “mixed economy.”  This mixed economy includes subsistence hunting and fishing, combined with a cash economy component.  These components are intertwined, as cash is necessary to purchase equipment, supplies, and fuel in order to harvest subsistence resources.  Multiple ways of living have developed within these communities of users that include the traditional harvest and use of wild resources, adapted to local ecological and economic circumstances.23

			ADF&G’s subsistence harvest research is coordinated with BOEM’s Environmental Studies Program subsistence studies and is conducted in partnership with local communities to determine how much local communities depend on food acquired through subsistence hunting and fishing.24,25,26,27  Recently, ADF&G has communicated with other countries to study sustainable development and impact assessment methods for evaluating traditional cultures in the Arctic regions where industrial development occurs.  

			Institute of Social and Economic Research, University of Alaska Anchorage

			In the 1970s, the NSF awarded a multi-year grant to the Institute of Social and Economic Research (ISER) at the University of Alaska Anchorage to study the social and economic effects of energy development in Alaska.  With the discovery of oil on the North Slope in the 1970s and construction of the Trans-Alaska Pipeline System (TAPS) in 1974, research was directed toward the effects of oil development on the local rural Alaskan people.  The Institute has a public policy focus on the theme of Arctic social systems, and often works collaboratively with federal agencies such as BLM and BOEM, along with others, to identify information needs and implement research initiatives.

			ISER’s research has included studies on the human environment and the role that oil plays in Alaska’s economy: Prudhoe Bay lease sale in 1969, construction of TAPS, production in the field in 1977, and assessments of statewide impacts of OCS petroleum facilities development in Alaska in the late 1980s.  Their research also facilitated the discussion about sustainability in Arctic communities,28 including studies of Alaska Native regional corporations to help understand local for-profit and nonprofit organizations and their role in establishing financial stability for their shareholders.29

			ISER’s research on the sustainability of the human environment included household surveys of Iñupiat in the Arctic Slope to better understand the relative importance of jobs, wild food harvesting, and social ties for life satisfaction.  The results emphasize the importance of nonmaterial measures for life satisfaction, and agrees with other research showing the importance of harvesting wild food and the persistence of a mixed economy—one that combines cash income and wild food harvests.30

			National Research Council Polar Research Board 

			The National Research Council (NRC) established the Polar Research Board in 1958.  By the end of the 1980s, the Council considered the need to expand social science research in the Arctic and generated Arctic Social Sciences: An Agenda for Action.  More than 500 studies have been funded since 1991, which have contributed to understanding change in Alaska.  NRC funded $25 million worth of Arctic social science research in the period 1995 to 2004, which included the Cumulative Effects of Oil and Gas Activities on Alaska’s North Slope.31

			The NRC recently published The Arctic in the Anthropocene: Emerging Research Questions,32 which provides a synthesis of the scientific community’s input on emerging research topics concerning the Arctic.  This report considers topics that are underrepresented in current Arctic research.  The audience for the report is the Interagency Arctic Research Policy Committee (IARPC), which encompasses 15 federal agencies and organizations with Arctic responsibilities.  Opportunities for collaboration at local, regional, and international levels are presented.  

			National Science Foundation Man in the Arctic Program

			Funded by the NSF in the early 1970s, the Man in the Arctic Program developed models of Alaska’s population and economy to assess alternative policies that are still used today.33,34  The research theme of the program produced regional-scale surveys to better understand the social, economic, and subsistence effects of oil development.35,36  Objectives were to: 

			•Measure and analyze basic changes in the economy and population of Alaska 

			•Determine significant interactions between outside economic and social forces and Alaska conditions and institutions 

			•Identify and project policy-relevant consequences of these interactions 

			•Apply these research findings in analyses of specific public problems and policy alternatives.

			Initially, the Man in the Arctic Program assessed the impacts of future petroleum development in Alaska from both the development of the OCS and the construction of TAPS.  University of Alaska researchers collaborated with research scientists from other institutions on a broad, long-range program of social, economic, and environmental policy studies in an effort to project changes over the next quarter century in U.S. Arctic and sub-Arctic environments; national energy demand; Alaska oil and gas development; environmental conservation pressures; and the reallocation of more than 200 million acres of U.S. public land among federal, state, and private interests spurred University of Alaska researchers to collaborate with research scientists from other institutions on a broad, long-range program of social, economic, and environmental policy studies.  As a joint collaborator with the ISER of the University of Alaska, Man in the Arctic has continued to study the economic, demographic, and sociocultural effects of oil and gas development in Alaska, in collaboration with the University of Alaska.  This partnership has provided a unique opportunity to organize historical information to establish a baseline to help researchers understand environmental changes in the Arctic, allowing stakeholders to respond to ongoing and projected changes accompanying oil and gas development.

			North Slope Science Initiative 

			The North Slope Science Initiative (NSSI) was formally authorized in Section 348, Energy Policy Act of 2005 (Public Law 109-58) to identify information for inventory, monitoring, and research activities and to develop an understanding of such information for agencies, local governments, and the public.  For more than 20 years, the initiative has published Emerging Issue Summaries37 to inform management decisions.  The purpose of these summaries is to validate many of the scientific findings already being addressed by member agencies, share human and monetary resources, and adopt a systematic, collective approach to address future scientific needs.

			The North Slope Scientific Initiative maintains an extensive “Data Catalog and Project Tracking” and “North Slope Long-Term Monitoring Summary.”38  The group recommends broad subject areas for study by identifying management information needs.  These include the following findings:

			•The North Slope is a social-ecological system; consequently, adaptive co-management is critical. 

			•Land and maritime use decision-making should focus on ecosystem services, food security, and sustainable local livelihood.

			•Research, monitoring, and decision-making need to integrate traditional knowledge, social and natural sciences.

			•Better data management is needed.

			•Two-way community involvement is necessary.

			•Coordinated data collection is necessary to prevent informant burnout.

			Arctic Council Working Groups

			Arctic Monitoring and Assessment Program.  Established in 1991, AMAP is one of six working groups of the Arctic Council.  The program’s role is to monitor pollution and climate change and to document essential relationships among ecosystems and humans within the Arctic region.  

			A series of assessments that began in the late 1990s and continued into the 2000s addressed six pollution issues: persistent organic pollutants, heavy metals, radioactivity, acidification, petroleum hydrocarbon pollution, and the biological effects of stratospheric ozone depletion.

			More recently, in 2007, the Arctic Council charged AMAP to assess human health effects of contaminant exposure by establishing a baseline on the spatial distribution and temporal trends of contaminants in various media across the Arctic.  The subsequent investigations led to recommendations including (1) specific international agreements to reduce contaminant levels and effects, (2) mitigation of potential sources of radioactivity, and (3) steps to reduce gaps in knowledge concerning human health.

			Sustainable Development Working Group.  In the Arctic Council’s Sustainable Development Working Group, there is emphasis on study reports such as Arctic Human Development Report39 and Adaptation Actions for a Changing Arctic40 in order to understand the cumulative effects of climate change and resource development activities on the people of the region.  The Arctic Social Indicators report41 is the basis of BOEM’s social indicators research study currently underway.  The survey is based on best practices among social scientists, including Dr. Gary Kofinas’s project “The Study of Sharing Networks to Assess the Vulnerabilities of Local Communities to Oil & Gas Development in Arctic Alaska.”42  The results of the social indicators study will be used to monitor effects as part of the social impacts assessment in the Environmental Impact Assessment process.

			Industry-Led or -Funded Studies 

			The oil and gas industry has conducted numerous studies in the Arctic or provided funding for studies on the human environment.  Some Alaskan examples are included below. 

			Industry Economic Analysis of Future Offshore Oil and Gas Development: Beaufort Sea, Chukchi Sea, and North Aleutian Basin 

			In 2009, Northern Economics and the University of Alaska Anchorage prepared an economic analysis of future offshore oil and gas development in the Arctic for Shell Exploration and Production.  The study provides a qualitative and quantitative analysis of the potential economic benefits to the state of Alaska and local communities from developing oil and gas resources in the OCS.  This study concluded Alaska OCS development could generate an average of 35,000 jobs per year over the next 50 years—a 6% increase compared to total statewide employment without OCS development.  The findings are a catalyst for thinking about actions that state and local governments, industry, and other stakeholders might undertake to address potential effects from OCS development.  If OCS development were to occur, the 2009 economic analysis asserts, it could be a significant driver of the next generation of economic activity by extending the duration of the petroleum industry in the state.

			Shell Collaborative Science Agreements

			Recent separate collaborative science agreements between Shell and the North Slope Borough (2010) and Northwest Arctic Borough43 are providing communities a stronger voice in directing research and encouraging use of traditional knowledge and consideration of subsistence issues in research programs.  The agreements also serve to build capacity within the communities with participation from coastal villages and independent scientists.  One project that has come out of the collaborative science agreement with the North Slope Borough is the “Experts Workshops to Comparatively Evaluate Coastal Currents and Ice Movement in the Northeastern Chukchi Sea”44 with contributions on Iñupiaq knowledge of currents and ice from several traditional knowledge experts from Barrow, Point Lay, Nuiqsut, and Wainwright, Alaska, and scientists from the University of Alaska Fairbanks, National Snow and Ice Data Center & University Corporation for Atmospheric Research, and the Arctic Slope Regional Corporation (ASRC).

			Statoil Traditional Ecological Knowledge of Acoustic Disturbance to Marine Mammals: Partnership Between Statoil and Three Alaska Native Communities

			As part of Statoil’s stakeholder engagement activities regarding their leases in the Chukchi Sea, feedback given to Statoil’s team has centered on concerns that offshore drilling may disrupt marine mammals and has included consistent requests to incorporate traditional knowledge in studies.  Alaskan communities have intense concern about the noise and sight of exploration and production activities disturbing marine mammals that are important for subsistence.  Behavioral reactions of marine mammals to sound disturbance are complex and have been the focus of extensive investigation over the past decade.  This is identified as a research theme in the chapter on the ecological environment (Chapter 9) and is also the subject of a Joint Industry Program on Sound and Marine Life that is funded by a number of oil and gas operators currently active in the Arctic.  Through thousands of years of subsistence on marine mammals, Native Alaskans have developed extensive traditional knowledge of marine mammal behavior in a variety of contexts.  

			Statoil understands the value of traditional knowledge for the risk assessment and development process, specifically that this body of knowledge allows for a better evaluation and subsequent avoidance and mitigation of potential impacts to marine mammals and subsistence.  In recognition that the best available information about marine mammals requires an integration of scientific and traditional knowledge, Statoil partnered with three coastal Alaskan communities—the Native governments of Kotzebue, Wainwright, and Point Hope—to document traditional knowledge of how marine mammals respond to sound disturbance. 

			ExxonMobil Kaktovik Programs 

			ExxonMobil is involved in a number of ongoing initiatives to communicate with local residents about the Point Thomson development, focusing primarily on the Kaktovik community when developing collaborative programs.  Ongoing consultation involves an open dialogue between ExxonMobil and residents of the North Slope Borough on how suggestions and recommendations are addressed and incorporated into design, location, construction, and operations.  One example of a successful recent collaboration included partnering with residents of Kaktovik to assess cultural resources on Barter Island.  With the help of local experts and a high school intern, and in cooperation with local agencies, the Point Thomson archaeology team employed sophisticated technologies to record artifacts and investigate heritage sites. Some of these technologies and excavating techniques were later taught to students in the Harold Kaveolook School through ExxonMobil’s Science Ambassador Program. 

			Another Point Thomson initiative involves developing an ice cellar for the local community.  Following the fall bowhead whale subsistence hunt, community members receive their shares of the whale meat but often lack adequate measures to store it.  Traditionally, this meat has been stored in ice cellars that are dug beneath the permafrost to ensure the meat does not spoil.  Some of the effects of climate change—encroaching coastlines, melting permafrost, and changing surface water hydrology—have challenged the viability of this storage mechanism.  After helping to establish the Kaktovik Community Foundation, ExxonMobil contributed funding to support the subsequent design, and construction of an ice cellar to meet community needs. 

			BP Restoration of Tundra in Oilfields Using Traditional Knowledge

			BP is working on a way to reclaim small patches of disturbed land using indigenous plants, using a concept based on Iñupiat traditional knowledge.  Several years ago, a local resident showed BP scientists how to use tundra sod blocks as a revegetation technique, a traditional way of protecting and insulating ice cellars for subsistence food storage.  This method was adopted by BP to treat tundra scars caused by excavation during oil spill response.  Now the idea has been taken a step further with an adaptation for small patches of disturbed tundra.  After revegetation was completed, researchers returned in 2014 and found the sedge mats intact and the plants growing well. 

			ConocoPhillips Nuiqsut Subsistence Studies

			ConocoPhillips works closely with the community of Nuiqsut, located 7 miles from the Alpine Field, on two long-term monitoring studies to understand the impact of oil field operations on caribou hunting and the Colville River fall fishery.  The intent of the Caribou Subsistence Use Monitoring Project is to assemble multi-year data on impacts on caribou subsistence uses in order to come to a common understanding of these impacts by the community of Nuiqsut, industry, and government oversight agencies.  With the assistance of the Kuukpik Subsistence Oversight Panel, Inc., Braund Associates formed a Nuiqsut panel of caribou experts to assist with developing the monitoring plan and identifying active caribou harvesters to interview.

			The fall fishery monitoring in the Colville River is focused on the fall harvest of Arctic cisco (Coregonus autumnalis; qaaktaq, in Iñupiaq), which is a staple in the diet of Nuiqsut residents and traded widely with other northern Alaska communities.  The goals of the monitoring program, ongoing for more than 28 years, have been to obtain estimates of total catch data for subsistence fishers and to predict future harvests.  Furthermore, the monitoring program serves as an early warning system if predicted recruitment or other indicators suggest long-term threats to Arctic Cisco populations.

			Brief Description of the Human Environment Setting in Alaska

			Social and Human Health

			Demographics

			Alaska’s population at statehood in 1959 was approximately 224,000, and surpassed 736,000 in 2013.45  The discovery of oil, combined with other major events such as Alaska statehood in 1959, the enactment of the Alaska Native Claims Settlement Act (ANCSA), the establishment of the North Slope Borough in 1972, passage of the Alaska National Interest Lands Conservation Act in 1980, and the opening of the National Petroleum Reserve-Alaska (NPR-A) for oil and gas development, brought significant changes to Alaska’s population, especially in the North Slope Borough.  Large population booms occurred in the state following the discovery of oil in Prudhoe Bay in 1968 and the subsequent construction of TAPS, although many workers left after construction was complete.  Oil development had significant effects, positive and negative, on the economic, institutional, environmental, and social aspects of the North Slope region.46

			Statewide data on population, employment, taxes, and census are available online for economic regions, boroughs, census areas, and communities on the Alaska Department of Labor website.47  The Alaska Oil and Gas Association publishes reports assessing the specific role of the oil and gas industry in Alaska’s private and public sector economy.48  For a local viewpoint, the North Slope Borough has published its fourth volume of the North Slope Borough Economic Profiles and Census Reports.  The North Slope Borough census provides a detailed look at changes occurring in the eight borough villages by comparing aspects of life among the villages.  The report focuses on the villages as separate communities as opposed to focusing on the borough as a whole.  This methodology is employed in the belief that understanding the dynamics of change within each community provides a broader analysis of the socioeconomic and cultural changes occurring in the North Slope.49

			North Slope Borough and Northwest Arctic Borough.  There are 16 communities in the North Slope Borough and Northwest Arctic Borough; local governments exercise legal government power, including taxation, education, and planning and zoning services.  The North Slope Borough was created in 1972 as a result of oil and gas activity on the North Slope and the Northwest Arctic Borough was created in 1986 when the Red Dog Mine was developed.  Both governments provide employment, education, and other services to all of their communities.  Subsistence is an important year-round aspect of the socioeconomic makeup of the mixed subsistence-wage economies of many communities in both these regions.

			The 2010 census report revealed how important subsistence resources are for the total population.  The census shows that just over 76% of the total population of the North Slope was Iñupiat, while 80% of the total population of the Northwest Arctic identified as Iñupiat.  Of the reporting households in the North Slope Borough census, 99% used subsistence foods and 53% reported receiving most of their diet from subsistence foods.50

			Although some researchers previously had predicted a decline in subsistence participation in northern Alaska due to pressures from modern technological advances, most Arctic social science researchers today conclude that the mixed economy is vital to the survival of the Iñupiat.51  In fact, because the relationship between wage employment and subsistence depends on subsistence users having some flexibility in their work schedules,52 many employers within the North Slope allow their employees special time off for subsistence activities. 

			Health and Wellness

			In spite of the harsh environment and the extreme remoteness of many Arctic communities, basic standards of health are in place, with sanitation available for 60% of the Arctic population and water available for 82%.  Increasingly, rural Alaskan communities are gaining access to piped water and sewage treatment and moving away from “honey bucket” and trucked water systems.  The Alaska Native Tribal Health Consortium established its Scattered Sites program to provide water and sewage service statewide to Alaska Native homes.53  Other water and sewer installation projects occur through borough projects.54,55

			Life expectancy rates have also improved significantly over the past few decades.  In 1950, the life expectancy at birth for an Alaska Native was 47 years while the U.S. national average was 66.  By 2000, life expectancy had increased to 69.5 years, a growth of over 20 years.  Much of the improvement in life expectancy rates can be attributed to disease prevention activities that have significantly reduced morbidity and mortality rates from infectious diseases.  For instance, in 1950 infections accounted for 47% of deaths among Alaska Natives, but by 1990 that rate had dropped to 1.2%.56  The development and expansion of infrastructure, such as sewage disposal and safe water supplies, have also accounted for the significant improvement in Arctic health.

			Changes in living conditions in the Arctic reflect the economic shift away from solely subsistence hunting and gathering to a cash-based economy.  These changes have had a positive effect on the physical health of Arctic communities by providing a more stable food supply, improving housing conditions, and reducing morbidity and mortality from infectious diseases.  

			In 2012, the North Slope Borough published a Baseline Community Health Analysis Report that found that since the early 1970s many aspects of health have improved for its residents.  These likely reflect substantial investments made in health and social services, education and employment opportunities, community infrastructure, public safety, and the local legislation restricting access to alcohol.57  The overall improvement speaks to the resilience of the people and an ability to adapt not only to the harsh and changing climate but also to the social, cultural, and economic transformation they have experienced. 

			The analysis also found that despite the many community health improvements, significant health inequalities persist in rural communities, including the North Slope and Northwest Arctic.  Chronic diseases such as cancer, heart disease, and lung disease have emerged as leading causes of illness and death in Alaska Natives.  Injuries remain a major health disparity, especially among youth, and the related problems of alcoholism, family violence, and sexual assault continue to plague many communities.  During the later decades of the twentieth century a pattern emerged in Alaska, characterized by epidemic levels of suicide among young Alaska Native men, particularly in northern regions of the state.58  This pattern has been observed also in other Arctic nations and is a priority within the Arctic Council’s Sustainable Development Working Group and the Inuit Circumpolar Council.   

			The impact of the changing Arctic on the overall health of Arctic indigenous people has increased concerns about food security.  While more produced food is reaching remote Alaska communities, quality foods do not necessarily reach them.  Food that most often survives the travel to communities is processed, packaged, and preserved; it is not fresh.  Fresh foods that travel these distances are at risk of chemical contamination, damage, and loss of flavor and nutrition.59  Obesity in Arctic populations is on the rise.  This is attributed in part to increased consumption of processed foods with high amounts of sugar and fat, and decreased consumption of traditional foods.60,61,62,63,64

			Although the people now are more dependent on a cash economy, subsistence remains a vital component in the overall health of many Arctic indigenous communities.  Wage income also provides the opportunity to purchase food when harvests are low, pay for medical care, and other lifestyle improvements.  Adoption of an employment-based cash economy can result in development of practices that are less culturally sustainable. Those with jobs have less time to hunt, fish, and gather subsistence resources; less time to spend with extended family; and in whaling communities, less time to help whaling crews prepare and harvest.65

			As part of its Social and Economic Studies Program, DOI commissioned a study on the North Slope Economy from 1965 to 2005.66  This report assessed the structure of the North Slope economy, the role of local government, the role of for-profit Alaska Native corporations, the role of other government and nonprofit organizations, and household economic impacts.  The North Slope Borough employs the highest number of working individuals on the North Slope.  A large portion of the borough income comes from taxes, permit fees, and royalties on oil and gas.  In a 2007 assessment, Baffrey and Huntington reported that economic assets in Nuiqsut were encouraging:  Kuupik’s (Nuiqsut Village Corporation) revenues were over $10 million per year; from 1994 and 2004, personal income had increased 40%; Nuiqsut community infrastructure had increased; and middle-class amenities and goods were available in the village.67  These positive changes resulted largely from the Alpine development.  These enhancements have a downside, however, as people become more reliant on the cash economy and may not be able to sustain themselves without it. 

			Another risk to cultural sustainability is the effect of out-migration.  Arctic indigenous people are moving from rural communities to larger urban areas, leaving smaller populations in their communities.68,69,70,71  As people move from communities, employees and subsistence hunters may be leaving, affecting local economic assets.  The local people are closely linked with social and cultural assets, such as cultural values, identity, social networks, and traditions.72

			Protection of Food Security Through Evaluation of Contaminants in Subsistence Foods 

			Since the 1980s, the North Slope Borough Wildlife Management Department has had a comprehensive health assessment program to sample bowhead whales for contamination levels, and other scientists have collected tissues of various subsistence species as part of an intensive study of contaminants.  Many locally caught marine and terrestrial mammals, seabirds, and marine and freshwater fish have been tested for contaminants including organochlorines (PCB and DDT), polyaromatic hydrocarbons, heavy metals, and radionuclides.  Studies’ results indicated that contamination of northern Alaska animals is low compared to other areas of the Arctic.  The levels of contaminants are below levels of concern.  Local documentation demonstrated that traditional foods are of low risk of exposure to contaminants at concentrations that represent potential health impacts.  

			Starting in 2011, an unusual mortality event impacting ice seals and walrus in the Bering and Chukchi Seas occurred.  Animals with abnormal hair loss and skin sores led to concerns about radiation contamination from the Fukushima incident reaching Arctic waters.  Whether the illnesses affecting the seals and walrus were related, remains unconfirmed.  Both animals remain undiagnosed despite extensive testing for toxic algae, viruses, bacteria, and industrial contaminants including radiation.  While no connection to Fukushima or industrial activities was found, these types of events increase the fears related to food security and potential impacts of industrial activities.

			While a release of chemical constituents that are not common in the natural marine environment to that environment may occur from energy exploration and development activities, presence of a chemical does not immediately mean there will be health effects.73  The U.S. Environmental Protection Agency issues individual and general National Pollutant Discharge Elimination System (NPDES) permits for water discharges and to maintain water standards.  These permits authorize and control the discharge of pollutants into waters of the United States, and general permits authorize one or more discharges from multiple facilities within a specific industrial category such as oil and gas exploration.  These regulations and associated permits assist in protecting human health and the environment for residents of the North Slope.

			The state of Alaska Department of Environmental Conservation considered the concept of “environmental risk” during the development of the regulations guiding the cleanup of contaminated sites throughout the state.  The issue presented during regulatory development was on the level of acceptable risk.  Communities dependent on fish and wildlife resources where industrial activity was located were very concerned with contaminant pathways that could affect subsistence foods and use areas.74

			Co-management of subsistence species by resource trust agencies such as the National Oceanic and Atmospheric Administration (NOAA), National Marine Fisheries Service (NMFS) and U.S. Fish and Wildlife Service (USFWS); and organizations such as the Alaska Eskimo Whaling Commission (AEWC) and Alaska Eskimo Walrus Commission (EWC) enhance food security by providing subsistence hunters with a voice in the decision-making.  Through consultation requirements, industry engages with these co-management groups to identify food security concerns and to develop Plans of Cooperation.  Specifically, the AEWC has developed an effective Conflict Avoidance Agreement process to work collaboratively with industry on ways to avoid impacts to subsistence users.75  These methods include communication tools to share locations between hunters and industry, avoiding certain times and areas until completion of whaling activities, and minimizing discharges that may contain contaminates of concern.  Through this collaborative process, specific concerns can be raised, discussed, and potential mitigation measures identified.

			Economic Impact

			Almost 4 million people live in the eight Arctic states, including many distinct indigenous groups found only in the Arctic, where they continue traditional activities while they adapt to the modern world.  This adaptation has produced an expansion of a cash-based economy existing in combination with a traditional subsistence-based economy that relies on systems of harvest, sharing, and barter.  In this integrated economy, monetary needs include financial resources sufficient to support healthy communities and traditional subsistence activities.  With rising energy costs and the decline in current oil and gas activities, the sustainability of Arctic communities is at risk.  In recognition of this risk, the overarching theme for the Canadian Chairmanship of the Arctic Council (2013-2015) was “Development for the People of the North,” with a focus on responsible Arctic resource development, safe Arctic shipping, and sustainable circumpolar communities.  Seeking new sources of oil and gas revenues and diversifying economic opportunities is essential for the future of Arctic communities.  

			Government/Land Owner Revenues

			Oil and gas development accounts for a significant proportion of economic productivity in Arctic regions across the globe.  Alaska’s Arctic, both onshore and in the OCS, has long been recognized for its significant resource potential, which has resulted in decades of exploration and development activities.  Through the development of Prudhoe Bay, Kuparuk, and other North Slope oil fields, over 17 billion barrels of oil have flowed through TAPS to markets in the United States and abroad.  Through royalty and taxes, this economic pipeline fuels more than a third of all economic activity in Alaska including a significant portion of the government jobs, schools, roads, and community services.

			Today, oil and gas development is a third of the state of Alaska’s economic activity providing roughly 90% of the state’s general fund revenue, with minerals, timber, seafood, and tourism contributing to the balance.  In 1976, the state of Alaska created the Alaska Permanent Fund (APF) to save some of the oil royalties for future generations.  The APF is now valued over $52 billion (as of January 2015) providing annual dividend payments to qualified Alaskans with a portion of the fund’s earnings.76  From 1982 through 2008, the dividend program paid out about $16.7 billion to Alaskans.  This program has a stimulative effect on the state’s economy and represents an important source of income for Alaskans, particularly those in rural Alaska with limited income sources.77

			In 1972, the seven villages on the North Slope formed the North Slope Borough, a home rule form of local government.  With an area of 94,743 acres, the North Slope Borough is larger than the state of Rhode Island.  The tax base in the borough consists mainly of high-value property owned or leased by the oil industry in the Prudhoe Bay area.  The Alaska Department of Commerce Community and Economic Development reported that the North Slope Borough oil and gas property tax revenues had exceeded $180 million annually between 2000 and 2013.78  In 2014, the North Slope Borough’s budget was over $377 million, with over 85% of revenues coming from oil and gas property taxes.79

			While development activities continue onshore, the offshore potential holds the key to the long-term future of U.S. Arctic oil and gas activities and to economic stability in the region.  Alaska’s OCS is estimated to hold approximately 27 billion barrels of oil and 132 trillion cubic feet of natural gas, and its development is vital to stemming the decline of throughput through TAPS, which drives the economic engine for the North Slope Borough and the state and contributes to the overall economy of the United States.  In the most recent draft supplemental Environmental Impact Statement for Chukchi Sea Lease Sale 193, BOEM estimates that the total royalties to the federal government will be $89 billion with an additional $4 billion accruing to the North Slope Borough and the state in taxes and $2.8 billion in royalty from state production owing to a reduction in the TAPS tariff.80

			While oil and gas production from Alaska’s OCS or federal land has been limited to date, the federal government has received benefits through lease sales and annual lease rental fees from lease sales in the Chukchi Sea, Beaufort Sea, and in the NPR-A.  While 50% of the revenue received from oil and gas activities in the NPR-A is shared with the state and local governments, government revenue from Alaska’s OCS is not.  This is in stark contrast to the OCS revenue sharing provisions in the 2006 Gulf of Mexico Energy Security Act, which created provisions of sharing 37.5% of all quality OCS revenues from the Gulf of Mexico with four states and their coastal subdivisions.  Enacting revenue sharing provisions in the Alaska OCS is a high priority for Alaskan communities and lawmakers, who believe this dichotomy in lease terms should be rectified in Alaska’s favor.

			While a majority of Alaska’s Arctic oil and gas activities occur on state or federal lands, the Alpine Field is the first to produce resources from Native-owned lands.  ASRC, the North Slope Iñupiat Native Corporation, owns a portion of the subsurface in the Colville River Unit (Alpine Field) as well as the Greater Mooses Tooth Unit in NPR-A.  Royalties from these areas not only increase ASRC shareholder dividends but also benefit ANCSA Corporations across the state through ANCSA 7i and 7j sharing provisions.

			ASRC has six major business segments, including petroleum refining and marketing, energy support services, construction, government services, resource development, and industrial services.  It is the largest gross revenue producing regional corporation and reported $2.5 billion in revenues in 2013.81  According to ASRC Vice President of Lands and Resource Development Richard Glenn, “Fifty years of exploration and thirty years of operation by the oil industry in a region that has no other significant local economy have left us with many positive cumulative effects.  These include benefits to our government, local and regional corporations, community organizations, and North Slope residents.”82

			Plans for future development concurrent with declining production of existing oil fields suggest the need for understanding sustainability in this new environment and diversifying opportunities.  Toward this challenge and forging new partnerships for economic development, in July 2014 ASRC and six North Slope village corporations joined together to create a new company, the Arctic Iñupiat Offshore, LLC (AIO).  AIO and Shell Gulf of Mexico, Inc., entered into a binding agreement that allows AIO an option to acquire an interest in Shell’s acreage and activities on its Chukchi Sea leases.

			The AIO partnership and other new initiatives such as the North Slope Port Authority,83 which was formed in 2014 to facilitate the development of infrastructure that could spur shipping and tourism activities, are indicative of the discussion and concern about the economic dependence on Prudhoe Bay production and its eventual decline. 

			Employment and Training

			As of 2011, the oil and natural gas industry supported 9.8 million full-time and part-time U.S. jobs and 8% of the U.S. economy.84  In Alaska, the oil and gas industry accounts for approximately 10% of employment and 13% of all resident earnings.85  Industry job investment in Alaska has increased; in 2013, it accounted for 33% of all wage and salary employment and 38% of all wages.86  This is through direct, indirect, and induced jobs created by investment activity primarily in Alaska’s Arctic.  The Alaska Department of Labor notes that seven out of ten oil and gas workers (71%) were Alaska residents.

			Rural areas of Alaska typically have a higher percentage of unemployment rates than more urban areas of the state.  As shown by the 2010 census conducted by the North Slope Borough,87 the unemployment rates may be even higher than what is reported by the state of Alaska and the U.S. Census Bureau because of inaccurate reporting and an underreporting of underemployment. Many rural residents could be identified as discouraged workers and have removed themselves from the employment scene because of prolonged difficulty in finding employment.  Future research may be able to provide a better understanding of this scenario and provide recommendations on ways to utilize this potentially underrepresented segment of the workforce.  On the North Slope, the North Slope Borough—including the North Slope Borough School District—is the largest employer of permanent residents.  According to the Alaska Department of Labor, unemployment in the North Slope Borough has ranged from 3.5% in 1975 to a peak of 10.1% in 2007.88  The current unemployment rate is 4.2%.89  Note that this is in contrast to the unemployment rate in the neighboring Northwest Borough of 13.2%, because so many North Slope residents benefit from direct employment by the North Slope Borough.  While direct employment of North Slope Borough residents in the oil and gas industry is limited, the tax revenue described in the previous section fuels local jobs in the villages through the borough services and school district.  Increasing local employment opportunities is a priority for the industry as well as the ANCSA corporations in the region, and they collaborate frequently on training, education, and workforce development initiatives.

			Subsistence and wage-based employment exist as the primary interdependent aspects of the overall economy.  Residents often pursue wage employment opportunities in order to further participate in subsistence activities, which require cash in order to pay for fuel and other essential equipment such as snow machines, boats, fuel, ammunition, and rifles.90  Residents often seek to balance their subsistence pursuits with wage employment opportunities through seasonal employment opportunities and other mechanisms.

			Developing this workforce has been a priority for the state of Alaska as well as industry for many years.  In May 2014, the Department of Labor issued the Alaska Oil and Gas Workforce Development Plan, which lists over 270 occupations and basic job descriptions in the oil and gas industry.  Of these jobs, 60% require more than a high school diploma, and one in five require a bachelor’s or advanced degree.  As listed in the report, a significant amount of training and education resources in Alaska are available.  However, it is often difficult, especially in rural Alaska, to effectively connect high school education to job training.

			Continued collaboration and research are needed to employ more young rural residents in the industry and this is an area that may yield significant benefits for Arctic communities.

			Local Content

			To support activities in the Alaska OCS, the oil and gas industry often looks to utilize local business ventures to provide goods and services to operations.  The Alaska Support Industry Alliance, a nonprofit, represents over 500 businesses providing services to the Alaska resource industries.  These businesses reflect an experienced and vast contractor base supported by the industry.  In the Alaska OCS, this presents a unique opportunity to build the capacity of local corporations, which can be leveraged into successful lines of business.  

			Oil and gas activities in the Alaska OCS also have offered an opportunity for regional and village ANCSA corporations to develop new service lines.  This in turn creates jobs and training opportunities for their shareholders.  For example, to help members benefit from potential exploration activities, the Olgoonik Corporation in Wainwright, Alaska, teamed up with a local logistics and research firm to form Olgoonik Fairweather, LLC., which organized and managed the extensive Chukchi Sea Environmental Studies Program on behalf of ConocoPhillips, Shell, and Statoil from 2010 to 2014.  Through contracts, joint ventures, and other business opportunities, ANCSA corporations provide oil field support, drilling, oil spill response, environmental consulting, stakeholder engagement, corrosion inspection, construction resources, and logistics management to the oil and gas industry. 

			More opportunity still exists for research on how to increase training and business development in rural Alaska, which can lead to more employment opportunities in villages and in all remote Arctic communities.  Investment in telecommunications, energy solutions, and infrastructure such as ports and airstrips driven by the opening of the Arctic Ocean would present economic development opportunities in general, including but not limited to oil and gas.  

			Social Investment

			Having healthy and sustainable communities is a goal for many Arctic leaders including those at the North Slope Borough and the Arctic Council.  In Alaska, the oil and gas industry places an emphasis on social investment, because the industry plays such a critical role in the economy.  Because of this investment, the nonprofit industry in Alaska is thriving.  There are more nonprofit groups per person in Alaska than in any other U.S. state, at an estimate of more than one nonprofit per 100 people.  In 2007, Alaska nonprofits had revenue over $3.1 billion, with 43% coming from federal grants, 12% from private donations including the oil industry, and the rest from government fees such as Medicaid.  With the downturn in federal spending after 2008, the nonprofits’ reliance on private donations has increased.91

			In 2012, ConocoPhillips Alaska, Inc., and BP Alaska together contributed over $11.5 million to Alaskan nonprofit and educational organizations.  This group and other companies operating in the state contribute sizable endowments to the University of Alaska system through programs such as the Alaska Native Science and Engineering.  Ilisagvik College in Barrow, the only tribal college in Alaska, also receives significant contributions from companies on the North Slope such as Shell and ConocoPhillips to fund scholarships and workforce development programs.92,93

			Investments in rural community infrastructure such as the Northwest Arctic Borough’s (NWAB’s) Star of the North Magnet school; playgrounds in Nuiqsut, Wainwright, and Point Hope; and a recreation center in Barrow were also made by industry after those projects were identified as priorities by these communities.  In Nuiqsut, the community closest to Conoco-Phillips’s Alpine Field, natural gas is provided free of charge to the Nuiqsut Gas Co-Op and residents pay a small fee to cover distribution/conditioning costs, allowing for the lowest energy costs anywhere in the nation.

			By working cooperatively with the industry toward the potential of Alaska OCS development, community priorities rise to the surface of social investment for operators.  Good projects designed to support healthy and sustainable communities need to be identified and developed in order to maximize the social investment in the future. 

			Cultural Aspects 

			Subsistence Harvesting

			Subsistence use patterns vary seasonally; subsistence species migrate across the landscape and growth cycles transition throughout the year.  Similarly, these patterns may change over long periods of time.  Many researchers have collected data on subsistence activities over the past few decades, and some have synthesized these data (for example, Braund and Kruse 2009).94  However, more long-term monitoring and data synthesis would be useful to fully understand subsistence use patterns over the long term: how Arctic or global change affects those patterns and how subsistence users may be affected by these aspects of subsistence patterns are not thoroughly understood. 

			Much is known about current and past subsistence practices based on numerous studies that have been conducted on baseline subsistence conditions and to evaluate interactions with oil and gas activities.  To date researchers from federal, state, and local governments; oil and gas industry; and academia have examined the following issues:  

			•What communities harvest95,96,97,98,99,100,101,102,103,104,105,106,107

			•How communities harvest resources108,109,110,111,112,113,114,115,116,117,118,119,120

			•Subsistence use areas through detailed mapping efforts121,122,123,124,125,126,127 

			•Effects from oil and gas exploration and development.128,129,130,131,132,133,134,135,136,137,138,139

			On the North Slope, studies on subsistence and impacts on subsistence living patterns have been conducted since the late 1970s.140,141,142,143,144,145,146,147,148  Some of these are stand-alone studies, while others comprise components of multidisciplinary studies.  

			There are reports that subsistence use areas and practices are changing as a result of climate change.  In the AMAP Oil and Gas Assessment 2007, Michael Baffrey and Henry Huntington synthesized 30 years of data analyzing the social and economic effects of oil and gas on Arctic populations.149  This and other comprehensive synthesis and long-term studies, such as the recently completed Cross Island Whaling Monitoring program,150 provide data from which subsistence use patterns and changes in patterns over time can be interpreted and evaluated.  

			Traditional Knowledge

			Because U.S. federal and Alaska state regulations require that local populations be consulted and traditional knowledge used to mitigate adverse impacts on the environment (for example, EO 13175: Tribal Consultation, EO 12868: Environmental Justice, and Alaska National Interest Lands Conservation Act), an extensive body of work exists on traditional knowledge collected from Arctic communities.151,152,153,154,155,156,157,158,159,160,161  Traditional knowledge has been used in research on the human and biophysical environments, through sociocultural studies, subsistence mapping studies, and biological resource studies.162,163,164,165,166,167,168,169,170,171,172,173,174,175,176,177,178

			A pivotal example of traditional knowledge assisting scientists and its use in politics resulted from the International Whaling Commission’s (IWC’s) 1977 decision to ban whaling because the IWC was concerned the bowhead population was too low to sustain a subsistence harvest.179,180,181,182,183  In response, whalers formed the AEWC—consisting of one representative from each Alaska bowhead whale hunting community.  AEWC collaboration between Iñupiaq traditional knowledge and science led to more accurate population estimates for the bowhead whale, which in turn led to defensible subsistence hunting quotas. The whalers knew the bowhead migration was not confined to the nearshore leads where the IWC information was based, but that their migration path was much broader.  Iñupiat and scientists worked together to obtain a census that was representative of the Arctic bowhead whale population.  They increased the census area and used different counting techniques, a large part of which were based on traditional knowledge of the area.  Additionally, they included acoustic and aerial survey techniques in their study.184  The result: noticeably more bowhead whales were observed than in the IWC’s original estimates.  Subsistence whalers could continue the bowhead hunts, and hunting quotas were set for subsistence villages.  By consulting traditional knowledge and incorporating it into western scientific applications, the AEWC regained their hunt.185,186 

			Learning from the Whaling Commission and IWC interaction, Alaska Native beluga whale hunters and government biologists established the Alaska Beluga Whale Committee (ABWC) as a proactive measure.  They knew that detailed information on beluga populations, stock, and harvest numbers were needed for adequate planning.  Today the ABWC uses traditional knowledge and science to manage beluga stocks and beluga subsistence activities.187  Following suit, marine mammal co-management groups have also been formed for the walrus (Alaska Eskimo Walrus Commission), ice seals (Ice Seal Committee), and polar bears (Alaska Nanuuq Commission).

			Climate Change Impacts on the Human Environment

			The Arctic climate has seen a significant change since the 1980s because of the combined effects of several factors that include: changes in wind patterns and loss of multi-year ice cover due to a unprecedented positive shift of the Arctic Oscillation in 1989; a self-reinforcing, coupled ice melt and heat adsorption mechanism related to loss of reflective ice cover; and melting caused by gradual global atmospheric warming and by the influx of warmer oceanic waters from lower latitudes.188  The risks associated with these recent dramatic climatic changes in the Arctic are recognized as a serious issue by all Arctic stakeholders including industry, regulators, and the indigenous communities.  

			The changes are occurring at the same time that there is increased interest in offshore oil and gas industry exploration, shipping, and tourism in the Arctic.  The climate has changed in the past and people have adapted; however, current trends indicate climatic variables such as loss of sea ice cover are changing faster than anticipated based on atmospheric warming alone and in an unprecedented way.189  Surface temperatures are warming faster in the Arctic than at lower latitudes, which has resulted in thawing of previously stable permafrost.190,191  As a consequence, climactic changes need to be, and are, considered when evaluating the susceptibility of environmental resources to industry activities.

			The sustainability of Arctic communities may be at risk because of changes in the natural environment in which they exist.  Coastal erosion along Alaska’s northwestern coast threatens the physical nature and the viability of many communities.192  Some Alaska communities have relocated or are in the process of relocating, because entire village sites are eroding.193

			Seasonal changes in ice conditions and changing weather increases hazards for people dependent on winter on-ice travel.194,195  The steepened warming trend observed since the late 1980s has shortened periods during which hunters can safely travel on frozen surfaces and limits the time they can hunt for the subsistence resources on which they depend.  In the 2010-2011 winter, freeze-up in Iqaluit, Canada was 59 days later than usual.  The Nunavut in the region could not subsistence hunt during that time and relied on food banks to survive the winter.196  In 2013 and 2014, unsafe sea ice conditions near Barrow severely limited the traditional spring bowhead whale hunt.

			Changes in the climate can impact the way humans interact with the environment as seen in the widespread coastal erosion and river flooding affecting many remote Alaskan communities.  Coastal erosion along Alaska’s northwestern coast threatens the physical nature and the viability of many communities.197  Alaska’s coastline makes its communities more vulnerable to coastal erosion than other circumpolar coastal communities,198 because it is very dynamic, and this results in short-term changes in the location and character of tidal inlets and other coastal features.  More than 200 Native Alaskan communities are located along the coast and riverbanks, to capitalize on the locations’ subsistence hunting and fishing resources.  Coastal locations and riverbanks are susceptible to periodic and severe erosion caused by storms.  Coastal villages have become more susceptible to erosion and flooding as a result of rising temperatures that cause protective shore ice to form later in the year, leaving the villages’ coastline vulnerable to fall storms.  Coastal erosion and annual flooding have caused significant property damage to homes, public buildings, airstrips, and other facilities and infrastructure.199

			In 2003, the U.S. Government Accountability Office (GAO) noted that four Alaska villages were in imminent danger and were planning to relocate.200  Village relocation is a costly, complex, and time-consuming process.  Relocation is not as easy as moving residents to another village or town.  Each community has its own identity closely linked to its location, environment, and resources, and relocation is not necessarily a preferred solution, such as is the case with Shaktoolik.201  Those villages that accept relocation often find that they prefer establishment of a new village.202,203

			Changing climate is also influencing wildlife habits and migration patterns of subsistence resources, affecting human spatial and temporal subsistence patterns.  A widespread concern is that with the loss of multi-year ice, conditions will become increasingly unfamiliar and the hunting season will shorten.204  In northern Alaska, spring sea-ice patterns are changing, affecting the reliability of Chukchi communities’ spring bowhead whale hunt.  Spring whale migration is 2 weeks earlier than it was in 1987.205

			Terrestrial vegetation is also changing; according to traditional knowledge the tundra has more grass than it did historically.206  Climate change models used by the BLM for the NPR-A predict the overall effect on vegetation from long-term climate change will be a significant shift in vegetation type.  Growing seasons are expected to be longer, soils warmer, and drier, resulting in “significant acreages of boreal cordillera [ecological zone], with vegetative cover ranging from open to closed forest canopies; western tundra, which is similar but with a moist, subpolar climate, patches of stunted trees, and a greater presence of tall shrub communities; and boreal transition with boreal forests in valleys and lowlands, and scattered pockets of permafrost.”207  These changes are already observed in some areas of the North Slope.208  Changes in vegetation on which subsistence species depend have the potential to affect the abundance and distribution of subsistence species and thus communities’ subsistence use areas and activities. 

			From the local remote Arctic communities’ perspective, the greatest risks associated with the recent changes in climate are those to subsistence food sources.  These communities depend on the interaction between the environment and biological resources.  If the environment changes, and subsistence species become less abundant or extinct, there may not be reserve food sources.209  Additionally, subsistence plays an important role in cultural identity and sustainability, such that changes to wildlife population and wildlife migration patterns can disrupt people’s cultural way of life.  Warming of permafrost layers is also affecting traditional ice cellars, causing subsistence foods to spoil and hunters to seek new forms of storage.

			Long-term monitoring of subsistence resources and activities provides an opportunity to evaluate changes and potential impacts due to climate change and other factors at play in the Arctic.  Monitoring studies that identify and evaluate changes in local communities benefit the development of mitigation or response measures.  There are a number of ongoing and planned research studies in Arctic Alaska:

			•North Pacific Research Board (NPRB) Human Dimensions.  Within the 2015 request of research proposals, the NPRB added a new research subcategory—Human Dimensions.  With this, the NPRB encourages research that integrates social science approaches to gain a broader understanding of socio-ecological systems.210

			•NWAB Subsistence Mapping.  This 4-year (2011-2014) collaborative effort produced maps showing the region’s subsistence areas that can be used to help protect subsistence resources during decision-making for zoning, land use, and proposed development.211,212,213

			•North Slope Borough Economic Profile and Census.  This census monitors the economic, demographic, and health status of the North Slope communities.  Among the various aspects it addresses is subsistence—harvests, use, sharing, and resources.214,215,216

			•BOEM’s 2012-2014 Dispersal Patterns and Summer Ocean Distribution of Adult Dolly Varden from the Wulik River, Alaska, Evaluated Using Satellite Telemetry.  This project studies the distribution of this important subsistence fish so that regulators can make informed decisions during National Environmental Policy Act (NEPA) analyses.217

			•Subsistence Mapping of Wainwright, Point Lay, and Point Hope Communities (2014-2017).  This project will provide baseline mapping data to be used to monitor impacts to the communities in the vicinity of the Chukchi Sea Lease Sale Area.218

			•Traditional Knowledge Implementation: Establishing Arctic Community Panels of Subject Matter Experts.  This project seeks to identify local and traditional knowledge experts from Arctic communities and to organize them into consultant panels that will engage in incorporating traditional knowledge into BOEM-funded scientific research (2015-2020).  Research would include oceanography, biology, and social systems, including subsistence.219

			The NEPA process requires cumulative effects to be considered when impacts from an undertaking are assessed.  Federal regulators will evaluate how impacts from oil and gas activities may interact with impacts associated with a changing climate.  This has implications for the management of Arctic resources220 that may result in additional or modified regulations on permitted activities, such as oil and gas exploration and development.

			The stability of permafrost on the North Slope is a growing issue.  In 2002, the U.S. Arctic Research Commission formed a task force on climate change, permafrost, and infrastructure impacts.  The task force concluded that widespread evidence of permafrost warming and thawing exists.  The changing permafrost conditions were reported to have substantial implications for Alaska’s transportation system, TAPS, and the approximate 100,000 Alaskans living in permafrost areas.  For example, warming and melting permafrost results in ground subsidence and erosion, which in turn threatens the stability of infrastructure and buildings.221

			The oil and gas industry maintains a consistent focus on safety and risk assessment in the Arctic, as it does globally.  Major investments in technology and research spanning many decades have resulted in ice and weather forecasting capabilities and real-time reporting focused on the Arctic.  Oceanographic and environmental data collected by Shell, Conoco-Phillips, and Statoil between 2008 and 2014 are available through the Alaska Ocean Observing System.222  These studies and monitoring efforts will allow industry to prepare for changing conditions.

			Common Research Themes Related to Decision-Making

			Through the processes of review of recommendations derived from more than 100 research review and planning documents and analysis of regulatory drivers for sociocultural data needs, the Human Environment study team has identified a number of recurrent investigative themes that can enhance our understanding of the potential interplay between oil and gas development and the people of the Arctic. The results of these review processes reflect the cumulative and common recommendations of a number of preexisting initiatives, including the National Academy of Sciences, the NSF, and the U.S. Arctic Research Commission, which had been established to answer the question of what research is needed on Arctic sociocultural resources.  The study team applied an additional filter to the broad range of potential research opportunities that can be undertaken on the Arctic human environment by identifying key areas that are particularly important for supporting prudent development of Arctic oil and gas resources.  Specific themes have been used to categorize the potential studies and to assess research priorities.  The resulting five research themes have been vetted with key stakeholders and participants, including representatives of tribal organizations and Native corporations of the North Slope in workshops both in Washington and Fairbanks.  

			The following subsections cover the following five themes:

			1.	Sociocultural demographic and wellness patterns

			2.	Subsistence use patterns

			3.	Traditional knowledge

			4.	Protection of food security through evaluation of contaminants in subsistence foods

			5.	Fate and effect of oil spills.

			In these subsections, themes are addressed according to the following outline:

			•Description of the theme

			•Relevance to exploration and development in the Arctic

			•Planned research or investigation.

			Theme 1:  Sociocultural Demographic and Wellness Patterns

			Description of the Theme

			Understanding demographic and population characteristics and potential changes in the U.S. Arctic will continue to be critical. This includes understanding population attributes such as population estimates, employment by industry, and unemployment rates. Issues to consider also include how small populations, isolated locations, and reliance on subsistence resources affect demographic patterns.  This theme also includes continued insight into effective community wellness monitoring to ensure that meaningful changes in community well-being—both positive and negative—from oil and gas activities can be observed.  An understanding of the demographics and sociocultural makeup of the region’s population and its wellness is needed to assess the impacts of Arctic development on local communities. 

			Relevance to Exploration and Development in the Arctic

			Recent research by the state of Alaska estimates that Alaska’s population will grow from 714,142 in 2010 to 915,211 in 2035.223  It is forecast that new jobs generated by OCS development could increase the statewide population by 5% over the next 50 years.224  Figure 10-2 shows the major oil and gas activities in Alaska’s development since statehood.  Increased activity in oil and gas will continue to have significant impacts on the local populations of this region.
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			Prior to the discovery of oil in Prudhoe Bay in 1968, employment in the North Slope was limited mostly to federal and state activities.  By the time the North Slope Borough was formed in 1972, employment opportunities were available in construction, oil and gas extraction, and support services such as transportation, communications, and utilities.  In addition, the expansion of public facilities and services on the North Slope has improved the quality of life by providing improvements in safety, transportation, and communication and increasing household incomes.225  While North Slope residents generally agree that oil and gas development and associated activities have improved their quality of life in many respects, the social effects of rapid economic development is a common concern.226  These concerns include how increased economic development will impact residents’ reliance on subsistence lifestyles, changes in the cultural and demographic makeup of villages, and increased reliance on outside resources.

			Because of these concerns, it is important that we understand the impact that economic development due to offshore oil and gas activities has on subsistence hunting and fishing, as well as how it can cause changes in the cultural and demographic makeup of villages and increased community reliance on outside resources.

			Planned Research or Investigation

			BOEM’s Alaska office publishes a yearly assessment of information needs and study profiles.  In 2014, BOEM focused on upcoming lease sales, as well as planned and proposed exploration activities in the Beaufort and Chukchi Seas.  The profiles assessed what changes might occur over time in socioeconomic and subsistence lifestyles in coastal Alaska communities.  Following its completion, BOEM will use the study Social Indicators in Coastal Alaska: Arctic Communities, to update key sociocultural and economic baseline data to analyze the local and regional impacts from offshore exploration and development activities for select communities, including Point Lay, Wainwright, Barrow, Nuiqsut, and Kaktovik.227

			The North Slope Borough (NSB) Department of Planning and Community Services is conducting a review of all eight borough village comprehensive plans in preparation for updating the NSB Area Wide Comprehensive Plan.  The comprehensive planning process encompasses economic and demographic analysis, land use analysis, and stakeholder engagement on issues and priority projects.  Community participation provides a forum where residents can share perspectives on the impacts of oil and gas development onshore and offshore.  Participants can also discuss the results of recent scientific, social, and economic studies and impact assessments.228

			Residents express concern about the potential cumulative impacts of offshore and onshore development on subsistence lifestyles.229  In preparing NEPA documents, BOEM increasingly recognizes the need to assess cumulative or aggregate impacts on the local population over time.  Aggregate-effects research includes a broader set of sociocultural issues: the changing relationship between a cash economy and household subsistence activities, changing sources of anxiety and stress at various levels of organization, changes in sharing subsistence resources, and potential changes in recruiting youth into subsistence activities.  Establishing and maintaining a set of social indicators will be important for estimating long-term aggregate impacts.

			Theme 2:  Subsistence Use Patterns

			Description of the Theme

			Subsistence is vital to the way of life for indigenous peoples,230,231,232,233and their concerns about how oil and gas exploration and development may affect subsistence activities are understandable.  U.S. regulatory agencies have imposed, and oil and gas industry operators have adopted (both mandatorily and voluntarily), mitigation measures to prevent and reduce their impact on subsistence resources. 

			Understanding the potential interactions of oil and gas activities with subsistence activities, and patterns that may be changing as a result of other causes, will continue to be critical.  Concern also has been expressed by local communities that climate change is resulting in variations on subsistence species distribution and access to hunting opportunities, which in turn affect subsistence communities. 

			Therefore, this research theme focuses on understanding and documenting subsistence activity patterns to ensure responsible development of oil and gas operations and reduce any potential conflicts with subsistence activities.  

			Relevance to Exploration and Development in the Arctic

			Addressing real and perceived risks to subsistence practices is important to the success of all oil and gas exploration and development activities in the Arctic.  

			BOEM sponsored several years of subsistence mapping studies that provide data for evaluating the effects of oil and gas activities, determining where oil and gas leases should and should not be offered or sold, the appropriate timing of activities to reduce conflict with subsistence needs, and other mitigation measures.234,235,236,237,238,239,240  This is especially important since in certain areas and times, subsistence activities and resources may be vulnerable to oil and gas activities.

			Sounds generated by oil and gas activities can deflect migrating whales and may disrupt the bowhead whale hunt by deflecting the whales away from the hunters.241,242  However, industry has established procedures to work with whalers to minimize or avoid the impact on subsistence hunting by staging operations, if possible, when whales are not in the area and by ceasing operations when the whaling is occurring in the area. 

			One tool that is available to resolve the potential for impacts is the Whaling Commission Conflict Avoidance Agreement, which in recent forms specifies times for area closures for both the Beaufort and Chukchi Seas that correspond to open water season activities occurring during subsistence whaling.  Through the agreement, oil and gas exploration and seismic activities have been able to operate outside specific areas and times and avoid affecting subsistence.243,244,245

			Where there are overlaps in space and time between subsistence use of the environment and industrial activities, there is the potential for negative impacts but also for cooperation.  Subsistence advisor programs have helped instill cooperation.  Hired as industry employees or contactors, subsistence advisors can play an important role in coordinating with residents in the villages before, during, and after project activities, identifying potential conflicts prior to and during project activity.  Subsistence advisors accompanying oil and gas activities can identify potential conflicts with subsistence users and resources at the time of the activity, and act as liaisons between industry and subsistence users.

			Industry operators conducting offshore activities hire Iñupiat and biology-trained protected species observers (PSOs) as part of marine mammal monitoring and mitigation programs.  These programs use traditional knowledge of the region and biological science to monitor marine mammals potentially affected by sounds and activities conducted by the operators.  The programs also contribute to federal agency reporting requirements and to data collection on marine mammals.  PSOs spend time aboard offshore vessels monitoring occurrence and behavior of marine mammals.  They record numbers of mammals observed, their distance from vessels and activities, reactions to activities, and “takes by harassment” as defined by NMFS.  These PSOs also act as real time advisors and communicators to recommend and call for mitigation measures to avoid potential impacts on the marine mammal resources and the subsistence hunting of those resources.  

			Onshore, subsistence users are concerned with helicopters deflecting caribou migration and habitat use and interfering with subsistence hunter activities.  Both the North Slope Borough and the BLM monitor helicopter travel and landings through permitting processes.  For example, the BLM requires holders of the NPR-A Access Authorization to maintain and submit an aircraft-landing log. 

			In the United States, multiple agencies require industry to consult or offer to consult with subsistence communities and subsistence management groups and submit plans to mitigate impacts.  When activity is planned in or near traditional Arctic subsistence hunting areas, the NMFS requires operators to submit a formal permit request that includes a plan of cooperation.  Yearly, NOAA/NMFS conducts a peer review where activities and marine mammal monitoring and mitigation and subsistence conflict avoidance are discussed.  Similarly, the BLM NPR-A Subsistence Advisory Panel advises the BLM on how best to minimize impacts on subsistence hunters from oil and gas activities through multiple co-management meetings per year.

			Data syntheses of studies like this and the ongoing studies noted below will provide comprehensive integrated understanding of trends that can be used to reduce any potential conflicts with subsistence activity that may vary or be intensified owing to climate change.

			Planned Research or Investigation

			There are many projects that provide indispensable insight into the importance of subsistence in modern Arctic cultures and its relevance to Arctic oil and gas planning, permitting, and operation.  Within Northwest Alaska and on Alaska’s North Slope, public and private entities coordinate in extensive ongoing studies.  Studies and data collection take a variety of forms.  Ongoing and planned studies monitoring impacts on subsistence activities include subsistence mapping efforts, harvest studies, and socioeconomic analyses.  Examples are:

			•NWAB Subsistence Mapping.  This 4-year (2011-2014) collaborative effort to produced maps showing the region’s subsistence areas that can be used to help protect subsistence resources during decision making for zoning, land use, and proposed development.246,247,248

			•North Slope Borough Economic Profile and Census.  The census monitors the economic, demographic, and health status of the North Slope communities.  Among the various issues it addresses are subsistence—harvests, use, sharing, and resources.249,250,251 

			•BOEM’s 2012-2014 Dispersal Patterns and Summer Ocean Distribution of Adult Dolly Varden from the Wulik River, Alaska, Evaluated Using Satellite Telemetry.  This project studies the distribution of this important subsistence fish so that regulators can make informed decisions during NEPA analyses.252

			•Subsistence Mapping of Wainwright, Point Lay, and Point Hope (2014-2017).  This project provides baseline subsistence mapping data to be used to monitor impacts in the communities in the vicinity of the Chukchi Sea Lease Sale Area.253  This study has not yet commenced. 

			•Traditional Knowledge Implementation: Establishing Arctic Community Panels of Subject Matter Experts.  This project seeks to identify local and traditional knowledge experts from Arctic communities and organizes them into consultant panels that will engage in incorporating traditional knowledge into BOEM-funded scientific research (2015-2020).  Research would include oceanography, biology, and social systems, including subsistence.254

			Data syntheses of studies will provide comprehensive integrated understanding of subsistence trends that can be used to understand the effects of climate change.  To understand changes in long-term subsistence use over time and space, comprehensive synthesis of the collected data is needed; in conjunction with long-term monitoring and documentation of subsistence use, this can provide valuable insights.  Data sharing, data access, and transparent analysis will help identify any changes to the long-term patterns.

			Theme 3:  Traditional Knowledge

			Description of the Theme

			Traditional knowledge “has an empirical basis and is used to understand and predict environmental events.”255  It informs and teaches local populations how to conduct themselves in culturally appropriate ways, how to survive in, sustain in, and connect with their environments.256  Traditional knowledge has long served Arctic indigenous cultures for daily activities and during times of adversity, and can be beneficial to the oil and gas industry when incorporated into its planning and operations.  Industry and Alaska Native residents have made important collaborative steps in incorporating traditional knowledge and science. 

			Traditional knowledge incorporated with science has improved operating practices, safety procedures, and emergency and environmental response practices.  For example, local experts with traditional knowledge have described a number of places where consistent wind patterns and currents result in accumulation of surface debris on the ocean and on the shoreline.  NOAA began incorporating this traditional knowledge about into their Arctic Environmental Response Management Application (ERMA) following a series of workshops on coastal currents and ice movement.  This information is on the ERMA website and can be used by environmental engineers, spill responders, planners, and decision-makers.257

			Industry participants have conducted a number of interviews and other traditional knowledge gathering projects to understand how Iñupiat use Alaska’s northwest coast, what resources and areas need protecting, how resources may be affected by industry activities, and how to protect them from industrial activities.258,259 

			Traditional knowledge has demonstrated its value time and again, yet incorporating it into scientific research, resource management, and mitigation can be challenging.260,261,262,263,264,265  Longstanding conflicts between Western and traditional ways to manage resources endure.266  Natural resource managers and scientists are often unfamiliar with the social science methods and techniques necessary for cross-cultural dialogues and traditional knowledge integration267 and traditional knowledge has spiritual aspects that are difficult to fit into scientific constructs.268  Identifying the proper knowledge keepers also can be a challenge: not everyone in a community is an expert on all topics, and community power structures can make it difficult for an outsider to elucidate who the experts are.269  With concerns about intellectual ownership and control, sometimes people are hesitant to share this knowledge.270,271

			Even when focused on a common goal, scientists and traditional knowledge experts’ approaches may vary.  The Experts Workshops to Comparatively Evaluate Coastal Currents and Ice Movement in the Northeastern Chukchi Sea272 is a good demonstration of the issue.  Geophysical scientists tend to focus on characterizing the mean ice and current conditions before looking at the variability, whereas hunters using traditional knowledge focus on short-term variability and anomalies in the ice and current that may affect navigation and safety while working on the ice.273  The collaboration between science and traditional knowledge is not merely the sharing of ideas, methods, and information; it is communication between different worldviews.  Translation of content must occur even when those involved speak the same language in order to assure mutual understanding.274  Yet, this interaction between worldviews has led to many successful management decisions, strategies to avoid impacts, and development of mitigation measures relevant to Arctic resources, people, and exploration and development activities.

			Relevance to Exploration and Development in the Arctic

			Traditional knowledge has relevance to exploration and development in both activity implementation and regulation.  U.S. federal and Alaska state regulations require that local populations be consulted and traditional knowledge used to mitigate impacts on the environment (for example Executive Order [EO] 13175: Tribal Consultation, EO 12868: Environmental Justice, and ANILCA).

			Traditional knowledge has become increasingly important to industry when conducting risk assessments of potential activities as a matter of safety, law, and social responsibility.275  When industry actively solicits community and traditional knowledge experts’ participation at multiple steps of a risk assessment—planning, developing methods, implementation, and review of findings—it instills a collaborative atmosphere among communities, biologists, co-management groups, and industry.  This body of knowledge allows for a better evaluation, and subsequent avoidance and mitigation of potential impacts to marine mammals and subsistence.  For example, industry participants have gained understanding of how small-scale disturbances such as sound, vision, and smells affect marine mammals.276

			Traditional knowledge informs what resources may be affected, how they may be affected, and how impacts may be mitigated.277,278,279,280  BOEM oil and gas lease stipulations use traditional knowledge. For example, BOEM requires exploration and development programs to include orientation programs that help educate personnel about social, cultural, and environmental concerns in the area.  Lease stipulations require the use of traditional knowledge about subsistence use areas and patterns, when requiring lessees to implement marine subsistence mammal monitoring and subsistence harvest conflict avoidance programs.281

			Another impact mitigation measure employed by offshore industry operators is the communications centers or communications and call centers (Com Centers).  Com Centers are operated annually during bowhead subsistence whale hunts.282  Com Centers facilitate communication between open-water subsistence hunters and industry vessels to minimize and avoid conflicts between subsistence hunters and industry activities.  The centers involve individuals from the Native villages located on the North Slope, who speak and understand Iñupiaq.  The Com Center operators track the locations and progress of industry activities, whalers, and other subsistence hunters as reported to them and relay information between vessels and industry operators.

			Traditional knowledge can benefit exploration and development operational and safety procedures.  Several workshops held in March 2013 brought Iñupiat from Barrow, Wainwright, Point Lay, and Nuiqsut; private sector scientists; and agency scientists together to discuss Chukchi and Beaufort Sea ice conditions and ocean circulation and how these factors may affect response to oil and hazardous substance spills.  They found traditional knowledge complements large scale remote sensing and ice-ocean models.  It provides guidance on coastal currents, local weather, and bathymetry controlling ice and currents that disperse marine life in the northeastern Chukchi Sea and Beaufort Sea.  This workshop is an example of effective collaborative analysis using traditional knowledge and science, and through it, several types of studies were recommended to continue collaborative work and provide better data to inform marine navigation.283

			Information gained through interviews with traditional knowledge experts provides valuable information to industry during oil spill contingency planning.  For example, food in ice cellars along the coastline and near communities could be at risk in an event of oil stranding during periods of above normal water levels.284  By learning the value of these cellars and where they are located, industry prioritizes coastline areas for protection in the event of an oil spill.  Furthermore, engagement with community members and traditional knowledge experts can inform industry on ways to avoid inadvertent damage to ice cellars during oil spill response activities.

			Incorporated with regulation, project planning, social science, and natural science, traditional knowledge plays a successful role in mitigating impacts that may result from oil and gas activities.  A number of conflict avoidance measures based on traditional knowledge of local animal habitat, behavior, migration, and seasonality are directed to limit negative impacts from oil and gas activities.  Annual Conflict Avoidance Agreements between offshore operators and the Whaling Commission, cooperative mitigation efforts, and monitoring efforts like that implemented for ConocoPhillips’ Meltwater Project are examples.285,286,287  Both the Conflict Avoidance Agreements and the Meltwater Project in the Kuparuk River Unit are considered traditional knowledge success stories.288,289  The Conflict Avoidance Agreement uses traditional knowledge to inform mitigation measures including industry shutdown periods and communication strategies to facilitate real-time decision-making.  

			Impact mitigation informed by traditional knowledge affects how some oil and gas activities are conducted.  For example, traditional knowledge states that aircraft pose one of the greatest potential negative impacts on successful hunting and long-term caribou migration patterns.290  As a result, in their land use and field study administrative approvals, the North Slope Borough puts altitude restrictions on aircraft.  The BLM puts restrictions on where, when, and how such helicopter-supported activities occur in the NPR-A.  These permit stipulations can affect the timing and amount of research studies conducted for the oil and gas industry, supply transport to remote locations, and other aerial support for oil and gas.

			Planned Research or Investigation

			Ongoing and planned research will further the incorporation of traditional knowledge into scientific studies, regulation, and mitigation measures, thus strengthening its role in oil and gas and other development activities.  Within Alaska, multiple entities are pursuing efforts to utilize traditional knowledge in a number of areas.  These include: 

			•NWAB Subsistence Mapping.  This 4-year collaborative effort will produce maps showing the region’s subsistence areas.  The maps will help protect subsistence areas during decision-making for zoning, land use, and proposed development.291,292,293

			•Traditional Knowledge Implementation: Establishing Arctic Community Panels of Subject Matter Experts.  This 5-year project will establish subject matter expert panels in multiple U.S. Arctic communities so that traditional knowledge is incorporated into “a meaningful management process.”294  Scientists engaging in BOEM-funded projects will consult this panel on topics such as ocean currents, ice movement and behavior, marine mammal subsistence hunting, seabird and waterfowl harvest, subsistence sea-run fish, and subsistence terrestrial and nearshore species use.295

			•WALRUS (Walrus Adaptability and Long-Term Responses).  This 5-year project is using traditional knowledge and scientific findings to project walrus sustainability.296

			•Cumulative Effects of Arctic Oil Development: Planning and Designing for Sustainability.  This ongoing 4-year project is studying the effects from oil and gas development and infrastructure.297

			•Camden Bay Collaboration – Shell – Whaling Commission.  Experts from both the traditional whaling community and a combination of bowhead whale survey specialists and acousticians are evaluating available information to inform joint application of mitigation measures related to protection of subsistence harvest of bowhead whales, while accommodating exploration drilling in the Camden Bay area of the eastern Beaufort Sea.  

			•Statoil.  In 2013, Statoil partnered with three coastal Alaskan communities—the Native governments of Kotzebue, Wainwright, and Point Hope—to document traditional knowledge of how marine mammals respond to sound disturbance.  This research project is called Traditional Ecological Knowledge of Acoustic Disturbance.298

			Agencies, industry, and scientists are incorporating traditional knowledge in research activities.  Once it is incorporated, industry and scientists need traditional knowledge keepers to:

			•Inform local residents that traditional knowledge has been considered

			•Evaluate whether or not the implementation methods have worked 

			•Assess how those methods can be improved.

			These efforts help build collaborative strategies and mutual trust among the various participants.299

			Additional research would be fruitful both in terms of continued collection of traditional knowledge within the indigenous communities of the Arctic and in terms of sharing best practices for collection and quality assurance.  While standard practices exist for acquisition of traditional knowledge, innovation within the field of survey techniques and data synthesis and improvement of the intersection between traditional knowledge and western science would benefit both communities.

			Where there are different operator, contractor, agency, and other stakeholders pursuing simultaneous research studies in the same area, care must be taken to see that communities are not inundated with multiple meeting and monitoring efforts.  Leadership is over-committed and cannot address all issues and interests of all such parties.300

			Theme 4:  Protection of Food Security Through Evaluation of Contaminants in Subsistence Foods

			Description of the Theme 

			While food security is defined in varying ways, from purchasing power and nutrient intake to the sustainability of agricultural production, for the Alaskan Iñupiat, food security is synonymous with environmental health.  The Iñupiat possess a unique understanding of food security encompassing both cultural and environmental systems: systems that interlink and support each other.301  With the many changes in the Arctic, from a changing climate to industrialization (increased oil and gas activities, increased shipping), protection of food security is emerging as a key theme in Arctic communities.  

			Food security can be characterized as secure and reliable access to subsistence use areas and subsistence resources, and the assurance that subsistence foods contain no environmental or industrial pollutants that could threaten human health (Figure 10-3).  Changes in climate, human activities involving noise or discharges, and the presence of infrastructure each may have the potential to affect the habitat, population size, and movements of subsistence species.302  Changes in ice conditions and weather patterns are having an impact on traditional hunting methods, creating safety concerns for subsistence hunters.  The levels of contaminants currently in the Alaskan Arctic do not at this time seem to have any effects on public health and food safety.303  However, there is the perception and concern of risk of contamination from low probability, high-impact events such as an oil spill, which could threaten food security.  
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			According to the North Slope Borough 2010 survey of population and economic conditions, a significant percentage of respondents reported experiencing food insecurity.  Households finding it difficult to get the traditional foods they needed for healthy meals ranged from 33% in Barrow to 62% in Anaktuvuk Pass.304  Although sharing traditional foods is an integral value of subsistence culture, those households reporting difficulty in obtaining the traditional foods, therefore experiencing food insecurity, are somewhat less likely to share traditional foods.305

			Relevance to Exploration and Development in the Arctic 

			Alaska Native populations are aware that oil and gas development brings the potential of additional environmental contamination.306,307  While historical onshore development is seen as limited in its impact, in the unlikely event of an oil spill in the Alaska OCS, the area that may be potentially impacted is much greater, causing heightened concerns related to food security.  Marine mammals, especially the bowhead whale, provide a critical connection to culture and nourishment of the Inuit.  This relationship with oil and gas activities and traditional practices has created an awareness of the “importance of a healthy marine environment in sustaining traditional diets for Inuit and aboriginal peoples.” “Conserving the environment is one way to address food security,” according to Henry Huntington, the Pew Charitable Trust’s Arctic science director, at a recent meeting of the Arctic Council.

			Planned Research or Investigation

			The Inuit Circumpolar Council–Alaska has been working on a study to define food security from an Inuit perspective.  The information gathered is being aggregated and analyzed to obtain a greater understanding of an Inuit food security definition and to identify overarching drivers of food security and insecurity in order to develop an Inuit definition of food security.  The project will contribute to understanding the pressures on traditional food resources and communities that are resulting from climate changes and increased human presence and development.  Four objectives will be met by this project: (1) provide an understanding of Arctic food insecurity from an Inuit perspective; (2) identify drivers of food in/security; (3) identify what needs to be monitored in order to create action plans; and (4) create an assessment tool.

			Since the 1990s, BOEM has, as part of the Environmental Studies Program, conducted the Arctic Nearshore Impact Monitoring in Development Area (ANIMIDA) and continuation of ANIMIDA in the Beaufort Sea to provide baseline data and monitoring results for possible chemical contamination, turbidity, productivity of sensitive biological areas, and subsistence whaling in the vicinity of oil industry development in the Beaufort OCS.  Likewise, in the Chukchi Sea, BOEM conducts the Chukchi Sea Offshore Monitoring in Drilling Area (COMIDA) baseline study.  COMIDA is a chemistry and benthos (seabed-dwelling organisms) study that, along with the Hanna Shoal Ecosystem Study, provides baseline data and monitoring results for possible contamination and productivity of sensitive biological areas important to subsistence species.  Both ANIMIDA and COMIDA represent the types of long-term monitoring and assessment studies needed to track the levels of possible contaminants in the ambient environment and the persistence of those that potentially could result from oil and gas activities and have an effect on subsistence-based communities.

			The Arctic Council’s AMAP is a long-term monitoring program for contaminants in the circumpolar Arctic.308  Continued research into the concentrations of contaminants in fatty tissues of subsistence species is vital to food security for subsistence cultures in the Arctic.

			Theme 5:  Fate and Effect of Oil Spills

			For ease of review, findings and recommendations related to oil spill prevention and response have been consolidated in Chapter 8.  The topic of fate and effects of oil spills is one that has specific relevance to the human environment and is included here as one of the five identified research themes, given its importance.  Readers interested in this topic are encouraged to refer to Chapter 8 for a fuller understanding of this report’s findings and recommendations. 

			With respect to the influence of oil and gas exploration and development on Alaska’s OCS human environment, the potential for a significant petroleum release that could affect indigenous Arctic communities is a prominent concern.  Specifically, concern focuses on potential impacts to subsistence lifestyles.  The perceived or real contamination of the biophysical environment may have direct social consequences that could challenge ecological security.309  Understanding the fate and effects of a spill in the Arctic is integral to an informed understanding of potential impacts and the identification of preventative measures of a spill.  These measures include development and application of effective response technologies and strategies that are focused on preserving those ecosystem services and access that are most relevant to subsistence use.  

			Effective spill response is dependent upon knowledge of environmental characteristics, on both a regional basis (e.g., weather patterns and ocean conditions) and on local conditions (e.g., local currents, eddies, and temporal variability).  As the holders of traditional knowledge, the incorporation of traditional knowledge into trajectory and other fate modeling and projection of effects can add significantly to the efficacy of oil spill response planning.  

			Overview of Existing Research Activities, Programs, and Initiatives in the Arctic

			This section summarizes current research programs, initiatives, and activities related to social and cultural issues in Arctic ecology.  This section complements the earlier section of the chapter on the history of human environment research and studies.

			Inuit Organizations

			Alaska Eskimo Whaling Commission

			http://www.aewc-alaska.com/

			The Alaska Eskimo Whaling Commission (AEWC) is a co-management entity that serves the interests of bowhead whalers in ten villages extending from Saint Lawrence Island to Kaktovik.  The major objectives of AEWC are to safeguard the bowhead whale and its habitat and to support the whaling activities and culture of its member communities.  The commission plays an important role in influencing research priorities for bowhead whales and related ecosystem.  The AEWC’s individual village commissioners also are significant repositories of traditional knowledge, but the organization does not directly collect or distribute research data.

			Alaska Native Tribal Health Consortium Local Environmental Observer Network

			http://www.anthc.org/chs/ces/

			climate/leo/ 

			This Local Environmental Observer program archives community-based observations of new species or new environmental behavior; it includes observations from communities in the Pacific Marine Arctic Research Synthesis (PacMARS) region.

			Eskimo Walrus Commission

			http://www.kawerak.org/ewc.html

			The Eskimo Walrus Commission (EWC) co-manages subsistence walrus harvests and is primarily a stakeholder organization.  Chartered in 1978 by Kawerak, Inc., of Nome, the EWC is the organization representing Alaska’s coastal walrus hunting communities.  Initially formed as a consortium of Native hunters, EWC is a recognized statewide entity working on resource co-management issues, specifically walrus, on behalf of Alaska Natives.  The EWC is an essential cultural, natural, and subsistence resource to the Alaskan coastal Yup’ik and Iñupiaq communities.  A cooperative agreement between the USFWS and EWC was developed in 1997 to encourage subsistence hunters’ participation in conserving and managing walrus stocks in coastal communities.   In 1998, a Memorandum of Understanding among the EWC, the ADF&G, and the USFWS was signed, facilitating joint management of the Pacific Walrus Conservation Fund.  The majority of the funds for this conservation endowment come from the sale of raw ivory by the EWC during state conferences and events.

			Eskimo Walrus Commission Traditional Knowledge Study of Pacific Walrus.  The EWC has been conducting a “Traditional Ecological Knowledge About Pacific Walrus Study” since 2014.  The result of the project will be a comprehensive report on traditional knowledge about Walrus in six or seven Iñupiaq communities.  Through this project, the EWC is conducting research using interviews with elders and active hunters in each community.  The project is scheduled to be completed by 2016.  This study is funded through grants from Kawerak, Conoco-Phillips, and others.

			Alaska Beluga Whale Committee

			http://www.north-slope.org/departments/

			wildlife-management/co-management-

			organizations/alaska-beluga-whale-committee 

			The Alaska Beluga Whale Committee (ABWC) was formed in 1988 and is composed of hunters, managers, and scientists.  Its goals are to:

			•Maintain a healthy beluga whale resource for subsistence use and public enjoyment by future generations

			•Encourage the safe and efficient harvest, processing, and use of beluga whales; reduce the number of struck and lost whales through regional management plans

			•Ensure that belugas are used as fully as possible in a nonwasteful manner

			•Obtain accurate harvest information and biological samples from each region

			•Educate and promote understanding about beluga issues among users, resource managers, and other interested groups

			•Obtain biological information and traditional knowledge necessary for sound management and conservation of beluga whales

			•Oversee enforcement of regional management plans and hunting guidelines and promote enforcement of habitat protection laws.

			Alaska Ice Seal Committee

			http://www.north-slope.org/departments/

			wildlife-management/co-management-

			organizations/ice-seal-committee

			The Ice Seal Committee (ISC), originally called the Ice Seal Working Group, was formed in December 2004 and consists of five delegates, one from each of the five regions where ice seals occur in Alaska.  The purpose of the ISC is “to preserve and enhance the marine resources of ice seals including the habitat; to protect and enhance Alaska Native culture, traditions, and especially activities associated with subsistence uses of ice seals; to undertake education and research related to ice seals.”  The ISC has identified the collection of harvest information as a priority.  Collecting and reporting harvest information demonstrates concern for the resource and is an important contribution to resource management that federal managers have been unable to accomplish.  The ISC has collaborated with ADF&G to compile all available ice seal harvest information into one document.  The ISC updates and approves the document on an annual basis.

			The Alaska Nanuuq Commission

			http://thealaskananuuq

			commission.org/ 

			The Alaska Nanuuq Commission (ANC) was formed in 1994 and has been appointed as a full partner to the U.S. Fish and Wildlife Service in the management of polar bears.  The Alaska Nanuuq Commission represents 15 coastal villages from Kaktovik to the villages of Gambell and Savoonga on St. Lawrence Island.  Each village passed a tribal resolution directing that the ANC represent them in all matters concerning polar bears.  The ANC is directed by commissioners appointed by each village.  The Alaska Nanuuq Commission is active in most polar bear matters both national and international.  The ANC has been the primary Native organization to advance the conservation of polar bears through representation of Alaska’s polar bear users in all issues of polar bear management.  The ANC’s mission is to ensure that Alaska Native hunters will continue to have the opportunity to harvest these resources through conservation of the species.

			The First Alaskans Institute

			http://www.firstalaskans.org/ 

			Among the resources intended to help facilitate broad-range capacity building in Alaska Native communities are the links to ongoing and completed projects, some of which study indigenous perspectives on quality of life and subsistence.

			Inuit Circumpolar Council

			http://www.inuitcircumpolar.com/ 

			The Inuit Circumpolar Council (ICC) is a nongovernmental stakeholder organization representing indigenous communities on a pan-Arctic basis.  Part of the ICC’s research program is an ongoing study of food security from the Inuit perspective, and this information was used in development of the social science portion of the Pacific Marine Arctic Research Synthesis.  The “DRUM” newsletter, which is archived and can be accessed through a link on the ICC website, is an efficient way to stay informed on the current projects and community involvement on the regional and international levels.

			Inuit Circumpolar Council–Alaska, How to Assess Food Security from an Inuit Perspective: Building a Conceptual Framework on How to Assess Food Security in the Alaskan Arctic.  Since July 2012 the Inuit Circumpolar Council–Alaska has visited 14 Alaska Inuit villages to collect information and perspectives from traditional knowledge holders on the topic of food security, through semi-directive interviews and community meetings.  This project has been funded partially by ConocoPhillips.

			Indigenous People’s Council for Marine Mammals

			http://www.ipcommalaska.org/

			about.html 

			The Indigenous People’s Council for Marine Mammals (IPCoMM) includes many of the recognized co-management entities such as the Eskimo Walrus Commission discussed elsewhere.  Project documentation available at the referenced website includes policy documents, workshop summaries, etc.  This resource is intended to inform the Indigenous People’s Council for Marine Mammals and to assist members of indigenous communities seeking to form partnerships with government agencies and other organizations.

			Kawerak

			http://www.kawerak.org/

			Kawerak, Inc., is a nonprofit community development corporation based in Nome.  It provides local information on each of the villages in the Bering Strait region.  Kawerak also houses the Eskimo Walrus Commission, which is discussed in a separate entry.  Kawerak’s goal is to assist Alaska Native people and their governing bodies to take control of their future.  With programs ranging from education to transportation, and natural resource management to economic development, Kawerak seeks to improve the region’s social, economic, educational, cultural, and political conditions.

			Native Village of Kotzebue

			http://www.kotzebueira.org/ 

			The referenced website includes a “Projects” tab that leads to the descriptions and mapping products connected with a series of seal tagging projects in Kotzebue Sound.  These projects were carried out as community-agency partnerships and engaged local experts, who were able to combine subsistence opportunities with participation in the research.

			Academic

			Institute of Social and Economic Research, University of Alaska Anchorage (ISER) 

			http://www.iser.uaa.alaska.edu/

			research/arcticsocial/ 

			ISER studies look at public policy issues across the Arctic—issues that not only affect Alaska but are common across the region.  ISER’s work centers on: 

			•Compiling data on changing social and economic conditions around the Arctic 

			•Analyzing migration as an adaptation to change in Arctic communities 

			•Potential ways of strengthening institutions for Arctic governance. 

			Pacific Marine Arctic Research Synthesis 

			http://pacmars.cbl.umces.edu/ 

			The 2014 Pacific Marine Arctic Research Synthesis (PacMARS) (in press) provides “...a comprehensive list of studies, datasets and key multidisciplinary projects in the Chukchi and Beaufort Sea region.” 

			Alaska Native Knowledge Network

			http://ankn.uaf.edu/index.html 

			The Alaska Native Knowledge Network provides resources for teachers, advises on the ethics of conducting research in local communities, and provides summaries of workshops and conferences relevant for Alaska Native Studies.

			Regional

			North Slope Science Initiative – Emerging Issue Summary

			http://quickr.mtri.org/LotusQuickr/

			nssi/PageLibrary852570A0005

			1053F.nsf/50A1CAB414689664

			8525786B005EAD56/33A03D1

			BC5BAAED785257998004ED286/

			?OpenDocument

			Highlights of the findings of the Emerging Issue Summary for Social and Economic Dimensions of North Slope Communities are as follows:

			•Increasing oil and gas activities and climate change are critical issues facing people living on the North Slope. 

			•There is a growing need to integrate knowledge of social and natural sciences with local and traditional knowledge when monitoring, researching, and making decisions about land use, natural resources management, and industrial development on the North Slope. 

			•The evaluation of decisions for land and maritime use should be reoriented to include a focus on systems-based concepts such as ecosystem services, food security, and sustainable local livelihoods. 

			•There currently is an increase in social science research activities on the North Slope, but limited coordination, review, and endorsement of studies.  This limited coordination may lower the quality of social data by creating problems such as informant burnout.  

			•Traditional knowledge is recognized by many as valuable, yet there remains a need to develop methods that facilitate community engagement in studies and resource management. Such efforts should be linked with regional, statewide, national, and international scale programs. 

			•The practice of “adaptive co-management” in a changing North Slope social-ecological system is critical in times of rapid change, and could inform the design and implementation of resource management policies on the North Slope. 

			•Changes in the infusion of cash to villages from past North Slope oil and gas development have affected life dramatically for the Iñupiat. Plans for future development concurrent with declining production from existing oil fields suggest the need to identify strategies that ensure the long-term sustainability of North Slope villages and local and regional government and nongovernment organizations.

			North Slope Borough 

			http://www.north-slope.org/

			The NSB is committed to having economically, spiritually, and culturally healthy communities.  The borough works with the tribes, cities, corporations, schools, and businesses to support a strong culture, encourage families and employees to choose a healthy lifestyle, and sustain a vibrant economy.

			NSB’s Department of Health and Social Services produced a Baseline Community Health Report in 2012.

			The Iñupiat Heritage Center is a dynamic repository and conveyor of traditional cultural knowledge, values, and skills of the North Slope region.  This is accomplished by:

			•Collecting, recording, preserving, documenting, displaying, and interpreting artifacts and other associated materials relating to the history, culture, and traditions of the Iñupiat people

			•Drawing upon the reservoir of traditional cultural knowledge, supporting local and borough-wide cultural awareness

			•Researching and developing educational, historical and cultural materials in close cooperation with community leaders, village elders, the IHLC (Iñupiat History, Language, and Culture) Commission, the North Slope Borough School District and Ilisaġvik College. 

			Northwest Arctic Borough 

			http://www.nwabor.org/forms/

			subsistencemapconfreport.pdf

			The NWAB conducted a Subsistence Mapping Project that was funded by the Oak Foundations and the Coastal Impact Assistance Program (CIAP).  The project met the goals of the comprehensive plan.  These goals were to promote and maintain the subsistence way of life, maintain the Iñupiaq culture, self-determination, to foster appropriate economic development, and to raise the standard of living. 

			Beaufort Regional Environmental Assessment

			http://www.beaufortrea.ca/  

			The ongoing Beaufort Regional Environmental Assessment (BREA) is a multi-stakeholder initiative to sponsor regional environmental and socioeconomic research that will make historical information available and gather new information vital to the future management of oil and gas in the Beaufort Sea.  Research components cover biology, from lower trophic levels (lower positions on the food chain) to mammals and birds; sea ice; meteorology; and more.  Field campaigns for biological surveys were conducted during the summers of 2012 and 2013.  Data are not yet publicly available, but presentations from a February 2013 workshop are available at http://www.beaufortrea.ca/results-forum-2012-2013/.

			Bering Sea Sub-Network

			http://eloka-arctic.org/projects/bssn.html

			The Bering Sea Sub-Network (BSSN) is a current NSF project involving a number of local residents of Bering Sea communities in providing community-based observations, particularly through surveys.  This project is positioned to communicate concerns from Russian villages that are participating in the project.  The project coverage currently extends only as far north as St. Lawrence Island and the Gulf of Anadyr, so some lessons learned from the southern Bering Sea may not be immediately transferable to the PacMARS study area.

			Northwest Arctic Borough 

			http://www.nwabor.org/ 

			The NWAB is the regional government entity based in Kotzebue and extends over much of northwest Alaska.  The borough website includes information on the communities in the borough, and also provides information on the borough’s Subsistence Mapping Program.  A 2011 conference report310 summarizes the subsistence mapping project, which engages participation of subsistence experts from the NWAB communities and aims to provide cultural resources for education, as well as for planning associated with development.

			State

			Alaska Department of Natural Resources, Office of History and Archaeology

			http://dnr.alaska.gov/parks/

			oha/index.htm 

			The Alaska Office of History and Archaeology (OHA) and State Historic Preservation Office (SHPO) provide historic preservation programs to encourage the preservation and protection of the historic, prehistoric, and archaeological resources of Alaska.  It is the policy of the state to preserve the historic, prehistoric, and archaeological resources of Alaska from loss, desecration, and destruction so that the scientific, historic, and cultural heritage embodied in these resources may pass undiminished to future generations (A.S. 41.35.010).

			State of Alaska Community Database Online

			http://commerce.alaska.gov/cra/DCRAExternal 

			This website provides a brief and basic introduction to the history, culture, and contemporary living conditions in Alaska, including the communities in the PacMARS region.

			Federal

			Arctic System Science 

			http://www.nsf.gov/funding/

			pgm_summ.jsp? pims_id=13426 

			Arctic System Science (ARCSS) focuses on relationships of global changes with Arctic human systems.  The scope of ARCSS includes effects of Arctic oil and gas development and climate change on peoples of the North.

			Alaska Annual Studies Plan

			The BOEM Study Plan lists five ongoing and one planned study related to subsistence in the Arctic.  Their titles and justifications are as follows:

			•Study of Sharing Networks to Assess the Vulnerabilities of Local Communities to Oil and Gas Development Impacts in Arctic Alaska (AK-05-04a).  “This information will be used for NEPA analysis and documentation for Beaufort Sea and Chukchi Sea Lease Sales and DPPs [Development and Production Plans].  This study addresses aspects of USGS Recommendations 3.06, 3.08, and 6.10.”

			•Continuation of Impact Assessment for Cross Island Whaling Activities (AK-08-01).  “Long-term study efforts to monitor potential effects of such development activities (Northstar and Liberty) have occurred through the ANIMIDA [Arctic Nearshore Impact Monitoring in Development Area] and cANIMIDA [continuation of ANIMIDA] projects, 1999-2007.  There remains a continuing, ongoing need to monitor Cross Island whaling activities for potential impacts over the next 5 years.  The information will be used for NEPA analysis and documentation for Beaufort Sea Lease Sales and DPPs.  This study addresses aspects of the USGS recommendations 3.06, 3.07, 3.08, and 6.10.”

			•COMIDA: Impact Monitoring for Offshore Subsistence Hunting (AK-08-04).  “This study will constitute a key component of Chukchi Sea environmental studies pertinent to Chukchi Sea Lease Sale 193 scheduled for 2007.  Industry has expressed strong interest in leasing in this area, likely followed by exploration and possibly development.  The COMIDA workshop conducted November 1-3, 2006 recommended the monitoring of offshore subsistence hunting.  The BOEM needs to establish an early baseline in the area and to monitor on an annual basis any significant changes in subsistence activities over time.  In particular monitoring efforts should be directed toward the hunt for marine mammals, including bowhead and beluga whales, walrus, polar bears, and seals.  The BOEM analysts and decision-makers will use the information in NEPA analysis and documentation for Lease Sales, EPs [exploration plans] and DPPs [development and production plans], and in post-sale and post exploration decision-making in the Chukchi Sea.  This study addresses aspects of USGS recommendations 3.06, 3.07, 3.08, and 6.10.”

			•Social Indicators in Coastal Alaska: Arctic Communities (AK-11-09).  “This study will update key sociocultural and economic baseline data for analysis of potential local and regional impacts from offshore exploration and development activities that may occur in federal waters off the North Slope of Alaska.  Information from this study will be used for Outer Continental Shelf Lands Act and NEPA analyses, for documentation, and may serve as the basis for long-term monitoring for Chukchi and Beaufort oil and gas exploration in the region.”

			•Subsistence Use and Knowledge of Beaufort Salmon Populations (08-12-04).  “This study will … be used to meet EFH [essential fish habitats] and NEPA requirements for Beaufort Sea lease sales.  This research will inform local communities, local and state resource managers, and BOEM of ecosystem health, which is so important to subsistence lifestyle.  This study addresses aspects of USGS recommendation 3.06.”

			•Baseline Nutritional Survey: Inventory and Content Analysis of Subsistence and Market Foods as Consumed by North Slope Communities (proposed for 2013).  “This study will facilitate scientific understanding and analysis of potential health impacts that could derive from oil and gas industrial activities.  It will also address longstanding concerns about potential cumulative effects of oil and gas activities on the North Slope.”311

			National Science Foundation, Arctic Social Sciences Program

			http://www.nsf.gov/funding/

			pgm_summ.jsp? pims_id=13425 

			The NSF is currently soliciting projects in their Arctic Social Sciences Program.  Some currently funded projects include:

			•Collaborative Research: Glacial Retreat and the Cultural Landscape of Ice Floe Sealing at Yakutat Bay, Alaska

			•A Comparative Study of the Medical Ethnobotany of the Chukchi and Naukan Yup’ik of Siberia and the Central Alaskan Yup’ik

			•Assessing Knowledge, Resilience, and Adaptation and Policy Needs in Northern Russian Villages Experiencing Unprecedented Climate Change

			•The Archaeology of Herring: Reconstructing the Past to Redeem the Future.

			Bureau of Land Management, Alaska’s Cultural Heritage Program

			http://www.blm.gov/ak/st/en/

			prog/cultural.html 

			The public lands entrusted to BLM-Alaska are a gateway to knowledge of the past.  From fossil discoveries of ancient dinosaurs that lived above the Arctic Circle to traces spanning over 14,000 years of the human past and cultures.  How people and animals lived in Alaska over time and the forces that shaped their changing environments can be studied.

			U.S. Geological Survey

			http://www.usgs.gov/newsroom/

			article_pf.asp? ID=2931 

			In “Observations of Climate Change from Indigenous Alaskans,” the U.S. Geological Survey (USGS) conducts interviews with Yup’ik hunters and elders in the villages of St. Mary’s and Pitka’s Point, Alaska, to document their observations regarding climate change.  The elders expressed concerns ranging from safety, such as unpredictable weather patterns and dangerous ice conditions, to changes in plants and animals as well as decreased availability of firewood.

			Smithsonian National Museum of Natural History, Arctic Social Sciences 

			http://www.mnh.si.edu/arctic

			/html/overview.html 

			Arctic research is supported by the NSF’s Office of Polar Programs (OPP).  The OPP Arctic Social Sciences program has been supporting multidisciplinary and interdisciplinary research since 1990.  Projects encompass the disciplines of anthropology, archaeology, sociology, political science, psychology, linguistics, geography, law, and related fields.

			Arctic Research Consortium of the United States

			http://www.arcus.org/assp 

			The NSF Arctic Social Sciences Program is a multidisciplinary and interdisciplinary program encompassing all social sciences research supported by NSF.  The Arctic Social Sciences Program supports research that documents and analyzes the dynamic cultures, economies, and technologies of northern populations.

			Arctic Research Consortium of the United States (ARCUS) provides support to the Arctic Social Sciences Program by organizing workshops to bring together social scientists and researchers from other fields to promote cross-disciplinary collaboration and to identify important research themes and how to deal with them.

			Arctic Human Health Initiative

			http://arctichealth.nlm.nih.gov/ 

			The Arctic Human Health Initiative (AHHI) website is a U.S. government data portal that provides search functions for original research publications relating to human health at high latitudes.  Bibliographical information on more than 100,000 publications, both peer-reviewed and nonpublished literature, is included.  Other features of the website are links to other web portals and websites that provide information on a wide variety of Arctic topics.  References to out of print publications and information from special collections held in the Alaska Medical Library at the University of Alaska Anchorage are included.

			Arctic Landscape Conservation Cooperative

			http://arcticlcc.org/ 

			Landscape Conservation Cooperatives are an initiative led by DOI, which has responsibilities for national park and wildlife refuge management, as well as other federally owned lands and resources.  The Arctic Landscape Conservation Cooperative (ALCC) provides information needed to conserve natural and cultural resources in the face of landscape scale stressors, particularly climate change.312

			Not all of the projects supported by the ALCC are relevant to PacMARS since the landscape protection components are often located in watersheds and on land, but the Shore Zone mapping program and the Threatened Eider Database313 are considered to be two of the most significant contributions of the ALCC relevant to PacMARS.  Another component of the program is the BIOMAP Alaska project, which is using local residents of Barrow, Kotzebue, and Kaktovik to collect data on local observations, and upload that information via the web.  

			Arctic Social Indicators Project

			http://www.svs.is/en/the-arctic-social-indicators-project-en

			The Arctic Social Indicators (ASI) project is a follow-up to the Arctic Human Development Report, described below.  The 160-page Arctic Social Indicators report was published in 2010.314  It is a high-level summary of social indicators on a pan-Arctic basis.  References to original literature are included.

			BIOMap Alaska

			http://arcticlcc.org/projects/human-system/biomap/ 

			This is a web-based citizen-science project to collect local observations in Kotzebue, Barrow, and Kaktovik.

			Bureau of Land Management (BLM) NPR-A Subsistence Advisory Panel Documents

			http://www.blm.gov/ak/st/en/res/

			npra_sap/npra_sap_docs.html 

			During the PacMARS social science analysis, the transcripts from the meetings of the Subsistence Advisory Panel for the National Petroleum Reserve of Alaska, organized by BLM, were reviewed.

			Although the focus is primarily on land-based resources, a review of concerns related to the marine environment is provided.

			U.S. National Park Service Shared Beringian Heritage Program

			http://www.nps.gov/akso/beringia/ 

			The U.S. National Park Service funds projects of scientific and community importance in the Beringia Region of western Alaska and Chukotka.  The projects are local community-based, and relatively small in scope.  A complete list of current projects is available at the program website.  The PacMARS analysis considers these projects to be important even at a small scale as they contribute to maintaining neighboring community continuity throughout the Beringia region.

			Subsistence Fisheries in Northwest Alaska, Funded by the U.S. Fish and Wildlife Service 

			This study is documenting local observations of climate change relevant to subsistence fisheries in Noatak, Selawik, and Shungnak.

			Subsistence Use and Knowledge of Beaufort Sea Salmon Populations, Funded by the Bureau of Ocean Energy Management

			This project incorporate local observations from subsistence fisheries to generate better understanding about salmon use and distributions on the North Slope in response to apparent increases in salmon populations.

			Nongovernmental Organizations

			Alaska Community Action on Toxics

			http://www.akaction.org/

			Tackling_Toxics/Food/

			Traditional_Foods.html 

			Alaska Community Action on Toxics is an organization that advocates for Alaska Native concerns connected with contaminants and the safety of the locally harvested food.

			RurAL CAP – Rural Alaska Community Action Program

			http://www.ruralcap.com/ 

			RurAL CAP, founded in 1965, is a private, nonprofit organization working to improve the quality of life for low-income Alaskans, specifically in rural areas.  While not specifically a research organization, knowledge from this large organization (>1,000 employees in 81 Alaskan communities) was incorporated into the social science evaluation of PacMARS efforts.

			Pan-Arctic

			Arctic Human Development Report

			http://svs.is/images/pdf_files/

			ahdr/English_version/

			AHDR_first_12pages.pdf

			The Arctic Human Development Report (AHDR) was a high-level social science assessment of the welfare of human communities in the Arctic sponsored by the Arctic Council.  The report summarizes knowledge and facilitates comparisons on a circumpolar basis, rather than serving as an original source of data.

			References in each chapter provide original data.  The report also identifies important bibliographical resources.

			Community Adaptation and Vulnerability in Arctic Regions

			The Community Adaptation and Vulnerability in Arctic Regions (CAVIAR) report was an International Polar Year project examining community vulnerabilities on a pan-Arctic basis.  Two communities in the PacMARS study area, Kaktovik and Wainwright, were included in the initial planning for the project.

			Canadian Healthy Oceans Network

			http://chone.marinebiodiversity.ca/ 

			The Canadian Healthy Oceans Network (CHONe) is a National Science and Engineering Research Council of Canada strategic network, focused on biodiversity science for the sustainability of Canada’s three oceans including the Arctic.  The network includes approximately 150 researchers from 14 universities across Canada, the federal Department of Fisheries and Oceans, and seven other government laboratories, to carry out 35 collaborative research projects in three interconnected themes.

			Chukotka Native Marine Mammal Hunter Association

			www.pacificwalrus.ru   

			This local Chukotka-based organization is monitoring haul-out locations of walruses in Russia with support from the Chukotka Branch of the Pacific Research Fisheries Center (ChukotTINRO).  As sea ice retreats, it has been more common for walruses to haul out on the Chukchi coast instead of resting on sea ice, and the animals are vulnerable while on shore to human disturbance.  The referenced website provides information, links to literature and Russian-language reports on this shift in walrus behavior.  Also posted on the website is a final report in English that summarizes traditional knowledge of walruses and hunting, based upon extensive interviews of local walrus hunters in villages of Chukotka.

			Center for Ocean Studies Education Excellence

			http://www.coseealaska.net/ 

			The Alaska Center for Ocean Studies Education Excellence (COSEE) is an educational outreach effort providing useful resources for integrating Alaska Native knowledge and other topics pertinent to PacMARS.

			Exchange for Local Observation and Knowledge of the Arctic

			http://eloka-arctic.org/ 

			The Exchange for Local Observation and Knowledge of the Arctic (ELOKA) is a project framework that was initiated during the International Polar Year.  It facilitates the collection, preservation, exchange, and use of local observations and knowledge of the Arctic.  ELOKA provides data management and user support through the National Snow and Ice Data Center, and it fosters collaboration between resident Arctic experts and nonresident researchers.  The Bering Sea SubNetwork project, described elsewhere in this document, is one associated project.  Another project under the ELOKA framework is the Seasonal Ice Zone Observing Network.315,316  SIZONet is an unusual project that has a significant local community observation component documenting locally observed sea ice distributions near Wales and Barrow in the context of satellite-based data

			Extractive Industries Working Group, International Arctic Social Sciences Association 

			http://www.arcticcentre.org/

			InEnglish/RESEARCH/

			Extractive_Industries_

			Working_Group.iw3 

			This working group of the Extractive Industries Working Group, International Arctic Social Sciences Association (IASSA) is chaired from the Arctic Centre of the University of Lapland.  It serves as a clearinghouse of information on extractive industries in the Arctic, including identifying data gaps and needs.  Courtney Carothers, University of Alaska Fairbanks, is the key working group member who is undertaking research in the PacMARS study area.317  This work includes projects on: 

			•Climate Change and Subsistence Fisheries in Northwest Alaska, funded by the U.S. Fish and Wildlife Service.  This study documents local observations of climate change relevant to subsistence fisheries in Noatak, Selawik, and Shungnak. 

			•Subsistence Use and Knowledge of Beaufort Sea Salmon Populations, funded by the Bureau of Ocean Energy Management.  This project incorporates local observations from subsistence fisheries to generate better understanding about salmon use and distributions on the North Slope in response to apparent increases in salmon populations.

			Moved by the State: Perspectives on Relocation and Resettlement in the Circumpolar North

			http://www.alaska.edu/move 

			This project was the U.S. portion of a larger international collaboration that was conceived under BOREAS, a EUROCORES Program of the European Science Foundation (ESF). The full ESF project is a collaboration of researchers from five countries, including the U.S., Canada, Russia, Greenland, and Finland. The U.S. components included five individual researchers from the University of Alaska Fairbanks and the University of Maryland. 

			The Arctic Council Sustainable Development Working Group 

			http://www.sdwg.org/ 

			The Sustainable Development Working Group (SDWG) is an entity of the Arctic Council.  A number of social science and sustainable development project reports and deliverables are available on its website.  Some of these documents are discussed elsewhere in this document. Although SDWG is a high-level, pan-Arctic entity, PacMARS used insights from working group documents as part of its analysis.

			Sea Ice Knowledge and Use 

			http://gcrc.carleton.ca/siku 

			The Sea Ice Knowledge and Use (SIKU) Project was undertaken during the International Polar Year and documented indigenous observations with a focus on sea ice and the use of ice-covered habitats.  The project website hosted at Carleton University is a treasure trove of traditional ecological knowledge from Alaska and Chukotka.  Other components of the project were undertaken in Greenland and Canada.  Sea ice dictionaries and other traditional knowledge that was transferred were used during the PacMARS synthesis.

			Sea Ice for Walrus Outlook 

			http://www.arcus.org/search/siwo 

			The Sea Ice for Walrus Outlook (SIWO) is an activity that started in 2010, and is primarily a resource for Alaska subsistence hunters in coastal communities in the Bering Strait region.  The SIWO provides weekly reports from April through June with information on sea ice conditions in the Northern Bering Sea and southern Chukchi Sea.  One of its goals is to improve sea ice forecasting at smaller scales than is usually provided through the National Weather Service by incorporating knowledge and local observations from Bering Strait residents.

			Survey of Living Conditions in the Arctic 

			http://www.arcticlivingconditions.org/

			The Survey of Living Conditions in the Arctic (SLiCA) was funded in the United States by the National Science Foundation.  The overall pan-Arctic project examined human living conditions of Inuit, Sami and indigenous people of Chukotka.  The website includes protocols protecting the raw survey data, and conditions for access, which are evaluated on a case-by-case basis.  The survey results allow quantitative comparisons of the consumption of marine resources in the North Slope, Northwest Alaska, and Bering Strait region.

			Arctic Council Working Groups

			Protection of the Arctic Marine Environment (PAME) Working Group is mandated to address policy and nonemergency pollution prevention and control measures related to the protection of the Arctic marine environment from both land and sea-based activities (Arctic Council 2014).  The Conservation of Arctic Flora and Fauna (CAFF) Working Group was formed in 1991 (pre-dating the Arctic Council) and addresses biodiversity issues (through the Circumpolar Biodiversity Monitoring Program or CBMP) and provides the most recent scientific information and data to Arctic policymakers.  The Arctic Council now oversees and coordinates CAFF, which has become an important forum for the discussion and development of strategies, assessments, monitoring and recommendations that feed into the Arctic Council process to increase knowledge, address knowledge gaps, and contribute to the knowledge necessary to inform policy.318  AMAP is another Arctic Council working group tasked with monitoring and assessing the status of the Arctic Region in respect to pollution and climate change issues; documenting levels, trends, pathways, processes, and effects on ecosystems and humans; proposing actions to reduce associated threats for consideration by governments; and producing sound science-based, policy-relevant assessments and public outreach products to inform policy decisions.319

			Arctic Contaminants Action Program (ACAP) is the working group responsible for reducing emissions of pollutants into the environment in order to reduce the identified pollution risks.  ACAP encourages Arctic state governments to take remedial and preventive actions relating to contaminants and other releases of pollutants.  It also acts as a strengthening and supporting mechanism to encourage national actions to reduce emissions and other releases of pollutants.  

			Emergency Prevention Preparedness and Response (EPPR) is the working group responsible to address the various aspects of prevention, preparedness and response to environmental emergencies in the Arctic.  Members of EPPR exchange information on best practices; and conduct projects to include development of guidance and risk assessment methodologies, response exercises, and training.  The goal is to contribute to the protection of the Arctic environment from the threat or impact that may result from an accidental release of pollutants or radionuclides.  In addition, the working group considers questions related to the consequences of natural disasters.320

			The Sustainable Development working group (SDWG) is tasked with proposing and adopting steps to be taken by the Arctic states to advance sustainable development in the Arctic, including opportunities; protecting and enhancing the environment and the economies, culture and health of indigenous peoples and Arctic communities; and improving the environmental.321

			International Arctic Science Committee

			The International Arctic Science Committee (IASC) is a nongovernmental, international scientific organization whose mission is to facilitate cooperation among all countries engaged in pan-Arctic Research.  IASC promotes and supports interdisciplinary research in order to foster a greater scientific understanding of the Arctic region and its role in the “Earth System.”322

			IASC is organized into working groups, action groups, and advisory groups.  Working groups are at the core of IASC’s activities.  IASC working groups identify and formulate scientific plans, list research priorities, encourage science-led programs, promote future generations of Arctic scientists and act as scientific advisory boards to the Council.  The scientific scope of the Social and Human Sciences Working Group includes all aspects of social sciences and humanities research in the Arctic, as well as its connections with other IASC working groups.  The actual work of the Social and Human Sciences Working Group will be determined by a dynamic list of scientific focus areas.  The geographic scope of the Social and Human Sciences Working Group is the Arctic as defined in the map accompanying the Arctic Human Development Report issued by IASC.  The geographic scope can be extended south where it is appropriate for an understanding of Arctic social and human processes.  The scientific foci of the Social and Human Sciences Working Group are: indigenous peoples and change: adaptation and cultural power dynamics; exploitation of natural resources: past, present, future; histories and methodologies of the Arctic sciences and arts; perceptions and representations of the Arctic; human health and well-being; and security, international law and cooperation.  Based on the scientific foci, a list of crosscutting issues was adopted, based on working group needs and on opportunities provided by the focus areas of other working groups.  The list of crosscutting issues is as dynamic as the list of scientific foci; its development and refinement will depend on actual cross-working group interactions.  The issues are: human health, well-being and ecosystem change; collaborative community research on climate change; competing forms of resource use in a changing environment; people and coastal processes; and perception and representation of Arctic science.

			Other Arctic Nations

			Canada

			Canada conducts substantial Arctic research, and consideration for Canada’s indigenous Arctic people has strong influence on the government’s position with respect to Arctic issues.  The country’s Arctic strategy is built on four pillars: exercising Canadian sovereignty, promoting economic and social development, protecting the Arctic environment, and improving and devolving governance for Canadian Northerners.

			The Canadian Arctic Resources Committee (CARC) is a citizens’ organization dedicated to the long-term environmental and social well-being of northern Canada and its peoples.  Their premise is the application of sustainable development and the precautionary principle.  Their policy and advocacy work is grounded in solid scientific and socioeconomic research and experience.

			Canadian Arctic Resources Committee.  (http://www.carc.org/index.php?option=com_content&view=article&id=160%3Aarctic-science&catid=57%3Arecommendations-for-canadian-foreign-policy&Itemid=181, Copyrighted material 2010, Accessed September 24, 2014.)  A number of research needs have been identified that relate to social characterization: basic knowledge of ecosystem functions, carrying capacity and integrity in the context of climate change, contaminants cycling, and industrial impacts; multiple issues links, e.g., contaminants as environmental and public health research areas; multi-theme research; sustainable development versus economic expansion; mega-resource development project research; damage control, damage prevention, damage remediation; incorporating social science research in all relevant policy areas; and conducting net benefit research for sustainable development.

			The growing documentation on traditional or indigenous knowledge adds considerably to the knowledge base upon which policies and practices can be based.  Increasingly, Aboriginal communities are seeking scientific information to link to their own understanding of themselves and the environment around them.  Some scientists also now are forging relationships with traditional knowledge holders to provide a more detailed foundation on which to develop their own research agendas. 

			Denmark (Including Greenland and the Faroe Islands)

			Denmark developed a new Arctic strategy in 2011 that was put forth in a document titled Denmark, Greenland and the Faroe Islands: Kingdom of Denmark Strategy for the Arctic 2011-2020.  The document states: “A strategy for the Arctic region is first and foremost a strategy for development that benefits the inhabitants of the Arctic­—involving common interests relating to, for example, international agreements, and regional and global issues.  Such a development incorporates a fundamental respect for the Arctic peoples’ rights to utilize and develop their own resources as well as respect for the indigenous Arctic culture, traditions and lifestyles and the promotion of their rights.  Denmark and Greenland’s cooperation on Arctic indigenous peoples dates back to 1973 when the Arctic Peoples’ Conference at Christiansborg Palace in Copenhagen became a launching point for the international organizing of indigenous peoples.”

			Iceland

			The Stefansson Arctic Institute (SAI) is an independent institute of the Icelandic Ministry for the Environment with a focus on the human dimension of sustainable development in the Arctic region.  It is located in Akureyri in Northern Iceland and bears the name of Arctic explorer and anthropologist Vilhjálmur Stefánsson (1879-1962).  The staff at the Stefansson Arctic Institute includes researchers with a broad interdisciplinary social science and humanities research background and experience leading and participating in international projects.  The role of SAI is to be a forum for cooperation in multidisciplinary research; promote sustainable development in northern areas; strengthen Icelandic participation in international endeavors in this field; facilitate and coordinate Arctic research in Iceland; gather and disseminate information regarding northern issues; advise the government and cooperate with others internationally; and provide facilities for scholars who pursue research relevant to the SAI’s agenda.

			Norway

			In Norway, development in the Arctic has been the government’s highest foreign policy priority since 2005.  In 2006, Norway issued the document entitled “The Norwegian Government’s High North Strategy.”  The overarching objectives are to gain greater knowledge, create more activity and have an increased presence in the north, and to lay the foundations for sustainable economic and social development in the future.  Integrated resource management in the High North includes the protection of the natural resource base for indigenous peoples’ economic activity, of their cultural heritage and traditional knowledge, and of reindeer husbandry areas.  It also includes protection of the environment along the coast and of traditional seawater and salmon fisheries.  The Norwegian government is interested in developing existing and new forms of economic activity as a basis for settlement patterns and to safeguard Sami culture.  The government has appointed a committee to review the rights of the Sami and others to fish in the sea off Finnmark.  Efforts are also ongoing to safeguard reindeer husbandry areas, for example through the proposed amendments to the Reindeer Husbandry Act.  The Sami Rights Commission is currently examining the use and management of land and natural resources in areas used by the Sami people outside Finnmark County. 

			The Arctic Climate Impact Assessment (ACIA) documents how indigenous peoples have adapted to earlier climate change.  The climate change currently taking place may have major impacts on the way of life of indigenous peoples, and priority will be given to knowledge building in this field, in cooperation with other countries in the High North.

			In addition, the Research Council of Norway (RCN) issued the document titled “Research Strategy for the Arctic and Northern Areas 2011-2016.”  One of the six key themes developed in the strategy deals specifically with social research and is called “Social Development in the Arctic and Northern Areas.”

			Climate change is threatening traditional ways of life and livelihoods.  Infrastructure is also strongly affected by the rapid changes in climate.  Arctic communities are under pressure from the global society’s economic interests and activities, which are steadily advancing northwards.  It is critical to learn more about how the changes in the Arctic will create winners and losers. 

			Sweden

			Sweden’s Arctic priorities fall into three thematic categories: (1) climate and the environment, (2) economic development, and (3) the human dimension.  Swedish Arctic research is world-class and is conducted not only in the fields of engineering and natural science but also in social science and the humanities.  In 2012, the Arctic Research Centre at Sweden’s Umea University established the Swedish Association for Arctic Research in Humanities and Social Sciences.  The purpose of this initiative is to strengthen humanities and social science research within the Arctic and northern fields in Sweden and internationally. 

			The aim is to improve the opportunities for collaboration, new projects and information distribution by taking the following actions: 

			•Work to achieve a holistic picture of human-social science polar research in Sweden—the researchers, research projects, and organizations

			•Identify research problems that need to be addressed in the present, with an eye toward possible future problems

			•Promote social science polar research to funding agencies and decision-makers

			•Initiate research projects and applications for research funding

			•Strengthen the connection between Swedish social science polar research and international research within this field

			•Work to increase access to the logistical resources for polar research managed by the Swedish Polar Research Secretariat

			•Increase cooperation between humanities and social science polar research and natural science polar research

			•Function as the research committee working together with the Swedish humanities and social science representatives in IASC and SCAR.

			Russian Federated States

			Excerpted from the website of the Arctic Centre (Arktinen Keskus), University of Lapland. 

			http://www.arcticcentre.org/

			EN/RESEARCH/Sustainable-

			Development-Research-Group/

			Anthropology-research-team/

			Anthropology-of-northern-Russia

			“The Russian North covers half of the circumpolar Arctic Area, hosts more than 50% of the Arctic human population and immense reserves of natural resources.  Anthropology as dealing with human cultures and livelihoods, and particular the processes of rapid social change in the Russian North, is important for the Arctic Centre with its circumpolar and interdisciplinary research mandate.

			Reindeer pastoralism is the dominant way of life of indigenous people in the north from Norway to the Bering Strait.  Its comparative study, particularly in relation to cultural change and continuity in post-Soviet Siberia, can contribute a lot to understanding of theories of pastoralism, human-animal-environment relations, subsistence and commoditization processes.  In this respect, research on the Arctic North can become relevant far beyond the borders of this geographic region.

			The same is true for the topic of social impact assessment of industry on human communities.  Comparative anthropological research has been completed with different colleagues on the relations between reindeer herders and industrial companies and their workers for the last 8 years, currently in two northern Russian regions, the Nenets and Yamal Nenets Okrug.  Part of this work is funded by a project of the Academy of Finland, ENSINOR.  The topic of impact mitigation and relation between stakeholders active in and affected by industrialization has also been explored jointly with colleagues at the Scott Polar Research Institute (SPRI) of the University of Cambridge.  In a seminar series “TransSectoral Partnerships” funded by the Economic and Social Science Research Council of the UK, a dialogue was facilitated to exchange ideas and sustainable development in the Russian oil and gas sector.”323

			Finland

			Finland’s position as an Arctic country in the Nordic region is very similar to Sweden’s.  Neither country borders the Arctic Ocean, both are EU member states, and both have indigenous Sami populations.  Finland’s Arctic Research Programme 2014-2018 will create a knowledge base that further strengthens expertise related to northern conditions in various issues closely linked to the functioning of society.  Examples of these include energy efficient and clean technology solutions based on research; continuous monitoring and remote management systems of the Arctic environment and infrastructure; snow management solutions; icebreaking and oil spill response and modeling related to sea ice; electronic social and healthcare services and remote medicine solutions; understanding of the interaction between culture and the environment; functional materials; and management of massive data materials and the development of services based upon these.  One of the four thematic areas of the research program is directly linked to social science and is called “good-quality life in the north” and is supported by the following definitions and research directions:

			•The nature of changes touching the Arctic region and the historical dimension of the changes: humans as objects adapting to change and active operators 

			•Survival of society and people in the Arctic region and the changes in work, living conditions, communities, culture, and identity 

			•Study of the basic situation of indigenous peoples and the development of culture-sensitive services, and the matching of provision and use of well-being services in the event of change

			•The transcultural and unique nature of the Arctic region: holistic research on the coexistence of ethnic groups

			•Research on the human-nature relationship and, for example, the development of assessment methods for long-term environmental and social effects.

			Key Recommendations From This Assessment

			This study highlights that the oil and gas industry has been operating and working responsibly and collaboratively for decades with our neighbors and other stakeholders in the U.S. Arctic.  A significant body of knowledge on the human environment exists partly because of information collected to understand and mitigate potential impacts of oil and gas operations from development.  However, continued focus on understanding the human environment is critical to ensure a sustainable future for the U.S. Arctic in balance with ongoing and future oil and gas production.  In recent years there have been multiple studies that have identified emerging research areas to continue understanding this complex topic.  The National Research Council through its recent study report, The Arctic in the Anthropocene: Emerging Research Questions,324 identified several research issues relevant to the human environment.  Issues identified included growing human capacity, community engagement, and stakeholder initiated research.  In 2011, the USGS conducted an evaluation of the science needs to inform decisions on Outer Continental Shelf energy development in the Chukchi and Beaufort Seas; issues that were relevant to the human environment included the importance of subsistence harvest research.  The U.S. Arctic Research Commission’s 2013-2014 program plan identified some focus areas in the area of cultural identity, especially research into education methods of teaching Native languages. 

			The recommendations from this study fall broadly into the following six categories.

			Preservation of Cultural Sustainability.  Building on past and current efforts, new studies can help to identify changes in sustainability patterns.  Sustainability is a product of the interplay of culture, economy, health, and environment.  While numerous studies and programs examine these areas individually, more work is needed to examine the synergies and trade-offs among them in order to approach sustainability in a systematic way.  The federal government should take the lead in developing a framework for connecting these topics so that government, industry, and others can better understand the ways that specific policies and actions affect sustainability.  A first step in achieving such a framework should be a study that includes extensive dialogue between representatives of the research communities in each of the identified components of sustainability and representatives of the people of the U.S. Arctic to define culturally appropriate targets and goals by which sustainability can be assessed and metrics by which these components and the outcome of their collective influence can be forecast, monitored, and assessed.  Resource agencies should work collaboratively to define the scope of and fund such a study and identify the appropriate entity to implement it.  

			Ensuring Food Security.  Continued research into the concentrations of contaminants in fatty tissues of subsistence species is vital to food security for subsistence cultures in the Arctic.  Future work could leverage the Arctic Council’s Arctic Monitoring and Assessment Program, a long-term monitoring program for contaminants in the circumpolar Arctic325 and ensure that ambient chemical levels due to future increased energy exploration and development activities are monitored effectively.  Efforts by U.S.-based researchers to collect and analyze tissues from subsistence species for contaminants of concern should be continued and supported in a long-term programmatic manner.  This program should work closely with the subsistence hunting community to obtain tissues through robust collection techniques, to be grounded in the observations of hunters about animal health, and be responsive to the concerns of the subsistence communities of the U.S. Arctic. 

			Optimized Consultation and Community Engagement.  Though there are presently ample opportunities for local communities to participate in a multitude of planning and regulatory processes and development projects through a multitude of meetings, there is room for improvement in this process. The consultation and engagement of Arctic communities needs to be optimized to be as useful and meaningful as possible, while limiting the burden on local communities. This includes combining consultation for projects where possible and targeting times and places where planning and regulatory processes are most flexible. 

			Traditional Knowledge Studies.  There is an opportunity for ongoing research to maximize how traditional knowledge is collected and how best to integrate this critical information with data collected from scientists in physical, biological, and social science disciplines.  Research should be conducted on best practices for effective collection and integration of local traditional knowledge with science and effective community engagement in studies and resource management.  This research should include the participation of local communities to gain their perspective on different methods and what needs to be improved.    

			Standardization of the Socioeconomic Impact Assessment Process.  A formalized social impacts assessment (SIA) framework does not exist within the U.S. regulatory framework.326  The Arctic Council Sustainable Development Working Group is considering a recommendation to the Council to institutionalize social impact assessment into Environmental Impact Assessment processes.327  While SIA methods need to be flexible in order to fit the particular human environment being assessed, institutionalization and standardization of methods will provide quality control and quality assurance in the SIA process.  Associated with this research effort is the need to optimize a framework of socioeconomic indicators, to further optimize the monitoring of impacts from oil and gas activity on the human environment.  Resource agencies should work with the state of Alaska Department of Natural Resources and Department of Health to follow the processes that have yielded a coordinated framework for Health Impact Assessment.  Under this program the state of Alaska is able to partner with federal agencies, the Alaska Native Tribal Health Consortium, local boroughs, and stakeholders.  

			Collaboration Framework Evaluation.  Ensuring the protection of the environment and the community while providing opportunity via responsible oil and gas development is a key stewardship approach for all stakeholders in the U.S. Arctic.  Working collaboratively and identifying synergies and common research interests will be critical to continuing to have the information required in the area of the human environment discussed in this chapter, to ensure informed decision-making that supports responsible oil and gas development of the Arctic.  The North Slope Science Initiative (NSSI) has a legislatively mandated objective to provide the best scientific information on both environmental and social science to its 14 federal, state, and local governmental members and to the public.  Enhancement of NSSI capabilities in the area of social science would help provide critical information needed by both industry and governments.
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			DESCRIPTION OF THE NATIONAL PETROLEUM COUNCIL

			In May 1946, the President stated in a letter to the Secretary of the Interior that he had been impressed by the contribution made through government/industry cooperation to the success of the World War II petroleum program.  He felt that it would be beneficial if this close relationship were to be continued and suggested that the Secretary of the Interior establish an industry organization to advise the Secretary on oil and natural gas matters.  Pursuant to this request, Interior Secretary J. A. Krug established the National Petroleum Council (NPC) on June 18, 1946.  In October 1977, the Department of Energy was established and the Council was transferred to the new department.

			The purpose of the NPC is solely to advise, inform, and make recommendations to the Secretary of Energy on any matter requested by the Secretary, relating to oil and natural gas or the oil and gas industries.  Matters that the Secretary would like to have considered by the Council are submitted in the form of a letter outlining the nature and scope of the study.  The Council reserves the right to decide whether it will consider any matter referred to it.

			Studies undertaken by the NPC at the request of the Secretary include:

			•Enhancing Emergency Preparedness for Natural Disasters (2014)

			•Advancing Technology for America’s Transportation Future (2012)

			•Prudent Development:  Realizing the Potential of North America’s Abundant Natural Gas and Oil Resources (2011)

			•Facing the Hard Truths about Energy:  A Comprehensive View to 2030 of Global Oil and Natural Gas (2007).  One Year Later:  An Update On Facing the Hard Truths About Energy (2008)

			•Observations on Petroleum Product Supply (2004)

			•Balancing Natural Gas Policy – Fueling the Demands of a Growing Economy (2003)

			•Securing Oil and Natural Gas Infrastructures in the New Economy (2001)

			•U.S. Petroleum Refining – Assuring the Adequacy and Affordability of Cleaner Fuels (2000)

			•Meeting the Challenges of the Nation’s Growing Natural Gas Demand (1999)

			•U.S. Petroleum Product Supply – Inventory Dynamics (1998)

			•Future Issues – A View of U.S. Oil & Natural Gas to 2020 (1995)

			•Research, Development, and Demonstration Needs of the Oil and Gas Industry (1995)

			•Marginal Wells (1994)

			•The Oil Pollution Act of 1990:  Issues and Solutions (1994)

			•U.S. Petroleum Refining – Meeting Requirements for Cleaner Fuels and Refineries (1993)

			•The Potential for Natural Gas in the United States (1992)

			•Petroleum Refining in the 1990s – Meeting the Challenges of the Clean Air Act (1991)

			•Industry Assistance to Government – Methods for Providing Petroleum Industry Expertise During Emergencies (1991).

			The NPC does not concern itself with trade practices, nor does it engage in any of the usual trade association activities.  The Council is subject to the provisions of the Federal Advisory Committee Act of 1972.

			Members of the National Petroleum Council are appointed by the Secretary of Energy and represent all segments of the oil and gas industries and related interests.  The NPC is headed by a Chair and a Vice Chair, who are elected by the Council.  The Council is supported entirely by voluntary contributions from its members. 

			Additional information on the Council’s origins, operations, and reports can be found at www.npc.org.
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			STUDY PARTICIPATION

			Study group participants contributed in a variety of ways, ranging from full-time work in multiple study areas, to involvement on a specific topic, or to reviewing proposed materials. Involvement in these activities should not be construed as endorsement or agreement with all the statements, findings, and recommendations in this report.  Additionally, while U.S. government participants provided significant assistance in the identification and compilation of data and other information, they did not take positions on the study’s policy recommendations.  

			As a federally appointed and chartered advisory committee, the National Petroleum  Council is solely responsible for the final advice provided to the Secretary of Energy.  However, the Council believes that the broad and diverse study group participation has informed and enhanced its study and advice. The Council is very appreciative of the commitment and contributions from all who participated in the process.  

			This appendix lists the individuals who served on this study’s Committee, Coordinating Subcommittee, and Subgroups, and participated in the study’s technology workshops, as a recognition of their contributions. In addition, the National Petroleum Council wishes to acknowledge the numerous other individuals and organizations who participated in some aspects of the work effort through outreach meetings or other contacts. Their time, energy, and commitment significantly enhanced the study and their contributions are greatly appreciated.
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			Study Recommendations by Type 

		

		
			The recommendations in the Executive Summary of this report, Arctic Potential: Realizing the Promise of U.S. Arctic Oil and Gas Resources, are discussed by three broad themes:

			•Environmental Stewardship

			•Economic Viability

			•Government Leadership and Policy Coordination.

			This appendix categorizes the study’s recommendations by type with color coding to assist readers with a particular interest in:

			•Research

			•Regulatory improvement

			•Leadership/policy opportunities.

			There are 32 recommendations in the Executive Summary, made up of 13 research, 3 regulatory, and 16 leadership/policy recommendations.  In addition to these recommendations, there are an additional 60 research recommendations in the research chapters.  These are summarized in the overview sections of Parts Two and Three of the report.
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			List of Topic Papers 

		

		
			On March 27, 2015, the National Petroleum Council (NPC) in approving this report, Arctic Potential: Realizing the Promise of U.S. Arctic Oil and Gas Resources, also approved the making available of certain materials used in the study process, including detailed, specific subject matter papers prepared or used by the study’s Technology & Operations Subgroup.  These 46 Topic Papers were working documents that were part of the analyses that led to development of the summary results presented in the report’s Executive Summary and Chapters 5 through 8.
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			The NPC believes that these papers will be of interest to the readers of the report and will help them better understand the results.  These materials are being made available in the interest of transparency.

			This appendix provides a list of the Technology & Operations Subgroup’s 46 Topic Papers, which are available for viewing and downloading from the Arctic Potential report section of the National Petroleum Council’s publicly accessible website (http://www.npc.org). The Subgroups that prepared Chapters 1 through 4 and Chapters 9 and 10 did not develop Topic Papers.

			Chapter 5

			Characterization and Measurement of the Ice Environment

			5-1 	Climate Change and Projected Impact on 	Arctic Ice Conditions

			5-2	Industry Needs with Respect to Ice Measurements 		and Data Collection

			5-3	Summary of Current Ice Characterization 	Research: U.S. 

			5-4	Summary of Current Ice Characterization 	Research: Canada 

			5-5	Summary of Current Ice Characterization 	Research: Norway/Russia/Europe

			5-6	Current Practice – Technology Utilized for 		Characterizing and Measuring Ice

			Chapter 6

			Offshore Arctic Exploration and Development Technologies

			6-1 	Scope of Arctic-Related Technologies Covered 

			6-2 	Historical Background on Arctic Exploration 	and Production Technology Development 

			6-3	Research Being Done by Foreign Governments

			6-4	Exploration Data Acquisition in the 	Arctic Offshore 

			6-5	Development Drilling and Production Platforms

			6-6	Arctic Subsea Pipelines and 	Subsea Production Facilities 

			6-7	Offtake and Tankering

			6-8	Ice Management

			6-9	Arctic Operations Common Operational Picture

			6-10	Recently Published Lists of Arctic Technology/	Research Needs

			6-11	Assessment of Relevant Areas of Current U.S. 	Government Technical Research Expertise/Capabilities

			6-12	Overview and Background of Arctic Personnel 	Safety and Offshore Survival in Emergencies

			6-13 	Overview and Background of Escape, 	Evacuation, and Rescue of Offshore Personnel 		in the Arctic

			Chapter 7

			Logistics and Infrastructure

			7-1	Current Research/Activity Catalogue

			7-2 	Multi-Mode Transportation Limitations

			7-3 	Managing the Ice Picture

			7-4	Aviation and Support Limitations in the Arctic

			7-5 	Operational limitations Due to 	Compliance with the Jones Act

			7-6	Search and Rescue Operational Support and 	Limitations

			7-7	Marine and Aviation Basing Limitations in the 	Arctic

			7-8 	Roads to Resources Program – State of Alaska

			7-9 	Overland Pipeline Options

			7-10	Communications Solutions in the Arctic

			7-11	Power Solutions in the Arctic

			7-12	Ice Classified Marine Vessels for Arctic 	Operations

			7-13	Future U.S. Navy and USCG Operations in the  	Arctic 

			7-14	Future Marine and Aviation Support Bases 	Supporting Chukchi Sea/Arctic Operations

			7-15	The Mobile, Multi-Purpose Supply Base Option 

			7-16	The Nexus of Western Science and Traditional  	Knowledge – Gaining the Support of the Alaskan  	Native Population

			7-17	Construction Materials between the Chukchi 	Sea and Dalton Highway

			Chapter 8

			Arctic Offshore Oil Spill Prevention, Control, and Response

			8-1	Overview and Background of Oil Spill Response 	Issues Covered

			8-2	Summary of Current Oil Spill Response 	Research Activity (Industry and Government) 

			8-3	Behavior of Spilled Oil – Current Practice/Operational and Technology Constraints, and Opportunities 

			8-4 	Dispersants – Current Practice/Operational and 	Technology Constraints, and Opportunities 

			8-5 	In Situ Burn – Current Practice/Operational 		and Technology Constraints, and Opportunities 

			8-6	Mechanical Recovery – Current Practice/Operational and Technology Constraints, 	and Opportunities 

			8-7 	Arctic Oil Spill Response Overview

			8-8	Toxicity of Oil to Arctic Organisms and 	Natural Oil Biodegradation

			8-9 	Field Oil Spill Response Experiments and 	Releases to Test Technology, Procedures, and 	Practices

			8-10	Arctic Well Integrity and Spill Prevention 	Methods and Technology
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			Acronyms and Abbreviations

		

		
			Acronyms and Abbreviations
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			ACEX

			Arctic Coring Expedition

			ACHP

			Advisory Council on Historic Preservation  

			ACNFS

			Arctic Cap Nowcast/Forecast System 

			ADCP

			Acoustic Doppler Current Profiler 

			ADDAPS

			Alaska Deep-Draft Arctic Port System

			ADEC

			Alaska Department of Environmental Conservation

			ADF&G

			Alaska Department of Fish and Game

			ADNR

			Alaska Department of Natural Resources

			ADOTPF

			Alaska Department of Transportation & Public Facilities

			AEC

			Arctic Economic Council

			AEIS

			Arctic Ecosystem Integrated Survey

			AESC

			Arctic Executive Steering Committee

			AEWC

			Alaska Eskimo Whaling Commission

			AIDJEX

			Arctic Ice Dynamics Joint Experiment

			AKMAP

			Alaska Monitoring and Assessment Program

			ALCC

			Arctic Landscape Conservation Cooperative

			AMAP

			Arctic Monitoring and Assessment Program (Arctic Council Working Group)

			ANCSA

			Alaska Native Claims Settlement Act

			ANIMIDA

			Arctic Nearshore Impact Monitoring in Development Area 

			ANWR

			Arctic National Wildlife Refuge

			AOGCC

			Alaska Oil and Gas Conservation Commission

			APD

			Application for Permit to Drill

			API

			American Petroleum Institute

			ARCUS

			Arctic Research Consortium of the United States

			ASAMM

			Aerial Survey of Arctic Marine Mammals

			ASRC

			Arctic Slope Regional Corporation

			AUV

			autonomous underwater vehicle

			BBO

			billion barrels of oil

			BBOE

			billion barrels of oil equivalent

			BBNGL

			billion barrels of natural gas liquids

			BCB

			Bering-Chukchi-Beaufort

			BLM

			Bureau of Land Management

			BOE

			barrel of oil equivalent

			BOEM

			Bureau of Ocean Energy Management

			BOP

			blowout preventer

			BSEE

			Bureau of Safety and Environmental Enforcement

			CAA

			Conflict Avoidance Agreement

			CAB

			chemistry and benthos (focus of COMIDA-CAB program)

			CAFF

			Conservation of Arctic Flora and Fauna (Arctic Council Working Group)

			CARA

			Circum-Arctic Resource Appraisal 

			CEQ

			Council on Environmental Quality

			CFR

			Code of the Federal Register

			CHAOZ

			Chukchi Acoustic, Oceanographic, and Zooplankton study

			CIDS

			Concrete Island Drilling Structure (also Concrete Island Drilling System)

			CIS

			Canadian Ice Service

			COMIDA

			Chukchi Sea Offshore Monitoring in Drilling Area program

			COP

			common operational picture

			CRI

			caisson retained island 

			CSESP

			Chukchi Sea Environmental Studies Program

			CTD

			conductivity, temperature, and depth 

			D&P

			development and production

			DHS

			Department of Homeland Security

			DMLW

			Division of Mining, Land & Water (ADNR)

			DMTS

			Delong Mountain Transportation System

			DOC

			U.S. Department of Commerce

			DOD

			U.S. Department of Defense

			DOE

			U.S. Department of Energy

			DOI

			U.S. Department of the Interior

			DOS

			U.S. Department of State

			DOT

			U.S. Department of Transportation

			DWT

			deadweight tons

			E&A

			exploration and appraisal

			E&D

			exploration and development

			E&P

			exploration and production

			EER

			escape, evacuation, and rescue

			EEZ

			exclusive economic zone(s)

			EIS

			Environmental Impact Statement

			EL

			exploration license

			EMI

			electromagnetic induction

			EPA

			U.S. Environmental Protection Agency

			EPPR

			Emergency Prevention, Preparedness and Response

			ESA

			U.S. Endangered Species Act

			EWC

			Eskimo Walrus Commission

			FAA

			Federal Aviation Administration

			FEED

			front-end engineering design

			FERC

			Federal Energy Regulatory Commission

			FLIR

			forward-looking infrared

			FPSO

			floating production, storage, and offloading (or offtake)

			FSO

			floating storage and offloading (or offtake)

			GAO

			U.S. Government Accountability Office

			GBS

			gravity-based structure

			GOM

			Gulf of Mexico

			GPR

			ground penetrating radar

			GPS

			global positioning system

			HFR

			high frequency radar

			HSE

			health, safety, and environmental

			IACS

			International Association of Classification Societies

			IAP

			Integrated Activity Plan

			IARPC

			U.S. Interagency Arctic Research Policy Committee

			IASC

			International Arctic Science Committee

			IAWG

			Interagency Working Group

			IBEEV

			Ice Breaking Emergency Evacuation Vessel

			ICCOPR

			Interagency Coordinating Committee on Oil Pollution Research

			IFR

			Instrument Flight Rules

			IMO

			International Maritime Organization

			IOGP

			International Association of Oil & Gas Producers

			IPNSAR

			Implementation Plan for the National Strategy for the Arctic Region

			IPS

			ice-profiling sonar 

			IR

			infrared

			ISB

			in-situ burning

			ISER

			Institute of Social and Economic Research

			ISO

			International Organization for Standardization

			JIP

			joint industry program(me) 

			LNG

			liquefied natural gas

			LMRP

			Lower Marine Riser Package 

			MARAD

			Maritime Administration

			MARPOL

			IMO Marine Pollution regulations (International Convention for the Prevention of Pollution from Ships)

			MMBOE

			million barrels of oil equivalent

			MMS

			Minerals Management Service

			MODIS

			Moderate Resolution Imaging Spectroradiometer

			MODU

			mobile offshore drilling unit

			MVFR

			Marginal Visual Flying Rules

			NASA

			National Aeronautics and Space Administration

			NCAR

			National Center for Atmospheric Research

			NCP

			National Oil and Hazardous Substances Pollution Contingency Plan (commonly called the National Contingency Plan)

			NEB

			National Energy Board (Canada)

			NEBA 

			Net Environmental Benefit Analysis 

			NEPA

			National Environmental Policy Act

			NGO

			nongovernmental organization

			NMFS

			NOAA’s National Marine Fisheries Service

			NOAA

			National Oceanic and Atmospheric Administration

			NPC

			National Petroleum Council

			NPDES

			National Pollution Discharge Elimination System

			NPR-A

			National Petroleum Reserve–Alaska

			NRC

			National Research Council

			NSAR

			National Strategy for the Arctic Region

			NSB

			North Slope Borough

			NSF

			National Science Foundation

			NSSI

			North Slope Science Initiative

			NTL

			Notice to Lessees

			NWAB

			Northwest Arctic Borough

			OBC

			ocean bottom cable

			OBN

			ocean bottom nodes

			OCS

			Outer Continental Shelf

			OCSLA

			Outer Continental Shelf Lands Act

			OSR

			oil spill response

			OTC

			Offshore Technology Conference

			PacMARS

			Pacific Marine Arctic Research Synthesis

			PAME

			Protection of the Arctic Marine Environment (Arctic Council Working Group)

			PRB

			Polar Research Board

			PRNL

			Petroleum Research Newfoundland-Labrador

			PSA

			Petroleum Safety Authority (Norway)

			R&D

			research and development

			RIAWG

			Regional Interagency Working Group

			ROV

			remotely operated vehicle

			RPD

			Revised Permit to Drill

			SAO

			Senior Arctic Official

			SAR

			synthetic aperture radar

			SDC

			steel drilling caisson

			SIRAM JIP

			Subsea Ice Risk Assessment and Mitigation Joint Industry Program

			SIWO

			Sea Ice for Walrus Outlook 

			SIZONet

			Seasonal Ice Zone Observing Network

			SLAR

			side-looking airborne radar

			SOLAS

			IMO Safety of Life at Sea regulations (International Convention for the Safety of Life at Sea)

			SSDC

			single steel drilling caisson

			SSRW

			same season relief well

			TAPS

			Trans-Alaska Pipeline System

			TCF

			trillion cubic feet

			TEMPSC 

			Totally Enclosed Motor Propelled Survival Craft

			UAF

			University of Alaska Fairbanks

			UAS

			unmanned aerial system

			USACE

			U.S. Army Corps of Engineers

			USARC

			U.S. Arctic Research Commission

			USCG

			U.S. Coast Guard

			USFWS

			U.S. Fish and Wildlife Service

			USGS 

			U.S. Geological Survey

			USN

			U.S. Navy
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Resource Potential

Alaska Study Areas Qil +N
(BBO) (TCF) (BBOE)

Western North Slope 0.2 9.1 1.7
NPRA 1.6 50.5 10.1
Undiscovered Central North Slope 4.3 35.8 10.2
Onshore ANWR 1002 9 7.2 10.2
North Slope 12 60.1 13
Unconventionals
North Alaska North Slope Discovered 1.4 99.7 18.1
North Slope
State Waters 2 v 82
Undiscovered | Chukchi Sea OCS 15.4 76.8 282
Offshore Beaufort Sea OCS 82 276 128
Hope Basin OCS 0.2 3.8 0.8
North Alaska Offshore Discovered 1.5 28.1 6.1
Central Alaska 0.4 55 13
South and Central Alaska Onshore (Yukon Flats)
Undi d C tional
ndiscovered Conventional Southern Alaska 07 - 29
(Cook Inlet)
Alaska 46.1 430.2 117.8

*Oil and NGLs shown in billion barrels of oil (BBO), Natural Gas in trillion cubic feet (TCF), and Total Resource in billion barrels of oil
equivalent (BBOE). South and Central Alaska OCS volumes excluded.

Note: As per discussion in Methodology and Assumptions section, Alaska volumes are provided in more detail with some values obtained
from U.S. sources other than the USGS 2008 Circum-Arctic Resource Appraisal (CARA). As such, total Alaska numbers in this
section are slightly different than those quoted in the global discussion.

Table 1-2. Summary of Alaska’s Resource Potential





OEBPS/image/p83.png
D1
222
EMW
[0]

&5

<
O=

w
-






OEBPS/image/ChapEnd1.jpg





OEBPS/image/p257.png
INCOMING

INFORMATION
e - DECISIONS/ACTIONS
\
\
H
ANALYS.IS and FORECASTS i * Deploy near-field icebreakers
* Ice Drift Actual/Forecast | and update position and patterns
* Weather Forecast _§_> ICE MANAGEMENT * Deploy scouting icebreaker to
« Ice Conditions ! CENTRAL COMMAND investigate a po_tentlally
E Tredlami K unmanageable ice feature
i * Based on incoming . .
T E information, decisions must be paplovshipiolioibieaklbazaic
i made and actions taken * Order deployment of drift buoys
REAL TIME SENSOR DATA i « Effectiveness of actions « Order additional satellite images
* Ice Drift ’ must be monitored * Order aerial reconnaissance

* Prepare to disconnect
« Disconnect/reconnect

* Wind Speed/Direction
* Ice Observer Reports
* Aerial Reconnaissance

Monitor Progress

* Ice Breaker Reports
* Satellite Images
* Remote Sensing

H
H
H
H
H
H
H
H
H
H
E

 Ship Position Data i
H
H
H
H
i
H
H
g
|

Source: ExxonMobil.

Figure 6-14. Schematic of an Integrated Ice Management Program
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Recommendation

Industry and the federal government including the National
Laboratories should collaborate to determine if any existing
military technology or other research in the area of remote
sensing, including satellite access, can be made available and
commercialized for oil spill response.

Action
DOE by Other

Action | Federal
Agencies

n Environment

DOE (National
Laboratories),
DOD, Others

Regulatory

Leadership/
Policy

@®  Research

(¢]

Increasing Knowledge of Arctic Ecology and Huma

Trustee agencies, such as U.S. Fish and Wildlife Service and
U.S. National Marine Fisheries Service, could execute multi-year
population assessment and monitoring of key Arctic species
including the Pacific walrus, ice seals, polar bears, and beluga
whales.

DOI (FWS),
DOC (NMFS)

Under its legislative mandate to coordinate scientific data that will
provide a better understanding of the ecosystems of the North
Slope of Alaska, the North Slope Science Initiative (NSSI) should
work with trustee agencies, industry, and other stakeholders to
define, develop, and maintain an ecological monitoring program to
detect and interpret change in the Arctic ecosystem.

NSSI, Others

DOE, other governmental entities, the National Laboratories,

and the oil and gas industry should execute additional studies

of fate and effects of oil under Arctic conditions and upon Arctic
species: toxicity of oil, oil residue, and dispersants to key Arctic
species, including Arctic cod and plankton, the rate and extent of
biodegradation of oil in Arctic environments, and the interactions of
oil with under-ice communities.

DOE (National
Laboratories),
DOC, DOI,
EPA, Others

The federal government, namely the National Marine Fisheries

Service, should work collaboratively with industry and other

stakeholders to develop a coordinated strategy for industry and

government research on interactions between energy development

and key species.

* Specifically, the improved understanding of the response
of ice-dependent species to specific industry activities (ice
management, seismic, drilling, etc.) will inform operational
planning and permitting as well as designations and
management of critical habitats.

© The National Marine Fisheries Service should join the Bureau
of Ocean Energy Management (BOEM) in participation as an
observer in the Sound and Marine Life joint industry program.

DOI (NMFS),
Others

An updated Social Impacts Assessment protocol is needed to
improve consistency and ability to integrate baseline data across
agencies, industry, and communities.

* The Department of State, via the Senior Arctic Official and the
Arctic Council Sustainable Development Working Group, should
update the Social Impacts Assessment protocol, leveraging the
state of Alaska’s coordinated framework for a Health Impact
Assessment, recently developed by the Alaska Department of
Natural Resources and Department of Health, in partnership
with federal agencies, the Alaska Native Tribal Health
Consortium, and local boroughs.

DOS, HHS,
CEQ, Others
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Figure 2-11. Section of TAPS During Winter
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Figure 6-20. ARKTOS Evacuation Craft Figure 6-21. Ice Breaking Emergency
Evacuation Vessel
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Figure 6-18. Gravity-Based Structure Construction and Towing Examples (I-r: Hebron platform,
Sakhalin-2 concrete platform, and Hibernia platform)
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Figure 9-1. Generalized Timeline of Research for the U.S. Arctic
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Discovery
Northstar,
Beaufort OCS, 10 to 15 Atrtificial Island 1979 1983 4 years
Alaska
Point Thomson,
Alaska North Onshore Land Rig 1965 1975 10 years
Slope
EL 476/477,
Beaufort Sea, 80 to 1,000 Drillship 2006/2007 Not drilled yet* >14 years
Canada
Sigguk/Eqqua, Semi-
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Greenland + Drillship
Area 193,
Chukchi Sea, 40 to 50 Drillship 2008 Not drilled yett >7 years
Alaska
Prinovozemelsky, Semi-
Kara Sea, Russia 0 submersible ATl AT 4 v

* Drilling application submitted is contingent upon same season relief well equivalency. The operator has indicated to the National
Energy Board that drilling could commence in 2020 if permits are granted by 2016.

T caim Energy drilled three of four planned exploration wells in Sigguk Block in 2010; only one encountered oil shows (not commercial).

* Shell commenced drilling in 2013, but operations were suspended before entering possible hydrocarbon-bearing zone, and has
submitted a revised exploration plan to continue drilling in 2015.

Table 2-1. Historical Exploration Phase Timelines
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Source: Adapted from Alyeska Pipeline Service Company “Low Flow Impact Study” report and website data,
http://www.alyeska-pipe.com/TAPS/PipelineOperations/LowFlow.

Figure 7-8. TAPS Throughput
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Figure 8-1. Offshore Drilling Spill Prevention, Control, and Response Technologies and Practices
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Figure 6-25. Excavated Drill Centers
for Protection of Subsea Wellheads
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NPDES Requirements for an Environmental Monitoring Program at
Each Drill Site for the U.S. Beaufort and Chukchi Seas

Prior to Drilling-Site Characterization

® Physical characteristics: surface wind speed and
direction, current speed and direction, water
temperature, salinity, depth, and turbidity

® Receiving water chemistry and characteristics:
dissolved metals, pH, turbidity, total suspended

solids, total aqueous hydrocarbons, and total
aromatic hydrocarbons

® Benthic community structure: infaunal and epi-
faunal invertebrates, bivalves, and crustaceans

During Drilling Activity

o Effluent toxicity characterization of discharges

® Metals analysis of water-based drilling fluids and
drill-cuttings

® Plume monitoring and observations for poten-
tial marine mammal deflection during periods of
discharge

® Plume monitoring and sampling for metals, hydro-
carbons, turbidity, and total suspended solids

Upon Completion of Drilling Activity

® Physical sea bottom survey: areal extent and
depth or thickness of solids deposition of muds
and cuttings discharges

® Sediment characteristics and discharge effects:
chemistry, grain size, pollutant concentrations

® Benthic community bioaccumulation moni-
toring

No Later than 15 Months after Completion of

Drilling Activity

® Physical sea bottom survey: areal extent and
depth or thickness of solids deposition of muds
and cuttings discharges

® Sediment characteristics and discharge effects:
chemistry, grain size, pollutant concentrations

® Benthic community bioaccumulation moni-
toring

® Benthic community structure assessment
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Figure 1-38. Map of Arctic Greenland Highlighting Key Arctic Exploration Areas
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Figure 1-28. Alaska North Slope Oil and Gas Units
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Figure 8-2. Typical Subsea BOP Stack
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Figure 9-11. A Polar Bear Photographed from the Drilling Rig Frontier Discoverer
During a 2 Open Wate n
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Figure ES-16. Exploration and Development in Various Arctic Conditions
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Figure 1-20. The Tarsiut Caisson
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Figure 6-6. Spraying Mars Island 1986
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Figure 8-14. Aerial and Surface Views of Burning Crude Oil Spilled in Slush Between Floes
During the 1986 Canadian East Coast “Oil in Pack Ice” Experiment
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Recommendations from Technology and Operations Chapters (Continued)
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Table 7-2. Air Temperature Data for January and July (Fahrenheit)
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Figure 3-1. Key Players in Arctic Energy and Mineral Resources Policy
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Figure 1-33. Northstar Island during Winter (left) and Summer (right)





OEBPS/image/p203.png
Primary

Eoinary) Supports
: ruden )
Chapter i) Dev. Enhancement Opportunity ESploiaion
o Element Production,
Addressed @ B
2 | E8D lce Management | Salety Arclc common operational piciure (COP) is an area believed o be adequately supported by the Both
Technologies commercial marketplace. In e with ongoing ol il eforts, the indusiry should consider polental
benefis from establishment of uniform practces or standards
% | E8D Development | Environmental | Characlerization and mifigation of platorm-related marine sound Both
Technologies | Drillng &
Production
Platforms
27 | E8D Development | Salety Optimization of winterization and icing prevention fechnology. Both
Technologies | Drillng &
Production
Platforms
2 | E8D Development | Cost Cost-effectve stoels and improved qualificatin procedures for structural applications at temperalures Both
Technologies | Drillng & below 45°C.
Production
Platforms
2 | E8D Development | Cost Improved low-temperature ductity of ightweight concrete Both
Technologies | Drillng &
Production
Platforms
30 | Logistcs& Infrastructure | Cost Coordinate nrasiructure planning — Local, sate, and federal govemment agencies should coordinate Both
Infrastructure | Planning infastructure planning by camying out, where possibl, ot scenario planning o denify te infersection
of mutual needs such as airfields, ports, roads, communicatons, o deniify opportuniies forinvestment
synergies. Planning needs and considerations o indude those from o and gas industy, U'S. Navy, US.
Coast Guard, and localstakeholders. Planning needs from the Trans-Alaska Pipeline System (TAPS)
pipelne for e extension should aso be included
31 | Logistcs& Infrastructure | Cost Deepwater port planning — The Deep-DraftArctic Port System Study fnal report, planned for mid-2015 Both
Infrastructure | Planning release, should be reviewed considering the detaild functonal requirements of all potential users
including companies contemplating future ofl and gas actvity i the study area. This report s the
culmination of a 3-year study conducted by the state of Alaska and the U.S. Ammy Corps of Engneers.
32 | Logistcs& Infastructure | Salety Expanded and extended U.S. Coast Guard iosbreaker role — Recognizing the potential for ncreasing Both
Infrastructure | Planning needs n the Arclic fom allindustries, the U.S. Coast Guard icebreaker leet and presence shouid be
expanded and extended ino the shoulder season to promle transportation safety, national security,
and a longer exploraton season

Recommendations from Technology and Operations Chapters (Continued)
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Figure 1-11. Alaska Resource Potential Distributed by Region
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Example: Current Season Length Determination Process

Currently, for example, in the western area of the
U.S. Chukchi Sea, the earliest drilling start date is
determined to be July 7 based on an a 7-day esti-
mated mobilization time to the Chukchi Sea from
the Bering Strait and considering recent permitting
restrictions allowing access to the Bering Strait
no earlier than July 1.* The drilling end dates are
currently based on the number of days required to
drill a same season relief well prior to the assumed
freeze-up date of November 1. Neither the capa-
bility of the drilling system to operate safely in
ice based on historical precedents, nor the use of
alternative well secure techniques are considered
in setting these dates. The timeline below depicts
the current system timelines assuming a relief well
duration of 38 days (the typical time to drill a relief
well to a shallow target using the current approach
applied in the U.S. Arctic).

There are several shortcomings of this prescrip-
tive approach:

® Drilling a relief well takes significantly longer
than other available well secure technologies.
Thus, using a relief well is more likely to result
in a greater volume of spilled oil when compared
to alternative technologies.

® Designating a start and end date uniformly rather
than basing them on the actual drilling system
capability is not an efficient use of the significant
capital investment in advanced systems.

DRILLING START
(JULY 7)

® The 79-day drilling season length in the exam-
ple above is barely sufficient to complete and
evaluate a single well for many exploration
prospects. This can result in multiple seasons
being required to drill a single well, adding cost
and time in an already challenging, costly, and
remote operating environment. When consid-
ering this in the context of the relatively short
10-year lease term, as discussed in the section
on improved lease duration and terms, the eco-
nomic disincentive for companies to invest can
be significant.

Basing the drilling season length on the actual
drilling system capability and on currently avail-
able advanced well secure techniques can achieve
the same goals of safety and environmental sus-
tainability and stewardship to be achieved without
the shortcomings of the current approach. Doing
so would require demonstrating to regulators and
stakeholders that the drilling system to be used is
indeed capable of safe, reliable operation through-
out a longer drilling season, and that advanced well
secure techniques are safe, effective, and reliable.
Making such a change would facilitate more cost-
effective Arctic exploration without compromising
environmental and safety standards.

* The earliest transit through the Bering Strait is based on the U. S.
Fish and Wildlife Service’s (USFWS) Intentional Take regulations.
The USFWS has determined that transit through the Bering Strait
will be assessed on a case-by-case basis or otherwise limited by
regulations to July 1 passage.

DRILLING END
(SEPT. 24)

FREEZE-UP
(Nov. 1)

NOVEMBER

Example of Current Season Length Determination Process
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Figure 1-5. Global Discovered and Undiscovered Arctic Conventional Resource Potential
with Distribution by Country
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* Approximate values shown to illustrate the number of appraisal wells are related, along with many other factors, to the expected
field size. EUR — estimated ultimate recovery; MMBOE — million barrels of oil equivalent.

T Ownership disputes delayed project until production sharing agreement was signed in 1995.
* Litigation issues were settled in 2012, and initial production system for condensate is sanctioned. However, the full field development
plan has not been finalized.

Table 2-2. Select Historical Appraisal Phase Timelines





OEBPS/image/p199.png
Topical
Area

Primary
Prudent
Dev.
Element
Addressed

Enhancement Opportunity

Supports

Exploration,

Production,
or Both

Priority

Characterization | Aitborme Remote | Safety Increased utization of Unmanned Aicraf Systems — Reguiatory Acceptance; reduced payload size of Both H
ofthe ce Sensing synthelic aperture radar (SAR) and other sensors o faciltate unmanned aeral vehicle (UAV) usage.
oo Aviation Logistics Assessment of on- and offinstallation monitoring techriques to support escape, evacuation, and
E8D rescue (EER),incuding the provision for drones to provide information on existng and oncoming ice
Technologies | /0@ Management conditions (both local and far-feld) that could impact evacuation and/or rescue success as wellas the
—— Exploraion Data viabilty of evacuation routes to the evacuation pois.
Infrastructure | Acauisiton
Escape,
(R)Lsp‘::'m Evacuation, and
Rescue
E8D Ice Management | Environmental | Policy-oriented studies focused on understanding and itigating potentialimpacts ofice management Both H
Technologies on ice-dependent species. This would ivolve studies to develop a detailed characterization of marine
mammal use of Outer Continental Shelf (OCS) sea ice to undersiand potential impact ofocalized ice
management operations. Such studies could incude development of advanced means for monioring
animal presence in very speciic areas representaive of those surrounding a driling operation.
Arcic Offshore | OilSpil Response | Environmental | Supportpolicy that elevates al oi spill esponse tools (mechanical recovery, dispersants, n-stu Both H
il Spil buming, and any newimproved technology that is developed) to primary opions. Decisions as to
Prevention, which option should be used in an emergency to minimize environmental impact will be based on Net
Control, and Environmental Benefit Analysis (NEBA). Regulatory credit or all these ool should be provided when
Response calculating how much equipment must be included in the Oil Spill Response Plan to meet worst case
discharge requirements (both at the federal and Alaska leve),
Arcic Ofishore | OilSpil Response | Environmental | DOE, other federal agencies, and the state of Alaska should support pre-approval use of ispersants Both H
oil Spil andin-situ burning by the Alaska Regional Response Tea for all offshore OCS Alaska. Decisions
Prevention, regarting pre-approval should be based on sound science, incuding: past and ongoing research on
Control, and fates and effects of dispersant-reated il nthe Arctic environmen, and toxicy tests of dispersant-
Response Hreated oil at ealistc concentrations and exposures, and at appropriate temperatures and saiites.
Pre-approval shouid be based on a NEBA-based approach tht incudes input by Industry, Ol Spil
Response Organizatons, academia, and other stakeholders.
Arcic Ofishore | OilSpil Response | Environmental | The NEBA-based decision process should be used in a colaborative process by goverment (federal, Both H
oil Spil state and loca) decision makers, acadenia, fesponders, local commurities, and Industry o select
Prevention, and assess the fesponse options that oferthe greatest overall reducton of environmental impacts.
Control, and This NEBA-based decision making process should be conducted for refevant Alaska Arctic egions to
Response identiy future pre-approval zones fordispersants and in-Stu burning. Ifstudies are requied o support

the NEBA process, DOE, other governmental entiies such as the Nafional Oceanic and Atmospheric
Administration (NOAA) and the Alaska Department of Environmental Conservation, and industry should
collaboratively perform them (such as the NewFields study) taking into account local knowledge. This
recommendafion was also supported in the National Research Council (NRC) 2014 study.

Recommendations from Technology and Operations Chapters
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Figure 9-8. Pacific Walruses Observed During Chukchi Sea Environmental Studies Program





OEBPS/image/p2821.png
Photo: ExxonMobil
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* Denotes Regional Inter-Agency Working Group (RIAWG) members (North Slope Science Initiative and Arctic Research Council not shown)

Figure 4-1. U.S. Federal, State, and Local Agencies Involved in U.S. Arctic Oil and Gas Activities
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Figure 10-1. Indigenous Cultures of the Arctic
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. Typical Well Count to Lease/License
Cou Lease/License System )
Retain Lease/License* Duration

Canada Exploration Based 1to 2 9 years
Greenland Exploration Based 1to 2 Up to 16 years
Norway Exploration Based 1to 2 Up to 30 years

Russia Exploration Based 1to 2 10 years

United States Development Based 6to 7T 10 years

* The number of wells shown is estimated based on 1 to 2 wells needed to establish an exploration discovery.

T The number of wells shown includes exploration and appraisal wells. Based on practices used in the Lower 48, securing a lease
extension beyond the primary term requires a firm commitment to develop requiring multiple appraisal wells, engineering studies, and
funding. One appraisal well per 200 million barrels of recoverable volume, and a field size of 1 billion recoverable barrels was assumed.

Table 4-1. Lease/License Comparison by Country
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Figure 6-3. Nuclear Icebreaker Rossiya Leading
Seismic Icebreaker Federov (Seismic Vessel)
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* Recognizing the significant progress by the Interagency Working
Group on coordination of permitting in Alaska, the Arctic Executive
Steering Committee should, as part of its gap analysis:
— Review lessons learned for application to broader coordina-
tion of opportunities and identify areas for improvement
— Recalibrate the existing Interagency Working Group to refine
its mission and enhance its capabilities to coordinate Arctic
activities and permitting.
— Review the effectiveness of DOE participation in the working
group.
The Department of Energy should designate a senior advisor || (m] DOE, Others | O [ ]

to support its representative on the Arctic Executive Steering

Committee and be a focal point for Arctic policy, including:

* Producing a department-wide Arctic strategy that clarifies its
implementation of the National Strategy for the Arctic Region
(NSAR).

© Advancing prudent Arctic oil and gas development.

© Coordinating with the U.S. Arctic Council Chairman.

* Coordinating the department’s Arctic science and technology,
integrated analysis, and research agenda and effecting full
coordination and engagement of the National Laboratories.

The Department of Energy should engage Alaska institutions | DOE, Others | O [ J
including the state of Alaska in the planning and conduct of its

Arctic initiatives and consider public-private partnerships and data
sharing platforms similar to the Alaska Ocean Observing System.

U.S. Chairmanship of the Arctic Council

As Arctic Council members implement the two internationally O | | DOS, AESC, [ ]
legally binding agreements on search and rescue (2011) and DHS (Coast

on oil pollution preparedness and response (2013), the U.S. Guard), DOD,

government should encourage engagement and participation with Others

the international energy industry in the conduct of its search and
rescue table top exercise in May 2015 and the full-scale exercise
in the summer of 2016.

The U.S. government should seek to strengthen the Arctic O | | DOS, DOC, [ ]
Economic Council’s formal interaction and engagement with the Others
Arctic Council as well as to promote its business advisory role.

Notes: The Potential Coordinating Agencies shown in the table above are provided to illustrate the breadth of federal government agencies and
related organizations that could potentially have roles in implementing these recommendations and the list may not be comprehensive. State
and local government agencies, not shown, could also have important roles.

List of Agencies: Department of Energy (DOE); Department of the Interior (DOI), Bureau of Land Management (BLM), Bureau of Ocean
Energy Management (BOEM), Bureau of Safety and Environmental Enforcement (BSEE), and Fish and Wildlife Service (FWS); Department
of Commerce (DOC), National Marine Fisheries Service (NMFS), and National Oceanic and Atmospheric Administration (NOAA); Department
of Defense (DOD) including Navy; Department of Health and Human Services (HHS); Department of Homeland Security (DHS) including U.S.
Coast Guard; Department of State (DOS); Department of Transportation (DOT), including Federal Aviation Administration (FAA) and Maritime
Administration (MARAD); Environmental Protection Agency (EPA); Executive Office of the President (EOP), Council on Environmental Quality
(CEQ); Interagency Arctic Research Policy Committee (IARPC); Interagency Coordinating Committee on Qil Pollution Research (ICCOPR);
North Slope Science Initiative (NSSI); Arctic Executive Steering Committee (AESC).
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Arctic Research. A core component of the Administration’s National Strategy for the
Arctic Region released in May 2013 includes responsibly developing Arctic oil and gas
resources 1o ensure energy security. In 2015 the United States will assume chairmanship
of the multi-nation Arctic Council. The National Petroleum Council’s input would be
invaluable to assist us as we explore:

*  What research should the Department of Energy pursue and what technology
constraints must be addressed to ensure prudent development of Arctic oil and gas
resources while advancing U.S. energy and economic security and ensuring
environmental stewardship?

For the purposes of these studies, T am designating Deputy Secretary Daniel Poneman to
represent me. He will provide the necessary coordination between the Department of
Energy and the National Petroleum Council and oversee the Department’s engagement.
Acting Assistant Secretary Christopher Smith is the Designated Federal Official for this
advisory committee and he will work with Deputy Secretary Daniel Poneman and the
Council staff to identify leads for each of the studies. I understand that dialogue between
the Department and the Council may be necessary to further define the scope of the
studies.

Sincerely,

Ernest Moniz
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Figure 1-17. Arctic Islands Exploration Well Map
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Figure 7-4. Example of Marine Engine Emissions and Fuel Consumption as a Function of Load Factor
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Document Title Agency/Year Primary Objectives

Arctic Roadmap United States Navy/2014 | ® Developing strong cooperative partnerships with interagency and
and 2009 international Arctic stakeholders
* Actively and competently contributing to safety, security, and stability
* Acquiring the right capability at the right cost and right time to meet
combatant commander requirements
* To be perceived as an active contributor to a safe, secure, and stable region
* Understanding when significant access for shipping and other maritime
activity is likely to develop
Final Recommendations The White House * Ecosystem-based management
of the Interagency Ocean | Council on ® Coastal and marine spatial planning
Policy Task Force Environmental ® Inform decisions and improve understanding
Quality/2010 ® Coordinate and support
* Resiliency and adaptation to climate change and ocean acidification
* Regional ecosystem protection and restoration
* Water quality and sustainable practices on land
* Changing conditions in the Arctic
® Ocean, coastal, and great lakes observations, mapping, and infrastructure
Report to Congress on Department of * Prevent and deter conflict in the Arctic
Arctic Operations and the | Defense/2011  Prepare to respond to a wide range of challenges and contingencies
Northwest Passage
Arctic Strategy United States Coast ® Improving awareness
Guard (Department * Modernizing governance
of Homeland ® Broadening partnerships
Security)/2013
Arctic Strategy Department of ¢ Maintain a secure and stable region where U.S. national interests
Defense/2013 are safeguarded, the U.S. homeland is protected, and nations work

cooperatively to address challenges

NOAA's Arctic Action Plan:

Supporting the National
Strategy for the
Arctic Region

National Oceanic
and Atmospheric
Administration/2014

Advance U.S. security interests
Pursue responsible Arctic region stewardship
Strengthen international cooperation

Table 3-2. Agency-Level Strategy Documents for the Arctic Region since 2009
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Figure 1-27. Improved Drilling Technology fo Reduce Surface Footprint
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Figure ES-9. Oil Industry Workers Celebrating a Safe Work Milestone on the North Slope
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"0 Lease Stipulations include:
Protection of Biological Resources
Orientation Program
Transportation of Hydrocarbons
Industry Site-Specific Bowhead Whale Monitoring Program
Conflict Avoidance Mechanisms to Protect Subsistence Whaling and
Other Marine Mammal Subsistence Harvesting Activities
Pre-Booming Requirements for Fuel Transfers
Lighting of Lease Structures to Minimize Effects to Spectacled
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2 The NEPA review process for each agency involves:
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« Section 7 Biological Opinion and ITS for ESA species
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« Clearance of potential hazards for placement of anchors.

« Includes clearance of archaeological features

EFTIN

~o

NOAA  National Oceanic and Atmospheric Administration

ASA  Ancillary Authorization EIA Environmental Impact Assessment NPDES  National Pollutant Discharge Elimination System
ADEC  Alaska Department of Environmental Conservation EIS Environmental Impact Statement NSB_ North Siope Borough

ADNR  Alaska Department of Natural Resources EP Exploration Plan NWAB  Northwest Arctic Borough

AEWC  Alaska Eskimo Whaling Commission EPA  Environmental Protection Agency NTL  Notice to Lessees
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BSEE  Bureau of Safety and Environmental Enforcement JPO-SPCO Joint Pipeline Office-State Pipeline ROW  Right of Way

CAA  Conflct Avoidance Agreement Coordinator's Office SHS _ Shallow Hazard Survey

COCP  Critical Operations and Curtailment Plan LOA  Letter of Authorization USACE  United States Army Corps of Engineers

CWA  Clean Water Act LUP  Land Use Permit USCG  United States Coast Guard

DIMP  Drilling Incident Management Plan MMPA  Marine Mammal Protection Act USFWS  United States Fish & Wildife Service

DOCD  Development Operation Coordination Document NEPA  National Environmental Policy Act WCD  Worst Case Discharge

EA Environmental Assessment NMFS  National Marine Fisheries Service Majority of requirements included, list may not be exhaustive

Figure ES-19. Alaska OCS 0il and Gas Project Exploration and Development Requirements
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Figure 6-1. Relative Costs and Acquisition Times for Various Levels of Seismic Data Acquisition
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The U.S. Department of Energy (DOE), other govemmental entities, the National Laboratories,
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industry and other stakeholders to develop a coordinated strategy for industry and government

research on interactions between energy development and key species.

® Specifically, the improved understanding of the response of ice dependent species to
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Figure 2-5. Phase 1: Typical Alaska OCS Exploration Timeline Scenarios





OEBPS/image/p177.png
Evaluating Same Season Relief Well Equivalency
The Canadian Experience

NEB SSRW Hearing

NEB AODR Start

National Energy Board (NEB) Same Season
Relief Well Hearing

In 2010, the Canadian National Energy Board
(NEB), the government body responsible for reg-
ulating offshore drilling in the Canadian Arctic,
initiated a public process to review the long-stand-
ing Same Season Relief Well Policy and provide
operators an opportunity to propose alternative
technology approaches that would meet or exceed
the intended outcome of the Policy. Following the
Macondo incident, the NEB cancelled the Same
Season Relief Well Hearing process and replaced it
with a more broadly scoped review of all compo-
nents of drilling activities in the Canadian Arctic
Offshore. This process was initiated as the NEB
Arctic Offshore Drilling Review.

NEB Arctic Offshore Drilling Review (AODR)

The objective was to provide a comprehensive
review of Arctic offshore drilling preparedness
including:

o Drilling safely while protecting the environment
® Responding effectively when things go wrong
® Learnings from past incidents

e Filing requirements for applicants seeking an
authorization to drill.

The NEB conducted the review as a fully pub-
lic process. All interested parties within Canada
were given an opportunity to provide input into
the review design and process. The NEB released a
comprehensive written request for information on
the above topic areas, and all written submissions
were made publicly accessible via the NEB website.
After the written review period, a week-long work-
shop was conducted to discuss the content of the
Review.

NEB AODR End

Request for
NEB SSRW
Advance
Ruling

The NEB held community meetings across
Yukon, Northwest Territories and Nunavut to hear
residents’ views. All interested parties within Can-
ada were invited to provide written comments. Inu-
vik workshop attendance included more than 200
representatives from government, communities,
industry, academia, ENGOs, the general public,
and government representatives from Alaska and
Greenland.

The NEB released two final reports following the
review:

® Review of Offshore Drilling in the Canadian Arc-
tic: Preparing for the Future

® Filing Requirements for Offshore Drilling in the
Canadian Arctic.

The Filing Requirements outlined the neces-
sary components a proponent must provide in a
submission for a drilling program. The NEB reaf-
firmed the Same Season Relief Well Policy, but
stated they would consider proposals that would
meet or exceed the intended outcome of the Policy
on a case-by-case basis.

NEB Advance Ruling on or Same Season
Relief Well Policy

The AODR proceedings clearly demonstrated the
benefit of applying the most current proven tech-
nology to planned drilling programs. Two separate
industry applications were initiated requesting an
advance ruling on proposed alternative methods
for a same season relief well.

The National Energy Board has yet to deter-
mine the final format of the process to provide
the advance rulings. The NEB is expected to con-
tinue its commitment to public involvement in the
process. As of March 2015, the review process is
underway.
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Figure 1-12. Alaska Resource Potential by Oil & NGLs and Natural Gas with Distribution by Region
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Figure 2-9. Typical Drilling and Production System Development Concept with Example Applications
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Figure 9-21. Deployment Locations of

Acoustic Monitoring Devices
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APPENDIX A

The Secretary of Energy
Washington, DC 20585

October 25, 2013

Mr. James T. Hackett
Chairman

National Petroleum Council
1625 K Street, NW
Washington, DC 20006

Dear Mr. Hackett:

Building the foundation for a clean energy economy will require unprecedented actions
by industry and government to strengthen the nation’s oil and natural gas infrastructure,
tackle the issues of climate change, and protect our environment. To provide useful input
into upcoming policy decisions, Irequest that the National Petroleum Council undertake
strategic, short term studies on three topics: Natural Gas and Oil infrastructure
Resilience, Maximizing the Climate Benefits of Natural Gas, and Arctic Research.

Natural Gas and Oil Infrastructure Resilience. Superstorm Sandy, wildfires and floods
have underscored the importance of having resilient oil and natural gas infrastructure and
effective ways for industry and government to communicate to address energy supply
disruptions. Key questions to be addressed on this topic include:

* What vulnerabilities have recent storm activity exposed in US energy
infrastructure?

* What legal, procedural, and physical gaps need to be addressed by industry and
government to improve response to disruptions?

* What strategies should be pursued to increase energy system resilience to storms
and other potential disruptions?

* Whatactions can be taken to address the interdependencies between oil and natural
gas systems and other critical infrastructure?

Maximizing the Climate Benefits of Natural Gas. The vital role that domestic natural
gas resources are poised to serve ina clean energy economy will hinge on maximizing
the climate benefits of increased natural gas use. Key prerequisites will include gaining a
better understanding of the extent of methane leakages in the natural gas value chain from
the well head to the consumer, as well as focusing attention on reducing these leakages.
Key questions to be addressed on this topic include:

* What technologies and practices can be adopted or further developed to improve
the detection and measurement of methane emissions from natural gas systems?

* What technologies and practices can accelerate reductions in methane leakage in
natural gas systems?
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safety:
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The Arctic Executive Steering Committee should: ] [ ] AESC, DOE, [

© Reaffirm U.S. commitment to prudent Arctic oil and gas DOC, Others
development and U.S. leadership in the region.
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stakeholders.
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inventory of regulatory requirements for offshore Arctic oil and
gas exploration and development.
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Figure 6-26. MV Tempera — Double Acting
Icebreaking Tanker
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improved safety, environmental, or cost performance. Pursuing this research is predicated on an
economically viable framework for oil and gas exploration and development, and effective coordina-
tion and implementation of U.S. Arctic policy. Therefore, this study also includes recommendations for
policy and regulatory improvements, where such improvements enable the application of technology
and best practices from other jurisdictions that could improve safety, environmental, and cost perfor-
mance. The Council’s recommendations have been grouped into three themes.

Considering environmental stewardship, the Council recommends the following:

® Industry and regulators should work together to perform the analyses, investigations, and any neces-
sary demonstrations to validate technologies for improved oil spill prevention and source control.

® Government agencies should participate in ongoing and future Arctic oil spill industry collaborative
research programs, such as the Arctic Oil Spill Response Technology Joint Industry Programme, cur-
rently underway.

® Regulators should continue to evaluate oil spill response technologies in Arctic conditions, and all
spill response technologies should be pre-approved to enable use of the appropriate response tech-
nology to achieve the greatest reduction in adverse environmental impacts.

® Long-term population estimates and understanding of the interactions of key species with oil and gas
activities should be improved, to enhance exploration efficiency while maintaining environmental
stewardship.

® Collaboration and coordination of ecological/ human environment research should be improved.

Considering economic viability, the Council recommends the following;:

® Industry, government, and regulators should perform the analysis, investigations, and any necessary
demonstrations to validate technologies and capabilities to safely extend the drilling season.

® The Department of Energy and the Department of the Interior should assess the timelines necessary
to progress an offshore exploration and development program, compared with current U.S. lease
durations and practices in other jurisdictions.

® Policies and regulations should encourage innovation and enable use of technology advances.

Considering government leadership and policy coordination, the Council recommends actions for:
® The Arctic Executive Steering Committee and the Department of Energy.
® The Department of State, as the U.S. assumes the chairmanship of the Arctic Council.

The attached report, Arctic Potential: Realizing the Promise of ULS. Arctic Oil and Gas Resources,
provides additional detail and recommendations. The Council looks forward to sharing this study
with you, your colleagues, and broader government and public audiences.

Respectfully submitted,

Charles D. Davidson — Chair

Attachment
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Figure 7-7. Section of TAPS During Winter
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Figure 1-37. Map of Norwegian Arctic Highlighting Key Arctic and
Sub-Arctic Exploration and Development Areas
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and Atmospheric Administration)
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munications and Information Administration)

Department of Defense
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Department of Health and Human Services
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Figure 1-29. Cook Inlet Platform with

Tower Type Jackets
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Figure 8-10. Melt Pools (Water Only) Formed on Top of Ice During Spring in the Arctic.
0il Trapped in Ice Will Flow to the Ice Surface and Float in These Melt Pools Prior to Ice Break-Up
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Prudhoe Bay Case Study—Technology to Prudently Develop
Alaska’s Largest Arctic 0il and Gas Field

TAPS Pipeline (Enabling Technology)

Technology plays an important role in oil and gas
resource development from the perspective of both
enabling the initial development and in the continued
improvement of operalions Lo ensure (ields conlinue Lo
be prudently produced. The Prudhoe Bay field, discov-
ered in 1968, is the largest oil field in North America and
is located on the North Slope of Alaska. This field is an
example of such technology development and continu-
ous improvement.

The most notable use of technology to enable the
Prudhoe Bay development was the Trans-Alaska Pipe-
line System (TAPS). To export oil, a purpose-built 800-
mile pipeline from the field to the Valdez Terminal was
designed and constructed using the latest technology to
ensure safe operations and protection of the environ-
ment. Below are some of the major technology feats:

* Passive refrigeration system consisting of 140,000
heat pipes® along the pipeline to prevent permafrost
melting and ensure the soil remains stable.

Zigzag design to allow for pipeline expansion and con-
traction given that air temperatures along the pipe-
line can range from minus 80 to 95 degrees F. This
design also allows for movement during earthquakes
with no significant damage experienced in as high as
magnitude 7.9 earthquakes.*

Elevated pipeline to allow for wildlife migration,
including Caribou and Moose.?

As production has continued, practices and technolo-
gies have been continually developed and improved to
ensure that prudent development continues. Examples
of these include:

¢ Directional, horizontal, and multilateral drilling
have allowed greater reservoir access and drilling

GRAVITY DRAINAGE
WATERFLOOD
MISCIBLE a
PILOT - MISCIBLE WAG EOR'
HYDRAULIC FRACTURING  WELL WORK
HORIZONTAL WELLS COILED-TUBE DRILLING
MWOPLWD®
GAS CAP WATER INJECTION s>

1977 1980 1985 1990 1995 2000 2005 2010+

Enhanced Drilling and Recovery Technologies
(Continuous Improvement)

pad environmental footprints have been reduced by
70%.

* 3D and 4D seismic imaging have provided a greater
understanding of the subsurface, and coiled tubing
unit drilling has allowed smaller oil accumulations to
be targeted at much lower cost.

¢ Several enhanced oil recovery techniques have been
employed to increase oil recovery, including gas
cycling, miscible gas injection, and a technique called
water alternating gas injection.

The use of these and other technologies has helped
increase the field’s recoverable oil from 9.6 billion bar-
rels of oil at the time of discovery to well over 13 billion
barrels of oil today. Additionally, most of the original 26
trillion cubic feet of gas has been retained in the reser-
voir and is planned to be produced and sold as part of the
currently proposed Alaska LNG project.

Today, Prudhoe Bay field development consists of
six major processing facilities, one of the world’s larg-
est gas handling facilities, 38 well pads, more than two
thousand wells, a seawater treatment plant, and more
than a thousand miles of gathering lines. Technology
development is expected to continue and improvements
will facilitate additional economic and environmental
benefits for both existing fields and other new Arctic
development.

2 WAG EOR = water alternating gas enhanced oil recovery
b MWD = measurements while drilling
LWD = logging while drilling

Alyeska Pipeline Service Company website (http:/Awww.alyeska-
pipe.com/TAPS/PipelineFacts) and Alyeska Fact Book.

a o
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Industry Risk Management

The oil and gas industry has a rich, deeply
ingrained safety and risk management culture that
is backed by extensive training and mature man-
agement systems specifically designed to manage
the risks inherent in oil and gas production. These
management systems have different names among
different companies, but they typically include the
following elements:

* Management commitment to safe operations
and leadership in establishing a culture of effec-
tive risk management

¢ Hazard identification and mitigation

* Maintaining integrity of facilities—design and
maintenance

¢ Management of change

¢ Preparation for response to incidents should
they occur

¢ Training of employees

¢ Inclusion of third party workers and suppliers in
the same culture of risk management

¢ Community engagement

* Learning from near or actual incidents and con-
tinuous improvement of management systems.

Hazard identification and mitigation is at the
heart of all risk management systems and typically
consists of the following processes:

¢ Hazard identification by anyone ranging from
experienced professionals conducting struc-
tured hazard and operability studies of proposed
new operations to a new employee questioning
a routine procedure as part of a daily job safety
analysis

* Quantification of the probability and potential
consequence of a hazard once identified

¢ Identification of mitigation steps to reduce the
probability and/or consequence

* Application of the appropriate mitigation steps
or stopping the activity if sufficient mitigation is
not achievable.

Systematic management of risk is not only part
of industry’s culture, it is at the heart of its com-
mitment to prudent operations and underpins
industry’s license to operate.
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Figure 6-8. Canmar Drillship Operating with Figure 6-9. Canmar Ice-Worthy
Ice Management in the Canadian Beaufort Offshore Supply Vessels
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Figure ES-14. Walruses and Whaling
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Figure ES-21. Oil Spill Response Practice Exercises
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Figure ES-18. Simulated Incident Response Exercises
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Figure ES-1. Arctic Circumpolar Map
Highlighting the Arctic Circle and Key Regions and Sea Routes
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Figure 9-10. Polar Bear Image Captured on Wildlife Camera
Deployed to Assess Wildlife Presence
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Figure 1-22. Canmar Explorer Drillship
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Figure 1-21. The Molikpaqg Caisson
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Figure 2-1. Typical Arctic Ice Regimes
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Evaluating Same Season Relief Well Equivalency
The Canadian Experience

NEB SSRW Hearing

NEB AODR Start

National Energy Board (NEB) Same Season
Relief Well Hearing

In 2010, the Canadian National Energy Board
(NEB), the government body responsible for reg-
ulating offshore drilling in the Canadian Arctic,
initiated a public process to review the long-stand-
ing Same Season Relief Well Policy and provide
operators an opportunity to propose alternative
technology approaches that would meet or exceed
the intended outcome of the Policy. Following the
Macondo incident, the NEB cancelled the Same
Season Relief Well Hearing process and replaced it
with a more broadly scoped review of all compo-
nents of drilling activities in the Canadian Arctic
Offshore. This process was initiated as the NEB
Arctic Offshore Drilling Review.

NEB Arctic Offshore Drilling Review (AODR)

The objective was to provide a comprehensive
review of Arctic offshore drilling preparedness
including:

* Drilling safely while protecting the environment
* Responding effectively when things go wrong
 Learnings from past incidents

* Filing requirements for applicants seeking an
authorization to drill.

The NEB conducted the review as a fully pub-
lic process. All interested parties within Canada
were given an opportunity to provide input into
the review design and process. The NEB released a
comprehensive written request for information on
the above topic areas, and all written submissions
were made publicly accessible via the NEB website.
After the written review period, a week-long work-
shop was conducted to discuss the content of the
Review.

NEB AODR End

Request for
NEB SSRW
Advance

Ruling

The NEB held community meetings across
Yukon, Northwest Territories and Nunavut to hear
residents’ views. All interested parties within Can-
ada were invited to provide written comments. Inu-
vik workshop attendance included more than 200
representatives from government, communities,
industry, academia, ENGOs, the general public,
and government representatives from Alaska and
Greenland.

The NEB released two final reports following the
review:

* Review of Offshore Drilling in the Canadian Arc-
tic: Preparing for the Future

e Filing Requirements for Offshore Drilling in the
Canadian Arctic.

The Filing Requirements outlined the neces-
sary components a proponent must provide in a
submission for a drilling program. The NEB reaf-
firmed the Same Season Relief Well Policy, but
stated they would consider proposals that would
meet or exceed the intended outcome of the Policy
on a case-by-case basis.

NEB Advance Ruling on or Same Season
Relief Well Policy

The AODR proceedings clearly demonstrated the
benefit of applying the most current proven tech-
nology to planned drilling programs. Two separate
industry applications were initiated requesting an
advance ruling on proposed alternative methods
for a same season relief well.

The National Energy Board has yet to deter-
mine the final format of the process to provide
the advance rulings. The NEB is expected to con-
tinue its commitment to public involvement in the
process. As of March 2015, the review process is
underway.
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1. Lease Land
* BOEM — OCSLA - Lease Sale
* Lease Stipulations!
= NEPA review? (conducted by agency)
— Includes review of multiple applicable laws
* Reviewed by State of Alaska for consistency with state laws
» Reviewed by BSEE for technical and safety content
2. Seismic Acquisition

+ BOEM — OCSLA - A&A
— NEPA review? (conducted by agency)
+ BOEM - OCSLA - G&G
— NEPA review? (conducted by agency)
+ BOEM - OCSLA — NTLs for seismic acquisition
+ BOEM — OCSLA - Lease stipulations'
« EPA — CWA — NPDES Vessel General Permit
— Vessel discharges
+ NOAA/NMFS, USFWS — MMPA — Authorizations
— NEPA review? (conducted by agency)
—4aMP
— IHAs / LOAs (as appropriate)

3. Site Selection
+ BOEM — OCSLA — A&A and SHS? (On-Lease Activities)
— NEPA review? (conducted by agency)
+ BOEM — OCSLA - G&G and SHS? (Off-Lease Activities)
— NEPA review? (conducted by agency)
+ BOEM — OCSLA - Lease stipulations®
« EPA — CWA — NPDES General Permit
— For geotechnical activities
+ EPA — CWA — NPDES Vessel General Permit
— Vessel discharges
+ NOAA/NMFS, USFWS — MMPA — Authorizations
— NEPA review? (conducted by agency)
- 4MP
— IHAs / LOAs (as appropriate)
+ ADEC — CWA — APDES General Permit
— For geotechnical activities in State of Alaska waters

\

4. Local Considerations
+ ADNR - LUP
+ NSB - Title 19 Zoning
+ NWAB - Title 9 Zoning
* Industry — Local Stakeholder Engagement Methods
— AEWC - CAA
— Subsistence mitigation
— Marine mammal co-management meetings
— POC meetings
* Native allotment owners

5. Exploration Drilling

+ BOEM - OCSLA - EP/EIA
— NEPA review? (conducted by agency)
* BOEM — OCSLA - Lease stipulations®
* BSEE - OCSLA - APD
- BSEE safety regulations
—NTLs — BOP certification/recertification
— OSRP -WCD
- CocP — DIMP
* EPA — CWA — NPDES General Permit
— Drilling activities
+ USACE - NWP #8
» USCG - Safety and Security Zones
+ NOAA/NMFS, USFWS — MMPA — Authorizations
— NEPA review?
- 4MP
— IHAs/LOAs (as appropriate)

\

6. Development and Production Plan
* BLM — Certificates of Public Convenience
— NEPA review? (conducted by agency)
+ BOEM — OCSLA - Development and Production Plan
— NEPA review? (conducted by agency)
* BSEE - OCSLA
— APDs
— OSRP
-DoCD
* EPA — CWA — NPDES General Permit
— Development activities
» USACE - Section 404 Permit
— NEPA review? (conducted by agency)
+ JPO-SPCO - ROW
—ADNR - LUP
— NSB - Title 19 Zoning
+ NOAA/NMFS, USFWS — MMPA — Authorizations
— NEPA review? (conducted by agency)
- 4MP
— IHAs / LOAs (as appropriate)
« Disposal and Injection Well Permits (APD from BSEE;
UICS, NPDES from EPA)

NOTES

10CS Lease Stipulations include:

Protection of Biological Resources

Orientation Program

Transportation of Hydrocarbons

Industry Site-Specific Bowhead Whale Monitoring Program

Confiict Avoidance Mechanisms to Protect Subsistence Whaling and
Other Marine Mammal Subsistence Harvesting Activities
Pre-Booming Requirements for Fuel Transfers

Lighting of Lease Structures to Minimize Effects to Spectacled

EFEININ

~o

and Steller’s Eider
2 The NEPA review process for each agency involves:
« EIS/EA and ESA review
+ Section 7 Biological Opinion and ITS for ESA species
+ EFH assessment
3 SHS includes:
« Clearance of potential hazards for placement of anchors
+ Includes clearance of archaeological features

ACRONYMS
4MP  Marine Mammal Monitoring and Mitigation Plan EFH  Essential Fish Habitat NOAA  National Oceanic and Atmospheric Administration
A&A  Ancillary Authorization EIA Environmental Impact Assessment NPDES  National Pollutant Discharge Elimination System
ADEC  Alaska Department of Environmental Conservation ElS Environmental Impact Statement NSB  North Siope Borough
ADNR  Alaska Department of Natural Resources EP Exploration Plan NWAB  Northwest Arctic Borough
AEWC  Alaska Eskimo Whaling Commission EPA  Environmental Protection Agency NTL  Notice to Lessees
APD  Application for Permit to Drill ESA  Endangered Species Act NWP  Nationwide Permit
APDES  Alaska Pollutant Discharge Elimination System G&G  Geology & Geophysics OCSLA  Outer Continental Shelf Lands Act
BLM  Bureau of Land Management HA Incidental Harassment Authorization OSRP  Oil Spill Response Plan
BOEM  Bureau of Ocean Energy Management s Incidental Take Statement POC  Plan of Gooperation
BSEE  Bureau of Safety and Environmental Enforcement JPO-SPCO Joint Pipeline Office-State Pipeline ROW  Right of Way
CAA  Conflict Avoidance Agreement Coordinator’s Office SHS  Shallow Hazard Survey
COCP  Critical Operations and Curtailment Plan LOA Letter of Authorization USACE  United States Army Corps of Engineers
CWA  Clean Water Act LUP  Land Use Permit USCG  United States Coast Guard
DIMP  Driling Incident Management Plan MMPA  Marine Mammal Protection Act USFWS  United States Fish & Wildife Service
DOCD  Development Operation Goordination Document NEPA  National Environmental Policy Act WCD  Worst Case Discharge
EA Environmental Assessment NMFS  National Marine Fisheries Service Majority of requirements included, list may not be exhaustive

Figure 4-2. Alaska OCS 0il and Gas Project Exploration and Development Requirements
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Table 6-1. Scope of Exploration and Development Technologies Considered in the Study
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Federal | ACHP 2 I. Biological and Environmental 1.4. Assessing Ecological Risks in the Arctic
Federal | BLM 4 I. Biological and Environmental 1. Oil Spills
I.1.A. Scientific Baseline IV. Support Technology
1.1.B.Traditional Knowledge Baseline IV.2. Unmanned Aircraft Systems
1.3.B. Wildlife IV.4. Remote Sensing
1.3.C. Birds IV.5. Arctic Technology and Infrastructure
1.3.D. Fish VI. Mitigation
1.5. Cumulative Impacts of Energy Dev. and
Climate Change
Federal | BLM, NPS, 1 I. Biological and Environmental
USFWS
Federal | CEQ 1 1. Biological and Environmental 1. Oil Spills
II. Climate Change
Federal | CEQ, 1 1. Biological and Environmental IV. Support Technology
USACE, II. Climate Change V. Physical Oceanography
ERCELS II. il Spills VI. Mitigation
Federal | DOS 1 I. Biological and Environmental 1. Oil Spills
II. Climate Change IV.5. Arctic Technology and Infrastructure
Federal | EPA 3 1.3. Research that may or may not include 1. Oil Spills
interactions with O&G Dev. V. Support Technology
1.4. Assessing Ecological Risks in the Arctic V5. Arctic Technology and Infrastructure
1.5. Cumulative Impacts of Energy Dev. and
Climate Change
Federal | FAA 3 1.3.B. Wildlife IV.2. Unmanned Aircraft Systems
1.3.C. Birds IV.4. Remote Sensing
1.5. Cumulative Impacts of Energy Dev. and IV.5. Arctic Technology and Infrastructure
Climate Change
Federal | International 1 I. Biological and Environmental 1. Oil Spills
Boundary II. Climate Change IV.5. Arctic Technology and Infrastructure
Comm.
Federal | NMFS ] 1.3.A. Marine Mammals 1.3.E. Ice Dependent Species
1.3.B. Wildlife 1.5. Cumulative Impacts of Energy Dev. and
1.3.C. Birds Climate Change
1.3.D. Fish 11l. Gil Spills
Federal | USCG 1 II. il Spills
Federal | USCG, EPA 1 II. il Spills
Federal | USACE 1 1.3.A. Marine Mammals 1.5. Cumulative Impacts of Energy Dev. and
1.3.B. Wildlife Climate Change
1.3.C. Birds 11l. Gil Spills
1.3.D. Fish IV.5. Arctic Technology and Infrastructure
1.3.E. Ice Dependent Species V. Physical Oceanography
Federal | USFWS 2 1.3.A. Marine Mammals 1. Oil Spills

1.3.C. Birds

Table 9-1. Regulatory Permits and Authorizations Required for Oil and Gas
Exploration and Development in Alaska’s Arctic





OEBPS/image/Fig_ES-12_rev.png
ICE CONDITIONS
Image Date 7/7/2014

[ Lease Sale 193 Area

Offshore Leases §

Source: NASA/USGS.

e i

_JBARROW

WAINWRIGHT,
ATQASUK

ICE CONDITIONS
Image Date 11/5/2014

- | [ Lease Sale 193 Area
X Offshore Leases

el

TS

Figure ES-12. Satellite Photos Showing Typical Chukchi Sea Ice Conditions
Summer and Fall Shoulder Ice Seasons
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Figure 1-24. Hibernia Platform
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Drilling Start Date: The date when the drilling
system can be safely mobilized to site. Consider-
ations include the capability of the drilling sys-
tem to safely transit through and operate in ice,
as well as permit restrictions such as those used
to protect wildlife during migration.

Drilling End Date: The drilling season end date
less the time required to allow the chosen well
secure technique to be safely implemented. This
is applicable to drilling in zones that may have
hydrocarbons only.

Well Secure Technique: This is the technique to
be used to stop the flow of hydrocarbons in the
unlikely event of a loss of well control incident.
Techniques can include relief wells, capping
stacks, and subsea isolation devices as discussed
in Chapter 8.

Well Secure Duration: The time required to safely
implement the chosen well secure technique.

Freeze-Up Date: The date when regulators esti-
mate freeze-up to occur at the lease location in
question. The shoulder season begins after this
date.

Drilling Season End Date: The date all drilling
or well secure activity must cease and all equip-
ment demobilized from the drilling location.
This date is set as the assumed freeze-up date,

which often occurs around November 1 in areas
of the U.S. Arctic.
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10 | Arctc Offshore | Oil Spill Response | Environmental | DOE should support development of communications strategies that explain the capabilty of Arctic Both H
Oil spil ol spill planning, preparecness, and response o goverment agencies (federal and state), industry,
Prevention, stakeholders, and the public. The communications should include fssues such as: ongoing and
Control, and existing o spil response (OSR) research and science, and rapid communication during an incident
Response Regulators and industry need to align on OSR expectations and ensure the publicis informed
1| Arclic Offshore | O Spill Response | Environmental | DOE and other agencies shoid support the process to obtain ong-term permits for use of unmanned Both H
Oil spil aircaft. These tools are capable of carrying multple sensors and are smal enough to be flown from
Prevention, response vessel. Unmanned aircraft wil aiso expand the capabiltes for 24-hour surveillance and
Control, and complements the use of manned arcraft. Unmanned aircraft have much more flexiilty than manned
Response systems, but most important of al, they reduce exposure of iots to fights i potentialy hazardous
conditions
12 | ArcticOfshore | WellIntegrity | Environmental | Ajointindustry and U.S. goverment study is recommended to develop a methodology to quaniy Exploration H
oil spil the risks and benefis of the muple barrier technologies, using appropriately detailed relabity data
Prevention, and assessments. The goal of tis study is to achieve source control of the wellin the most rapid
Control, and manner, 5o as to minimize the potentialspil volume. The study shouid consider overallacceptabilty
Response ofrisk levels, contribution of difierent isk mifigation practices, and ofher mitigations o risks that could

be incorporated into arctic operations. This risk based methodology could then be used as a basis
to determine the suitable barrer requirement to prevent loss of well control, and thus serve as a
performance-based requirement as opposed to the presciptive requirements.

13 | ArcticOffshore | Well Integrity Environmental | Industry s leading efforts to enhance well capping and shut-off technology. Identifcation and Exploration MH
Ol Spill development of technologies that can lead to material advancements (e.g., reliabilty, speed, and
Prevention, practicalty) are potential areas for industry and government collaboration.
Control,and
Response
14 | Characterizaion | Satelite Platforms | Safety/Cost | New U.S.-controlled syntheic aperture radar (SAR) satelite to minimize reliance on other providers. Both MH
of the lce Open data policy. Continue current NASA and USGS Earth-obseving satelite platforms.
Envronment Ice Management
Availabilty of satellte ice surveilance imagery at more reliable and more frequent revisit ntervals (e.g.,
E8D aUS. public SAR satellte imagery source)
Technologies
15 | E8D Ice Management | Cost Field demonstration tests to define the maximum extent ofice conditions under which modern ice Both MH
Technologies management technology can reliably operate (beyond shoulder seasons successfully operated in

during 1980s driling campaigns).

Recommendations from Technology and Operations Chapters (Continued)
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Figure 6-15. 2009 Ice Management Trials
in the Fram Strait
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Safety Improvements in the Oil and Gas Industry

Safety is the highest priority for all stakeholders
and a core value for industry. However, over the
last several decades, a small number of major inci-
dents have had significant consequences, including
in some cases the tragic loss of life. The industry
and regulators have responded with reforms that
substantially improved safety and environmental
performance of the industry. Some examples of
major incidents during exploration, development,
and production include:

1988 — Production platform Piper Alpha in the
North Sea off of the United Kingdom was destroyed
by an explosion and resulting fire, with a loss of 167
crew members. Key reforms include:

e Stringent design requirements including wind
tunnel testing and explosion simulations and
improved and multiple escape route to helicop-
ters and lifeboats during evacuation

® Clear identification of a person in charge who
has the ultimate decision-making authority with
regards to safety and the environment

® New regulations mandate operators must dem-
onstrate that an effective safety management
system is in place.

2010 — While drilling in the Gulf of Mexico, the
Deepwater Horizon rig experienced a blowout and
explosion that killed 11 workers. The well was
capped 87 days later. Key reforms include:

e Enhanced drilling safety regulations includ-
ing new standards for well design, casing, and
cementing as well as independent certification

® Subsea containment devices as a requirement of
spill response plans

e Increased emergency response preparedness
requirements including worst-case discharge
planning.

In addition, examples of maritime incidents that
occurred during oil and gas exploration, develop-
ment, or production include:

1989 — The Exxon Valdez ran aground in Alaska’s
Prince William Sound. Despite efforts to stabilize
the vessel, more than 250,000 barrels of oil were
spilled. Key reforms include:

® Passage of landmark legislation to improve
American oil spill prevention and response

® New requirements for contingency planning,
both by government and industry

® Establishment of new tanker design and tug
escort criteria

® Development of an integrated operations integ-
rity management system by the operator.

2012 — During towing of the drilling rig Kulluk
from Dutch Harbor, Alaska, to Seattle, Washing-
ton, the towline parted and the Kulluk ultimately
ran aground in rough weather on Sitkalidak Island
near Kodiak, Alaska, on December 31, 2012. There
were no serious injuries or environmental damage.
Key reforms include:

e U.S. Coast Guard and Towing Safety Advisory
Committee task group set up to assess strength-
ening global guidelines for towing offshore drill-
ing rigs and harsh weather risk assessment, due
spring 2015

e U.S. Coast Guard recommendations for all oper-
ators to reevaluate towing procedures and con-
sider new criteria for tow planning in the Arctic.
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International Oil & Gas Producers’
Joint Industry Program on Sound and Marine Life

There are many organizations actively engaged
in researching sound in the marine environment;
this area of research is of growing interest and stud-
ies have already been conducted by the military,
academia, regulators, and the oil and gas industry.
The joint industry program (JIP) was established in
2005 and is funded by 14 major oil and gas compa-
nies, the International Association of Geophysical
Contractors, and the U.S. offshore oil and gas regu-
lator, the Bureau of Ocean Energy Management. It
has the most extensive industry research program
in this field. This involves identifying, addressing,
and answering key questions around the impact of
exploration and production activity that have not
been tackled systemically by the existing body of sci-
ence. Working together with multinational groups,
experts, and NGOs, the JIP has already committed
more than $31 million (U.S.) to research.

The research is divided into five categories that
are designed to allow the JIP to fully understand the
issues and potential effects associated with under-
water sound from E&P activities, and develop new
or advanced appropriate mitigation strategies to
protect marine life. The categories are:

® Sound source characterization and propagation

® Physical and physiological effects and hearing of
animals

® Behavioral reactions and biological significant
effects

® Mitigation and monitoring

® Research tools.

When the outcomes of these research categories
are applied and integrated, they allow for more
rigorous assessment of the risks of sound in the
marine environment and improvement in manage-
ment strategies.

Some areas of research that are particularly rel-
evant to the U.S. Arctic include studies on:

® The status of cetacean stocks in areas where oil
and gas activities have been undertaken

® Hearing capabilities and effects of repeated seis-
mic sounds on hearing of different species of ice
seals

® Passive acoustic monitoring of vocalizing
cetaceans

® Animal tagging technology

® Unmanned aerial survey technology assessment.

TOGP JIP website: http://www.soundandmarinelife.
org/.
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Photos (from left): ExxonMobil (1,2,3); CANATEC (4).
Figure 2-2. (Left to right) First-Year Ice with Numerous Pressure Ridges and a
Rubble Field in the Foreground; Multi-Year Ice Ridge in the Canadian Beaufort Sea;
Iceberg Approximately 200 m Across; 6 km Ice Island Fragment Embedded in First-Year Sea Ice
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Photo: ION Geophysical.
Figure 6-2. Icebreaker Oden Leading

Seismic Vessel MV Geo Explorer
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Alaska was officially ~ Oil was discovered ~ The Alaska Native

declared as the in Prudhoe Bay, Claims Settlement
49th state. Alaska. Act (ANCSA)
was passed.

The North Slope Alaska National Beaufort Sea
Borough was Interest Lands Oil and Gas
established. Conservation Act Lease Sale

was passed. 195 was issued.

North Slope

National Petroleum  Beaufort Sea Oil Chukchi Sea Oil

Reserve—Alaska was  and Gas Lease and Gas Lease
opened for oil and Sale 202 Sale 193
gas development. was issued. was issued.

Source: Arctic Slope Regional Corporation — Energy Services.

Figure 10-2. Major Oil and Gas Development
Activities in Alaska Since Statehood
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U.S. Interagency Arctic Policymaking Bodies

Arctic Policy Group. This is a working-level inter-
agency group chaired by the State Department, and
it primarily coordinates U.S. activities in and input
to the Arctic Council. All federal agencies that have
institutional interests in the Arctic participate in
monthly meetings.

Interagency Arctic Research Policy Committee.
This group is chaired by the National Science
Foundation and was authorized by the 1984 Arc-
tic Research Policy Act to develop and coordinate
the U.S. policy for Arctic research.

Interagency Coordinating Committee on Oil Pol-
lution Research. Established as part of the Oil
Pollution Act of 1990 to: “...coordinate a compre-
hensive program of oil pollution research, technol-
ogy development, and demonstration among the
federal agencies, in cooperation and coordination
with industry, universities, research institutions,
state governments, and other nations, as appropri-
ate, and shall foster cost-effective research mecha-
nisms, including the joint funding of the research.”

Interagency Working Group on Coordination of
Domestic Energy Development and Permitting in
Alaska. Created in July 2011 and chaired by the

deputy secretary of the Department of the Inte-
rior, this group brings together the federal agen-
cies and departments responsible for overseeing
onshore and offshore drilling in Alaska to coordi-
nate the permit process when multiple agencies are
involved in a project.

Interagency Policy Committee on the Arctic.
This is an assistant secretary-level interagency
group chaired by the National Security Staff to
coordinate Arctic policy implementation within
the executive branch.

Maritime Security Working Group. This group is
chaired by the assistant to the president for home-
land security and, on occasion, focuses on the
maritime security environment in the Arctic.

National Ocean Council. Cochaired by the Office
of Science and Technology Policy and the Council
on Environmental Quality, and directed to imple-
ment the National Ocean Policy, this interagency
group on occasion discusses Arctic related issues.
This council is home to two subcommittees, the
Ocean Resource Management Interagency Policy
Committee and the Ocean Science and Technology
Interagency Policy Committee.
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Multi-year ice ridge in the Iceberg, ~200 meters across,
pressure ridges Canadian Beaufort Sea in open water

Photos: ExxonMobil.
Figure ES-11. Ice Features
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PRUDENT DEVELOPMENT SCOPE:

*Provide broad context on prudent development
(safety, environmental responsibility, community
responsibility, commercial viability)

— Arctic development history — onshore/offshore;
domestic/international — significant experience,
enabled by technology

— Resource assessment by resource type (oil/gas;
onshore/offshore; conventional/unconventional)

— Typical development sequence, by resource type,
for continued prudent (commercial) development

— Development challenges — economics, regulatory,
skills, etc.

— Role of government, domestic and
international collaborations

RESEARCH AND TECHNOLOGY SCOPE:
+ Emphasis given to conventional offshore resources
 Arctic technology and operations (4 research areas)
— Characterizing and measuring the ice environment
— Offshore exploration and production technology
— Logistics and infrastructure
= Oil spill prevention, control, and response
* Arctic ecology and human environment
(2 research areas)

— Characterizing the ecological environment
— Characterizing the human environment

REPORT OUTLINE
[« Introduction/physical ice environment
« Arctic resource potential

— Makes case to focus research and technology
sections on conventional offshore resources

« History of Arctic operating experience and
the development of enabling technologies

« Arctic development potential and challenges

« Implementation of U.S. National Strategy for
the Arctic Region and considerations for the
Arctic Council

* Opportunities and recommended actions
L to promote prudent development

~ * Overview

« Existing technological constraints

« Current research/collaboration catalog
* Observations/opportunities discussion
* Recommendations/priorities for

L U.S. government

Figure P-3. Study Scope and Outline
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NATIONAL PETROLEUM COUNCIL

An Oil and Natural Gas Advisory Committee to the Secretary of Energy

1625 K Street, N.W. Phone: (202) 393-6100
‘Washington, D.C. 20006-1656 Fax: (202) 331-8539

March 27, 2015

The Honorable Ernest J. Moniz
Secretary of Energy
Washington, D.C. 20585

Dear Mr. Secretary:

In response to your October 25, 2013 request, the National Petroleum Council conducted a
comprehensive study considering the research and technology opportunities to enable prudent devel-
opment of U.S. Arctic oil and gas resources. Today, there is both increasing interest in the Arctic for
economic opportunity, and concern about the future of the culture of the Arctic peoples and the envi-
ronment in the face of changing climate and increased human activity. Other nations, such as Russia
and China, are moving forward with Arctic economic development. Facilitating exploration and devel-
opment in the U.S. Arctic would enhance national, economic, and energy security, benefit the people
of the North and the U.S. as a whole, and position the U.S. to exercise global leadership. Despite these
benefits, there are diverse views on how to balance this opportunity with environmental stewardship.
In April 2015, the U.S. will assume chairmanship of the Arctic Council, and during 2015, the Adminis-
tration will complete its first quadrennial energy review. In this context, your request required a study
that included the following;:

® To put the U.S. opportunity and experience in global context, the study provides an integrated
review of U.S. and global onshore and offshore Arctic oil and gas potential, Arctic environments,
operating history, policy and regulatory practices, and development challenges

® Anin-depth assessment of available offshore oil and gas technology, ongoing research, and research
opportunities, in six areas: ice characterization; oil and gas exploration and development; logistics
and infrastructure; oil spill prevention and response; ecology; and the human environment

® Abroad group of participants with input from diverse backgrounds and organizations.

The Council found that the U.S. has large Arctic oil and gas potential that can contribute sig-
nificantly to meeting future U.S. and global energy needs. The majority of the U.S. Arctic potential is
undiscovered and offshore, in relatively shallow water depths of less than 100 meters. The technology
to explore for and develop the majority of this U.S. potential is available today, based on a long history
of technology development and extensions already applied in the U.S. and global Arctic. After decades
of research, much is known about the physical, ecological, and human environment, and sufficient
information is available to pursue exploration. However, the environment is changing, and additional
information could facilitate future development. Developing the U.S. oil and gas potential requires
an economically viable discovery. Current U.S. regulatory practices, adapted from other non-Arctic
U.S. regions where activities can occur year-round, are limiting Arctic exploration activity. Realizing
the promise of U.S. Arctic oil and gas resources requires public confidence that the opportunity can
be safely pursued while ensuring environmental stewardship. Industry and government share the
responsibility of securing and maintaining this public confidence. There have been significant recent
technology advances in oil spill prevention and response. Application of these technologies in the
U.S. Arctic could improve environmental stewardship and reduce cost, by safely extending the time
available for exploration drilling.

Although the technology exists today to explore and develop the majority of U.S. offshore oil
and gas potential, the Council recommends additional research to both validate recently developed
technology for use in the U.S. offshore, and to pursue technology extensions that could lead to
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Source: Adapted from Alyeska Pipeline Service Company “Low Flow Impact Study” and website data,
http:/iwww.alyeska-pipe.com/TAPS/PipelineOperations/LowFlow.

Figure 2-12. TAPS Throughput
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Photo: University of Alaska Fairbanks.

Figure 7-15. The Newest Addition to the Alaska
Satellite Facility Ground Station, a 7.3-meter
Antenna (Part of the Geophysical Institute at the
University of Alaska Fairbanks, it started receiving
data in the fall of 2014 and it downlinks, processes,
archives, and distributes remote-sensing data to
scientific users around the world.)
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Figure 8-13. Open Water Burning of Crude Oil in a Fireproof Boom after Ignition with a Helitorch™
During the Newfoundland Offshore Burn Experiment in 1993
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Photo: ExxonMobil Production Alaska Inc.

Figure 9-5. Dolly Varden Captured by Net for Population Study on North Slope
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Enhancement Opportunity

Supports

Exploration,

Production,
or Both

54 | E8D Offshore Pipelines | Environmental | Special designs for minimizing or avoiding product loss from a damaged pipeline. Production
Technologies and Subsea
Installations
55 | E8D Offshore Pipelines | Impacts on Improved shoreline approaches to preclude permafrost thaw or accelerated erosion Production
Technologies and Subsea Local Residents
Installations
5 | E8D Offshore Pipelines | Environmental | Improved ice gouge databases from repeat surveys in areas where data are sparse. Production
Technologies and Subsea
Installations
57 | E8D Offshore Pipelines | Environmental | Improved understanding of subgouge deformation phenomena with respect to soil condiions and trench Production
Technologies and Subsea configuration
Installations
58 | E8D Offshore Pipelines | Cost Methods and equipment for installaion of buried subsea pipelines in drfting pack ice Production
Technologies and Subsea
Installations
50 | E8D Offtake and Safety Research and training simulators for Arctic navigation — Such simulators could be used during the design | Production
Technologies Tankering process fo test out various design features and to research operational techniques such as active ice-
management around a driling unit. In additon, these facilties could be used for direct training of deck
officers who will be responsible for safe and efficient navigation of their ships in ice-prone waters.
60 | Characterization | Modeling Cost Climate modeling with focus on effects to ice cover. Production
of the lce
Environment
61 | Characterization | Underwater Safety Advancements to unmanned submarine systems for possible use for real-time monitoring of ice conditions Both
of the lce Platforms — including launch and recovery through ice, collsion avoidance, GPS deprived navigation, subsea
Environment docking, recharge, and information exchange:
62 | E8D Exploration Driling | Safety Enhanced positioning capabity at high laitudes (geomagnetic reference field). Both
Technologies Platforms
63 | E8D Exploration Data | Cost The potential to use submarines to pull sreamer cables. Exploration
Technologies Acquisiton

Recommendations from Technology and Operations Chapters (Continued)
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Figure 6-12. Ice Management and Drilling
During ACEX 2004
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Industry and regulators should work together with government agencies

and other stakeholders to synthesize the current state of information

and perform the analyses, investigations, and any necessary

demonstrations to validate technologies for improved well control.
The benefits and risks of advanced control technologies should be
assessed relative to the current practice of a same season relief
well. Alternatives include subsea shut-in devices independent of
the standard blowout preventer. These alternatives could prevent
or significantly reduce the amount of spilled oil compared to a
relief well, which could take a month or more to be effective. This
assessment should consider the benefits and risks of leaving the
well secured using these technologies over the winter season.
DOE should work with industry and DOI to perform this assessment,
engaging the National Laboratories, the National Academies, and
other stakeholders as appropriate. Assessment techniques could
include those used in the nuclear, aviation, and petrochemical
industries, such as precursor analysis and Quantitative Risk
Assessment, where DOE already has expertise.
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Figure 1-4. Global Arctic Conventional
Endowment: Total Produced tfo Date,
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Figure 1-9. Global Arctic Conventional Resource
Potential Distributed by Country
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__Month | Minimum | Maximum | Average |

January 3:44 7:22 5:25
February 7:30 11:33 9:30
March 11:41 16:30 14:01
April 16:41 24:00 20:21
May 24:00 24:00 24:00
June 24:00 24:00 24:00
July 24:00 24:00 24:00
August 18:25 24:00 22:13
September 13:13 18:11 15:34
October 08:42 13:03 10:51
November 04:42 08:34 06:35
December 03:17 04:35 03:43

Table 7-3. Civil Twilight Calculation
in the Chukchi Sea for 163 30W, 7IN
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Document Title Primary Objectives

National Security Decision Nixon/1971 ® To establish an Interagency Arctic Policy Group
Memorandum (NSDM-144)

National Security Decision Directive | Reagan/1983 | @ Protect essential security interests in the Arctic region

(NSDD-90) ® Support sound and rational development in the Arctic region; minimize
adverse effects on environment

* Promote scientific research contributing to knowledge of the Arctic

environment
* Promote mutually beneficial international cooperation in the Arctic to achieve
the above
Presidential Decision Directive Clinton/1994 ® Meet post-Cold War national security and defense needs
(PDD/NSC-26) * Protect the Arctic environment and conserve its biological resources

® Assure that the natural resource management and economic development in
the region are environmentally sustainable

e Strengthen institutions for cooperation among the eight Arctic nations

* |nvolve the Arctic’s indigenous peoples in decisions that affect them

® Enhance scientific monitoring and research into local, regional, and global
environment issues

National Security Presidential George W. ® Meet national security and homeland security needs relevant to the Arctic
Directive 66/Homeland Security Bush/2009  Protect the Arctic environment and conserve its biological resources
Presidential Directive 25 ® Ensure that natural resource management and economic development in the
(NSPD-66/HSPD-25) region are environmentally sustainable

e Strengthen institutions for cooperation among the eight Arctic nations
* |nvolve the Arctic’s indigenous communities in decisions that affect them
® Enhance scientific monitoring and research into local, regional, and

global issues
National Strategy for the Obama/2013 ® Advance U.S. security interests
Arctic Region (NSAR) ® Pursue responsible Arctic region stewardship

® Strengthen international cooperation

Table 3-1. National Strategy Documents for the Arctic Region
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Figure 7-14. Worldwide Icebreaker Fleet Summary Including Vessels Available
and Under Construction
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Figure 4-3. Land Ownership, Political Subdivision, and Leased Tracts Map for Areas North of the 65 Degree Latitude Line





OEBPS/image/p101.png
Arctic Islands

Figure 1-16. Map of Canada Highlighting Key Arctic and Sub-Arctic
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Chapter
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Priority

9 Research | Establish an annual forum or mechanism for routine sharing of information among industry, Both M
Facilitation | agencies, and researchers. New opportunities exist to work collaboratively, share resources,
and plan strategically, to facilitate maximum outcomes from the resources invested. Such a
forum should also strive to create and enhance mechanisms for providing financial and logistic
resources to support scientific research of mutual interest.
9 Research | While recognizing the value and extent of existing relevant scientific knowledge, strengthen Both M
Facilitation | and support scientific research efforts to improve the quantity and quality of information
upon which permit decisions are based. To ensure that research activities are adequately
focused on the information needed for science-based permitting and regulatory actions,
regulators should clearly identify, prioritize, and communicate specific information needs to all
stakeholders.
9 Research | Develop a multi-stakeholder private-public partnership, or a cooperative approach, to fund Both M
Facilitation | and oversee applied environmental research and monitoring relevant to economically and
ecologically sustainable oil and gas development in the Alaskan Arctic. A cooperative
approach will promote and support strategic research rather than research linked to individual
development projects and permits. Broad integration of the accumulating data is essential to
provide a strong management basis for the Arctic.
9 Research | DOE should facilitate a workshop aimed to identify research priority topics focused at the Both M
Facilitation | winter/dark periods, so as to facilitate data collection from these periods. This will assist
stakeholders and government increase the understanding of ecological processes in this less
studied period.
9 Research | Industry, government, and academia should work to improve the understanding of the Both M
Theme response of ice-dependent species to specific industry activities (ice management, seismic
surveys, drilling, etc.) and this will inform operational planning and permitting as well as
designations and management of critical habitats.
9 Research | DOE, BOEM, and NMFS should follow the studies and outcomes of the International Exploration M
Facilitation | Association of Oil and Gas Producers’ Sound and Marine Life Joint Industry Programme.
9&10 Research | NSSI should work with its member organizations, industry, and indigenous peoples to provide Both M
Theme leadership in the development of protocols to identify and improve methods for the collection
of traditional and local knowledge and for incorporating this knowledge with western science,
evaluation of potential impacts, and operational planning.
10 Research | The resource agencies of the federal government should work with the state of Alaska, local Both M
Facilitation | stakeholders, and industry to develop a framework to identify changes in cultural sustainability
patterns as a product of the interplay of culture, economy, health, and environment. While
numerous studies and programs examine these areas individually, more work is needed to
examine the synergies and trade-offs among them in order to approach sustainability in a
systematic way.
10 Research | The federal government should establish a programmatic mechanism for long-term monitoring Both M
Facilitation | of contaminant levels and disease indicators in subsistence foods within the Arctic. This
effort should be informed by and consistent with the Arctic Council’s Arctic Monitoring and
Assessment Program and should work closely with the subsistence community to obtain
samples of harvested tissues.
10 Research | Resource agencies, including Department of Interior and Department of Commerce, should Both M
Facilitation | work with the state of Alaska, local stakeholders, and industry to develop strategies that
optimize the processes of consultation and engagement of Arctic communities to be as useful
and meaningful as possible while limiting the burden on local communities.
9 Research | DOE should champion a collaborative effort through the Interagency Arctic Research Policy Both M
Facilitating | Committee with trustee agencies, industry, and other stakeholders to define, develop, and
Initiative | maintain an integrated ecological monitoring program to detect and assess change, including
cumulative impacts of development, including transportation and industrial activities, in the
Arctic ecosystem, such as a Distributed Biological Observatory.

List of Recommendations from Ecological and Human Environment Chapters (continued)
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Figure 1-15. Chronology of Select Global Arctic Oil and Gas Milestones
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Figure 2-4. Summary of Typical and Actual Timelines for Arctic and
Sub-Arctic Projects Compared to Gulf of Mexico (GOM)
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Figure 9-17. An Excavator Removes Gravel from an Abandoned Airstrip on
Alaska’s North Slope in 2002 (The site is now well-vegetated,
and only species typically found in the surrounding tundra occur on the site.)
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Case Study: Evaluating Same Season Relief Well Equivalency
Related Technology Development
The Chevron/Cameron Alternative Well Kill System (AWKS)

In 2008, Chevron identified the need for and initiated an R&D project that
would meet or exceed the required Same Season Relief Well Policy in the

Canadian Arctic offshore. Main
Drillin:
Technology selection criteria included consideration of a tangible technol- BOP g

ogy that could be demonstrated to, and understood by, local stakeholders who
were involved directly in the project team.

AWKS Safety

Cameron, with the goal of developing a step change in best available BOP Package

Project initiated in 2008 as a technology joint venture between Chevron and ?
technology.

Developed the concept of a fully independent safety package including two shear rams capable of simul-
taneously shearing and sealing heavier wall, larger diameter tubulars and casing than was currently
possible.

A proof of concept testing video distributed to local stakeholders and regulators with the intent of educat-
ing interested parties on the project scope and objectives.

Consultation was conducted with local stakeholders on equipment testing criteria.

Held numerous engagement and education sessions with local community stakeholders, including equip-
ment demonstrations.

Joint representation with local stakeholders at major conferences discussing both industry and commu-
nity perspectives on the SSRW Equivalency issue.

Successfully completed internal testing of AWKS in May 2014, thereby making AWKS ready for commer-
cial deployment.
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Figure 8-12. Subsea Dispersant Injection as It Might Be Applied in Ice
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© The assessment should consider the season length limitations
imposed by the Arctic operating environment and ecological/
subsistence considerations, as well as approaches used
by other Arctic nations with similar geological and operating
environments.

© [f warranted based on this assessment, congressional action to
amend the Outer Continental Shelf Lands Act to reflect the lease
term for Arctic operations could be pursued. For existing leases,
the Department of the Interior could clarify suspension authority.

Effective Policies and Regulations

Policies and regulations should encourage innovation by providing ] DOI, EPA, oO|le| O
for incorporation of technological advancements. DOC, DHS,
* Where authority already exists to consider industry proposals Others
that provide for equivalent or better levels of safety and
environmental protection, such as that already established in
30 CFR 250.141, use of that authority should be encouraged.
© BSEE should continue to review existing and new regulations
to identify candidate areas for implementation of performance-
based regulation, considering lessons from other jurisdictions.
© Staff development in Arctic-specific operational and regulatory
requirements should be pursued within regulatory agencies.

Policies and regulations should reflect improved ecological | | DOI (BLM, [oRN }
understanding from ongoing research and monitoring. Regulators BSEE, FWS),
could use their authority to designate or update appropriate DOC (NMFS),
mitigations based on more recently developed science. EPA, Others

Regulators should identify, prioritize, coordinate, and communicate O | | DOI, DOC, [ ]
specific information requirements to the operators in a timely manner. EPA, Others

The Administration should champion policies that enable effective O [ ] AESC, o) [ )

and efficient logistics and infrastructure. Examples of current DOI, DOC

regulatory requirements that unnecessarily constrain Arctic (MARAD),

development include: DOT, Others

© Limited access to federal lands for oil and gas transportation
systems where no practical alternative exists.

* Presupposing oil transport solutions for potential new
discoveries.

* The Jones Act rules on tankers and support vessels mandate
largely unavailable and noncompetitively priced ships, unduly
increasing the cost of operations in the U.S. Arctic.

Enabling Infrastructure

Local, state, and federal government agencies should coordinate [ ] [ ] DOE, DOC, o) [ )
infrastructure planning by carrying out, where possible, joint DOD, DOI,
scenario planning to identify the intersection of mutual needs DOT, Others
such as airfields, ports, roads, and communications, to identify
opportunities for investment synergies. Planning needs and
considerations should include those from the oil and gas industry,
Navy, Coast Guard, and local stakeholders, and include options to
extend the life of the TAPS pipeline.
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Figure 7-6. The Trans-Alaska Pipeline System
Route Map
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Photo: United States Coast Guard.
Figure 8-17. Coast Guard Overflight of Skimming Operations June 12, 2010. Coast Guard Air Crews
Regularly Conducted Aerial Surveillance in Support of the Deepwater Horizon Oil Spill Response.
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Figure ES-13. Canmar Drillship and Kulluk Rig Operating in Canadian Beaufort Sea
in Ice Conditions Typical of the Shoulder Seasons During Arctic Drilling Programs of the 1980s
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Figure 6-24. Excavation and Installation of Northstar Pipeline Bundle from Atop the Ice
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Figure 9-9. Adult and Immature
Bowhead Whales
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Figure 6-28. MV Arctic
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Pan-Arctic Logistics and Infrastructure Perspective

Most offshore areas of the Arctic have sparse
infrastructure and are logistically challenged due
to their remoteness and the presence of ice during
a majority of the year. There is a general lack of
population centers, ports, and airfields to support
offshore Arctic exploration and development activi-
ties. Existing fabrication yards for construction of
offshore structures are thousands of miles from
most offshore Arctic opportunity areas. In terms
of export, there are two maritime entry/exit routes
through the Bering Strait and Barents Sea. The
routes to access these maritime entry points from
points in between (i.e., through the Northwest Pas-
sage across Canada and the United States, and the
Northern Sea Route across Russia) are challenged

by heavy ice in the winter and variable ice condi-
tions in the summer. Icebreaking vessels are an
important component of Arctic infrastructure, and
most of the world’s modern, Arctic-capable ice-
breakers are concentrated in the Baltic countries
and Russia. The existing overland export infra-
structure that could be used to transport offshore
Arctic oil and gas are limited to the Trans-Alaska
Pipeline System across Alaska and a series of large
gas pipelines leading south from Russia’s Yamal
Peninsula area. The communications infrastruc-
ture servicing the Arctic region is also challenged
because most large communication satellites orbit
the equator, which results in atmospheric interfer-
ence for transmissions to and from Arctic locations.
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Figure ES-17. Drilling Season Length Example Comparing Current Practice to an Extended Season
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Figure 8-7. Chevron Alternative Well Kill System
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Figure 1-19. Constructing Issugnak Island
(1980)
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Figure 2-3. Typical Stages of an Oil or Gas Development
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Figure 8-16. Photo Sequence Showing Before and After Shots During the First Field Test of Herders
under Arctic Conditions in Norway, 2008
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Figure 9-20. Traditional Knowledge of
Whales and Their Migratory Patterns
(for Both Subsistence and
Preservation of Culture)

Has Helped Inform Development
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Figure 8-9. Depiction of Oil Interacting with Ice
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and conclusions of the authors. The National
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study process.





OEBPS/image/p96.png
TOTAL NUMBER OF EXPLORATION WELLS GLOBAL OFFSHORE ARCTIC EXPLORATION WELL COUNT
DRILLED NORTH OF THE ARCTIC CIRCLE Q0 = -+

GREENLAND = I UNITED STATES
 CANADA
70=--e-- URUSSIA e
1 NORWAY
@ - HGREENLAND
a
ADA E B0 oo
o]
(531) S
w
s
=) 30 ......................................
b4
10 PR 1 OO
0= -
T T T T
PRE-1960 1960-1979 19801999  2000-PRESENT

Source: Data for plots provided by IHS,
International E&P Database (online), September 3, 2014.

Figure 1-13. Global Exploration Wells Drilled North of the Arctic Circle
(Split by Country and Time Period)
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Figure 1-23. Kulluk
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Figure 6-22. Lifeboat Ice Interaction
Study of Craft Deployment and
Recovery Icebreaker and Lifeboat
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Safety Improvements in the Qil and Gas Industry

Safety is the highest priority for all stakeholders
and a core value for industry. However, over the
last several decades, a small number of major inci-
dents have had significant consequences, including
in some cases the tragic loss of life. The industry
and regulators have responded with reforms that
substantially improved safety and environmental
performance of the industry. Some examples of
major incidents during exploration, development,
and production include:

1988 — Production platform Piper Alpha in the
North Sea off of the United Kingdom was destroyed
by an explosion and resulting fire, with a loss of 167
crew members. Key reforms include:

* Stringent design requirements including wind
tunnel testing and explosion simulations and
improved and multiple escape route to helicop-
ters and lifeboats during evacuation

* Clear identification of a person in charge who
has the ultimate decision-making authority with
regards to safety and the environment

* New regulations mandate operators must dem-
onstrate that an effective safety management
system is in place.

2010 — While drilling in the Gulf of Mexico, the
Deepwater Horizon rig experienced a blowout and
explosion that killed 11 workers. The well was
capped 87 days later. Key reforms include:

e Enhanced drilling safety regulations includ-
ing new standards for well design, casing, and
cementing as well as independent certification

* Subsea containment devices as a requirement of
spill response plans

¢ Increased emergency response preparedness
requirements including worst-case discharge
planning.

In addition, examples of maritime incidents that
occurred during oil and gas exploration, develop-
ment, or production include:

1989 — The Exxon Valdez ran aground in Alaska’s
Prince William Sound. Despite efforts to stabilize
the vessel, more than 250,000 barrels of oil were
spilled. Key reforms include:

* Passage of landmark legislation to improve
American oil spill prevention and response

* New requirements for contingency planning,
both by government and industry

¢ Establishment of new tanker design and tug
escort criteria

¢ Development of an integrated operations integ-
rity management system by the operator.

2012 — During towing of the drilling rig Kulluk
from Dutch Harbor, Alaska, to Seattle, Washing-
ton, the towline parted and the Aulluk ultimately
ran aground in rough weather on Sitkalidak Island
near Kodiak, Alaska, on December 31, 2012. There
were no serious injuries or environmental damage.
Key reforms include:

¢ U.S. Coast Guard and Towing Safety Advisory
Committee task group set up to assess strength-
ening global guidelines for towing offshore drill-
ing rigs and harsh weather risk assessment, due
spring 2015

¢ U.S. Coast Guard recommendations for all oper-
ators to reevaluate towing procedures and con-
sider new criteria for tow planning in the Arctic.
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IPNSAR Initiative Title Lead Federal Agency
Advance United States Security Interests: Evolve Arctic Infrastructure and Strategic Capabilities
1| Prepare for Increased Activity in the Maritime Domain Department of Transportafion Chapter 7
2 | Sustain and Support Evolving Aviation Requirements Depariment of Transportation (FAA) Chapter 7
3 | Develop Communication Infrastructure in the Arctic Depariment of Commerce (NTIA) Chapters 7,9, & 10

4| Enhance Arctic Domain Awareness

U.S. Coast Guard

Chapters 5 &9

Advance United States Security Interests: Preserve Arctic Region Freedom of the Seas

5 | Sustain Federal Capability to Conduct Maritime Operations in loe-Impacted Waters

Department of Homeland Security

Chapters 5,7,9, & 10

6 | Promote Intemational Law and Freedom of the Seas Department of State Chapter 7
Advance United States Security Interests: Provide for Future United States Energy Security

7 | Pursue the Development of Renewable Energy Resources” Department of Energy

8 | Ensure the Safe and Responsible Development of Nonrenewable Energy Resources* Department of Interior All Chapters
Pursue Responsible Arctic Region Stewardship: Protect the Arctic Environment and Conserve Natural Resources

9 | Conserve Arctic Ecosystems National Oceanic and Atmospheric Administation Chapters 9 & 10

10 | Improve Hazardous Material Spill Prevention, Containment, and Response*

US. Coast Guard offshore) or Environmental Pofection Agency (onshore)

Chapters 8,9, & 10

Pursue Responsible Arctic Region Stewardship: Use Integrated Arctic Management to Balance Economic Development, Environmental Protection, and Cultural Values

41 | Use Integrated Arctic Management to Balance Economic Development,

Department of Interior and Office of Science

Environmental Protection, and Cultural Values and Technology Policy Hlgimpis
Pursue Responsible Arctic Region Stewardship: Increase Understanding of the Arctic through Scientific Research and Traditional Knowiedge
12 | Develop a Network of Observations and Modeing to Support Forecasiing and Prediction of Sea le* | Department of Defense Chapters 5 & 10
13 | Implement the Pilot Distributed Biological Observatory in the Pacifc Arcic Natonal Ocsanic and Afmospheric Administraton Chapters 9.& 10
14 | Develop Integrated Ecosystem Research in the Beaufort and Chukchi Seas National Science Foundation Chapters 9.& 10
15 | Improve Understanding of Glacial Dynamios™ National Science Foundation
16 | Understand Terrestrial Ecosystem Processes Department o Inferior Chapters 9.& 10
17 | Investigate Wildiand Fires n the Arfic® Department o Iferior
18 | Understand Atmospheric Processes to Improve Cimate Predictions” Department of Energy Chapter 5
16 | Support a Cireumpolar Arco Observing System" National Science Foundation Chapter 8
20 | Integrate Arctic Regional Models* Department of Energy
21 | Improve Arctc Community Sustainabilty, Wel-being, and Cultural and Linguistic Heritage | Smithsonian Insttute Chapter 10
22 | Understand Human Health in the Arcic Department of Health and Human Services Chapter 10
Pursue Responsible Arctic Region Stewardship: Chart the Arctic Region
23 | Chartthe Arctic Region National Oceanic and Atmospheric Adminstraion Chapter 7

Strengthen International Cooperation: Pursue Arrangements that Promote Shared Arctic State Prosperity, Protect the Arctic Environment, and Enhance Security

24 | Promote Arctic Oil Pollution Preparedness, Prevention and Response Intemationally*

U.S. Coast Guard

Chapters 4 & 8

25 | Enhance Arctic Search and Rescue

U.S. Coast Guard

Chapters 6 & 7

26 | Prevent Unregulated Arctic High Seas Fisheries Department of State
27 | Reduce Transport of Contaminants Environmental Protection Agency Chapter 10
28 | Identify and Assess Invasive Species Risks and Impacts Department of Interior Chapter 9

29 | Promote Scientific Research and Monitoring®

National Science Foundation

Chapters 5 to 10

Strengthen International Cooperation: Work through the Arctic Council to Advance U.S. In

terests in the Arctic Region

30 | Develop a Robust Agenda for the U_S. Chairmanship of the Arctic Council® Department of State. Chapter 3
31 | Reduce Black Carbon in the Arctic® Environmental Protection Agency Chapter 8
Strengthen International Cooperation: Accede to the Law of the Sea Convention and Related Affairs

32 | Accede to the Law of the Sea Convention Department of State.

33 | Delineate the Outer Limit of the U.S. Extended Continental Shelf Department of State.

34 | Resolve Beaufort Sea Maritime Boundary Department of State.

Strengthen International Cooperation: Cooperate with Other Interested Parties

35 | Expedite International Maritime Organization Polar Code Development and Adoption U.S. Coast Guard Chapter 7
36 | Promote Arctic Waterways Management U.S. Coast Guard Chapter 7

* Denotes nitiatives with a Department of Energy role.

Table 3-3. Initiatives in the Implementation Plan for the National Strategy for the Arctic Region





OEBPS/image/p115.png
Photos: Sakhalin Energy.

Figure 1-35. Molikpaq (2006) (left) Converted for Early Production and
Lunskoye-A GBS at Sakhalin-2 (right)
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Figure P-2. Study Participant Diversity
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Figure 2-6. Phase 2: Typical Alaska OCS Appraisal Timeline Scenarios
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Figure 1-25. Map of the United States Arctic Highlighting Key Arctic and
Sub-Arctic Exploration and Development Areas
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Figure 6-10. Kigoriak Ramming in Heavy Ice
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State | AOGCC 6 |. Biological and Environmental 1.5. Cumulative Impacts of Energy Dev. and
138 Wildlife Climate Change
13.C. Birds 1. il Spills
13.D. Fish IV.5. Arctic Technology and Infrastructure
State Reg. Comm. 1 |. Biological and Environmental 1I1. Oil Spills
of Alaska II. Climate Change IV. Support Technology
Local NSB 1 I. Biological and Environmental II. Climate Change
Regional | NSB 2 1.3.B. Wildlife 1.3.D. Fish
Permiting and 1.3.C. Birds 1.5. Cumulative Impacts of Energy Dev. and
Zoning Div. Climate Change
Regional | Fairbanks 1 1.3.B. Wildlife 1.5. Cumulative Impacts of Energy Dev. and
North Star 1.3.C. Birds Climate Change
Borough IV5. Arctic Technology and Infrastructure
Private | Land owners 1 I. Biological and Environmental 1II. Oil Spills
II. Climate Change IV.5. Arctic Technology and Infrastructure

Table 9-1. Regulatory Permits and Authorizations Required for Oil and Gas
Exploration and Development in Alaska’s Arctic (Continued)
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Figure 1-6. Global Arctic Conventional Resource Potential by Petroleum Type
(0il, Natural Gas, and NGLs) with Distribution by Country
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Technology Enhancement

Opportunity Priority

New U.S. controlled SAR satellite High SAR satellite prioritized to U.S. interests will ensure
timely data access. Data would be used to support ice
drift monitoring for extended season drilling and oil spill
response.

Enhanced ice drift monitoring and High Directly supports extended season operations.

forecasting

Near real-time monitoring of ice Medium Improved airborne ice surveillance instrumentation for

thickness broad-area ice thickness measurement and identification of
potentially difficult or hazardous ice.
Satellite technologies may also be utilized but this would
likely require a much longer timeline.

Increased utilization of unmanned Medium Current FAA regulations are limiting use of UAS. While not

aerial systems (UAS) directly a technology issue, limiting use of this technology
is a disincentive for further advancement that would likely
improve under more favorable regulations.

Continued advancement of Medium Continued research on ice type classification will lead

marine ice radar to increased safety for ship transits and improve ice
management efficiencies.

Climate modeling with focus on Medium Important to help anticipate future ice conditions in the Arctic

effects to ice cover and assess impact on operations and engineering design in
the next 40 years.

Advancements to unmanned Medium/ | Continued advancement of ice surveying technology for

submarine systems Low possible use for real-time monitoring of ice conditions.

Table 5-2. Technology Enhancement Opportunities
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Figure 8-8. Trendsetter Enhanced Subsea
Shut-In Device
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Figure 5-4. Late Spring, Shoulder Season, Ice Conditions in the Chukchi Sea
Photos: NASA/USGS.
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Figure 1-3. Map of Petroleum Discoveries in the Arctic
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Avcic Offshore | il Spill Environmental | Support the need for addiional remote sensing research to enhance the ability to detect and track Both H
Ol Spill Response an oil spill in ice, including scenarios that resultin oil under, rapped within, or on top of the ice. DOE
Prevention, and their National Laboratories should collaborate with Indusiry fo determine if any existing miltary
Control, and technology or other research in the area of remote sensing, including satelltes, can be made available
Response and commercialized for oil spill response (OSR) use. A key consideration for this research is the need
for as close to real time information as possible.
Avcic Offshore | il Spill Environmental | ICCOPR (Interagency Coordinating Committee on Oil Polluion Research, which is composed of 15 Both H
Ol Spill Response agencies) should support the issuance of tmely permis (1 year or less) to conduct Arctic o release:
Prevention, field experiments with lead agencies coordinating and championing the issuance of the permits. In
Control, and compliance with statutory and permiting requirements, ICCOPR shouid encourage and faciitate controlled
Response experimentalreleases of oi for offshore spill response R&D and equipment testing in coordination with
regional response teams. Agencies should also include infernational cooperation in this area, as in the past
the United States has partcipated and been invited to pariicipate in controlled experimental releases in
ofher countries such as Norway and Canada. Large-scale basin experimens to validate new technologies
and strategies often precede field experiments. In that regard, confinued support is recommended for the:
operafion and maintenance of Ohmset (ihe Bureau of Safety and Environmental Enforcements [BSEE]
National Oil Spil Response Test Facilty, located in New Jersey) and any enhancements fo faciltate more
Arcc esting.
Avcic Offshore | il Spill Environmental | Support ICCOPR as the federal body for priortzing oilspill esearch. ICCOPR is designated under Both H
Ol Spill Response the Ol Pollution Act of 1990 s the means to leverage effrts of federal agencies engaged in research
Prevention, affecting offshore oil spil response. ICCOPR should play a strong role in conducfing andlor supporiing oil
Control, and spill response research and technology development, both nafionally and internationally, with adequate
Response fong-term support. Priorities for oil spil research should take into account available science, past and
present research efforts, leverage existing joint agreements, and be addressed through a comprehensive,
coordinated effor that links industry, government (federal and state), academia, oil spill removal
organizations, inferational and local experls, and nongovemmental organizations. Interagency pariners
should collaborate with Industry experts/consultants to evaluate selected oil spill eesponse equipment.
and tactics and use this information to inform planning tools and requirements, and regulatory changes.
ICCOPR should hold regular informationalleducational sessions, with support by Industry and Oil Spil
Response Organizations.
Avcic Offshore | il Spill Environmental | The National Laboratories should work with Industry to develop an ol simulant(s) that can be used Both H
Ol Spill Response for field testing. The simulant(s), to the extent possible, needs to represent the properties of crude oil
Prevention, criticalto testing remote sensing technologies, mechanical recovery, in-situ burning, and dispersants.
Control, and
Response

Recommendations from Technology and Operations Chapters (Continued)
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Figure 6-5. Water Depth Progression of Exploration Drilling Technology for the
Chukchi and Beaufort Seas
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Source: Alaska Weather Aviation Unit study, “MVFR/IFR Climatology for Selected Alaska TAF Sites.”

Figure 7-2. Percentage of Time Per Month
That Given Visibilities for Aircraft Operations Occurred at Barrow Airport
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Figure 6-13. 2008 Northeast Greenland
Geotechnical Drilling Operations
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© Future regulation and permit requirements should be informed
by the results of this analysis including required demonstrations
and testing. DOI, DOE, and the National Laboratories should
witness these demonstrations of improved well control devices
and include appropriate observers from the stakeholder
community.

| Spill Response in Ice

Government agencies should participate in the ongoing and future | | | | DOI, DOC ® O

oil spill response Joint Industry Programs. As an example, the (NOAA), DOE,

ongoing Arctic Oil Spill Response Technology JIP (2012-2016) DHS (Coast

includes projects to: Guard)

® Conduct field testing, using relatively small amounts of oil,
to further test the efficacy of tactics and strategies for spill
response.

© Advance remote sensing technology for tracking of spilled oil.

© Improve and enhance fate and effects models and model inputs
for varying sizes of oil spills.

© Advance research in support of other options to mechanical
recovery including dispersants, in-situ burning, and chemical
herders.

Regulators should continue to evaluate oil spill response O ] DOI, DHS ® O

technologies in Arctic conditions, considering past and ongoing (Coast Guard)

research. Future regulations and oil spill response plans should

consider this evaluation such that other technologies could be

used as primary response options.

© ANet Environmental Benefit Analysis (NEBA)-based decision
process should be used collaboratively by government decision-
makers with industry assistance to assess and approve all
available oil spill response technologies to achieve the greatest
reduction of adverse environmental impacts.

© Preapproval options should be reviewed and provided to
facilitate rapid response for dispersants and in-situ burning
where supported by NEBA.

Consistent with the Oil Pollution Act of 1990, the Interagency [m} ] ICCOPR,DHS | O [ )
Coordinating Committee on Oil Pollution Research (ICCOPR) (Coast Guard),
should play a stronger role in conducting, coordinating, prioritizing, Others

and supporting oil spill response research and technology
development, across federal and state agencies, with industry and
academia, and internationally.

Recognizing the importance of field trials and the need to a [} DOE (National | O | O [ )
coordinate timely permits across multiple agencies (federal, state, Laboratories),
local), ICCOPR or the new Arctic Executive Steering Committee AESC,
(AESC) could facilitate a collaborative process to conduct Arctic ICCOPR,
field oil release experiments. Others

The National Laboratories should pursue development of oil | | O DOE (National | @
simulants to facilitate field testing of oil spill response technologies Laboratories),
in lieu of using crude oil. ICCOPR,
Others
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Recommendations from Technology and Operations Chapters (Continued)
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Note: Natural gas liquids are not included here.

Figure ES-4. Global Arctic Conventional Oil and Gas Resource Potential
by Country
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Figure 2-7. Phase 3: Alaska OCS Oil Development Scenarios
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Figure 6-7. Tarsiut Caisson Retained Island and
Ice Relief Well Pad
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Figure 1-30. Typical Construction of a Shallow Water Gravel Island
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Example: Use Alternative Well Secure Techniques and
Extended Season Drilling into the Shoulder Season

The timeline below shows that by consid-
ering alternative well secure techniques and
using the capability of the ice class drilling sys-
tem, the drilling season length can be further
increased.

® Drilling season length increased by approxi-
mately 85 to 105 % from the current 79 days
to 147 to 161 days, depending on the choice of
alternative well secure system.

® Last drilling date extended from September
24 till between December 1 and December 15,
depending on the choice of alternative well
secure system and capability of the ice class
drilling system.

DRILLING START

(JULY 7)
GUST | SEPTEMBER

OCTOBER

® A significant reduction in amount of spilled oil
prior to the flow being stopped and the well
safely secured in the event of an oil spill.

This increase in the drilling season length could
significantly increase the likelihood of the ability
to complete a multi-well exploration program in a
given season. A detailed appraisal program could
also be completed with a higher degree of confi-
dence. The effect of essentially doubling the drill-
ing season would result in substantial cost savings,
which, in turn, would likely have a significant posi-
tive impact on project economics. The extension
of the season in this manner is required to support
the high capital costs associated with the invest-
ment in an ice class drilling system.

FREEZE-UP
(Nov. 1)

DRILLING END
(DEC. 15)

NOVEMBER DECEMBER

Extended Drilling Season into the Shoulder Season and Use of Alternate Well Secure Techniques
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Sound Quieting Technologies

Bubble Curtains

Bubbles either continuously generated, or
encapsulated and arranged in specific con-
figurations, capture and attenuate sound from
various sound sources. This technology may be
useful in the Arctic around drilling and produc-
tion platforms where water depths are relatively
shallow and currents weak.

Marine Vibroseis

Marine vibroseis is a technology that can be
used to introduce sound energy into the water
for purposes of seismic imaging. While not cur-
rently commercially available, prototype tech-
nologies are under development by the oil and
gas industry. Overall peak energy is lower, and
systems can be tuned to generate only sound
frequencies useful for seismic imaging, possibly
reducing effects on marine life.
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Figure 8-15. Burning Crude Oil Spilled into a Field of Small Ice Cakes
Collected in a Fire-Resistant Boom — Norwegian Barents Sea
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Figure 7-13. Icebreaker Fennica





OEBPS/image/p158.png
International Cooperation on Arctic Standards
Affecting 0Oil and Gas Operations

There are a number of international conven-
tions, standards, class society rules, and guide-
lines either in place or under development that
are of importance to Arctic oil and gas exploration
and development.

Of note are the following:

® The International Maritime Organization (IMO)
has approved its “International Code for Ships
Operating in Polar Waters” Polar Code covering all
shipping in polar waters. The code covers the full
range of design, construction, equipment, opera-
tional, training, search and rescue, and environ-
mental protection matters relevant to ships oper-
ating in the inhospitable waters surrounding the
two poles. The code is expected to come into force
in 2017 and would impact supply and support ves-
sels used to support exploration and development
drilling operations. The Polar Code provisions will
not apply to drill rigs, given IMO’s focus on ship-
focused instruments; however, drillships in transit
would be expected to comply.

e The International Association of Classifica-
tion Societies has published construction and
equipment standards for Polar Class vessels,
again with variations for the ice conditions
within a vessel’s area and seasonality of opera-
tions.

e The Oil Companies International Marine
Forum has recently published guidelines on
vessel operations in Arctic-like conditions, Off-
shore Vessel Operations in Ice and/or Severe
Sub-Zero Temperatures in Arctic or Sub-Arctic
Regions (2014). This document enumerates
recommendations on technical specifications
for vessels, operating practices and safety, and
environmental considerations, including oil
spill response.

® The International Standards Organization (ISO)
has developed standard 19906 for fixed and
floating offshore structures operating in Arctic

conditions in support of oil and gas operations.
Although the standard explicitly excludes
mobile offshore drilling units (MODUs), it does
specify that ice management procedures in the
standard should also be applicable to MODUs.

ISO Technical Committee 67/SC8 is developing
a set of standards for Arctic oil and gas opera-
tions, including working environment; escape,
evacuation, and rescue; environmental moni-
toring; ice management; Arctic materials; and
physical environment for Arctic operations.

The Kiruna Declaration signed in May 2013
by Arctic Council member states provides
for the sharing of oil spill response resources
between countries and movement of people
and equipment across borders. Included with
the declaration was the Agreement on Coop-
eration on Marine Oil Pollution Preparedness
and Response in the Arctic. The objective of
this Agreement is to strengthen cooperation,
coordination, and mutual assistance among
the parties on oil pollution preparedness and
response in the Arctic in order to protect the
marine environment from pollution by oil.
Requests for and provision of assistance, facili-
tation of movement of equipment across bor-
ders, cooperation and exchange of information,
joint exercises, and training are also topics of
this agreement.

The Arctic Council’s Task Force on Pollution
Prevention is progressing an action plan that
establishes a framework for cooperation on
oil spill prevention across Arctic states. The
action plan is supported by a measures docu-
ment that provides specific implementation
detail. With respect to the oil and gas indus-
try, the petroleum measures document calls
for specific action in three areas: baseline over-
view of work ongoing for prevention, support
for standardization, and creation of an Arctic
Regulators Forum.
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Escape

Evacuation

Rescue

Act of personnel moving away from a
hazardous event to a place on the instal-
lation where its effects are reduced or
removed.

Planned precautionary and emergency
method of moving personnel from the
installation (muster station or Tempo-
rary Refuge) to a safe distance beyond
the immediate or potential hazard zone,
usually off the installation.

Process by which persons entering the
sea or reaching the ice surface, directly
to a standby vessel, in an evacuation
craft or by other means, are subse-
quently retrieved to a place where
medical assistance is typically avail-
able. Includes survival and recovery
components.





OEBPS/image/AdvTechPrevBlow.jpg
Advanced Technologies for Prevention of Blowouts
and Major Spills

BOP Capping Stack

Blowout Preventers (BOP). Blowout preventers
are standard equipment for drilling wells. Blowout
preventers typically have multiple rams designed to
seal around or cut through any drill pipe and cas-
ing strings in the well to prevent or stop flow from
a well if other preventative measures fail. Blowout
preventers are part of the drilling rig’s equipment
and are removed when the well is completed and
the rig departs. Bureau of Safety and Environmen-
tal Enforcement regulations and notice-to-lessees
require frequent testing and maintenance of BOPs.

Capping Stacks. Subsea well capping operations
were widely publicized during the Macondo inci-
dent in 2010; however, the well capping technique
has been used by industry to shut in surface well
blowouts for many decades. Capping stacks are
designed to mechanically connect to a BOP or well-
head and shut-in and/or contain and divert the flow
from the well until control can be regained. Since

— ‘;‘x,i

Source: Shell

Source: Trendsetter Engineering Inc.

Subsea Isolation Device

Macondo, capping stacks have become a standard
part of the subsea drilling operations and specially
designed and maintained units are strategically
located near many offshore drilling areas such as
Alaska and the Gulf of Mexico.

Subsea Isolation Devices (SID). Subsea isola-
tion devices are essentially permanent blowout
preventers installed on the wellhead below the
drilling rig’s blowout preventer. SIDs have their
own independent control system and do not rely
on the drilling rig. The SID’s control system and
shearing/sealing rams include enhanced levels of
redundancy and capability, and provide additional
protection in the event that the drilling risers are
damaged, such as in the case in Macondo. These
devices can be located below the seafloor in an
excavated trench to provide protection from deep
ice keels in the event they need to remain in place
over the ice season.
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Figure 2-13. Construction of Northstar Offshore Pipeline
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Figure 9-6. Canada Geese During Summer on Edge of Wetlands
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Figure 7-1. Key Locations Relevant to Chapter 7
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Figure 6-31. Direct Offtake Loading to Tanker — Prirazlomnaya Platform Pechora Sea






OEBPS/image/p576.png
Area

Action
DOE by Other

Recommendation Action | Federal

Agencies

Research
Regulatory
Leadership/
Policy

 The Council for Environmental Quality could include this
updated protocol in the existing Environmental Impact
Assessment protocol under the National Environmental Policy
Act (NEPA).

The NSSI's mandate is to provide scientific information on both [ | NSS|, Others | O [ )
environmental and social science to its 14 federal, state, and
local government members and to the public. Recognizing the
importance of improved collaboration and coordination of human
environment research activities, enhancement of NSSI capacity
and capability in social science should be pursued to enable the
NSS! to deliver on its mandate.

The NSSI should work with Interagency Arctic Research Policy || [ | NSSI, IARPC, | @
Committee and other stakeholders to establish appropriate Others
protocols and gather best practices for the effective collection and
integration of traditional knowledge, existing science, community
engagement, and resource management.

Industry, government, and academia should work to establish data || [ | All ()
sharing agreements and promote use of platforms such as Alaska

Ocean Observing System and University of Alaska Fairbanks/NSSI
catalog.

ECONOMIC VIABILI
chnologies to Safely Extend the Drilling Seaso

Industry and regulators should work together with other O [ | DOI (BSEE), | @
government agencies and stakeholders to synthesize the current DOC, DHS,
and evolving state of knowledge and perform the analysis, Others

investigations, and any necessary demonstrations to validate

technologies and capabilities that could safely extend the useful

drilling season length.

© These technologies include recent advancements in source
control and containment and improvements in il spill response
in ice discussed earlier.

© The capabilities include the drilling rig, ice management vessels,
and emergency and oil spill response capability.

Lease Terms Appropriate to Arctic Conditions

DOE, working in collaboration with DOI and with input from other ] ] DOE, DOI ®| O o)

stakeholders, should conduct an assessment of the timelines (BOEM,BSEE)

required to progress an offshore exploration prospect from lease

through a decision to proceed to development. This assessment

should be completed before the next lease sale.

© These timelines should include the time to plan, permit, and
safely execute seismic surveys, exploration drilling, and any
necessary appraisal wells, as well as conduct and interpret results
from these activities. The time required to complete engineering
studies, including an economic feasibility assessment, to enable a
development decision should also be included.
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Figure 6-23. Ice Gouging Process
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Figure 7-9. Captain’s Bay, Unalaska, Alaska
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Figure 8-11. Schematic Drawing Illustrates the Dispersion Process
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Figure ES-10. Typical Arctic Ice Regimes
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Figure 5-2. Two-km-Long Ice Island Fragment Embedded in Sea Ice
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Table 8-1. Overview of Remote Sensing Systems for Oil in Ice Detection
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Photo: BP.
Figure 9-18. Ambient Air Monitoring Station on
the North Slope (As the Arctic oil fields
continue to mature, stations like this one
could be maintained by a research
and monitoring consortium.)
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Figure 6-16. Example Cook Inlet Structure and Man-Made Island in Beaufort Sea

Photo: Shell. o oto: Neft. Source: ExxonMobil Canada.

Figure 6-17. Examples of Gravity-Based Structures (l-r: Sakhalin-2 concrete platform,
Prirazlomnaya platform, and Hebron platform)
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Figure 1-8. Global Arctic Undiscovered Conventional Resource Potential by Water Depth
with Distribution by Country
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Photo: Chukchi Sea Environmental Studies Program — Olgoonik/Fairweather.

High Abundance of Benthic Organisms on the Floor of the Chukchi Sea
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Figure 2-10. Not One Arctic Physical Environment — Implications for Exploration and Development
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Case Study: Evaluating Same Season Relief Well Equivalency
Related Technology Development
The Chevron/Cameron Alternative Well Kill System (AWKS)

In 2008, Chevron identified the need for and initiated an R&D project that
would meet or exceed the required Same Season Relief Well Policy in the Cana-

dian Arctic offshore. Main
Drillin:
Technology selection criteria included consideration of a tangible technology BOP 9

that could be demonstrated to, and understood by, local stakeholders who were
involved directly in the project team.

Cameron, with the goal of developing a step change in best available BOP tech-

nology.

Project initiated in 2008 as a technology joint venture between Chevron and ? AWKS Safety
Package

Developed the concept of a fully independent safety package including two shear rams capable of simul-
taneously shearing and sealing heavier wall, larger diameter tubulars and casing than was currently pos-
sible.

A proof of concept testing video distributed to local stakeholders and regulators with the intent of educat-
ing interested parties on the project scope and objectives.

Consultation was conducted with local stakeholders on equipment testing criteria.

Held numerous engagement and education sessions with local community stakeholders, including equip-
ment demonstrations.

Joint representation with local stakeholders at major conferences discussing both industry and commu-
nity perspectives on the SSRW Equivalency issue.

Successfully completed internal testing of AWKS in May 2014, thereby making AWKS ready for commer-
cial deployment.





OEBPS/image/p533.png
Appendices

Appendix A: Request Letter and Description of the NPC
Appendix B: Study Group Rosters

Appendix C: Study Recommendations by Type
Appendix D: List of Topic Papers





OEBPS/image/p215.png
Geographical Region

Topic Total
P LTI St. George | Navarin huke Beaufo
Aleutian
0 8 - - 31 90 165

Ice Prop —
Physical

Ice Prop —
Mechan?cal 20 =0
Waves 4 6 4 2 2 € 1 28
Currents 2 4 6 4 2 8 26
Geotechnical 7 4 2 4 & 14 4 40
Structures 5 6 8 5 6 24 32 86
Qil Spill 3 9 12
Whale/Mammals 1 10 1 12
oo K
Logistics 1 2 2 4 9 10 28
Cost Wells 1 2 1 2 6
452

Ice Prop — Physical includes ridge and floes sizes and thickness, freeze-up, and break-up.
Geotechnical includes ice gouge, strudel scour, and site surveys.

Structures include measured loads, design fixed and floating.

Technical development includes ice stress sensors, ice movement detectors, and measurement devices.
Logistics includes pipeline and tanker studies.

Note: Some studies were counted twice if they obtained data in the Chukchi as well as the Beaufort, etc.

Table 5-1. Number of Alaska Oil and Gas Association Projects,
by Topic and Geographical Region (1969-1992)
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Note: The water-based drilling fluid
often forms two plumes, an upper
plume containing fine-grained
unflocculated (unclumped) solids
and dissolved components of the
fluid, and a lower, rapidly settling
plume containing dense, larger-
grained particles, including cuttings
and flocculated clay/barite particles.
The enlarged circle in the figure
demonstrates that drilling fluids
(termed “mud” in the figure) coat
the cuttings particles. The enlarged
rectangle in the figure depicts the
reduction in oxygen concentration
if sediments become anoxic as a
result of discharge deposition.

Figure 9-16. Dispersion and Fates of Water-Based Drilling Fluids and Drill Cuttings

following Discharge to the Ocean
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The Roles of Government and Industry in Research

Research to advance scientific knowledge and
technology is performed by governments, compa-
nies, academia, and consortiums of these entities.
In general, companies pursue research to develop
knowledge and advance technologies with some
expectation of producing commercial value within
the planning time frame of the company. Some
type of expected opportunity usually drives com-
pany research, such as the availability of a resource
that is not economically producible with current
technology. Companies also pursue research
and technology improvements to reduce risk and
improve performance (e.g., safety, protection of the
environment, reduction of costs) of existing opera-
tions. Permitting and permit compliance may also
require research, in particular when impacts of a
potential operation or development will impact the
environment. In addition, companies may pursue
the advancement of basic science either directly or
through grants to academia; such efforts support
the development and retention of scientific capa-
bilities. The U.S. government has traditionally
conducted research that:

¢ Examines areas of science and technology in
long-term areas where private companies may
not see sufficient opportunity to monetize the
research in a foreseeable time frame. Examples
of such government research include: advanc-
ing fundamental scientific understanding, pur-
suing nonmonetary objectives such as defense
research and space exploration, and developing
challenging opportunities with potential long-
term societal value such as controlled nuclear
fusion.

¢ Accelerates the deployment of technology and
infrastructure to support national policy objec-

tives such as economic competitiveness, energy
security, and environmental protection. Exam-
ples include research to support advanced man-
ufacturing and modernization of the electric
grid.

¢ Develops or maintains a talent pipeline to fur-
ther scientific discovery and innovation.

¢ Takes advantage of government-owned assets,
such as supercomputers, advanced modeling
and simulation centers, and particle accelera-
tors.

* Provides scientific and technological data and
tools to support informed policy decision-mak-
ing or resource management.

* Provides government regulators with the tech-
nical expertise to effectively oversee private sec-
tor operations.

e Facilitates public acceptance of industry
research and technologies as an independent
regulating body.

Both governments and industry pursue some
research through targeted programs with aca-
demic institutions, and academic institutions also
pursue research using their own funds or with non-
specific funding from governments or companies.
In addition to increasing scientific understanding,
academic research supports the development of
future science and technology personnel, skills,
and capabilities. Some academic institutions have
progressed technology development to the point of
commercialization, sometimes resulting in finan-
cial benefits to the institution.
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Title 30 CFR 250.141 as a Mechanism
for Adaptive Regulation

There are existing provisions in offshore oil and
gas regulation that can be used to allow alterna-
tive technologies, methods, or operating practices
to achieve a result other than those specified pre-
scriptively in the existing regulation. These pro-
visions can be used to introduce more advanced
technologies or operating practices as they
emerge within the context of existing projects or
new project proposals.

Title 30 of the Code of Federal Regulations
deals with mineral resources. Chapter 2 of CFR
250.141 contains the regulations under the juris-
diction of the Bureau of Safety and Environmen-
tal Enforcement (BSEE) of the Department of
the Interior. Sub Chapter B deals with the Off-
shore and Part 250 contains regulations dealing
with oil, gas, and sulphur operations in the Outer
Continental Shelf. It is in this section that the
relevant authority for BSEE to approve alterna-
tive methods or technologies to those prescribed
by existing regulation is defined. The text of the
provision follows here:

“§ 250.141 May I ever use alternate procedures or
equipment?

You may use alternate procedures or equipment
after receiving approval as described in this
section.

(a) Any alternate procedures or equipment that
you propose to use must provide a level of safety
and environmental protection that equals or
surpasses current BSEE requirements.

(b) You must receive the District Manager’s or
Regional Supervisor’s written approval before
you can use alternate procedures or equipment.

(c) To receive approval, you must either submit
information or give an oral presentation to the
appropriate Regional Supervisor. Your presenta-
tion must describe the site-specific application(s),
performance characteristics, and safety features
of the proposed procedure or equipment.”

The onus for demonstrating performance of an
alternative technology or operating practice that
matches or exceeds that prescribed in current
regulation rests on the operator or project propo-
nent and must be demonstrated and authorized
on a case-by-case basis by the District Manager or
Regional Supervisor of the area where the oil and
gas project is located. Therefore, while this pro-
vision does provide an avenue for deployment of
improved and innovative technology or practices,
it may not facilitate rapid and general deployment
of such advancements, given the case-by-case
nature of the review and approval process and the
need to work through local BSEE offices, which
may result in divergences of outcome.
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Figure 8-6. Internal View of a Subsea Shut-In Device
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LeaselLlcense SYStem Retain LicenselLease*

Canada Exploration Based 1t02 9 years
Greenland Exploration Based 1to2 Up to 16 years
Norway Exploration Based 1t02 Up to 30 years

Russia Exploration Based 1to2 10 years

United States Development Based 6to 7t 10 years

* The number of wells shown is estimated based on 1 to 2 wells needed to establish an exploration discovery.

T The number of wells shown includes exploration and appraisal wells. Based on practices used in the Lower 48, securing a lease
extension beyond the primary term requires a firm commitment to develop requiring multiple appraisal wells, engineering studies, and
funding. One appraisal well per 200 million barrels of recoverable volume, and a field size of 1 billion recoverable barrels was assumed.

Table ES-1. Lease/License Comparison by Country
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Figure ES-7. Typical U.S. Arctic Project Cycle
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Dispersants and In-Situ Burning

Dispersants are designed to enhance natural dis-
persion by reducing the surface tension at the oil/
water interface, making it easier for waves to cre-
ate small oil droplets that are rapidly diluted below
acute toxicity thresholds. The dilution to low con-
centrations allows naturally available nutrients and
oxygen to sustain effective microbial degradation
in Arctic as well as temperate waters. All marine
and terrestrial environments contain naturally
occurring micro-organisms capable of using petro-
leum compounds as a food source to degrade oil
and gas primarily to carbon dioxide and water. In
situations where rapid containment and recovery
of spilled oil is not possible, facilitating the natural
degradation processes by applying dispersants is
beneficial to minimize the environmental impact.

Some have expressed concern about the rate and
extent of oil biodegradation in Arctic waters. Stud-
ies by industry, government, and academic groups
have found that indigenous Arctic microorganisms
are able to degrade both fresh and weathered oil
with and without using dispersants. One of these
studies determined that Arctic organisms were no
more sensitive to the acute toxic effects of both
chemically and naturally dispersed oil than tem-
perate organisms.

An important consideration for dispersant use is
assessing the net benefit of short-term, transient
exposure of dispersed oil to water-column organ-
isms versus allowing unrecovered oil to drift at sea
and potentially strand onshore. There is often a

net benefit because effective dispersion and bio-
degradation of oil in the water results in oil in the
environment for periods of days to a few weeks ver-
sus allowing oil to strand on shorelines and persist
for much longer.

Controlled in-situ burning (ISB) is another
important response option. ISB in ice and Arctic
environments is a safe, environmentally accept-
able, and fully proven technique with numerous
successful Arctic field validations over the past 40
years. ISB is especially suited for use in the Arc-
tic, where ice often provides a natural barrier to
maintain the necessary oil thicknesses for ignition
without the need for containment booms, and oil
remains fresh and unemulsified for a longer period
of time. The process of burning tends to destroy
the toxic components of oil because they are gen-
erally more volatile. This leaves burn residue that
is less toxic than the original oil. Results demon-
strated that when conducted in accord with estab-
lished guidelines, ISB is safe and poses no unac-
ceptable risk to humans, wildlife, or responders.

Industry is developing a method to thicken oil
suitable for burning using herding surfactants
without using fire-resistant booms. This technol-
ogy will enable in-situ burning using only aerial
access, allowing rapid implementation of this
response option. Once fully proven, herding will
be a significant advance for oil spill response in all
areas including the Arctic because of the rapid air-
craft deployment capability.
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Figure 5-5. Early Winter Freeze-Up in the Chukchi Sea Showing Onset of Thin First-Year Ice

in the Northeast Region of the Lease Blocks
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Figure 8-5. External View of a Subsea Shut-In Device
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Figure 5-3. Beaufort Sea Ice Zones
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Figure 10-3. Cutting Up Whale Meat
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Figure 6-4. Alaska Outer Continental Shelf — Exploration Wells Drilled
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Figure 1-18. Typical Sandbag Retained Island Schematic
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Figure 9-12. Wildlife Time-Lapse Camera Deployed to Capture Presence of and Habitat Use by Wildlife
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Figure 1-7. Global Onshore and Offshore
Arctic Conventional Resource Potential with Distribution by Country
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Primary Goals of the Obama
Administration’s National
Strategy for the Arctic Region

1. Advance United States Security Interests

a. Evolve Arctic Infrastructure and
Strategic Capabilities

b. Enhance Arctic Domain Awareness
c. Preserve Arctic Region Freedom of the Seas

d. Provide for Future United States Energy
Security

2. Pursue Responsible Arctic Region Stewardship

a. Protect the Arctic Environment and
Conserve Arctic Natural Resources

b. Use Integrated Arctic Management to
Balance Economic Development,
Environmental Protection, and
Cultural Values

c. Increase Understanding of the Arctic
through Scientific Research and
Traditional Knowledge

d. Chart the Arctic Region
3. Strengthen International Cooperation

a. Pursue Arrangements that Promote
Shared Arctic State Prosperity, Protect
the Arctic Environment, and Enhance
Security

b. Work through the Arctic Council to
Advance U.S. Interests in the Arctic Region

¢. Accede to the Law of the Sea Convention

d. Cooperate with Other Interested Parties
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Note: Vessel tracking data were generated by the Marine Exchange of Alaska from their network of terrestrial AIS (automatic identification
system) receiving stations in Alaska and data from exactEarth AIS satellite receivers.

Figure 7-12. Maritime Traffic Through the Bering Strait for Period October 30, 2013, to October 31, 2014
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Figure 9-3. Summary of the Circulation and Water Masses in the Chukchi and Beaufort Seas
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Figure 9-13. Past, Current, and Future Opportunities for Arctic Research on
Biological and Environmental Parameters and Climate Change
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Figure ES-20. Well Control and Barriers Leading to Response in the Worst Case
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Photo: Alyeska Pipeline Service ompany.

Figure 1-26. Trans-Alaska Pipeline
Zigzag Design
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Source: U.S. Army Corps of Engineers, Alaska Deep-Draft Arctic Port System Study, March 2013.
Figure 7-11. Study Area for ADDAPS Study
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Total
14 0.1

Resource Type

Onshore

0il(BB0) Un.discovered 9.9 219 1.3 12.6 17.9 038 15.3 45 9
Discovered 14 0.7 04 15 46 05 0.0 0.0 0.0 0.9 10
Total Oil (BBO) 1.3 226 1.8 12.8 17.2 18.4 0.8 15.3 0.1 5.4 106
Natural | Undiscovered | 913 | 1388 | 119 765 | 1662 | 977.8 6.2 129.9 1.2 122 | 1,712
Gas (TCF) | Discovered | 99.7 28.1 12.3 1.1 183.7 | 1774 0.0 0.0 0.0 7.9 520
Total Gas (TCF) 191.0 | 166.8 | 242 87.5 | 349.9 | 1,155.3 | 6.2 129.9 1.2 1201 | 2,232
NGLs Undiscovered 24 34 0.2 13 44 231 0.4 8.8 0.0 1.0 45
(BBNGL) | Discovered 0.0 0.7 0.0 0.0 1.0 05 0.0 0.0 0.0 0.1 2
Total NGLs (BBNGL) 2.4 4.1 0.2 1.3 5.4 23.6 04 8.8 0.0 0.0 47
Total | Undiscovered | 27.5 484 37 253 447 | 2039 22 4538 0.3 242 | 426
Resource )
(BBOE) | Discovered | 18.1 6.1 24 33 36.2 306 0.0 0.0 0.0 23 99
Total Resource (BBOE) | 45.6 54.5 6.1 28.7 80.9 234.6 2.2 458 0.3 254 | 525

Note: Oil in billion barrels (BBO), natural gas in trillion cubic feet (TCF), NGLs in billion barrels (BBNGL) and total resource potential in
billion barrels of oil equivalent (BBOE).

Sources: D. Gautier, Chapter 9: Oil and Gas Resource Potential North of the Arctic Circle (originally published by The Geological Society of
London), USGS, Menlo Park, 2011; and IHS, International E&P Database (online), September 3, 2014.

Table 1-1. Summary of Global Arctic Conventional Resource Potential
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Photo: G. Timoo and I Morin,
Figure 6-19. Example Ice Damage Zone at the
SSDC Platform in the Beaufort Sea
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Figure 9-15. Bering-Chukchi-Beaufort Seas Bowhead Whale Range Map
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Figure 1-34. Map of Russian Arctic Highlighting Key Arctic and Sub-Arctic Exploration
and Development Areas
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Example: Use Alternative Well Secure Techniques
and Drilling in Open Water until Freeze-Up

The timeline below shows that by considering
alternative well secure techniques, the drilling sea-
son length can be prudently increased.

® Drilling season length increased by approxi-
mately 30 to 50 % from 79 days to 103 to 117
days depending on the choice of alternative well
secure system.

e Last drilling date extended from Septem-
ber 24 until between October 17 and Novem-
ber 1, depending on the choice of alternative
well secure system.

DRILLING START
(JULY 7)

AUGUST SEPTEMBER

® A significant reduction in amount of spilled oil
prior to the flow being stopped and the well
safely secured in the event of a spill.

This increase in the drilling season length
could significantly increase the likelihood of com-
pleting the drilling and appraisal of an exploration
well within a single operating season. This has
the potential to significantly reduce exploration
drilling costs and, in turn, increase the economic
attractiveness of these otherwise very costly
projects.

FREEZE-UP
(Nov. 1)

OCTOBER NOVEMBER

Example Timeline Assuming a Capping Stack or Subsea Isolation Device
Instead of a Same Season Relief Well
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Source for Fields Data: IHS, International E&P Database (online), September 3, 2014.

Figure 1-10. Map of Alaska Showing Discovered Fields and the Areas Assessed for Resource Potential
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Year of Project First Oil Date Years from Investm

Oil Development Examples

Investment Decision Decision to First Oil
iy ;
Northstar, Beaufort OCS, Alaska 1999 2001 2
Odoptu, Sakhalin-1, Russia 2003 2006 3
Hebron, Grand Banks, Canada 2012 2017 5
Point Thomson, Alaska North Slope 2010 2016* 6

* Forecast first oil date.

Table 2-3. Historical Development Phase Timelines
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Note: The DMTS was built by the Alaska Industrial Development and Photo: Teck Alaska Incorporated.
Export Authority and is operated by Teck Alaska Incorporated.

Figure 7-5. Transporting a Grinding Module to the Red Dog Mine
on the Delong Mountain Transportation System in 1989






