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1.0 EXECUTIVE SUMMARY

The Interim Report provides a summary of the initial set of tasks and activities that have been
accomplished since the risk assessment kick-off in July 2008, and outlines a preliminary set of hazards
and risks associated with Alaska’s Oil and Gas infrastructure, based on a review of existing information
and input provided by key stakeholders around the State of Alaska.

Stakeholder Consultation (Task 1b)

During the June — November 2008 timeframe, the project team solicited stakeholder input on the risk
assessment, including the focus of the assessment, consequences of concern, suggested sources of
information, and other specific priorities. Stakeholders from a wide variety of groups and regions were
consulted during the Stakeholder Consultation process, including state agencies, federal agencies, local
governments, Industry, NGOs, native organizations, and the public. Multiple key stakeholder and public
stakeholder meetings were held in the five major regions listed below. Each meeting was attended by key
representatives of the project team as well members of the SAOT (State Agency Oversight Team).

e Fairbanks/Interior Region

o Kenai/Cook Inlet Region

e Anchorage/Southcentral

e Valdez/Prince William Sound/Copper River Basin Region

e Barrow/North Slope Region

Concerns relating to the three major infrastructure areas of the Risk Assessment, 1) the North Slope, 2)
the Trans Alaska Pipeline System (TAPS) and 3) the Cook Inlet, were identified.

Statewide Concerns. Common themes that stakeholders in all regions highlighted as important areas of
focus included initiating factors such as aging/abandoned infrastructure, corrosion of pipelines or
equipment, aging/inexperienced or overworked industry workforce, loss of power to facilities, and natural
hazards such as earthquakes and severe weather. Consequences that were proposed included safety
consequences (serious injuries or death), spills to waterways or the marine environment, spills to land,
and unplanned interruptions in oil flow resulting in loss of revenue to the State and local governments.
Stakeholders also mentioned concerns with regulatory oversight of infrastructure, industry culture, and
operational controls and mitigation measures.

North Slope. North Slope comments included aging and maintenance of North Slope infrastructure,
corrosion of pipelines, loss of critical facilities/support systems such as a power plant, and operational
safety hazards. Stakeholders were also concerned with cost-cutting measures with regard to maintenance,
and a perceived lack of regulatory oversight of North Slope facilities. A primary consequence of concern
was a spill to a waterway (most severe) or tundra causing significant environmental damage and impacts
to subsistence activities. Concern was also raised regarding an event on the North Slope with the potential
to cause an unplanned shutdown of production flow to TAPS, resulting in loss of revenue to State and
local governments.

TAPS. TAPS comments focused on age and integrity of the Trans Alaska Pipeline System (TAPS), as
well as the TAPS Strategic Reconfiguration Plan and associated automation of pump stations.
Consequences of concern that were identified included a spill from the pipeline at a river crossing causing
serious environmental effects (e.g. to fisheries) and a spill to the marine environment from the Valdez
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Marine Terminal. Stakeholders also expressed concern about potential unplanned shutdown of TAPS,
resulting in a loss of revenue to State and local governments.

Cook Inlet. Cook Inlet stakeholders commented primarily on the age of the infrastructure, and hazards
which could cause a spill to the Cook Inlet, specifically relating to offshore operations and subsea
pipelines. An offshore spill would result in substantial environmental damage which could significantly
impact the fisheries on the Kenai Peninsula. The Drift River Terminal was identified as a vulnerable
component of the infrastructure in terms of volcanic eruptions (mudflows), based on impacts from a
previous volcanic eruption.

Industry. The team was not able to consult with Industry regarding technical information and input for
the methodology during this portion of the project; therefore, critical input of information for some
sections of this report was not acquired. Gaining cooperation and input from the companies that own or
operate the oil and gas infrastructure in Alaska is crucial for the successful completion of the Task 2
Methodology Development part of this project and implementation of that methodology during Phase 2 of
the risk assessment. Two meetings were held between the SAQT, the project team, and the Alaska QOil
and Gas Association (AOGA), an industry representative group, to discuss confidentiality issues. The
SAOT is currently working to resolve confidentiality issues with Industry and to establish a process that
will allow for future information sharing between Industry and the project team.

Existing Information/Data Review (Task 1c)

In support of developing the risk assessment methodology, the project team identified, reviewed, and
summarized a comprehensive list of publicly available documents which outline risk assessment tools and
approaches that can be used as a basis for customizing a fit for purpose methodology. A review of maps,
data, reports, State agency statistics, and other publicly available information was also conducted to
define the specific geographical and physical scope of the risk assessment.

Infrastructure Components, Processes and Systems

The project team documented the results of research gained during the Task 1¢ document review to refine
the scope of the risk assessment by providing a narrative overview of the infrastructure and by listing
physical components, processes, and systems that are both inside and outside the scope of the project.
These descriptions are broken down into three separate infrastructure areas, including:

¢ North Slope

e TAPS

e Cook Inlet
Initiating Events

The results of the stakeholder consultation process and general risk assessment practices were used to
derive a preliminary listing of event categories that will be considered during implementation of the risk
assessment, including both operational and natural hazard events that have the potential to cause impacts
to safety, the environment, or reliability of the producing infrastructure. This list will be expanded and
refined during the Task 2 Methodology Development process, and will allow for the development of a
customized, structured set of scenarios that take into account the design and operating features that are
specific to the facility or infrastructure item being considered for the facilities.

Comprehensive Evaluation and Risk Assessment of Alaska’s Oil and Gas Infrastructure Page 2 of 100
FINAL Interim Report, Rev 3




Unacceptable Consequences

Consequence categories of interest for the risk assessment were identified in the scope of work as impacts
of potential events that pose threats to:

¢ Reliability of State Revenue Due to Loss of Production
o Safety (Occupational and Public)

e The Environment

The project team developed an initial structure for defining, categorizing, and analyzing these three
consequence areas. Initial definitions and categories will need to be further developed and refined as the
project progresses into the Methodology Development stage. Other detailed assessment tools and
approaches may be used for the in depth analysis that will be required during the Implementation Phase of
the project.

Confidentiality Methods and Procedures

This section discusses the different categories of information that are likely to be requested and utilized
by the project team during the course of designing and conducting the risk assessment, and the issues
associated with, and the potential options for, handling each of the types of information categories. This
section also describes the team’s progress in resolving the confidentiality issues, and the path forward for
implementing an agreement to facilitate the flow of information to the project team.

Methods for Working with Industry

During Phase 1 and 2 of the project, the project team intends to directly engage Alaska infrastructure
owners/operators to be able to acquire valuable data and input for the Risk Assessment. This section
identifies the methods and procedures that are proposed for cooperatively working with owners and
operators of Alaska’s Qil and Gas infrastructure in order to efficiently and effectively request information
in support of this risk assessment in a consistent, non-duplicative way.
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2.0 INTRODUCTION

EMERALD, in collaboration with subcontractor ABS Consulting, was contracted by the State of Alaska
Department of Environmental Conservation (ADEC) in June 2008 to design and implement a
comprehensive, engineering-oriented baseline risk assessment of the entire oil and gas infrastructure in
Alaska. The State Legislature’s stated purpose for the risk assessment is to:

“...baseline the condition of Alaska’s oil and gas production, storage and transportation system
and evaluate the economic, environmental and safety risks associated with continued operation
for another generation and recommend measures to mitigate those risks.”

To achieve the legislature’s desired outcome, the team will assess the current state of the infrastructure
and systems in place to operate it, identify and rank areas of greatest risk, and present the results to the
State in the form of a risk profile. The State will use this risk profile to manage risks and make risk based
decisions for continued operations of the infrastructure well into the future.

2.1 Project Background

Alaska is dependent on oil and gas production as a primary source of State revenue, both now and for the
foreseeable future. The integrity of the Alaska oil and gas network must be maintained to protect the
safety of the people, the environment, and to ensure uninterrupted production, which is a primary revenue
source for Alaska, contributing approximately 85% of the State’s total revenue. In addition to its
importance to the State, Alaska’s oil and gas resources provide a critical source of energy for the nation,
accounting for approximately 17% of U.S. domestic production.*

Parts of Alaska’s complex oil and gas infrastructure have been in place since the early 1960s, and in some
cases have already exceeded their original design life. As demonstrated in 2006, when part of Alaska’s
North Slope oil production was interrupted due to corrosion related pipeline leaks, failures in any one
component of the system can directly impact the system as a whole.

Past incidents alone are not reliable predictors of future problems. Oversight of the integrity of the
system requires rigorous analysis to anticipate and prevent problems before they occur. The project team
will take a “system of systems” approach, which focuses on evaluating the interrelations among the
system components, and identifying critical areas of the system with the highest potential for failure. The
outcome of this risk assessment will be a “picture” of the current state of the infrastructure, highlighting
the infrastructure components with the highest threats of failure and highest consequence of loss.
Although many risk assessments of individual infrastructure components have been executed in the past,
this type of system-wide assessment has never been conducted in Alaska. Research also indicates that a
system-wide study of this type and magnitude has never been conducted for any of the known oil and gas
infrastructure systems in the world.

The State Agency Oversight Team (SAOT) is responsible for overseeing the risk assessment project and
is comprised of multiple State of Alaska agencies including the Alaska Department of Environmental
Conservation (ADEC), the Alaska Department of Natural Resources (including the State Pipeline Office
and Petroleum Systems Integrity Office), Alaska Department of Public Safety/State Fire Marshal's Office,
Alaska Oil and Gas Conservation Commission, Alaska Department of Labor and Workforce
Development, Department of Law, Department of Revenue, and the University of Alaska, College of
Engineering and Mines. The role of the SAOT is to provide guidance and direction for the project.
Throughout this report, references are made to the SAQT, but also to the “State”, which refers either to
Alaska in general or to the State as a governing body and to ADEC at times as the contracting agency for
the project.
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2.2  Project Scope

The project scope includes a system-wide risk assessment of Alaska’s oil and gas production
infrastructure. Geographic components of the project scope include:

o North Slope Infrastructure, including production facilities and pipelines up to Pump Station 1

e Trans Alaska Pipeline System (TAPS), including the Valdez Marine Terminal (VMT) up to the
marine terminal loading arms

e Cook Inlet Infrastructure, including production facilities, the Cook Inlet Gas Gathering System
(CIGGS) up to the Nikiski LNG Plant and the Cook Inlet Pipeline (CIPL) up to the Drift River
Marine Terminal loading arms (Cook Inlet will be considered in the initial phase of this project.)

Geographic components excluded from the scope of the project include areas of future oil and gas
development (i.e., areas where production operations begin after the commencement of this project — July
1, 2008.

A summary of the infrastructure scope and its boundaries is provided in the table below.

Included Excluded

Infrastructure Components

e Production wells e Marine transportation (e.g., tankers and other

- . marine infrastructure
o Gathering lines (flowlines from wells upstream )

of processing center) o Refineries and product distribution lines not

e integral to operating infrastructure

o Facility piping

e Crude oil pipelines . !Exploration and other_fu_ture _development
infrastructure (e.g., drilling rigs)

. Gaic,la)nd water injection systems (including e Reservoir maintenance

wells

o Future facilities or projects (i.e., production

operations with planned start-up after the

commencement of this project, July 1, 2008)

o Gas transport pipelines integral to operating
infrastructure (Cook Inlet)

¢ Oil and gas processing and treatment

¢ Waste management and disposal (re-injection
materials)

o Storage tanks
e Terminals
e Marine loading facilities

e Support systems (e.g. utility systems, electric
power, fuel systems, water supplies,
control/communications systems)
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2.2.1 Recommendations for Future Study

Stakeholders expressed a number of concerns that fell outside the scope of this project. The following
subsections highlight concerns that were raised most frequently and are recommended as areas of future
study.

2211 Socioeconomic Impacts to Communities

Socioeconomic impacts to Alaskan communities as a result of unplanned interruptions in oil or gas flow
were of concern to many stakeholders. Potential consequences resulting from such an interruption
include disruption of aviation fuel supplies for military bases and the Anchorage Airport, loss of low
sulfur diesel supplies for the state, and disruption of fuel supply to power plants and subsequent loss of
power and heating sources in communities, . In particular, the Cook Inlet natural gas supply is of primary
importance to south-central Alaska.  Stakeholders specifically pointed out that hospitals, schools,
buildings, homes, and the LNG Plant in Kenai are especially vulnerable to loss of fuel. Communities in
the interior of Alaska that rely on electric power from the Golden Valley Electric Association (GVEA)
Power Plant were also noted as vulnerable areas. GVEA reportedly produces 75% of its power using
turbine generators fueled by North Slope oil and gas streams.

An unplanned interruption in oil flow (especially through TAPS) also has the potential to cause serious
economic impacts to communities, including a loss of revenue to local governments, and a potential loss
of employment of residents who work in oil and gas production or in downstream processing.

22.1.2 Downstream Processing and Distribution Infrastructure Components

Multiple stakeholders urged the State to conduct a future study on downstream processing and
distribution infrastructure, such as refineries, power plants, the LNG plant in Kenai, and downstream
distribution pipelines. The focus of this risk assessment is upstream production only, including crude oil
pipelines up to the metering valves on the refinery feed and outlet lines. Impacts to refineries will not be
considered, however a shutdown of a refinery has the potential to act as an initiating event that may have
impacts on infrastructure (TAPS) and will be considered in those terms. Power plants are generally
excluded from the scope, except when they feed oil and gas infrastructure.

2.3 Interim Report Overview

This Interim Report is intended to provide a summary of the initial set of tasks and activities that have
been completed since the project kick-off in July 2008, and a preliminary outline of the hazards and risks
associated with Alaska’s Oil and Gas infrastructure, based on a review of existing information and input
provided by key stakeholders around the State. During June — November 2008, the project team solicited
stakeholder input on the risk assessment, including the focus of the assessment, consequences of concern,
suggested sources of information, and other specific priorities. The team also reviewed and summarized
publicly available documents specific to methodology development and facilities and components that
comprise the overall infrastructure. The Interim Report synthesizes this information, and provides a
foundation for the draft methodology, which will be completed by the end of February 2009.

The team was not able to consult with Industry as a key stakeholder during this initial part of the project;
therefore, critical input for some sections of this report was not gained. Specifically, Industry’s
perspective and concerns are not reflected in the Stakeholder Consultation summary. Additionally,
Industry risk management processes, standards, and definitions were not available for review by the team,
and were subsequently not considered as part of the Task 1c document reviews or applied to the
development of the Unacceptable Consequences definition. Process overviews of the infrastructure and
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lists of in-scope and out-of-scope components that make up the infrastructure facilities were compiled
based on publicly available information only and have not been reviewed with Industry.

The Interim Report was organized in a way that is logical to the reader and consistent with the
development of a standard risk assessment. Initial sections of the report summarize the information that
was gained through the stakeholder and document review processes, and highlight the application of such
information to the project. Subsequent sections apply this information in terms of risk assessment basics,
which involves describing the specific physical components of infrastructure that will be assessed,
identifying potential hazard scenarios that are appropriate to apply to those components, and defining how
the severity and frequency of those hazardous events could be used to establish a risk level if the event
were to occur.

In this application, risk is defined by the following:
1. What can go wrong (What adverse event can occur)?
2. What is the expected frequency or what is the likelihood of that event occurring?
3. What are the consequences if that event occurs?

Each of the questions described above makes up a component of the risk assessment process, and will be
used as the basis for developing the customized methodology for this project. The report structure is
outlined in the bulleted list below.

e Section 3.0, Task 1b Results of Stakeholder Consultation — This section describes the process
and results of the Task 1b Stakeholder Consultation effort, which was conducted from June
through November 2008. During this time, the team made direct contact with over 200 interested
parties, held 39 meetings around the State, and solicited written comments from stakeholders.
The write-up focuses on highlighting common themes from a statewide perspective, as well as
specific themes as they relate to the three main areas of the oil and gas infrastructure in Alaska:
North Slope, TAPS, and Cook Inlet. The approved Stakeholder List, Record of Stakeholder
Contacts, and Comprehensive Meeting Records are included as appendices to this report.

e Section 4.0, Task 1c Existing Information/Data Review — This section outlines the results of
the document review effort conducted from July through November 2008, and is based on the
final Task 1c Document Review List. Documents reviewed and summarized as part of this effort
were limited to those that are publicly available and which may be pertinent to developing a
customized risk assessment methodology for the assessment of Alaska’s oil and gas
infrastructure. The documents and data sets that were subsequently recommended by individuals
or groups during the stakeholder outreach sessions, and those that contain specific information
applicable to assigning frequency and consequence designations related to particular hazards,
were not a part of the Existing Information /Data Review task. Recommended data sources will
be reviewed as one of the next activities in the project and those pertinent sources will be used as
input for the Task 2 Methodology Development and Phase 2 Implementation stages of the project.
The final Task 1c Document Review List and full document summaries are included as
appendices to this report.

e Section 5.0, Infrastructure Components, Processes and Systems — This section includes a
description of the physical infrastructure that will be assessed as part of the scope of the risk
assessment. The facilities and components that are considered to be outside of the scope of this
review have also been described, along with the reason why they are outside of the scope of the
project. The facility and component information outlined in this section was developed through
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project team research of publicly available documents and maps. This section of the report is
segregated into the three geographic areas of infrastructure: North Slope, TAPS, and Cook Inlet.
A summary of the processes and major functions within each area have been provided. These
summaries are supplemented by photos of facilities and maps depicting facility locations, as
appropriate.

Section 6.0, Initiating Events — This section describes an initial listing of events that answer the
first question of a risk assessment; “What can go wrong?” This list is intended to be a
preliminary set of event categories that was derived from the stakeholder consultation process and
general risk assessment practices, as they would be specifically applicable to Alaska
infrastructure. During the Task 2 Methodology Development this list will be expanded, which
will allow for the development of a customized, structured set of scenarios that take into account
the design and operating features that are specific to the facility or infrastructure item that is being
considered.

Section 7.0, Unacceptable Consequences — This section addresses the second and third
questions that would be asked during a risk assessment, “What is the expected
frequency/likelihood of an event occurring?” and “What are the consequences if that event
occurs?” The primary focus of this section is to define Unacceptable Consequence in each of the
three consequence areas as defined by the State: Safety, Environment, and Reliability. The
preliminary definitions were developed based on wide-ranging stakeholder input and on best
available risk management practices and tools. An initial frequency scale has been presented that
is based on the expected likelihood of typical event categories that will be considered. This
portion of the report is intended to be the foundation of the basic risk matrix tool, which will be
further refined and developed during Task 2 Methodology Development.

Section 8.0, Confidentiality Methods and Procedures — This section identifies methods for
maintaining confidentiality of protected information, such as trade secrets, that could be requested
from Industry and made available to support the risk assessment. EMERALD procedures for
handling such information are outlined in detail in this section. State level information
management is currently being addressed by the SAOT in conjunction with Industry
representatives.

Section 9.0, Methodology for Working with Industry — This section identifies methods for
working cooperatively with owners and operators of Alaska’s Qil and Gas infrastructure in order
to efficiently and effectively request and obtain required information in a consistent non-
duplicative way. The section also outlines documents that the project team will request from
Industry for each phase of the project. A snapshot of the progress accomplished in establishing
this working relationship to date and expectations for future communications is also provided.
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3.0 STAKEHOLDER CONSULTATION (TASK 1B)

The purpose of the stakeholder consultation task was to identify, engage, and collect input from key
stakeholders that have an interest in the outcome of the project, including oil and gas infrastructure
owners/operators, state and federal agencies, the University of Alaska, local governments, NGOs, native
organizations, and the general public. This section of the report reflects the perspectives of these
stakeholders and does not necessarily reflect the views of the project team or the State. Stakeholder buy-
in to the methodology of the risk assessment is considered to be vital to the integrity and ultimate success
of the project. The results of the stakeholder consultation, as well as best practices, will be used to
develop the draft risk assessment methodology design that is scheduled to be completed in February
20009.

The stakeholder consultation effort was conducted from August 2008 through November 4, 2008 and was
designed to seek input from key stakeholders on concerns for possible consideration in the overall
evaluation of the risks associated with the continued operations of the oil and gas infrastructure in Alaska.
Multiple stakeholder meetings were held to obtain input, and Stakeholders were given many other
avenues and options to provide feedback and communicate their concerns to the project team, including a
survey that was specifically designed and developed to be used as a communication tool (refer to
Appendix B for an example of the survey). The survey was posted on the State’s project website and
was distributed to interested parties throughout the consultation period. Stakeholders had the option to
bring their survey results to a consultation meeting or to submit them anonymously through the State
project website, by fax, or by hard copy through the mail. Avenues for providing anonymous input were
provided in order to protect the confidentiality of individuals with specific infrastructure concerns. In
addition, general written comments could be conveyed via phone, fax, email, or through the custom built
project website, which is available to the general public and is being maintained as the primary source for
dissemination of information pertaining to the project status. . Postings to the website include outreach
for upcoming events and official consultation meetings; consultation pre-read materials, surveys,
schedules, agendas, presentations, and meeting minutes; status updates for the public and selected
deliverables. Key stakeholder input for use in the development of the risk assessment methodology was
accepted by the project team through the cutoff date of November 4, 2008. Input received after the cutoff
date was forwarded to the SAOT.

The stakeholder consultation process was designed to gather input on priorities and concerns with regard
to oil and gas infrastructure by asking Stakeholders to address the following topics:

o Focus of the Risk Assessment: Stakeholders were asked for input on the portions of existing oil and
gas Industry infrastructure they felt warranted the project team’s attention.

e Initiating Events: Stakeholders were asked for input on events that have the potential to cause
catastrophes relating to the infrastructure.

o Consequences of Concern: Within the categories of impact to human safety, impact to the
environment, or production/revenue loss, stakeholders were asked to provide input on what kinds of
events they would consider to be the most significant or unacceptable.

o Other Specific Priorities and Concerns: Stakeholders were encouraged to provide input to the
project team on other specific priorities and concerns that should be considered as part of the risk
assessment.

o Existing Risk Assessments, Studies, Reports, or Other Data/Information Relevant to Alaska Oil
and Gas Infrastructure: Stakeholders were asked to provide recommendations for existing data and
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information relating to the Alaska Qil and Gas Infrastructure which could be reviewed by the project
team and applied to the development of a fit for purpose risk assessment methodology to address the
risks associated with the infrastructure. Note: The data and information sources that were
recommended by key stakeholders will be evaluated for applicability to the project and reviewed and
utilized by the project team during the next phases of the project.

3.1 Key Stakeholder Groups

The stakeholder interface structure for the risk assessment is displayed below in Figure 3-1. The final list
of key stakeholders to be consulted during the Stakeholder Consultation process, including the State
Agency Oversight Team (SAOT), federal agencies, local governments, Industry, NGOs, native
organizations, and the public is included as Appendix A. The project team consulted all of the
stakeholders in the Approved Stakeholder List (from all groups) that were willing to meet and also met
with several groups and stakeholders not on the approved list. During the stakeholder meeting sessions,
the project team reached out to over 200 people and held 39 meetings in person and via teleconference.

Local Government
Stakeholders

Federal Agency f Public
Stakeholders I Stakeholders
|
|

Oil & Gas Industry

State Agency

Legislature - . -—= Stakeholders
g B Oversight Team (AOGA)
A
Project Manager
(ADEC/SPARI/IPP) N
e ~ -

> h 4

Expe.r‘t Firm Infrastructure
(design and Operators

implement RA)

Figure 3-1  Stakeholder Communication Organization

3.1.1 State and Federal Agency Stakeholders

Federal and state agency stakeholders provided agency specific input and knowledge on critical issues
related to the project from a regulatory perspective. Agencies suggested sources for guidelines, standards,
procedures, and best practices for risk management, as well as existing risk assessments, studies, reports,
and other data relevant to the infrastructure assessment. Agencies also discussed their proactive and
reactive roles in the oversight of Alaska’s oil and gas infrastructure, and in some cases pointed out gaps in
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regulatory oversight. Distinct portions of the infrastructure are regulated by a variety of federal, state, and
local government agencies, many of which were consulted by the project team. The following regulatory
oversight entities provided input. Some regulatory agencies declined to meet during the allocated
Stakeholder Consultation process time period. All regulatory agency meetings were documented, and the
meeting minutes which were intended to be record of the meeting discussions are included as Appendix
C to this report.

e Alaska QOil and Gas Conservation Commission (AOGCC)

o Alaska Department of Natural Resources (ADNR), Division of Qil and Gas
o Petroleum Systems Integrity Office (PSIO)

o Department of Labor, Alaska Occupational Health and Safety (AKOSH)

e State Fire Marshal’s Office (SFMO)

¢ Joint Pipeline Office (JPO) — multi-agency office comprised of six state and six federal agencies
sharing similar regulatory or management responsibilities related to oil and gas pipelines in
Alaska. ADNR and BLM co-manage the activities of the JPO. Participating agencies that were
consulted during the JPO meeting included the Bureau of Land Management (BLM), ADNR,
SFMO, Minerals Management Service (MMS), U.S. Army Corps of Engineers (USACE), and the
Alaska Department of Labor (ADOL).

e Environmental Protection Agency (EPA)

e U.S. Department of Transportation Pipeline Hazardous Materials & Safety Administration
(PHMSA)

e U.S. Coast Guard

3.1.2 Regional Stakeholders

Regional stakeholders provided input on local priorities and concerns relating to specific infrastructure in
their region, as well as statewide priorities and concerns. Regional stakeholders included members of the
public, city and borough representatives, university representatives, native villages and corporations, and
NGOs. The Approved Stakeholder Consultation List is included as Appendix A to this report.

3.1.3 Industry Stakeholders

During Phase 1, the project team focused on establishing constructive relationships and communicating a
clear picture of the project to the oil and gas Industry. The project team also planned to solicit input from
Industry on its risk management programs and best practices, its definitions and categories for safety,
environmental, and economic consequences, and a list of its existing risk assessments. However, due to
legal issues surrounding protected Industry information, this information was not acquired by the project
team during the key stakeholder consultation process and before the required input was needed to develop
some sections of this Interim Report (Unacceptable Consequences and Scope of the Infrastructure).
Gaining cooperation and input from the companies that own or operate the oil and gas infrastructure in
Alaska is crucial for the successful completion of the Task 2 Methodology Development part of this
project and implementation of that methodology during Phase 2 of the risk assessment. The SAOT is
currently working to resolve confidentiality issues with Industry and to establish a process that will allow
for future information sharing between Industry and the project team.
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Introductory meetings with oil and gas Industry representatives were held collectively through the Alaska
Oil and Gas Association (AOGA) during the key Stakeholder Consultation process. The Industry
introductory sessions served to accomplish the following:

e Communication of an accurate and complete message to Industry on the purpose, objectives, and
approach of the risk assessment. It was emphasized that this is an unbiased, engineering-oriented
study to identify areas of vulnerability for the State, not a regulatory enforcement activity.

o Identification of key technical points of contact (POC) representing each owner/operator company.
Industry provided a consolidated list of these POCs to the project team through AOGA. These
contacts will be used to conduct initial technical meetings and to facilitate the information sharing
process.

o Initiation of discussions to identify methods and procedures to maintain confidentiality of protected
Industry information to support the risk assessment. The project team created a preliminary listing of
information/data that may be needed by the project team during each phase of the project. A survey
was also created as a tool to conduct initial interviews with Industry technical POCs to review the
overview information that has been gathered from public records for each of the facilities that are
considered to be in scope. Documents that are currently being requested by the project team are a
combination of publicly available information, as well as potentially protected information/data. See
Table 4-1, Summary of the Documents Reviewed for a summary of documentation that has been
identified for review by the project team at this time.)

3.2 Regional Stakeholder Input Summary

The SAQOT and project team held public and individual meetings with key stakeholders in identified target
regions along the oil and gas corridor in Alaska where the communities would be most likely to be
affected by a failure of the oil and gas infrastructure. The goals of the meetings were to explain the
project to stakeholders and to solicit input from stakeholders in the five key regions of the State. It should
be noted that Juneau was a sixth proposed location for a set of regional meetings, but it was determined
that it would not be valuable for the project team to travel to Juneau during the time period of the
Stakeholder Consultation process since the legislature (as a key stakeholder) was not in session. The
project team may visit this region at a later time when the legislature is in session. The discussions from
Stakeholder meetings and discussions conducted in each region were documented and are included as
Appendix C to this report.

A summary of the key Stakeholder input that was solicited from each of the five regional meeting areas
shown in Figure 3-2 is described below.

e Fairbanks/Interior Region

e Kenai/Cook Inlet Region

e Anchorage/Southcentral

e Valdez/Prince William Sound/Copper River Basin Region

e Barrow/North Slope Region
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Figure 3-2 Target Stakeholder Locations

Regional stakeholders had varied interests in the project and a multitude of ideas for the focus of the risk
assessment. Many of the stakeholders canvassed during the consultation period identified common
priorities and concerns. This section of the report summarizes the common themes expressed in each of
the five regions of the State. Subsequent sections 3.3 and 3.4 organize stakeholder concerns by
infrastructure area, i.e., North Slope, TAPS, and Cook Inlet. Details of all of the Stakeholder
Consultation process meetings can be found in the individual Meeting Minutes that are included in
Appendix C.

3.2.1 Fairbanks/Interior Region

The project team met with multiple key groups in the Fairbanks/Interior Region, including the City of
Fairbanks, the City of North Pole, Stevens Village, the University of Alaska at Fairbanks, and the
Northern Alaskan Environmental Center (NAEC). A public meeting in Fairbanks was also held for all
other interested parties. Stakeholders in this region were primarily interested in events involving TAPS.

Stakeholders in the Fairbanks Region generally had concerns about the age and integrity of the pipeline,
as it is now over 30 years old and has surpassed the original design lifecycle. A number of stakeholders
brought up the remote locations of pump stations and the TAPS Strategic Reconfiguration Plan, which
will cause the pump stations to have reduced numbers of on-site personnel. Many people were concerned
that a spill from the pipeline at a river crossing could have potentially catastrophic environmental

Comprehensive Evaluation and Risk Assessment of Alaska’s Oil and Gas Infrastructure Page 13 of 100
FINAL Interim Report, Rev 3




consequences. The Copper River Watershed was highlighted as an area of high environmental
consequence in the event of a pipeline spill. The remoteness of the pipeline raised concerns about the
ability of spill responders to reach the spill area quickly. The City officials noted that any spill from the
pipeline in their region would have the potential to impact the pristine environment and the image of the
area in terms of a tourism destination and the recreational activities of the area citizens. Cities in the
region also noted that they were a response resource in the event of an incident involving TAPS.

Secondly, Fairbanks Region stakeholders were concerned with North Slope infrastructure events that
could cause impacts to flow through the pipeline. Stakeholders discussed concerns about the aging
infrastructure of the North Slope and the potential for an interruption in flow of oil to the TAPS. Although
it is considered to be outside of the scope of this project, stakeholders mentioned that an interruption in oil
flow to TAPS could ultimately affect the economies and revenue for both the local governments and the
community due to the lack of a feed stream to the Flint Hills Refinery in North Pole. This topic may be
recommended as an area for future study.

3.2.2 Kenai/Cook Inlet Region

Project team canvassing of the Kenai/Cook Inlet Region included meeting with key groups such as the
Kenai Peninsula Borough, the City of Kenai, and the Cook Inlet Regional Citizens’ Advisory Council
(CIRCAC). The project team also conducted a public meeting in Kenai for other interested stakeholders.
People in the Cook Inlet region voiced opinions that were primarily focused on the Cook Inlet area oil and
gas infrastructure.

Stakeholders in the Kenai Region were concerned with operational and natural hazards which could cause
a spill to the Cook Inlet, specifically from offshore operations and subsea pipelines. Stakeholders reported
that an offshore spill could result in substantial environmental damage which could significantly impact
the commercial and sport fisheries on the Kenai Peninsula.

The Drift River Terminal was mentioned multiple times as a vulnerable component of the infrastructure
in terms of volcanic eruptions (mudflows) based on impacts from a previous volcanic eruption.

Although socioeconomic impacts are considered to be out of the scope of this risk assessment,
stakeholders in the Cook Inlet Region were concerned about an unplanned interruption in natural gas
supply to community power plants, which could result in the exhaustion of reserves and the potential for
blackouts.

3.2.3 Anchorage/Southcentral

The project team met with several key groups in the Anchorage/Southcentral Region, including the
Municipality of Anchorage, the University of Alaska at Anchorage (UAA), the US Department of
Transportation Pipeline and Hazardous Materials Safety Administration (PHMSA), and Anchorage-based
NGOs (including representatives from Cook Inlet Keeper, LNE Engineering & Policy, and the World
Wildlife Fund), and Walt Parker (PWSRCAC). A public meeting was also held for other interested
parties in the Anchorage Region. Anchorage stakeholders proposed suggestions for the risk assessment
relating to all three infrastructure areas: North Slope, TAPS and Cook Inlet.

Anchorage stakeholder concerns were similar in nature to those raised by other regions in the State.
Spills to waterways were a significant concern, including the impact on subsistence activities that could
result from spills. Concerns were raised over the maintenance of infrastructure and a lack of regulatory
oversight on the North Slope. Strategic Reconfiguration of TAPS was also noted as a concern. Many
stakeholders noted that Cook Inlet infrastructure should be evaluated due to its age and the potential
major impacts of a spill in this area, e.g., from subsea pipelines.
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Although considered to be out of the scope of the risk assessment, Anchorage stakeholders were
concerned with socioeconomic impacts to the Municipality of Anchorage and surrounding areas,
including an interruption in oil flow from the North Slope causing loss of revenue to the municipality or
an interruption in natural gas flow from the Cook Inlet causing a loss of fuel supply to power plants,
resulting in a potential for blackouts and effects to communities.

3.2.4 Valdez/Prince William Sound and the Copper River Basin Region

Meetings in Valdez were held with key stakeholders including the City of Valdez, the US Coast Guard,
the Ahtna Native Corporation, the Prince William Sound Regional Citizens’ Advisory Council
(PWSRCAC), and Cordova-based NGOs (including representatives from the Cordova District Fisherman
United, Valdez Trustee Council, the PWS Science Center, the Cordova Chamber of Commerce, and the
Copper River Watershed Project). A public meeting was also held for other interested parties in the
Valdez region. These stakeholders were concerned primarily with events surrounding the operation of
TAPS and the Valdez Marine Terminal (VMT).

Stakeholders in this region were concerned with spills from the pipeline to waterways, especially to
rivers. The Copper River Watershed was highlighted as an area where a significant spill would be
difficult to clean up and could have extremely serious consequences to the environment, including
fisheries. Also a spill to the marine environment at the Valdez Marine Terminal was identified as a
concern, specifically highlighting the crude lines to the marine facility and the marine loading arms.
Stakeholders mentioned concerns with the TAPS Strategic Reconfiguration Plan and the associated
automation of pump stations.

3.2.5 Barrow/North Slope Region

Meetings in the North Slope Region were held with key stakeholders including the North Slope Borough
Planning Department, the North Slope Borough Mayor, the City of Barrow, the Native Village of Barrow,
the Barrow Arctic Science Consortium, and LCMF LLC. Stakeholders in the North Slope Region
identified common themes regarding North Slope operations and TAPS.

Subsistence effects due to spills to the environment were a major concern of North Slope stakeholders
who emphasized that fishing and hunting is a way of life in their region, not just a recreational activity.
Caribou, fish, and whales were specifically identified as important species. A marine spill could cause a
reduction of game or changing whale migration patterns (whales moving too far offshore). A terrestrial
spill could affect caribou herds, other wildlife, and/or could restrict hunting in the area.

Stakeholders also were concerned with regulatory oversight of the North Slope infrastructure and the
maintenance and inspection of pipelines on the North Slope. Numerous stakeholders perceived North
Slope operators as being too focused on cost-cutting measures with regard to maintenance.

North Slope stakeholders voiced a number of concerns which are outside of the risk assessment scope
including loss of revenue to local governments such as cities and boroughs, high prices of fuel, strategic
planning for future North Slope infrastructure development, noise and air pollution from normal
operations, and transportation via the Haul Road.

3.2.6 Survey Results

Sixteen stakeholders from various groups provided input in the form of surveys and other electronic
communications to the project team during the Stakeholder Consultation process. In addition,
stakeholders submitted reports, articles and white papers which they felt were pertinent for review by the
risk assessment team.
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On the surveys, stakeholders that identified themselves as being more associated with North Slope
components than other areas of the infrastructure highlighted gathering lines, crude oil pipelines, gas and
water injection systems, and oil and gas processing and treatment as components for focus. Stakeholders
who had associations with the TAPS corridor and Prince William Sound infrastructure area highlighted
crude oil pipelines, marine loading facilities, terminals, support systems, and storage tanks as components
of the infrastructure which should be a focus of the risk assessment. Survey respondents that identified
themselves as being associated with the Cook Inlet area recommended terminals, marine loading
facilities, storage tanks, waste management and disposal, and gas transport pipelines integral to operating
infrastructure as warranting the most attention from the project. Some stakeholders identified gathering
lines and crude oil pipelines as key concerns for the Cook Inlet infrastructure area.

Corrosion was identified specifically as a high risk for all infrastructure areas. In addition, the operations
and maintenance of facilities was a concern of stakeholders, including Industry cost-cutting, lack of
adequate maintenance and a perceived lack of regulatory oversight. Pipeline river crossings were
frequently cited as an area of significance. A spill to navigable waters was considered to be of the highest
level of unacceptable consequence, especially in the Copper River Watershed area and Kenai River/Cook
Inlet area.

The input of surveys has been included in the discussion sections below, which summarize the overall
themes and specific concerns related to each of the three infrastructure areas: North Slope, Cook Inlet and
TAPS.

3.3 Common Themes for All Infrastructure Areas

A set of common themes and concerns about the oil and gas infrastructure in Alaska emerged from the
key stakeholder input sessions and process. Statewide themes, which are those that were raised for more
than one infrastructure area, are summarized below.

3.3.1 Focus Areas

3.3.1.1 Aging Infrastructure

In all regions visited, Stakeholders raised concerns about the aging of facilities/equipment in all three
infrastructure areas: North Slope, TAPS and the Cook Inlet.

3.3.1.2 Abandoned Infrastructure

Abandoned equipment tied to existing operating infrastructure was identified as a concern for both the
North Slope and the Cook Inlet. Abandoned equipment tied to existing operating infrastructure is
included in the scope of the project.

3.3.1.3 Vertical Pipeline Supports

Vertical pipeline supports for pipelines on the North Slope and on TAPS were noted to be vulnerable to
earthquakes, subsidence and permafrost thaw. It was also mentioned that there is a potential for
unnoticed deterioration of supports in rural areas.
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3.3.14 Operational Controls and Mitigation Measures

Stakeholders in all areas suggested numerous operational control and mitigation measures for review by
the project team. Suggestions for review included consideration of the following:

e Operational Procedures
e Management and oversight of facilities
¢ Maintenance/Inspection/Integrity Management Programs and Procedures

o Emergency/Spill Response — Contingency plans, training, drills, procedures, local
involvement

o Response Procedures
e Safety Plans

e Leak Detection/Spill Prevention — Adequacy of responses to leak detection systems/alarms,
non-crude lines which are not always required to have detection systems, monitoring
programs, and pigging effectiveness and accuracy

3.3.2 Initiating Events

3.3.2.1 Loss of Power

A loss of power could potentially interrupt production, resulting in a loss of royalty revenue to the State
and secondary, socioeconomic impacts to communities.

3.3.2.2 Corrosion

Corrosion was a common theme among stakeholders for all three regions. Stakeholders were concerned
about the aging of infrastructure and pipelines that have exceeded their original design life. Specific
concerns were related to the following:

e Crude oil lines

e Gathering lines

¢ Non-piggable lines and the need for increased pigging
e Underground lines

e Subsea pipelines including sea water induced corrosion
e Multiphase pipelines

e Uninspected equipment

e Cracked and thinning pipe walls vs. sudden piping failures due to stress

3.3.2.3 Changes in Process Conditions
The following process condition concerns were noted by stakeholders:
o Increased levels of sand/solids in pipelines, which could lead to increased corrosion.

e Changes to composition of oil, including heavier and colder crude.
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3.3.24

Operational changes were identified as a potential hazard if not handled through a proper
management of change process.

As production declines over time, maintenance budgets will be cut to a point where the
integrity of operations suffers. It was noted that as equipment ages, it requires more
monitoring, maintenance, and upgrading.

If a pipeline is shutdown and needs to be restarted during the winter (i.e. cold weather), there
is the potential for decreased production flow through the pipeline due to the cold
temperatures and energy lost from the fluid during the shutdown.

Industry Workforce

Stakeholders in all regions raised concerns relating to the Industry workforce. Stakeholders felt that
consideration should be given to evaluating the scope of responsibilities of Industry workers. The
following issues were raised as concerns:

3.3.2.5

Overworked, stressed or tired infrastructure operators/employees pose an increased risk to
operations.

Inexperienced workforce. It was noted that experienced operators are gradually retiring, and
being replaced by new operators with less experience, training and institutional knowledge
about the systems they are operating. Additionally, potential employees graduating from
technical programs are being trained on new types of equipment while many facilities use
older outdated equipment. Since physical intervention is required to shut down well systems,
operator knowledge is important. When knowledge is limited, personnel have less ability to
proactively identify and prevent potential problems.

The shortage of licensed engineers in Alaska.
Lack of maintenance and monitoring due to reduced numbers of personnel.

The use of contractors rather than owner/operator direct employees to implement
infrastructure systems. A related concern regarded bridging of contractor programs with
owner/operator programs, and ensuring that procedures are followed by contractors.
Contractors may also have a decreased sense of ownership in operations and may not be
familiar with the workplace hazards and rules.

Strikes and illnesses.

Natural Hazards

Stakeholders mentioned many natural hazards that could potentially affect communities and towns, such
as earthquakes (especially Anchorage), landslides, and tsunamis. The scope of this project considers only
the consequences of natural hazards events that affect oil and gas infrastructure. Common cause failures
and system criticalities will also be evaluated to determine how an event at one facility could impact the
system as a whole. Direct effects of natural hazards to cities and towns are out of scope.
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3.3.3 Safety Consequences

3.3.31 Safety — Injury or Death

Stakeholders generally mentioned concerns with infrastructure events that result in an injury or death.
Multiple stakeholders commented that safety concerns should be the highest priority of the risk
assessment, followed by environmental concerns, and then reliability concerns. Older facilities were
noted as being at higher risk for workplace safety issues.

3.3.4 Environmental Consequences

3.34.1 Spills to Waterways

Spills to waterways such as rivers, streams, lakes and the Beaufort Sea or Cook Inlet were identified as a
significant environmental concern. A “catastrophe” would result if a major spill of oil made its way to a
waterway. The major concerns are listed below:

e Spills to rivers (e.g. pipeline river crossings). Many stakeholders viewed spills at river
crossings as having high consequences (e.g., Tanana, Yukon, Delta, Chena, Copper, and
other major rivers). It was reported that TAPS crosses five major rivers in the state and a
spill to these rivers would take only about 30-minutes to reach the Copper River. The Copper
River Watershed was of specific concern.

o Spills to the ocean (e.g., Arctic Ocean, Cook Inlet, and Prince William Sound). A particular
focus was placed on impacts to fisheries, whale migration patterns, and migratory waterfowl.

e Spills during winter to water (during times of broken ice conditions).
e  Spills during summer when water is flowing quickly.

e A spill causing environmental damage to fisheries in areas such as the Copper River
Watershed or the Kenai River/Cook Inlet could have significant impacts to the revenue
stream of the State, as well as to local communities. Damage caused by a spill to the
environment affects the quality of life of the residents and affects those who participate in
recreational and subsistence activities, such as hunting and fishing. Spill damage also
translates into loss of revenue for the tourism industry. Spill prevention over waterways was
highlighted as an area of focus for the team. It was noted that the risk assessment should
evaluate piping wall thickness, maintenance programs, and monitoring of river crossings
when considering the potential of a spill to a waterway.

3.34.2 Spills to Land

Although spills to waterways were the highest priority for most stakeholders, spills to land were also of
concern. The following concerns were noted:

e Spills to Environmentally Sensitive Areas (ESAS).

e Spills to tundra, especially those affecting caribou herds, or impacting access to caribou
hunting and other subsistence activities.

o Spills in areas with cultural resources — potential for damage by the spilled oil or by spill
response personnel.

e Chronic/toxic effects of crude oil on the environment and wildlife.
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e Undetected spills/leaks from underground storage tanks (UST) and above-ground storage
tanks (AST) that may pool underground.

3.3.5 Reliability Consequences

3.35.1 Unplanned Interruption in Oil Flow — Loss of Revenue to the State

Unplanned events resulting in disruption of oil flow through the pipeline and loss of revenue to the State
was raised as a major concern.

3.3.5.2 National and International Impacts

Interruption in flow not only affects the State of Alaska, but also has national and international
repercussions.

3.3.6 Other Priorities and Concerns

3.3.6.1 Suggestions for Risk Assessment Review

Many stakeholders provided input on what they viewed as topics that should be incorporated into the risk
assessment methodology. Topics included the following:

o Implementation of Process Safety Management elements by Industry operators.

e Common cause failures (e.g., an earthquake that causes damage to multiple facilities),
criticalities in the system (i.e., looking at key pieces of a system to identify critical elements
and points of failure), and systematic interdependencies. Multiple independent but
simultaneous events will not be considered (e.g. an earthquake and an unrelated operator
error simultaneously occurring and resulting in an explosion).

o Prioritization of Consequence Categories — Multiple stakeholders felt that the priority of
consequences should be (1) Safety, (2) Environment, and (3) and Reliability.

o Direct, indirect and cumulative consequences.

3.3.6.2 Regulatory Oversight

Regulatory oversight was a common theme to all regions and for all areas. Many specific concerns were
raised. The most common concerns include the following:

e Organizational structure of regulatory oversight in place and effectiveness of existing
oversight including oversight/auditing of oil fields (North Slope and Cook Inlet) compared
with TAPS.

e Lack of independent investigation of incidents (incident investigations are done by State or
Industry).

¢ Inconsistent/poor definitions of regulatory terms.
e Lack of public involvement in oversight.
e State’s relationship with Industry, and transparency.

e State tax structure was perceived by some stakeholders as a potential indirect contributor to
integrity issues. Some stakeholders felt that although the structure does not necessarily
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discourage high caliber maintenance programs, it does not encourage use of best practices
and efficient operations.

o Differences in definitions of acceptable risk between agencies.
3.3.7 Out of Scope Concerns

3.3.7.1 Socioeconomic Impacts to Communities Caused By an Interruption in Production

Socioeconomic impacts to communities were mentioned frequently during regional stakeholder meetings.
Stakeholders in Anchorage noted that socioeconomic impacts are the highest priority consequence to the
Municipality of Anchorage and its surrounding communities. The definition of reliability in terms of this
project relates specifically to impacts to State revenue streams caused by a loss of production, and
subsequently secondary consequences of socioeconomic impacts to individual communities are outside
the scope. However, the project team recognizes that these socioeconomic impacts exist and can be very
real and significant risks to citizens of the State and to those communities in which they live. The
concerns and issues that are related to this topic could potentially be recommended for future study.
Stakeholders specifically mentioned the following concerns:

e Exhaustion of backup fuel reserves and a lack of power/fuel sources available to communities

e Long-term production disruption that could potentially result in a loss of jobs and significant
negative economic impacts to communities

o Loss of feed to refineries resulting in possible shutdown and the loss of products from
refineries, such as:

o Fuel for aircraft refueling to support the cargo industry at the Anchorage Airport

o Supply of heating oil to communities in Alaska which are dependent on regular delivery
of heating oil

e Jobs, revenue/royalties to local communities

NOTE: The risk assessment will address effects of spills to the environment which may cause a loss of
revenue to communities (e.g., impacts on fisheries, tourism and recreation), but these will be accounted
for under the environmental consequence category and not under reliability.

3.3.7.2 Future Development of Infrastructure

Stakeholders mentioned some aspects of future infrastructure development that have been excluded from
the scope. The project includes only producing/operating infrastructure that existed as of July 1, 2008.

e Strategic scenario planning for development of future infrastructure (e.g., evaluation of
critical ecosystems to determine where infrastructure hubs and corridors should be located).

e Increased use of alternative energy (e.g., hydroelectric power to power pump stations) in
operations.

e Future offshore development integrated with TAPS.

e Locations where existing facilities will tie in to new developments.
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3.3.7.3 Market Conditions

Multiple stakeholders suggested market conditions as a potential concern for Alaska oil and gas
infrastructure. The team will evaluate changes in composition and will consider throughput decline as
part of baseline assumptions, which will be defined in the risk assessment methodology. However,
market conditions which drive the economic viability of continued facility operations will generally not
be considered as part of this project. This topic could potentially be recommended for future study, i.e.,
evaluating the cost benefits of operations versus decline in production.

3.3.7.4 Sabotage/Terrorism

Some communities identified sabotage/terrorism as a major concern. However, the scope of this project is
focused on operational and natural hazard events and excludes sabotage and terrorism.

3.3.7.5 Rail and Road Transportation of Oil

Stakeholders noted that a shutdown of railroad fuel transport to the Anchorage Airport and military bases
could have serious consequences. Also a spill of oil being transported by road (e.g., by tanker truck) was
mentioned as a hazard (especially over a bridge which could impact a river). Marine, road and rail
transportation have been specifically excluded from the scope of the risk assessment.
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3.4 Area-Specific Themes

3.4.1 North Slope

Stakeholders from multiple regions had concerns with North Slope infrastructure. For information on the
North Slope components, systems, and processes that are included in the scope of the assessment, and the
components which are considered to be out of scope, refer to Section 5.0.

3411 Infrastructure Design

The design of infrastructure varies from location to location on the North Slope, and stakeholders felt that
some portions were better designed than others.

3.4.1.2 Subsea Pipelines (Northstar)

Stakeholders commented that Northstar has a single steel wall subsea pipeline that exists in a harsh
corrosive environment. Loss of containment was identified as a major concern. It was suggested that
extra subsea valves should be installed. Stakeholders were also concerned about the capability for spill
cleanup in the Beaufort Sea during broken-ice conditions, which could prevent effective spill recovery.

3.4.1.3 Multiphase Pipelines

Multiphase pipelines, which carry crude oil, gas, water, and sediment, were identified as a concern on the
North Slope. Adequate leak detection was pointed out as an issue for multiphase lines. The distance
between the well pad and separation facilities was noted as a contributing factor for the inability to
employ adequate leak detection technology.

3.4.14 Inspection and Pigging (e.g. Small Feeder Pipelines)

Smaller pipelines that are a part of the infrastructure were identified as a component warranting project
team focus. Stakeholders commented that these smaller lines make up the bulk of the North Slope lines
and until recently were not regulated. Concern was raised regarding lack of inspection. Pigging of these
lines was suggested as a preventative measure. Stakeholders feel that it is important to analyze this risk
and to ensure that effective maintenance and inspection of these lines is occurring.

3.4.15 Loss of Critical Facilities/Support Systems (in Prudhoe Bay)

The Central Compression Station (CCP), Central Power Station (CPS), Central Gas Facility (CGF) and
other similar support systems and facilities are thought to be critical for the functioning of Greater
Prudhoe Bay. Failure of any of these facilities/components could result in a field-wide shutdown or other
hazardous events.

3.4.1.6 Safety — Operational Hazards in Occupied Areas

It was noted that processing/production facilities that are normally manned or have occupied areas are at
high risk for fatalities/injuries. People that are housed or who work inside processing/production facilities
are most at risk from potential explosions and fires within the plant boundaries.
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3.4.1.7 North Slope Fire Safety Concerns

North Slope fire safety concerns included obsolete fire and gas systems at North Slope facilities
(specifically at the Gathering Centers in the WOA). It was also noted that there are a number of partially
finished fire and gas upgrade projects that have been in temporary construction status for some time.
Enforcement of fire and building codes is more relaxed while construction is underway.

3.4.1.8 Well Concerns

A number of concerns were discussed regarding North Slope wells.

e Loss of Critical Wells — Criticality of particular wells was discussed with a focus on
possibility of loss of the revenue stream long-term if certain individual wells or combinations
of wells went down. Gas injection wells were considered to be critical to production in the
Prudhoe Bay field, as there is no current market or sale of produced gas, and all gas must be
compressed and re-injected back into the formation. The gas injection wells associated with
the CGF are considered to be a critical well set. Also, gas injection wells which have access
to the formation are critical to production because loss of some specific injection wells could
result in loss of gas cap pressure (gas driver for production) and production could be halted.

o Loss of Waste Injection Wells — If waste injection wells at Northstar, Alpine, and Oooguruk
are lost it could force shut down of operations; however, redundant wells are in place as
backup. The group was not sure how many injection wells would have to go down before
production would be lost. It would depend on the availability of other wells for injection.

e Shut-in Wells — The substantial number of shut-in (problem) wells is a potential concern
because there are a limited number of rigs and rig personnel available to drill new wells and
workover wells.

3.4.1.9 Lack of Regulatory Oversight

Regulatory oversight of the North Slope was identified as a concern, and some stated that North Slope
operators were regulating themselves. Specifically, stakeholders raised the following concerns:

o Low presence of governmental regulatory personnel on the North Slope compared to other
oilfields in the country, particularly for oversight on piping systems.

e Gap in regulatory oversight of platforms/offshore facilities, e.g., Northstar design. It was
noted that a spill on the island would likely be a spill to the ocean environment.

e Monitoring and accountability of North Slope Infrastructure was questioned.

o Regulatory requirements and enforcement for corrosion protection was a concern.

e Regulations overseeing releases of produced water were perceived as inadequate.

o Regulations overseeing emergency shut-down valve replacement programs were perceived as

unclear.

3.4.1.10 Industry Culture

Some stakeholders were concerned with aspects of Industry culture on the North Slope, such as the
following:

e Workers and contractors ignoring problems such as maintenance and integrity non-
conformances not in their immediate purview.
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e Industry complacency and cost cutting.
e Spills not being reported.
¢ Not enough focus on preventative maintenance programs.

e Cultural and historical owner/operatorship differences between the Eastern and Western
Operating Area production facilities of Prudhoe Bay resulting in operational and maintenance
philosophy differences over time.

3.4.1.11 Coastal Erosion

Shore erosion for assets such as North Star was identified as a concern. It was specifically stated that
sufficient coastal buffers should be provided to insulate facilities and transitions of offshore pipelines to
land from the long-term effects of coastal erosion and environmental damage.

3.4.1.12  Spills

Spills are a primary concern of stakeholders on the North Slope. Releases to water at river/creek
crossings were considered worst-case scenarios, as they would travel a long distance and impact a wide
area, including damage to marine wildlife and subsistence activities. Additionally, spills in broken ice
conditions were considered extremely hazardous because of the difficulty in recovering these types of
spills. It was noted by stakeholders that spills to water are much worse than spills to the tundra. The
tundra is damaged but is often able to recover. Some stakeholders felt that the 2006 corrosion-related
spill did not cause permanent damage because it was accessible for spill response, response was fast, and
the tundra was able to recover after re-sodding. Damage to cultural resources was also raised as a
concern.
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3.4.2 Trans Alaska Pipeline System (TAPS)

Many stakeholders had a positive view of the TAPS overall and the operator company, Alyeska Pipeline
Services Company (APSC). A number of stakeholders expressed satisfaction with Alyeska’s operational
practices and procedures, effective communications with the communities where they operate (Valdez
and Fairbanks) and generally their actions and culture which make them a good neighbor and corporate
citizen. Stakeholders had a positive view of the APSC incident response program, and pointed out that
Alyeska is thorough and proactive during incidents. It was noted that good communication channels are
in place and Alyeska is consistent and effective at alerting all responders when an incident occurs.

Although the Stakeholder opinion of TAPS and Alyeska was very positive, specific issues and concerns
were raised regarding TAPS infrastructure. TAPS was noted to be a large infrastructure component that
had the potential for multiple risks. The specific TAPS issues and concerns are summarized below.
Information on the TAPS components, systems, and processes that are included in the scope of the
assessment, and information on the components of the overall pipeline system that are considered to be
out of scope are referenced in Section 5.3.

3421 Strategic Reconfiguration/ Remoteness of the Pipeline

The TAPS Strategic Reconfiguration (SR) Plan and the associated automation of pump stations, as well
as the remoteness of the pipeline, were frequently identified as a concern among stakeholders. People
were worried that unmanned pump stations and remote pipeline locations could result in a delay of spill
recognition and spill response, making response ineffective. Stakeholders were also concerned that
relying on computers rather than people can lead to problems. It was noted that following
reconfiguration, the operator plans to use helicopters to ensure rapid response to spills. Commenters
remarked that this strategy may fail if weather is poor or there is a forest fire.

3.4.2.2 Pipeline Concerns

Stakeholders raised a number of concerns regarding certain segments of the TAPS pipeline.

e Pipeline River Crossings (e.g., Tanana, Yukon, Delta, Copper, Chena and other major rivers)
— Many stakeholders identified areas where TAPS crosses rivers as a significant concern. It
was reported that the pipeline crosses five major rivers in the state and a spill to any one of
these river systems would spread quickly and could have widespread impacts.

o Pipelines Under Rivers — Buried pipelines that flow under river systems were also identified
as a concern, specifically with regard to inspection. It was noted that the Klutina River
crossing in particular is a low spot that could have more severe corrosion issues than some
other areas.

o Pipeline Segments with Significant Vertical Change — Portions of the pipeline that go steeply
downhill were identified as high risk. It was noted that there is no good way to slow down
the flow at these locations in the case of a spill or leak, e.g., Atigun Pass.

e Aboveground Pipeline Locations — In locations where the pipeline is aboveground and
accessible to the public, it was pointed out that there is a potential for damage from events
such as vehicle collisions/accidents or a hunter accidentally shooting the pipeline.
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3.4.2.3 North Pole Metering Facility

The metering facility in North Pole was identified as a vulnerable point of pipeline infrastructure present
in the Fairbanks Region. The metering station is not staffed, is secured only by a chain link fence, and is
close to a public road and residential areas. If a major incident occurred at the metering station, the area
has a high potential for public loss of life and injury.

3.4.2.4 Valve Failure

Check valves and remote gate valves (RGVs) were identified as potential weak points in the system.

3.4.2.5 Pump Station 1 Tanks

The tanks at Pump Station 1 were pointed out as a criticality in the overall system.

3.4.2.6 Refrigeration Lines

Refrigeration lines used to maintain permafrost temperatures were identified as a potential risk of toxic
chemical release. Loss of the refrigeration systems was also identified as a potential cause of permafrost
thawing which could ultimately affect the structural integrity of the pipeline.

3.4.2.7 Valdez Marine Terminal (VMT)

Multiple vulnerability issues were raised regarding the VMT. The main concerns are listed below:

o Marine Loading Facilities — The marine loading facility was identified as one of the highest
risk areas because the potential for human error exists in operations. Additionally, the risk of
human error can increase significantly because of natural hazards such as high winds and
wave action during loading activities. It was reported that Alyeska has a policy of not
loading at wind speeds exceeding 30 knots (when waves start crashing over the boom).
Additionally, the only containment of a spill while loading is the boom surrounding the
operation. It was noted that the loading arms are on a continuous maintenance schedule that
results in replacement of all components of the arms every 10 years. The crude line to the
loading arms was identified as a possible risk area.

o Failure of VMT support systems was identified as a concern. The VMT is self-sufficient in
terms of support systems (power, waste disposal, etc).

e Storage tanks — Tanks were identified as one of the highest potential risk areas because they
hold a large quantity of oil and they are located on a hill above the inlet. A concern was
raised over extensions on compliance dates for required regularly occurring API tank
inspections (required every 10 years). Eighteen large tanks are on-site, three of which are in
cold stand-by. Concern was raised that snow is not removed from the storage tank secondary
containment to maintain 110% capacity in case of a release.

e Mooring Structure — The mooring structure (about 50-feet high) was raised as a potential
component for project team focus.

3.4.2.8 Loss of Power to Pump Stations/Black-start Conditions

Stakeholders indicated that if a critical electrical grid is lost, the impact could be extremely significant to
the operation of the pipeline. The pump stations have back-up power, but the amount of fuel available to
these backup systems and subsequent duration of the back-up power supply operation was not known by
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stakeholders. If a power outage occurred in winter, another consideration is the amount of time it would
take for the pipeline to cool down. Loss of power and black start capabilities in the winter was a very
significant concern. Pump stations receive power from multiple power sources, including Prudhoe Bay's
central power grid, Golden Valley Electric Association (GVEA), and power generated onsite.

3.4.29 Loss of Communications

Telecommunication support systems are a potential vulnerability, loss of this support may have an impact
on the operation of TAPS (e.g., impacts to fiber optic lines).

3.4.2.10  Corrosion of the Pipeline

Stakeholders were concerned with corrosion caused by a multitude of events. It was noted that Alyeska
has a good corrosion protection program in place, but only a small portion of the pipeline is inspected
each year so some corrosion may go undetected. Using a standard corrosion rate based on Industry
standards may not provide an accurate picture within of TAPS. It was recommended that a combination
of factors should be considered, such as the following:

e [Effects of bacteria on corrosion.

o Rapid changes in elevation — Points of the pipeline that incur a rapid change in elevation such
as the base of Atigun Pass and the base of Thompson Pass were identified as areas of
increased risk for corrosion.

e Induced magnetic fields — Corrosion as a result of induced magnetic fields in the Valdez area
was also identified as a concern.

e Corrosion monitoring.

o Leak detection systems.

3.4.211  Cold Temperature of Oil in the Pipeline

Stakeholders frequently brought up concerns with cold startup of the pipeline.

e Cold Startup after Shutdown — Stakeholders noted that a shutdown of the pipeline in winter is
a significant risk as it would require restart in cold temperatures. Stakeholders reported that
there is a cold startup plan that includes re-circulating oil to keep it warm. It was also noted
that as throughput of the pipeline declines over time, the crude oil temperature falls more
quickly with distance from the injection point.

o Flint Hills Refinery Influence on Oil Temperature in the Pipeline —A refinery shutdown can
affect the temperature of oil in the pipeline. The refining process increases the temperature of
the oil stream that is sent back into the pipeline. If this heating was eliminated (by a refinery
shutdown or discontinued operations for some reason), it could impact the overall
temperature of downstream crude oil stream that is being sent to Valdez, and there may be
impacts to downstream equipment and operations from the colder crude temperatures.

e One area of concern was associated with the snow loading on the top of the Crude Storage
Tanks at the VMT. If the crude temperatures in the pipeline are lower than the original
design temperatures at the Valdez delivery point, snow melting on the tank roofs would not
occur and snow loads could exceed maximum design tolerances.
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3.4.2.12

Natural Hazards

Stakeholders outlined multiple natural hazard events. A listing of these natural hazard categories is
included in Section 6.0 of this report. The following summarizes stakeholder natural hazard concerns for
the TAPS infrastructure area.

The geology underlying VMT was identified as a potential hazard. It was noted that stress on the
underlying bedrock is monitored. Piping at the VMT West Metering Facility was also identified
as at-risk for impacts from falling rocks.

Forest fires in the vicinity of the pipeline were identified to be a hazard.

Earthquakes were mentioned as a serious threat to the pipeline and the VMT, with a potential to
cause a shutdown. One commenter noted that the fault line near Yakutat is due for a big
earthquake.

Flooding from rivers and glacial lake releases were identified as potential hazards. (It was
reported that 70 miles of TAPS crosses rivers.) Flooding was also identified as a risk at VMT. A
past incident was related regarding the VMT losing communications for a period of time due to a
flood.

Weather events (i.e., high winds, waves and ice) in the Valdez/Prince William Sound Region
were indicated as a hazard that could potentially shut down production. The Valdez Marine
Terminal (VMT) has limited storage capacity. If storms prevent tankers from being loaded at the
terminal, the VMT tanks could reach capacity and continuous flow from TAPS would be
interrupted. A severe weather event resulting in the shutting down of operations in Valdez could
eventually shut down the North Slope. It was also noted that there may also be impacts on the
refineries. Although refineries and distribution lines are out of scope for this project, impacts to
refineries as a result of events that occur to “in scope” infrastructure are within the scope and will
be considered.

Avalanche events were identified as a potential hazard to the VMT. It was noted that some
engineering mitigation measures are in place including chutes to channel snow resulting from an
avalanche.

A tsunami was identified as a potential hazard to the VMT. Valdez has a tsunami warning
system, which is reportedly tested weekly. Stakeholders were unaware of any measures in place
to protect the loading arms in case of a tsunami.

Permafrost instability and monitoring was raised as an issue of concern. The potential for a
sudden failure of pipeline supports because of a sink hole in the permafrost could be a threat.
Permafrost monitoring is currently occurring through infrared technology. Climate change was
brought up as an initiator for permafrost melting and stakeholders were concerned that a warmer
climate could cause permafrost to melt outside of the conditions for which pipelines are designed.
It was mentioned that the permafrost in the Gulkana area is especially unstable.

3.4.2.13  Spills to Rivers

Stakeholders noted that a spill to a river from the pipeline could have significant impacts on the
environment, fisheries and to the revenue stream of the State, as well as local communities. Concerns on
spills from TAPS were the following:
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o Copper River Watershed — The Copper River and its tributaries were emphasized by multiple
stakeholders as an area of highest consequence. Copper River salmon fisheries could be
severely impacted by a spill. It was reported that approximately 800 streams feed the Copper
River. It was also noted that a significant spill could spread quickly and that it would be
technically challenging to recover a spill once it reaches the watershed. Flow varies from
winter to summer. Participants noted that a spill in that area could be as major as the Exxon
Valdez spill.

e Spills to Silty Waters — Spills in silty waters (such as the Copper River) were identified as a
concern because of how the oil and silt may interact.

e Damage to commercial and sport fisheries that could cause serious economic effects on
tourism and Alaska "branding", subsistence activities, or impacts to outdoor quality of life for
residents.

e Damage to the Copper River “brand".
e Damage to water wildlife and effects to land animals.
e Remote locations, land obstacles, and weather effects on spill response.

e Prevention/Mitigation — Stakeholders generally felt that prevention of a spill to a river is
important. Suggested measures included shut-off valves in key locations, temporary storage,
and extra layers of containment for portions of the pipeline in ultra-sensitive areas.

3.4.2.14  Spill to the Marine Environment

The potential for loss to the marine environment was reported as a significant concern for the VMT,
particularly at the berths during loading/offloading. Serious environmental and economic consequences
could occur, similar to the Exxon Valdez spill. The effects on fisheries and destruction of habitats
impacting tourism/marketing of fish from the region were noted.

3.4.2.15  System Reliability — Shutdown of TAPS

Any event that has the potential to shut down TAPS was identified as unacceptable. A shutdown to repair
or maintain the pipeline could have serious effects on revenue to the State (in scope) and local
governments (out of scope).

3.4.2.16  Spill Response / Emergency Response

Concerns were raised regarding the spill response for the TAPS and VMT area. Stakeholders raised the
following issues:

e TAPS Contingency Plan — concerns were raised on its response time estimates, river flow
calculations, winter spill response and effectiveness.

o Response Materials — Spill response measures are in place to mitigate potential spills on
TAPS, including Conexes with spill response materials, gravel, and cleared areas for
helicopter landing. Reportedly, there are no dedicated spill response materials at river
crossings along TAPS. Materials must be transported to the spill site.

o Lack of Access to Rivers — Lack of access was identified as a concern in terms of spill
response. It was reported that approximately 35-40 miles of river exist with no road access.
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e Capacity and Timeliness of Response Resources in the Interior - Limited human resources for
response was identified as a potential concern. A related issue is the response time required
for State regulatory agencies to make decisions so action can be taken.

o Spill Drills — Stakeholders felt that unannounced drills should be timed and conducted under
poor weather conditions to evaluate response under worse-case scenario conditions.

3.4.2.17 Regulatory Oversight of TAPS

Stakeholders voiced concerns on the regulatory oversight of TAPS, although other stakeholders were
satisfied with the oversight of TAPS. It was noted that over 32 agencies oversee this portion of the Alaska
infrastructure.

e The effectiveness of regulatory oversight of the pipeline was identified as a concern. The
primary concern was a potential spill to a waterway; some stakeholders felt that more
oversight efforts should be placed in this area.

o New Regional Citizen’s Advisory Council (RCAC) for the Corridor (out of scope) — Some
stakeholders advocated creating a new RCAC for the TAPS corridor, similar to the
PWSRCAC, which provides citizens oversight of State regulatory oversight of the VMT.
Stakeholders felt that VMT is at reduced risk because of this oversight.

3.4.2.18 Socioeconomic Impacts to Communities (out of scope)

Stakeholders in the Fairbanks region were concerned about a loss of power event to their surrounding
communities. Communities in the interior of Alaska receive their electric power from the Golden Valley
Electric Association (GVEA) Power Plant, which produces 75% of its power using turbine generators
fueled by North Slope oil and gas streams. Coal is a smaller source of power. The impact of loss of
power on these communities has the potential to be serious (the interior can survive about two days
without power). City revenue was also identified as a major concern. If TAPS production is disrupted,
and flow to the refinery is consequently impacted, the City could realize significant negative economic
impacts. The City currently has 150 residents whose employment is associated with the refinery
operations. Stakeholders would like to see an assessment of overall downstream affects of an outage at
GVEA (regarding shutdown of refinery operations, etc.). Socioeconomic impacts are outside the scope of
this project, but may be recommended for future study.

3.4.2.19 Sabotage/Terrorism (out of scope)

Sabotage to the pipeline or to the VMT was identified as a top hazard, but is outside the scope of this
project.

3.4.2.20 Flint Hills Refinery (out of scope)

o Wastewater Treatment Plant (North Pole) — A failure at the wastewater treatment plant in
North Pole could impact the Flint Hills Refinery’s ability to produce, which in turn may
impact the community and product production causing downstream secondary socioeconomic
consequences. The Flint Hills Refinery is outside the scope of this project, but could be
considered in a future assessment including downstream oil and gas facility infrastructure
components, such as refineries. If the North Pole Refinery is shut down for any reason, low
temperature concerns for the pipeline could result.

Comprehensive Evaluation and Risk Assessment of Alaska’s Oil and Gas Infrastructure Page 31 of 100
FINAL Interim Report, Rev 3




3.4.3 Cook Inlet

Stakeholders identified a number of common concerns about the Cook Inlet Infrastructure. For
information on the Cook Inlet components, systems, and processes that are included in the scope of the
assessment, and the facilities and components that are out of scope, refer to Section 5.2.

3431 Subsea Pipelines in the Cook Inlet

Subsea pipelines were identified as an area of concern because of the age of the lines (some are over 40
years old), the harsh environment in which they exist, and their location underwater which makes visual
inspection difficult (Industry conducts dives periodically to inspect these lines). Stakeholders raised the
following issues for focus:

e Inspection programs/pigging of lines in the Cook Inlet
e Accuracy of subsea pipeline inventories

o Ship anchors catching on subsea pipelines

3.4.3.2 Cook Inlet Power to Oil and Gas Infrastructure

Stakeholders identified the Beluga Power Plant as a critical piece of infrastructure as it supplies power to
the west side of the Cook Inlet. The east side and the Tesoro Refinery depend on local public power. The
platforms generate their own power and are stand-alone.

3.4.3.3 Natural Hazards

Stakeholders brought up multiple natural hazards, and a listing is included in Section 6.0 of this report.
Natural hazard events specific to Cook Inlet are outlined below.

e Strong underwater currents were identified as a concern because of their potential impact on the
operations of platforms and pipelines. It was reported that the currents in the Cook Inlet can be
up to 9 knots, which is similar to that of a river.

e Volcanic eruptions were noted as having the potential to negatively impact Cook Inlet
infrastructure in two ways: 1) Volcanic Ash — Ash can clog equipment, leading to a production
interruption or precluding timely incident response if aircraft cannot fly because it is unsafe. Ash
in generators can cause a shutdown. Wind direction has the ability to significantly affect the
severity of ash impacts from a volcanic event or 2) Mudflows (Lahars). The Drift River Terminal
was specifically identified as a vulnerable infrastructure component at high risk to volcanic
eruptions and associated mudflows. Lahars may breach secondary containment barriers. It was
noted that there are millions of barrels of oil in the path of a potential volcanic eruption.
Historically, an eruption occurred that impacted the Drift River Terminal.

o Earthquakes were recognized as a hazard to infrastructure in the Cook Inlet. Specifically, the
Osprey Platform was reported to be susceptible to underwater landslides.
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3.4.3.4 Spills to the Cook Inlet Rivers and the Marine Environment

Stakeholders frequently reported that a spill to the Cook Inlet and river systems that feed it could have
serious consequences. It was indicated that a spill from a subsea pipeline could spread rapidly and cause
many negative consequences to a large area of ecosystems. The following consequences were mentioned:

e Damage to commercial and sport fisheries — A spill has the potential to damage fish
populations and prevent access to the river, and damage Kenai River “branding.”

e Marine transportation

o Refinery Operations

e Tourism

e State and local economies

e Other industries in terms of environmental and revenue effects

Tourism is a major source of revenue for the Kenai region. It was reported that about 10,000 people are
present in Kenai during summer months, and about 93% of these people are from outside the Kenai
Peninsula area. If a fishery was temporarily shut-down during the summer, local government and
businesses would incur significant economic damage. Additionally, a stakeholder commented that about
560 boats in the Cook Inlet drift fleet could be impacted. It was highlighted that the severity of impacts
from a spill into the Cook Inlet are not just related to quantity, but are also highly dependent on the
sensitivity of the specific area in which the release occurs.

3.4.3.5 Socioeconomic Consequences of Cook Inlet Natural Gas Interruption or Decline (out of
scope)

The socioeconomic consequences of a Cook Inlet natural gas interruption was highlighted by stakeholders
due to the importance of fuel supply from the Cook Inlet to Southcentral Alaska. An interruption in
natural gas flow to community power plants and exhaustion of backup reserves could result in effects to
south-central communities due to loss of electricity and natural gas for heating of hospitals, schools,
buildings and homes, loss of gas to the LNG Plant, loss of power/fuel to military bases, loss of aviation
gas, loss of low sulfur diesel to the State. Downstream processing facilities such as the LNG Plant and all
refineries are outside of the project scope. Power plants are excluded unless they feed oil and gas
infrastructure.
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4.0 EXISTING INFORMATION/DATA REVIEW (TASK 1C)

During the initial part of Phase 1, the project team reviewed existing documents, information, and data
that would be used to 1) help define the physical scope of the risk assessment in terms of infrastructure
facilities and components, and 2) identify, gather, review and summarize documents that are applicable to
the development of the risk assessment methodology. Documents that were reviewed and summarized as
part of this effort were limited to those that are publicly available and pertinent to methodology
development. Documents and data sets that were subsequently recommended by stakeholders and those
that contain specific information applicable to assigning frequency and consequence designations related
to particular hazards were not a part of this scope, but will be considered and reviewed as appropriate
throughout the Task 2 Methodology Development and during Phase 2 Implementation.

4.1 Document Reviews for Development of the Risk Assessment Methodology

In support of the draft risk assessment methodology development task, the project team identified,
reviewed, and summarized a comprehensive list of publicly available documents which outline risk
assessment methodology tools and approaches that can be used as a basis for customizing a fit for purpose
methodology that can be applied to the Alaska oil and gas infrastructure project. The document list is
included as Appendix D of this report. The purpose of these document reviews was to identify valuable
inputs to the development of the risk assessment methodology. Specifically, the team was looking for:

o Documents that describe methodologies of interest to the project

o Examples of risk applications that could provide “lessons learned” for the project activities

o Reports that provided sources of data that might be able to be accessed for purposes of the
project

The documents that were reviewed and summarized as part of this effort were limited to those that are
publicly available and pertinent to methodology development in the following resource categories:

e Regulations
e Industry standards, recommended practices, and guidelines
o Risk documents specific to Alaska

e Miscellaneous documents

A large number of inputs to the methodology development were identified in the document reviews, along
with a number of potential data sources which identify where the data could be retrieved from. Some of
the identified data may have been generated as a result of regulatory compliance activities. This data may
only be available to the project team if appropriate confidentiality measures are put into place to protect
the release of such information. Table 4-1 summarizes the conclusions about applicability of the
documents to the project, based on the review process. The format for the document summaries, which
have been included as Appendix D to this report, is a simple table that identifies the document title and
type, describes the focus of the document, summarizes what type of information that the document
contains, and makes a statement regarding the pertinence of the document and its contents to the project.
The final Task 1¢ Document Review List and full document summaries are included as appendices to this
report.
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Table 4-1

Summary

No.

Summary of the Documents Reviewed

Methodology
Source

Comments

1 Corrosion Control for Hazardous Liquid Points to possible data, if made available by
Pipelines (49 CFR 195 Subpart H) regulator or Industry.

2 Requirements for Corrosion Control for Points to possible data, if made available by
Gas Pipelines (49 CFR 192 Subpart ) regulator or Industry.

3 Pipeline Integrity Management for Gas X Points to possible data, if made available by
Pipelines (49 CFR 192 Subpart O) regulator or Industry.

4 Pipeline Integrity Management in High X Points to possible data, if made available by
Consequence Areas (for Hazardous regulator or Industry.

Liquid Pipelines) (49 CFR 195.452)

5 Chemical Accidental Prevention If process hazards analyses or mechanical
Provisions (40 CFR 68) integrity information are deemed useful and

made available.

6 Process Safety Management (PSM) of If process hazards analyses or mechanical
Highly Hazardous Chemicals (29 CFR integrity information are deemed useful and
1910.119) made available.

7 Pipeline Right-of-Way Leasing (11 AAC Points to possible data, if made available by
80) regulator or Industry.

8 Oil & Gas Leasing (11 AAC 83.100-199) None

9 Oil and Other Hazardous Substances None
Pollution Control (18 AAC 75)

10 Alaska Oil and Gas Conservation None
Commission (20 AAC 25)

11 Evaluating Process Safety in the Information relevant to risk information
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Summary Methodology Data Other Use Comments

No. Source Source

Chemical Industry: User’s Guide to communication.
Quantitative Risk Analysis

12 Managing System Integrity for Hazardous X None
Liquid Pipelines (AP1 1160 and
Publication 353)

13 Risk Based Inspection (APl RP 580 and X X Inspection management system evaluation.
Publication 581)

14 Risk-Based Decision Making (API Not pertinent.
Publication 1628B)

15 Managing System Integrity of Gas X X Points to possible data, if made available by
Pipelines (B31.8S) regulator or Industry.

16 Standard Guide for Seismic Risk X None
Assessment of Buildings (ASTM E2026 —
07)

17 Oil and Gas Pipeline Systems (CSA X If specific design evaluations are needed.
Z662-03)

18 Risk Management: Guideline for X Risk decision-making guidance

Decision Makers (CSAQ850-97)

19 Risk Management (AS/NZS 4360) X Potentially useful to the State during the risk
management process required after the risk
assessment results are available.

20 Estimating Losses from Future X None
Earthquakes — A Panel Report
21 Disaster/Emergency Management and X Points to possible data, if Industry makes it
Business Continuity Programs (NFPA available (i.e, NFPA 1600 compliant
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Summary Methodology Data Other Use Comments
\[o} Source Source
1600) programs).
22 Risk Evaluations for the Classification of X Limited applicability
Marine-Related Facilities (ABS 117)
23 Risk Assessment Applications for the X Limited applicability
Marine and Offshore Oil and Gas
Industries (ABS 97)
24 Petroleum and Natural Gas Industry — X None
Offshore Production Installations —
Guidance on Tools and Techniques for
Hazard Identification and Risk
Assessment (BS EN 1SO 17776)
25 Guidelines for Chemical Process X None
Quantitative Risk Assessment
26 Guidelines for Mechanical Integrity X If inspection and maintenance program
Systems evaluation is required to support risk factors.
27 Guidelines for Hazard Evaluation X None
Procedures, 3rd Edition
28 Guidelines for Chemical Transportation X X None
Risk Analysis
29 Guidelines for Risk-Based Process Safety X If process safety program evaluation is
necessary.
30 Risk and Emergency Preparedness X None
Analysis (NORSOK Standard Z-013)
31 Criticality Analysis for Maintenance X None
Purposes (NORSOK Z-008)
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Summary Methodology Data Other Use Comments

\[o} Source Source

32 Regularity Management and Reliability Not pertinent compared to other U.S.
Technology (NORSOK Standard Z-016) references.

33 Risk of Vessel Accidents and Spills in the X Highlights specific risk assessment process
Aleutian Islands: Designing a design issues.

Comprehensive Risk Assessment (Special
Report 293)

34 Review of the Prince William Sound, X Highlights specific risk analysis issues.
Alaska, Risk Assessment Study

35 Environmental Information for Outer X Environmental consequence data insights.
Continental Shelf Oil and Gas Decisions
in Alaska (NAS-2353)

36 Final Environmental Impact Statement - X X One of the best resources for the ARA team (at
Renewal of the Federal Grant for the least for the TAPS portion of the project).
Trans-Alaska Pipeline System Right-of-

Way

37 System Engineering Toolbox for Design- X Of limited applicability for the type of
Oriented Engineers (NASA Reference infrastructure to be evaluated in the ARA.
Publication 1358)

38 Probabilistic Risk Assessment Procedures X Of limited applicability for the type of
Guide for NASA Managers and infrastructure to be evaluated in the ARA.
Practitioners (associated document for
Programs and Procedures) (NASA NPR
8705.5)

39 A Guide to the Offshore Installations Not pertinent. Limited to regulatory intent, not
(Safety Case) Regulations (2005) risk assessment approaches for safety cases.

40 Risks from Hazardous Pipelines in the X X None
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Summary Methodology Data Other Use Comments

No. Source Source

United Kingdom

41 The Report of the BP U.S. Refineries X Possibly applicable if safety culture and

Independent Safety Review Panel (i.e., process safety evaluations are needed, but
the Baker Report) those tasks are not within the ARA scope.
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4.2  Geographical and Physical Scope of the Risk Assessment

A review of maps, data, reports, State agency statistics, and other publicly available information was
conducted to define the specific geographical and physical scope of the risk assessment, including all
relevant components, processes and systems that make up the existing oil and gas infrastructure.
Information was identified, compiled, and synthesized based on a wide range of publicly available
sources. Results of this research are presented in Section 5.0 of this report, and include the three
infrastructure areas originally defined by the State as follows.

¢ North Slope
e TAPS
o Cook Inlet
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5.0 INFRASTRUCTURE COMPONENTS, PROCESSES AND SYSTEMS

The scope of this risk assessment includes all of Alaska’s oil and gas production, storage, and
transportation systems from the wells to the shipping, sales or distribution points. Geographically, this
includes the North Slope infrastructure, starting at the wellbore of both production and service wells,
through the production separation facilities and pipelines to Pump Station 1. This also includes the
continuation of oil flow through the TAPS to the Valdez Marine Terminal, ending at the berth loading
arms.

Cook Inlet is a stand-alone oil and gas production system that is located south of Anchorage. The Cook
Inlet scope includes the offshore and onshore production and facilities, as well as the produced gas
transfer through the Cook Inlet Gas Gathering System (CIGGS), to distribution or sale points, and up to
the Nikiski LNG Plant. The scope also includes the transfer of the produced oil stream through the
various sales or shipping points, through the Cook Inlet Pipeline (CIPL), up to the Drift River Marine
Terminal loading arms or to the inlet of the Tesoro Refinery.

The purpose of this section is to refine the geographical and physical scope of the risk assessment and to
outline those infrastructure components that are currently considered to be inside and outside of the
bounds of this project, based on the scope as outlined in the State RFP, and as documented in the Project
Management Plan. This geographic and physical scope is outlined in three separate infrastructure areas,
each of which has a corresponding subsection within this portion of the report, including a high level
process overview and a listing of major facility and system components. The three Infrastructure Area
subsections include:

o North Slope
e TAPS
o Cook Inlet

The entire scope of the infrastructure is shown in the following figure and detailed maps of the North
Slope, TAPS, and Cook Inlet infrastructure areas are included as Appendix E to this report.
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5.1 North Slope

5.1.1 Overview

The North Slope is the general geographic region along the northern edge of the State of Alaska and is a
flat, treeless plain of approximately 88,000 square miles. The region extends from the foothills of the
Brooks Mountain Range to the south, to the Arctic Ocean to the north, to the Canadian Border to the east,
and to the Chukchi Sea to the west. The developed area of the North Slope encompasses approximately
12 square miles.?

Atlantic Richfield Company (ARCO) made the original Prudhoe Bay discovery in March 1968. Standard
Oil Company of Ohio (Sohio) drilled the confirmation well three months later. The first oil flowed from
the Prudhoe Bay Field on June 20, 1977. The Prudhoe Bay development led to the discovery and
development of other adjacent oil fields on the North Slope, including Endicott, Lisburne, Point
Mcintyre, Milne Point, Schrader Bluff, and smaller satellite developments. The original exploration
companies active on the North Slope eventually evolved into the two large North Slope operators of
today—ConocoPhillips Alaska, Inc. (CPAI) and BP Exploration (Alaska) Inc. (BPXA).?

Additional exploration discoveries on the North Slope led to the development of the Kuparuk Field
located west of Prudhoe Bay. The field began producing oil in late 1981 and was followed by additional
satellite field production starting in 1998. The Alpine Field, located near the mouth of the Colville River
and west of the Kuparuk Field, was discovered in 1994 and began producing oil in late 2000.?
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Figure 5-2 Overview of North Slope®

The project scope for the North Slope infrastructure includes production facilities and pipelines that
deliver oil to Pump Station 1 in Prudhoe Bay. In general, the project scope begins at the wellbore of the
production or service well and does not include issues associated with reservoirs, formations, and
associated down-hole production. Production fluids from the well consist of three phase product (oil, gas
and water) which is transported through gathering and flow lines to the oil and gas processing and
treatment centers, where the produced fluids are separated. Following separation, the produced gas is
transported via pipeline to various areas on the North Slope for use as fuel, reservoir injection (pressure
maintenance), or for enhanced oil recovery techniques. Electrical power for most of the North Slope oil
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and gas infrastructure is provided by gas-fired electrical generation systems. Produced water is
transported back to the well heads and injected for enhanced oil recovery. Seawater injection is used to
supplement the produced water injection.

Separated crude oil is transported via pipeline to Pump Station 1 where it is transported through the
Trans-Alaska Pipeline System (TAPS) main line south to Valdez. Overall oil production for the North

Slope is approximately 264 million barrels per year out of the overall production for the State of Alaska
of 270 million barrels per year.!

The major North Slope fields included in the project scope are grouped as outlined in the bulleted list
below. These groupings are further categorized by facility in Table 5-1, and include a combination of
central production and processing facilities, associated drillsites and wellpad production sites, and other
production support facilities.

o Kuparuk River Unit

e Colville River Unit

o Other Western North Slope Fields (Milne Point Unit, Oooguruk Unit)

e Prudhoe Bay Initial Participating Area (IPA)

e The area commonly referred to as Greater Pt. Mclntyre

e Other Eastern North Slope Fields (Badami Unit, Northstar Unit, Duck Island Unit/Endicott)

[ Producing Fields
[ Prospects
=1 Proven, non producing

Pt Thornsen

0

ANWR

tion was taken from the following soprces: State of Alaska annual reports and forecasts (DNR, DOR), USGS,

Arctic Energy for Today and To Al ion in this publi
ConocoPhillips Fact Book, BP Review of World Energy.

Figure 5-3 North Slope Oil Fields®

The following table contains a listing of facilities and components that have been determined to be in the
project scope based on a review of publicly available data. Note: This list of North Slope infrastructure
components has not been reviewed by the infrastructure owner/operators to determine the accuracy of the
list or the data associated with these facilities.
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Table 5-1  North Slope Facilities and Major Components

Facility Major Components

In Scope

Kuparuk River Unit

Kuparuk  Central  Processing  Facilities | 46 associated drill sites

CPF1,CPF2_, & CGPFS Associated piping and production/processing equipment
(ConocoPhillips) Oliktok Pipeline (receiving end)
Kuparuk Pipeline
Fields:
Kuparuk

Satellite Tarn
Satellite Tabasco
Satellite West Sak
Satellite Meltwater

Other Kuparuk Infrastructure: Associated piping and production/processing equipment
Seawater Treatment Plant
Kuparuk Topping Unit

Colville River Unit

Alpine Central Processing Facility 4 producing drillsites (CD1-CD4)

(ConocoPhillips) Associated piping and production/processing equipment
) Alpine Pipeline

Fields: Kuparuk Pipeline

Alpine (CD1 and CD2)
Satellite Fiord
Satellite Nanuq

Other Western North Slope Fields

Milne Point Central Processing Facility 13 producing drillsites

(BPXA) Kuparuk Pipeline (KPL)

Field: Associated piping and production/processing equipment
Milne Point

Oooguruk (Drill site only) 2 producing wells

(Pioneer) 1 waste disposal injection well

Field: Oooguruk Pipeline

Oooguruk Associated piping and processing equipment

Note: 2 additional wells have also been constructed but
are not operating and are out of scope.
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Facility Major Components

Prudhoe Bay Initial Participating Area (IPA)

Prudhoe Bay Western Operating Area Associated drillsites/wellpads

(WOA)- Gathering Centers (GC) 1, 2, & 3 Sadlerochit Pipeline

Associated pipelines, facility piping and processing
Prudhoe Bay Eastern Operating Area (EOA) - equipment

Flow Stations (FS) 1, 2, & 3
(BPXA)®

Fields:

Prudhoe Bay

Satellite Midnight Sun
Satellite Aurora
Satellite Orion
Satellite Polaris
Satellite Borealis

Other Prudhoe Bay IPA Infrastructure: Associated pipelines, facility piping and processing

Central Power Station (WOA) equipment
Central Gas Facility (EOA)

Skid 50 NGL Blending Module (WOA)
Central Compression Plant (EOA)

3 Injection Pads

Seawater Treatment Plant

Seawater Injection Plant

Grind and Inject Facilities

Crude Oil Topping Unit

Greater Point MclIntyre®

Lisburne Production Center (LPC) Associated wells

(BPXA) Ass_ociated pipelines, facility piping and processing
equipment

Point Mclintyre Wells

(BPXA) Lisburne Pipeline
Associated piping, pipelines and processing equipment

Niakuk 1 Well

(BPXA) Lisburne Pipeline

Associated piping, pipelines and processing equipment
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Facility Major Components

Raven
(BPXA)

2 producing wells
Associated piping, pipelines, and processing equipment

Other North Slope Fields®

Northstar Island Facility
(BPXA)

24 producing wells
Grind and inject plant
Northstar Oil Pipeline

Northstar Gas Pipeline
Associated facility piping and processing equipment

Endicott Production Facility (Main
Production Island — MPI)

Satellite Drilling Island — (SDI) satellites
Eider and Sag Delta North

100 Endicott wells
2 Eider wells

2 Sag Delta wells
Endicott Pipeline

(BPXA) Ass_ociated pipelines, facility piping and processing
equipment
Badami Facility Wells

(BPXA) Endicott Pipeline
Associated pipelines, facility piping and processing
equipment

Out of Scope

Liberty In exploration status, not currently producing

(BPXA)

Pt. Thomson Lease terminated; not currently producing

(Exxon)

Alpine satellites Qannik, Lookout and Spark
(ConocoPnhillips)

In development status, not currently producing

Barrow Gas Fields and associated pipeline
distribution system
(North Slope Borough)

These fields provide natural gas distribution and sales to
the City of Barrow for the generation of electric power and
residential heating only, and the facilities are not tied in to
the overall North Slope oil and gas production
infrastructure. They are separate from the primary North
Slope Infrastructure Area.
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Facility Major Components

Nikaitchuq In exploration status, not currently producing

(Eni Petroleum)

5.1.2 Western North Slope Facilities

5.1.2.1 Kuparuk

There are three central processing facilities (CPFs) at Kuparuk—CPF1, CPF2, and CPF3. Each CPF
gathers and processes/separates the production flow from their associated drillsites. The sales quality oil
flows to PS1 via the Kuparuk Pipeline (KPL). KPL also transports oil flow from Alpine (delivered to
CPF2 by the Alpine Pipeline (APL) and oil flow from Milne Point (tying into KPL downstream of CPF1).
Kuparuk receives natural gas liquids from Prudhoe Bay via the Oliktok Pipeline, which are used for
enhanced oil recovery. Other process support facilities that are located at Kuparuk are the Seawater
Treatment Plant (STP) and the Kuparuk Unit Topping Plant (KUTP).®

Seawater
Treatment Plant

Comingled Produced
Gas, Oil & Water

Figure 5-4 Kuparuk Facilities Schematic®

5.1.2.2 Colville River Unit

The Colville River Unit contains five fields that are currently being developed: Alpine (CD1 and CD2);
Fiord (CD3); Nanug-Kuparuk and Nanug-Nuigsut (CD4); and Qannik (CD2). There are five existing
drill sites (CD1, CD2, CD3, CD4, CD5), but only CD1 through CD4 currently have wells (production and
injection). Production from the drill sites is routed to the central Alpine processing facility where the
produced fluids (oil, gas and water) are separated. Oil production flows from Alpine to the KPL via the
Alpine Pipeline, and then is transported to TAPS PS1.
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The first Colville River Unit field, Alpine, began production in 2000 and is the largest onshore oil field
discovered in the United States in more than a decade. Development drilling at Alpine West (CD5) is
expected during winter 2008-09. Satellite developments Lookout (CD6) and Spark (CD7), in the Greater
Moose’s Tooth Unit, are expected to be completed in the near future. These drill sites are not currently
producing, and are outside of the scope of this project.’

Figure 5-5 Aerial view of Alpine Processing Center

5.1.2.3 Milne Point

The Milne Point field has 13 producing drill sites. Approximately 40% of Milne’s total production is
viscous 0il°, and production facilities are currently being upgraded to handle the colder, more viscous
crude production. Production flow from Milne Point is separated at Milne Point’s Central Processing
Facility (CPF) and then ties into the KPL, downstream of CPF1, followed by transport to TAPS PS1.

Figure 5-6 Milne Point Facilities®
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5.1.2.4 Oooguruk

Oooguruk is a relatively new producing field which was discovered in 2003 and began producing from
the first well in June 2008. The field is producing from a gravel island located approximately 5 miles
offshore in five feet of water. The production island has 2 producing wells and a waste disposal (grind
and injection facility). No processing is done on Oooguruk Island; production fluids are transported from
Oooguruk to Kuparuk for processing and ultimate delivery of oil to TAPS PS1 via the KPL.

: -_' ‘.- o . e " d ~ T "
Bt AR O
Figure 5-7  Oooguruk Drillsite and Production Facility’

5.1.3 Prudhoe Bay IPA Facilities

The Prudhoe Bay IPA includes six processing facilities—three Flow Stations (FS1, FS2 and FS3) in the
Eastern Operating Area (EOA) and three Gathering Centers (GC1, GC2 and GC3) in the Western
Operation Area (WOA). Prudhoe Bay IPA is supported by multiple support facilities including the
Central Gas Facility, Central Compression Plant, Seawater Treatment Plant, Seawater Injection Plant,
Crude Oil Topping Unit, and Grind and Inject operations. Prudhoe Bay IPA facilities also service five
satellites—Midnight Sun, Aurora, Orion, Polaris, and Borealis.® Prudhoe Bay’s major facilities and
operations are described in the subsections below.
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Figure 5-8 Prudhoe Bay Unit Schematic®

5.1.3.1 Gathering Centers and Flow Stations

The three GCs and three FSs separate the raw crude oil production from the Prudhoe Bay drill sites and
well pads into oil, water, and gas components. There are 42 production drill sites and well pads in
Prudhoe Bay along with three injection pads near the central gas plants. Drill sites are located in the
Eastern Operating Area (EOA) and they send their associated flow to be processed in one of the Flow
Stations, which are also located in the EOA. Well pads are analogous to drill sites and are located in the
Western Operating Area (WOA), and their production fluids are routed to an associated Gathering Center
that is also located in the WOA. Each of the production drill sites and well pads contain as many as 60
producing and injection wells. Associated manifolding for the wells gathers production into large
diameter flow lines (LDFs), which deliver the production fluids for processing to one of the six central
processing facilities.’

5.1.3.2 Seawater Treatment Plant and Seawater Injection Plant

The Seawater Treatment Plant (STP) processes seawater and sends it to the Seawater Injection Plant
(SIP), which boosts the delivery pressure for injection into the Prudhoe Bay injection wells. The water is
injected into the oil legs of the reservoirs as part of the secondary and tertiary recovery operation, and into
the Prudhoe Bay gas cap under the Pressure Support Initiative. Water from the STP is also used in the
grind and inject operations that dispose of drilling muds and cuttings into the subsurface.®

5.1.3.3  Crude Oil Topping Unit

The COTU processes a portion of crude oil from FS2 to produce diesel or jet fuel for support operations
on the North Slope.®
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5.1.4 Greater Pt. Mcintyre Facilities

5.1.4.1 Lisburne Production Center

The Lisburne Production Center (LPC) is a standalone plant that performs nearly all of the functions
described above for Prudhoe Bay IPA. The LPC processes the gas and liquid produced from the Pt.
Mclntyre, Lisburne, North Prudhoe Bay, West Beach, and Niakuk formations. Processed oil from the
LPC is sent to TAPS PS1. LPC also produces electrical power, which can be tied into the Prudhoe power
grid for two-way power.

Figure 5-9 Lisburne Production Center

5.1.5 Other Prudhoe Bay Infrastructure

5.1.5.1 Central Power Station (CPS)

The Central Power Station (CPS) is the electric power generation facility for Prudhoe Bay.®

5.1.5.2 Central Gas Facility (CGF) and Central Compression Plant (CCP)

The Central Gas Facility (CGF) is a gas handling plant that processes the gas that is routed from the
Prudhoe Bay central processing centers. The CGF extracts natural gas liquids (NGLs) and manufactures
miscible injectant (MI) from the produced gas stream. Roughly 80 mbpd of NGLs are sent to PS1 to be
blended with the Prudhoe Bay crude oil or are delivered to the Oliktok Pipeline for transport to Kuparuk
or Milne Point for use in enhanced oil recovery operations. The Ml is distributed to the drill sites and well
pads for reinjection into the reservoir for tertiary recovery. Some residue gas from the CGF is used for
fuel gas needs at the Prudhoe Bay facilities, with most of the remaining residue gas compressed for
injection into the gas cap at the three gas injection pads through compressors located at both the CGF/
CCP facility complex.®
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Figure 5-10 Prudhoe Bay Central Compression Plant

5.1.6 Other North Slope Oil Fields

5.1.6.1 Northstar

The Northstar facility is located about six (6) miles northwest of Prudhoe Bay. Northstar is the first arctic
offshore field connected from the production island to shore only by pipeline. A grind and inject plant is
located on the island; it has some of the highest pressured gas injectors in the State of Alaska.® Northstar
has 24 producing wells and Northstar oil and gas is transported to TAPS PS1 via two subsea pipelines.
The six-mile oil pipeline has a wall thickness that is triple that of a typical onshore North Slope pipeline,
and it is equipped with three separate leak detection systems.’

Figure 5-11 Northstar®
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5.1.6.2 Endicott

The Endicott facility complex is located about ten (10) miles northeast of Prudhoe Bay. Endicott is the
first continuously producing offshore field in the Arctic and includes 100 wells located on two production
islands, the Main Production Island (MPI) and the Satellite Drilling Island (SDI). Endicott has two
producing satellite fields, Sag Delta and Eider, with 2 producing wells each. A five-mile gravel causeway
connects the two production islands that sit in approximately 14 feet of water. The Main Production
Island includes the operations center and processing facilities. Processed oil is sent from the main
processing facility through a 24-mile pipeline to TAPS PS1.°

Figure 5-12 Endicott

5.1.6.3 Badami

Badami is located on the shore of Mikkelsen Bay about 35 miles east of Prudhoe Bay and is the first field
to be developed remotely from Prudhoe Bay infrastructure. Production began in 1998 and the field is
currently in warm shutdown status.”

Figure 5-13 Badami
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5.2 Cook Inlet Area

5.2.1 Overview

The Cook Inlet area is located north of the Gulf of Alaska and is Alaska’s oldest producing oil and gas
center. In 1959 Union Oil discovered the first major gas reserve in Cook Inlet. This discovery led to the
development of the Swanson River Field, which began producing oil in 1960. Ninety five percent of
Cook Inlet Gas was discovered before 1970 while searching for oil, and a gas pipeline was built to
Anchorage in 1960.° Gas-focused exploration began during the late 1990’s in the Cook Inlet area.

Today, oil and gas are derived from 16 offshore platforms and 21 onshore oil and gas lease units piped to
onshore processing facilities on the eastern and western shores of Cook Inlet (see Figure 5-14.) Qil and
gas are separated at these onshore facilities and crude oil is transferred via pipeline to the Drift River
Terminal, where oil is stored for subsequent delivery to tankers berthed at the Christy Lee Platform. In
2006, the net oil production in Cook Inlet was approximately 6.14 million barrels, compared to 270
million barrels of total Alaska oil production. In 2006, the net gas production was approximately 196
billion SCF out of 3,222 billion SCF of total Alaska gas production (North Slope gas production makes
up the difference, but is used for lift gas and fuel gas and is not sent to market). Cook Inlet production is
projected to decrease in the future to approximately 1.8 million barrels of oil and 17 billion SCF of
natural gas in 2026.*

Currently, gas that is produced in Cook Inlet is the source of all natural gas used in Southcentral Alaska.™
The power that is consumed at the Cook Inlet facilities is derived from a combination of sources,
including the Beluga Power Plant and on-site facility generation. Ownership of the facilities in the Cook
Inlet area is diverse, with increasing investment from small and independent oil and gas companies over
the past decade.
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Figure 5-14 Cook Inlet Infrastructure Overview"!

The scope of the Cook Inlet infrastructure area that is included in this risk assessment begins at the
wellbore, both for offshore platforms and onshore oil and gas facilities. Oil and gas that is produced from
these facilities is transferred via pipelines onshore for further processing, storage, and shipping/sales.
Following separation, oil is routed to the Drift River Marine Terminal for shipping by tanker. Natural gas
is transferred from production facilities to distribution in local Alaska markets and also to the
ConocoPhillips/ Marathon LNG Plant via CIGGS, where gas is converted to liquefied natural gas and is
exported to Japan for sale. Some gas may also be distributed to market directly from onshore gas
production facilities. The scope of this project ends at the point of distribution. For the produced gas,
this is the LNG Plant, other points at which the Cook Inlet Gas Gathering System transitions to
distribution, and any direct distribution through pipelines that transport the gas directly from the gas
fields. For the produced oil stream, the scope boundary is the Drift River Marine Terminal loading arms
at Christy Lee Platform. Oil from Drift River is bound primarily for the Tesoro Refinery in Nikiski,
which produces gasoline, butane, jet fuel, heating fuel, and asphalt for local Alaska markets.

Comprehensive Evaluation and Risk Assessment of Alaska’s Oil and Gas Infrastructure Page 56 of 100
FINAL Interim Report, Rev 3




The following are the major Cook Inlet Area infrastructure components included in the scope of this
project:

o Sixteen offshore platforms producing oil and gas, including all process equipment, facility piping
and associated pipelines. Four platforms are currently in lighthouse mode ( i.e., wells shut in,
production facilities cleaned, decommissioned but not removed, and navigational aids intact),
and are not producing, but will be considered as part of the scope.

o Fifteen onshore gas production facilities, including all process equipment, facility piping and
associated pipelines. An additional six facility areas are not currently producing and are
considered to be outside of the scope of the project.

o Five onshore oil and gas processing facilities, including East Forelands Facility, Granite Point
Tank Farm, Trading Bay Production Facility, West McArthur River Facility, and Kustatan
Facility (Scope includes all process equipment, facility piping and associated pipelines).

e Drift River Marine Terminal and associated Christy Lee Platform, including all process
equipment, facility piping and associated pipelines up to the berth loading arms.

e Oil and gas production pipelines/systems including the Cook Inlet Gas Gathering System
(CIGGS), Cook Inlet Pipeline (CIPL), Kenai-Kachemak Pipeline (KKPL), and other associated
oil and gas pipelines that are not distribution lines.

The following table contains a listing of Cook Inlet facilities and components that have been determined
to be in the project scope based on a review of publicly available data. Note: This list of Cook Inlet
infrastructure components has not been reviewed by the infrastructure owner/operators to determine the
accuracy of the list or the data associated with these facilities.

Table 5-2  Cook Inlet Facilities and Components (in scope)

Facility Major Components

In Scope

NOTE: As of 2005, Union (Unocal) merged and is a wholly owned subsidiary of the Chevron
Corporation. Platforms and natural gas producing fields in the Cook Inlet Basin are operated by
Chevron, although legally Union is still listed as the owner.

Offshore Platforms/Qil and Gas Production Facilities?

Platform “A” 17 wells (2 shut-in)
(XTO Energy) One 8” produced oil/gas/water emulsion pipeline

One 8” gas pipeline
Associated processing equipment and facility piping

Platform Anna 15 wells (3 shut-in)
(Chevron) 8” oil pipeline
8” gas pipeline
Associated processing equipment and facility piping
Platform Bruce 12 wells (5 shut-in)
(Chevron) 8” oil pipeline
8” gas pipeline
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Facility Major Components

Associated processing equipment and facility piping

Platform “C” 16 wells (4 shut-in)
(XTO Energy) One 8” produced oil/gas/water emulsion subsea pipeline

One 8” gas pipeline
Associated processing equipment and facility piping

Platform Dolly Varden 37 wells (20 shut-in)
(Chevron) 8” produced water/oil pipeline

Associated processing equipment and facility piping

Platform Granite Point 11 wells (3 shut-in)
(Mobil & Chevron) 8” produced water/oil pipeline
8” gas pipeline
Associated processing equipment and facility piping
Platform Grayling 35 wells (15 shut-in)
(Chevron & Marathon) 10” produced water/oil pipeline

10” gas pipeline
Associated processing equipment and facility piping

Platform King Salmon 25 wells (13 shut-in)
(Chevron & Marathon) 8” produced water/oil pipeline

Associated processing equipment and facility piping

Platform Monopod 2 wells (0 shut-in)
(Chevron & Marathon) 8” oil produced water/oil pipeline

Associated processing equipment and facility piping

Platform Osprey (Kustatan) 5 wells (3 shut-in)
(Pacific Energy Resources) Associated oil and gas pipeline

Associated processing equipment and facility piping

Platform Steelhead 28 wells (4 shut-in)
(Chevron & Marathon) Associated oil and gas pipeline

Associated processing equipment and facility piping

Platform Tyonek (Also referred to as North |7 wells (0 shut-in)
Cook Inlet Platform) Two 10” gas pipelines (pipelines are combined into one
(ConocoPhillips Alaska) 16” line onshore)

Associated processing equipment and facility piping

Platform Baker 14 wells (13 shut-in)
(Chevron) 8” oil pipeline
*This platform is currently shut-in and has | 8" 9as pipeline
been placed in “lighthouse” mode. Associated processing equipment and facility piping
Platform Dillon 9 wells (all shut-in)
8” oil pipeline
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Facility Major Components

(Chevron)

*This platform is currently shut-in and has
been placed in “lighthouse” mode.

8” gas pipeline
Associated processing equipment and facility piping

Platform Spark

(Marathon)

*This platform is currently shut-in and has
been placed in “lighthouse mode.

6 wells (all shut-in)

6” oil pipeline

6” gas pipeline

Associated processing equipment and facility piping

Platform Spurr

(Marathon & Chevron)

*This platform is currently shut-in and has
been placed in “lighthouse” mode.

8 wells (all shut-in)
6” produced water/oil pipeline

Associated processing equipment and facility piping

Onshore Gas Production Facilities

Beluga River
(ConocoPhillips)

*Includes Beluga River, Lewis River, Pretty
Creek, & Ivan River Fields

15 Beluga River wells

2 Lewis River wells

2 Pretty Creek wells

4 Ivan River wells

1 Stump Lake well (shut-in)

Associated pipelines, facility piping and processing
equipment

Beaver Creek
(Marathon)

15 wells
Associated pipelines, facility piping and processing
equipment

Cannery Loop
(Marathon)

10 wells
Associated pipelines, facility piping and processing
equipment

Deep Creek (Happy Valley)
(Chevron)

11 wells (6 shut-in)
“Kenai-Kachemak Pipeline” (KKPL)

Associated facility piping

Kenai Gas Field

106 wells

(Marathon) Grind and inject facility
Gas storage injection-production cycling equipment
Associated pipelines, facility piping and processing
equipment

Lone Creek Wells

(Aurora Gas) Associated pipelines, facility piping, and processing
equipment

Moguawkie 1 wells (1 shut-in)

(Aurora Gas)

Associated pipelines, facility piping and processing
equipment
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Facility Major Components

Nicolai Creek 1 well (3 exploratory wells)
(Aurora Gas) Associated pipelines, facility piping and processing
equipment
Ninilchik 5 pads (Ninilchik A, Falls Creek, Grassim Oskolkoff,
(Marathon) Paxton, and Susan Dionne)
12 wells

Kenai-Kachemak Pipeline (KKPL)
Associated facility piping

Sterling 4 wells

(Marathon) Associated pipelines, facility piping and processing
equipment

Swanson River 59 production wells (34 shut-in)

(Chevron) Injection wells

Gas storage injection-production cycling equipment
Associated pipelines, facility piping and processing

equipment
North Fork Field is shut-in
(Gas-Pro Alaska)
Birch Hill Field is shut-in, production stopped in 1965
(Chevron)
(ConocoPhillips)
Onshore Oil and Gas Processing Facilities
East Forelands Facility 16" gas “North Cook Inlet Pipeline”
(XTO Energy) 10” oil “North Cook Inlet Pipeline”

Associated pipelines, facility piping and
production/processing equipment

Granite Point Tank Farm 10” “Cook Inlet Gas Gathering System” (CIGGS)

(Chevron) 20” oil “Cook Inlet Pipeline” (CIPL)
16” gas pipeline

10” crude oil pipeline

Aboveground tanks

Associated pipelines, facility piping and
production/processing equipment

Kustatan Facility Aboveground storage tanks
(Pacific Energy Resources) Associated pipelines, facility piping and
production/processing equipment

Trading Bay Production Facility 16” CIGGS gas pipeline
(Chevron) 10” oil pipeline
Associated pipelines, facility piping and
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Facility Major Components

production/processing equipment

West McArthur River Facility
(Chevron)

Associated pipelines, facility piping and
production/processing equipment

Other Infrastructure

Drift River Terminal
(Cook Inlet Pipeline Co.)

10” crude oil pipeline

20" CIPL

7 aboveground crude oil storage tanks

2 aboveground diesel fuel storage tanks

2 aboveground crude fuel storage tanks

Christy Lee Platform and associated loading arms
Associated pipelines, facility piping and processing
equipment

Out of Scope

Onshore Gas Production (Fields or Units)

Cosmopolitan
(Pioneer)

Field is currently in exploration and is not producing

Corsair
(Pacific Energy Resources)

Field is currently not producing

Kitchen Field is currently not producing

(Escopeta)

North Fork Field is shut-in, production stopped in 1965
(Gas-Pro Alaska)

Nikolaevsk Field is currently not producing

(Chevron)

South Ninilchik
(Chevron)

Field is currently not producing

North Alexander
(Escopeta Qil)

Field is currently not producing

West Foreland
(Pacific Energy Resources)

Field is currently not producing

Onshore Oil and Gas Processing Facilities

Swanson River Distribution Lines

e 107 Oil Pipeline
e 10” Gas Pipeline

These pipelines are considered to be downstream sales/
distribution lines

Other Infrastructure
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Facility Major Components

Beluga Power Plant Associated operating equipment
(Chugach Electric Association)

*Only considered to be in scope as an
infrastructure feed source (power to some
facilities in scope).

Nikiski Industrial Complex These facilities are associated with downstream

Tesoro Refinery (Tesoro) processing and distribution

[ ]

e LNG Plant
(ConocoPhillips/Marathon)

e Gasto Liquids Plant (BP)

o Fertilizer Plant (Agrium)

5.2.2 Offshore Oil and Gas Production Facilities

Cook Inlet has 16 existing offshore platforms, 12 of which are currently producing oil and gas. Four are
in lighthouse mode (wells shut in, production facilities cleaned, decommissioned but not removed and
navigational aids intact). These offshore platforms typically have anywhere from 2 to 37 associated
production wells. Most platforms conduct some processing on-board to separate gas from the oil and
water production streams; this gas is used for fuel gas and processing functions on platform or sent to
flare. Some platforms have equipment to separate produced water from oil on board, while others ship
multi-phase oil and produced water to onshore processing facilities for separation. Gas and the oil and
water emulsions are piped under sea to onshore processing facilities, including the Trading Bay
Production Facility, East Forelands Facility, and Granite Point Production Facility.
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Figure 5-15 Cook Inlet Oil and Gas Platforms and Related Facilities'

5.2.3 Onshore Gas Production Facilities

Cook Inlet has 22 gas lease units, the majority of which reside on the East side of Cook Inlet. Twelve of
these units are currently producing, 9 are in exploration status or are currently shut-in. These units
represent drilling lease areas. In many cases, one lease unit may consist of more than one reservoir and
several pads. For simplicity, this report will refer to the lease unit names and commonly used reservoir or
pad names will also be utilized as appropriate. Within each unit, well pads are used for drilling, and the
number of wells ranges from 1 to 106 wells per lease unit. Product from the producing wells is then
piped to onshore Cook Inlet processing facilities for further distribution. A network of piping connects
the Cook Inlet gas units and is often referred to as the Cook Inlet Gas Gathering System (CIGGS).

Cook Inlet is currently expanding its gas production through the development of new fields, and these
lease units are considered to be outside of the scope of this project. Only those facilities that are currently
producing will be considered in this project.
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Figure 5-16 Beluga River Facility

5.2.4 Cook Inlet Onshore Oil and Gas Processing Facilities

Onshore oil and gas facilities are primarily located on the west coast of Cook Inlet and provide processing
support for the off-shore platforms. The major facilities on the west side of the inlet include Granite Point
Production Facility, West McArthur River Facility, Trading Bay Production Facility, and Kustatan
Facility. These facilities all flow through Trading Bay to reach the Drift River Terminal, where oil is
stored for loading on to tankers at the Christy Lee platform for distribution to the Tesoro Refinery and
sale in local markets. On the East side of Cook Inlet, the East Foreland XTO facility provides processing
to Offshore Platforms A and C and handles production from all Middle Ground Shoal (two XTO
platforms — ‘A’ and ‘C’, and two Chevron platforms — Baker and Dillon. In addition to oil that is
produced from the offshore platforms, the Swanson River Field produces oil and has processing facilities
to accommodate the Swanson River Field flow. Following is a brief description and process overview of
the major oil and gas processing facilities that are included in the scope of the risk assessment.

5.2.4.1 Drift River Terminal

The Drift River Terminal receives crude oil from the Cook Inlet production facilities and ballast water
from tankers. The facility performs oil/water separation on the ballast water using six successive holding
ponds. The cleansed water is discharged into Cook Inlet and the recovered crude oil, along with crude oil
from the Trading Bay Production Facility, is piped to a loading facility, Christy Lee Platform, where it is
transferred to tankers and barges. Most of the crude oil from Drift River is delivered into the local
refinery market. *?
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Figure 5-17 Drift River Termina

|13

5.24.2 Trading Bay Production Facility

The Trading Bay Production Facility is a crude oil treatment and separating facility. Oil and gas that is
separated on the Cook Inlet offshore platforms is pumped through sub-sea pipelines to Trading Bay.
Treated oil is stored at the facility and transferred by a 20" pipeline to the Drift River Terminal. Dried
natural gas that is received from the offshore platforms is piped via the Cook Inlet Gas Gathering System
(CIGGS) through Drift River for sale. Produced water is treated and discharged directly into Cook Inlet.

Product Routing From:

e Qil: Monopod, King Salmon, Dolly Varden, Grayling, Steelhead Platforms, Kustatan Facility,
West McArthur Facility, Granite Point Facility

e Gas: Monopod, King Salmon, Dolly Varden, Grayling, Steelhead Platforms, Kustatan Facility,
West McArthur Facility

Product Routing To:
e Qil: Drift River Terminal

e Gas: Granite Point Facility

5.24.3 Granite Point Tank Farm

The Granite Point Tank Farm is an oil and gas transfer, processing, and storage facility. The facility
receives gas and oil water emulsion from offshore platforms. The gas is processed through scrubbers,
compressors, and dehydrators. The emulsion is sent through a line heater and separated via a coalescer or
heater treater. The oil is sent to storage tanks and later piped to the Drift River terminal for sale. Water
from the facility is treated and discharged directly into Cook Inlet.

Product Routing From:
e Qil: Anna, Bruce, Granite Point, Spark (inactive), Spurr (Inactive) Platforms

e Gas: Trading Bay Production Facility, Nicolai Creek, Granite Point, Beluga River
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Product Routing To:
e Oil: Trading Bay Production Facility
e Gas: Cook Inlet Gas Gathering System (CIGGS) for distribution**

5.2.4.4 Kustatan Production Facility

Kustatan Production Facility receives 3-phase production (emulsions and gas) exclusively from the
Osprey Platform for processing and transfers oil and gas to the Trading Bay Production Facility for
distribution. Unlike other platform-facility relationships in the Cook Inlet Basin, the produced water is
separated at Kustatan and shipped back to the Osprey Platform for enhanced oil recovery injection and
artificial lift purposes.

Figure 5-18 Kustatan Production Facility™

5.2.4.5 East Forelands XTO Energy Production Processing Facility

The East Forelands Production Processing Facility collects emulsions and gas from XTO Energy
Platforms A and C and is also capable of collecting product from the inactive Bruce and Dillon Platforms.
Production from the Tyonek Platform is piped via the North Cook Inlet Pipeline by the East Forelands
facility for later distribution.
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Figure 5-19 Platform A™

5.2.4.6

West McArthur River Production Facility

The West McArthur River Production Facility collects product from 6 offshore platforms and acts as the
central collection point for Trading Bay Platforms. West McArthur River also contains a Waste Disposal

Injection Facility. West McArthur River receives oil and gas from the following locations.

Product Routing From:

Monopod
King Salmon
Dolly Varden
Grayling
Steelhead

Osprey Platform via Kustatan Facility

Product Routing To:

Gas: Trading Bay Production Facility

Oil: Drift River Terminal
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5.3 Trans Alaska Pipeline System

5.3.1 Overview

The Trans Alaska Pipeline System (TAPS) transports crude oil from Alaska’s North Slope to the ice-free
port of Valdez, Alaska, at the northeastern end of Prince William Sound. The 48-inch-diameter crude oil
pipeline stretches 800 miles over tundra, three mountain ranges and more than 500 streams and rivers.!
Approximately 579 animal crossings for caribou, moose, and other wildlife are incorporated into the
TAPS corridor. Four pump stations (PSs) are currently in use to move oil through the pipeline, with four
additional pump stations on standby. The Valdez Marine Terminal (VMT), at the southern end of the
TAPS, is where crude oil is loaded onto tankers for transport to market. TAPS was designed, constructed,
and is now operated and maintained by the Alyeska Pipeline Service Company (APSC). Continued
operation of TAPS is important to ensure a secure and adequate supply of energy to the US domestic
market; Alaska supplies nearly 17% of the current U.S. domestic crude oil production.® In addition, the

TAPS is a vital component of the country’s energy infrastructure and is crucial to development of North
Slope oil reserves.
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Except for occasional maintenance and repair down time, the pipeline has operated continuously since its
startup in June 1977, and has transported more than 15.5 billion barrels (bbl) of oil through the end of
2007.'" The peak average daily crude oil TAPS throughput rate of 2.03 million bbl per day was reached
in 1988; the average daily throughput rate in 2007 was approximately 740,000 bbl per day.” The total
travel time through the pipeline at this flow rate is just under 12 days from Pump Station 1 to the VMT.

The scope of this infrastructure area that is included in the risk assessment begins at the inlet ROV valves
from the North Slope supply pipelines to Pump Station 1, and continues through the pipeline and
associated pump stations to the VMT, up to the marine terminal loading arms. The following five
pipelines deliver oil to PS 1.

e Sadlerochit: Started up in 1977, carries oil from the Eastern Operating Area (EOA) and the
Western Operating Area (WOA) Prudhoe Bay developments.

o Kuparuk: Started up in December 1981, carries oil from the Kuparuk, Alpine, Milne Point,
West Sak, Tabasco, and Tarn developments.

e Lisburne: Started up in December 1986, carries oil from the Pt. Mclntyre and Niakuk
developments.

o Endicott: Started up in October 1987, carries oil from the Endicott and Badami
developments.

o Northstar: Started up in November 2001, carries oil from Northstar Island.

Table 5-3 contains a listing of TAPS facilities and components that have been determined to be in the
project scope based on a review of publicly available data. Note: This list of TAPS infrastructure
components has not been reviewed with APSC to determine the accuracy of the list or the data associated
with these facilities.

Table 5-3  TAPS Components and Major Equipment

Component Major Equipment17'2°'21

In Scope

Trans Alaska Pipeline 800-mile, 48-inch Pipeline
e 420 miles aboveground, insulated and elevated pipe in thaw-
unstable soils.
e 376 miles conventional belowground piping in thaw-stable soils.
e 4 miles of refrigerated belowground piping.
Pressure: 1,180 psi Maximum Design & Operating Pressure
Crude Oil Temperature:*
e ~105°F at injection into pipeline at PS 1
e ~60°F when received at VMT (can get to 40°F during upsets)
e ~50°F - 60°F offtake plant at NP Topping Plant is coldest point

Valves: 177 (81 Check, 71 Gate, 24 Block, 1 Ball)
Vertical Support Members (VSMs): 78,000
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Component

Fuel Gas Line

Major Equipment”’zo‘21

149-mile, 10-inch Pipeline from PS 1 to MP 34, 8-inch from MP 34 to PS 4
(generally parallels mainline crude oil pipeline).

Pressure:
e Maximum Design: 1,335 psi
e Operating: 1,090 psi
Two gas turbine compressors at PS 1 boost gas pressure from ~600 psi.
Gas Temperature: Maximum of 30°F leaving PS 1.
Pig Launching/Receiving Facilities at PS 1, MP 34, and PS 4.

Pump Stations 1, 2, 3, 4,
56,7,8,9 10,12

Crude Oil Storage/Relief Tanks
e PS 1 Crude Oil Storage Tank Capacity: 420,000 bbl
e PS5 Crude Oil Relief Tank Capacity: 150,000 bbl
e All Other Pump Stations Relief Tank Capacity: 55,000 bbl

Mainline Pumps
e 4 turbine-driven pumps originally installed at each pump station
(2 operating at PS 1 and 1 operating at PS 4).
e New electrically driven pumps installed at PS 3 and PS 9 as part
of Strategic Reconfiguration project.
Booster Pumps
e PS 1 has 3 mainline booster pumps to boost oil pressure.
e All other pump stations have booster pumps to move oil from
the storage tanks to the main line.
e PS5 has injection pumps.
Pig Launching/Receiving Facilities at PS 1 and PS 4.
Refrigerated Foundations at PS 1, PS 2, PS 3, PS 5, and PS 6.

Drag Reducing Agent (DRA) injection facilities are located at PS 1, 7, and 9
and at MP 238 south of the Brooks Range.?
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Component

Valdez Marine Terminal

Major Equipment”’zo’21

Pigging Receiving Facility

Crude Oil Storage Tanks
e Capacity of 510,000 bbl ea.; 6.2 mm bbl total working volume
e East Tank Farm — 14 Storage Tanks
e West Tank Farm — 4 Storage Tanks (only 1 is currently active)

Ballast Water Treatment (BWT) Facility
e 3 Settling tanks; capacity of 430,000 bbl. each
e 2 Biological Treatment Tanks; capacity: 5.8 million gallons
each

Power/Vapor (Vapor Recovery System and Power Plant)

e 5 gas compressors: Two of the compressors dedicated to Berths,
two compressors dedicated to tank farm service, and one
operates as a swing compressor between the tank and the berths.
Tanker Vapor Collection System
3 Waste Gas Incinerators
Flue Gas and Scrubber System
Inert Gas Cooler
Nitrogen Skid
Compressed Air System
Power Plant (3 steam boilers, 3 turbine driven generators, 2
Standby diesel generators, 4 battery-supplied UPS systems)

Marine Loading Facility
e 4 Berths: Berths 1, 3, 4 and 5 (Berths 4 and 5 are fixed
platforms equipped with vapor recovery arms. Berth 3 is used
as a lay berth for tankers. Berth 1 is out of service, but is a
floating platform originally designed to handle smaller tankers
(12,000-16,000 deadweight tons).?*
e Loading Arms: Fourl6-in arms on Berths 3, 4 and 5.
Facility Piping: All facility piping is included in the scope of the review, up
through the Marine Terminal loading arms on the berths.

Out of Scope

Flint Hills Refinery
(located in North Pole)

Petro Star Refineries
(located in North Pole
and Valdez)

Downstream infrastructure, including refineries are excluded from the scope
of this project but may be a focus of future study. Crude oil pipelines to
these facilities will be in scope up to the metering valves on the refinery feed
and outlet lines only.

Although impacts to refineries will not be considered, a shutdown of a
refinery has the potential to act as an initiating event and will be considered
in those terms.

53.1.1 Strategic Reconfiguration (SR)

In 2001, APSC began a project called Strategic Reconfiguration (SR) in an effort to reduce physical
infrastructure and simplify operations and maintenance on TAPS and at the VMT. The program goal is to
position TAPS for more efficient operation while maintaining or enhancing safety, operational integrity,
and environmental performance.’” The new system is intended to be more cost effective and scalable for
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changes in pipeline throughput to position the North Slope for future exploration, development, and
production.

The project involves installing electrically driven crude oil pumps at four critical pump stations (1, 3, 4
and 9) combined with increased automation and upgraded control systems, and will reduce manpower at
these stations. The conversion of PS 9 has been completed, and oil began moving through the new
equipment in January 2007.% The conversion has been completed at PS 3 with oil first moving through
the upgraded equipment in December 2003. The startup date for PS 4 is projected to be March 20009.
PS 1 is currently scheduled for start up in 2011, but it is not yet fully funded, so the date may change.?

Note: This information is based on the most current data that is available about the status of the SR
Project and has not been reviewed with APSC as of the time that this Interim Report was developed.

5.3.2 The TAPS Pipeline

The Trans Alaska Pipeline is 800.3 miles (1,288 kilometers) long, with an outer diameter of 48 inches.
The total area covered by the pipeline system is approximately 16.3 square miles. The pipeline crosses
three major mountain passes: the Brooks Range, the Alaska Range, and the Chugach Range. Its highest
elevation is at Atigun Pass (4,739 feet). It also crosses Isabel Pass (3,420 feet) and Thompson Pass
(2,812 feet). The pipeline crosses 34 major rivers and nearly 500 other smaller rivers and streams.

The pipeline is elevated aboveground for 420 miles and buried for the other 380 miles. To prevent
thawing of permafrost, about 420 miles of the pipeline is aboveground, mounted on approximately 78,000
vertical support members (VSMSs) located about every 60 feet. Some buried sections are insulated or
refrigerated and insulated.

Valves are strategically placed along the pipeline to isolate sections of the pipeline and to minimize the
size of potential spills in the event of a pipe rupture. Most of the gate or ball valves can be controlled
from the Operations Control Center (OCC) or from the pump stations. All valves can be operated
manually for maintenance of the line or for spill isolation, if necessary.*®

Figure 5-21 TAPS Check Valve?’
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5.3.3 Operations Control Center

Operators at the OCC monitor the TAPS 24 hours a day and maintain control of all significant aspects of
the pipeline operations and pipeline leak detection using instantaneous monitoring. OCC relocated its
primary control location from Valdez to Anchorage in January 2008 and the TAPS and the VMT are now
controlled from the Anchorage site. APSC plans to relocate the Valdez OCC equipment to Wasilla as
part of a project to construct an Alternate Operations Control Center (AOCC) as a redundant control
center, which is expected to be operational during 2008.'"2%%°

5.3.4 Pump Stations

The original design of TAPS called for 12 pump stations equipped with 4 pumps each.?’ PS 11 was never
built and exists as a security site only.®® Currently, four operating pump stations (PS 1, 3, 4, and 9) propel
oil through the pipeline.?>® One additional pump station (PS 5 on the southern slope of the Brooks
Range) operates only to relieve pressure in the line. As a result of the decline in throughput that has been
ongoing since the beginning of the 1990s, five other pump stations (2, 6, 7, 8, 10, and 12) have been
placed on standby.”**® More recently, pumps at two pump stations (PS 2 and PS 12) have been
disconnected from the pipeline entirely. The pump stations include valves, pipe, tanks, and control
equipment designed to relieve excessive pressures on the pipeline when the pipeline or a pump station
shuts down.

PS 1 is connected to Prudhoe Bay’s central power grid and uses fuel gas from the North Slope fields.
Fuel gas from the North Slope fields is also used to power and operate PS 3 and PS 4. The fuel gas is
delivered to PS 3 and PS 4 through a 149-mile fuel gas line that originates at PS 1 and varies in diameter
from 10 inches to 8 inches. The pump stations located farther south are powered by turbines that use
liquid fuel, except for PS 9, which purchases commercial power from the nearby Golden Valley Electric
Association (GVEA). PS 8 and 12 also purchase commercially generated power from local providers.*’
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Figure 5-23 Pump Station 9 *!
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5.3.5 Valdez Marine Terminal

The VMT, at the southern end of the TAPS, is where crude oil is loaded onto tankers for transport to
market. The VMT site encompasses over 1,000 acres on the southern shore of Port Valdez. The VMT
has facilities for crude oil metering, storage, transfer, and loading. Incoming crude oil is metered and sent
either to one of active fifteen 510,000 bbl storage tanks or directly to a tanker. The VMT has loading
berths that can accommaodate three tankers at once, although only two of the berths (Berth 4 and 5) have
vapor control systems and are used for loading tankers. Berth 3 is used as a lay berth for tankers, and
Berth 1 is out of service.

To reduce air emissions, vapor recovery systems collect crude oil vapors from the crude oil storage tanks
and the Ballast Water Treatment (BWT) facility as well as the vapors that are vented from marine tanker
vessels as they load crude oil at the berths. Before transfer to a tanker begins, crews place an oil spill
containment boom around the entire berth and the tanker. The BWT facility treats the ballast water that is
collected from the tankers as the oil is loaded in order to recover the oil from the ballast water.

The VMT was designed to provide the storage capacity in TAPS to allow production on the North Slope
to operate without impact-related delays from the marine transportation system. The VMT currently has
storage facilities with a working inventory capacity of 6.2 million bbl of crude oil and a total active
volume of 7.3 million bbl.}"#

Figure 5-24 Valdez Marine Terminal *°
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6.0 INITIATING EVENTS

This section describes an initial listing of events to be considered as part of the risk assessment of the
Alaska oil and gas infrastructure. The first step in developing an overall risk profile for a system or set of
systems is to identify “What can go wrong?” An initiating event is the first thing that happens that causes
or contributes to a deviation from the normal design or operational intent of a system .The hazardous
events that will be postulated for this project are those events that are unplanned and undesired that have
the potential to cause impacts to safety, the environment, or reliability of the producing infrastructure.
The initiating events to be considered are divided into two categories, 1) operational hazard events, which
are related to the operating processes that make up the infrastructure system, and 2) natural hazard
events, which are caused by naturally occurring phenomenon in the environment.

The following sections, which were derived as a result of the stakeholder consultation process and from
general risk assessment practices, provide a preliminary listing of event categories that will be considered
for both operational and natural hazard events. These events should be considered to be a broad overview
of the types of events in each category that would be specifically applicable to Alaska oil and gas
infrastructure facilities, components and processes and is not intended to be an exhaustive list of all
events, contributors or scenarios that will be considered during the risk assessment. This list will be
expanded and refined during the Task 2 Methodology Development process, and will allow for the
development of a customized, structured set of scenarios that take into account the design and operating
features that are specific to the facility or infrastructure item that is being considered for the facilities and
components described in Section 5.0 of this report.

6.1 Operational Hazard Events

Operational hazard events are those events that relate specifically to the processes, systems, and
equipment that make up the oil and gas infrastructure and can be events that are caused by human actions
or equipment or system malfunctions associated with the operations of a system. These events can occur
within the boundaries of a plant or facility and are a result of oil and gas system operations activities and
tasks. The project team will evaluate the operational hazards that have the potential to cause a safety,
environmental, or reliability consequence on both a facility and component level and a system-wide basis.
Operational hazard scenarios will be postulated for each facility and set of components and equipment
that comprise the overall Alaska oil and gas infrastructure. The following is a preliminary list of the types
of operational hazards and contributing factors that are applicable to the Alaska oil and gas infrastructure
and were identified through stakeholder consultation, data and information review, and best risk
management practices.

o Fire
e Explosion

o Loss of Integrity (spills and leaks) (e.g., due to natural aging process— corrosion, abrasion,
wear and fatigue)

e Equipment Malfunction
o Loss of Infrastructure Support Systems (e.g., power)

e Changes in Process Conditions (e.g., composition— heavy oil, increased quantities of sand,
throughput decline)

e Human Error (due to fatigue, not following proper procedures, resource availability, etc.)
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6.2 Natural Hazard Events

Natural hazards that have the potential to cause unacceptable safety, environmental and reliability
consequences will also be evaluated by the project team. Natural hazards are atmospheric, hydrologic,
geologic (especially seismic and volcanic), and wildfire phenomena that, because of their location,
severity, and frequency, have the potential to affect the infrastructure adversely. The qualifier "natural
eliminates such exclusively manmade phenomena as listed in the operational hazards section above. The
following is a preliminary list of operational hazards as identified through stakeholder consultation, data
and information review, and best risk management practices.

o Earthquake

e  Tsunami

e Volcanoes (including ash, lahars, etc.)
e Coastal Erosion

e Permafrost Thaw/Climate Change

e Ice

e Severe Storms

e Flooding

e Underwater Currents

e High Winds

e Geology (e.g. subsidence, landslides)
e Avalanches

e Forest Fire
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7.0 UNACCEPTABLE CONSEQUENCES

7.1 Background

Section 4.02 of the State’s scope of work for the risk assessment states:

“The State envisions the analysis will utilize an "unacceptable consequence” approach; beginning with
the identification of the nature and extent of oil and gas infrastructure failures that would create
unacceptable consequences or impacts to the environment, overall safety, and system reliability. The
bidder must consider wide-ranging stakeholder input before identifying an unacceptable consequence.”

The scope of work further identifies consequence categories of interest for the risk assessment as impacts
of potential events that pose threats to:

¢ Reliability of State Revenue Due to Loss of Production
o Safety (Occupational and Public)

e The Environment

The risk of such events can be expressed as the combination of the magnitude of the consequences
associated with the event and the frequency with which such an event is expected to occur. The term
“Reliability” was defined by the State for this project as:

“Reliability: For the purpose of this project "reliability" means the continuity of production of oil and gas
from which the State government receives ~85% of its revenue. Any failure, problem, or event that results
in an unplanned interruption of, or reduction in the rate of oil or gas production, negatively affects
reliability.”

In this risk assessment, disruption of a production stream that is severe enough to have a significant
impact on State revenue is considered to be a consequence of interest for reliability. The magnitude of
impacts is characterized by the consequence categories defined below. These include Reliability/Revenue
Consequences, Environmental Consequences, and Safety Consequences.

7.2 Approach for Consequence Categorization

The project team’s initial approach to define the three consequence areas of concern for the project is
provided in Tables 7-1 to 7-3. These initial definitions and categories will need to be further developed
and refined as the project progresses into the Methodology Development stage. For example, the
following initial category scales may be most useful and applicable to the preliminary risk screening
activities of the risk assessment. Other detailed assessment tools and approaches may be used for the in
depth analysis that will be required during the Implementation Phase of the project.

7.2.1 Reliability/Revenue Consequences

Table 7-1 presents the initial structure proposed by the project team for assessing the consequence levels
related to Reliability/Revenue. Using this approach, the project team will assess the potential impact on
the State’s annual budget from unplanned events that interrupt or reduce oil and gas production flow, and
therefore result in loss of revenue from royalties.
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A three tier structure for categorizing revenue loss (i.e., Catastrophic, Challenging, and Manageable) was
provided with input from the State Department of Revenue personnel, and forms the basic structure
reflected in Table 7-1. The project team is considering the use of an expanded five category revenue loss
structure (as reflected) to provide the ability to discriminate between loss events in the middle range of
the scale (Challenging). The mid-level loss categories will require more definition as the risk assessment
methodology is further developed.

Additionally, further discussions and data review will be used to define appropriate annual budget
percentages and/or actual revenue amounts that correspond to each category range. These can then be
used with estimates of the revenue loss impact from an event that results in loss of production to allow
each event to be assigned to one of the Reliability/Revenue consequence categories.

During the Stakeholder Consultation process for this project, numerous economic consequence issues
were raised by stakeholders that do not fall within the scope of this project, in terms of loss of reliability
as defined as a loss of revenue to the State from oil or gas production royalties. There are often other
large economic impacts posed by oil and gas infrastructure events that are not related to loss of State
revenue. Examples of these impacts could include:

e Industrial shutdowns and loss of home heating if natural gas supply to villages and cities (such as
Anchorage) is lost;

e Loss of a large portion of the Alaska electrical supply if natural gas is not available to the
electrical generating network;

o Loss of jobs if the refineries supplied by the pipeline do not receive crude oil as a feed stock for
continued plant operations; and

o Loss of gasoline, diesel, and aviation gas to the Alaska commercial, military and aviation fuel
markets if refineries are shut down for an extended period of time due to a loss of crude stock.

These additional economic losses (and potential associated safety impacts) are clearly issues of significant
consequence and concern to the stakeholders of the State, which deserve to be brought to the State’s
attention and addressed. However, those impacts are outside of the scope of this project as they relate to
secondary, socioeconomic consequences that were not defined as consequence areas of concern for this
particular project. The focus of this project is restricted to direct State revenue losses only. Therefore, a
detailed analysis of the socioeconomic impacts related to loss of reliability in this context will not be
performed at this time, but the State should consider addressing these stakeholder concerns in a future
study.
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Table 7-1  Reliability/Revenue Loss Categorization

Category Magnitude of Revenue Loss (Compared to Annual State Budget Forecasts)

Catastrophic — Revenue losses that severely affect the State’s ability to fund and provide
5 basic or essential State services (e.g., law enforcement, fire protection, public health
services, education support, welfare programs, and basic infrastructure safety programs).

Extremely Challenging — Revenue losses that have a very significant impact on the State’s
ability to fund non-essential but expected core State services.

Note: This category will be further defined based on future detailed discussions with the
State Department of Revenue and an understanding of core State services and associated
funding requirements as outlined in the annual State budget forecast and the State
Emergency Response Plan.

Challenging — Revenue losses that have a significant impact on the State’s ability to fund
non-essential but expected core State services (such as long term support to
recreational/outdoor activities, plans for increased educational opportunities for State

3 citizens, etc.). These kinds of services are expected and strongly desired by the citizens of
the State, and if the State is unable to provide these services due to budget shortfalls, there
is an expectation of public outcry from the citizens of the State.

Moderately Challenging — Revenue losses that have a moderate impact on the State’s
ability to fund non-essential but expected core State services.

Note: This category will be further defined based on future detailed discussions with the
State Department of Revenue and an understanding of core State services and associated
funding requirements as outlined in the annual State budget forecast and the State
Emergency Response Plan.

Manageable — A loss of State revenue that is of concern but does not necessarily threaten
critical or core State services, but would impact optional services such as additional
investment in programs to increase cultural or entertainment activities, recreational
activities, etc.; or a loss in revenue that would eliminate discretionary spending and cause
deferral of optional capital projects, upgrades to existing infrastructure, or services.
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7.2.2 Environmental Consequences

A major aspect of stakeholder concerns expressed during the Stakeholder Consultation process were
issues regarding potential environmental impacts of oil and gas infrastructure failures which lead to a loss
of containment and release to the environment. Table 7-2 presents the initial structure proposed by the
project team for assessing the consequence levels related to potential events that would affect the
environment.

The initial categories reflect events that would be considered to be unacceptable and significant if they:
e Affect specific valued species, resources, and/or habitat
o Involve a wide-spread area
e Have long term or persistent effects
o Restrict access to areas due to pollution effects

The assignment of potential events to the proposed five-category environmental scale will require the
project team to consider a wide range of factors to determine the level of consequence of an event. The
definitions for the consequence categories and scale will require further definition and research during the
Methodology Development task to determine the guidelines for how each of the factors will be weighted
and applied. The factors that are likely to be key contributors to the severity of an event which causes an
environmental impact include:

e Area of High Environmental Consequence — This will be defined by the actual location
characteristics (geography/topography of the area, e.g. land area or waterway) and the types of
animal and plant species and activities which are dependent on the affected area.

o Type and Amount of Material Spilled - Crude oil, produced water, gas, etc.

o Response to the Release - This will consider the ability of the infrastructure operator to detect and
respond to the spill, the climate conditions under which the release event occurs, and the resultant
ability for mitigative and remedial activities to occur.

e Recoverability — This will be defined as the amount of material (based on initial release size) that
can ultimately be recovered from the environment. This will need to account for both the
characteristics and climate of the release location and the capability of the response organization
to perform the required remedial activities. For example, it was clear from the Stakeholder Input
process that there are concerns regarding the potential for accidental releases to contaminate wide
portions of sensitive watersheds, and not be recoverable because of water flow and ice
considerations.

The project team has examined some of the environmental classifications and definitions used in various
regulations and programs to describe an area of high environmental consequence, to include aspects of
both environmentally sensitive areas and high consequence areas. However, due to the unigue nature of
both the Alaska environment and the key stakeholder concerns, a definition of areas of high
environmental consequence will be customized for use in the project and for the environmental
consequence categories described below. Data that is available from applications where similar terms
have already been defined may be of value to this project, but at this time, they have not been fully
adopted for this customized set of definitions that is summarized in Table 7-2 Stakeholders specifically
highlighted the issues of subsistence, traditional lifestyle activities, areas of cultural significance; wildlife
and human habitat which supports tourism and recreational activities, and other key issues (Refer to
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Section 3.0 for a summary of stakeholder concerns). These issues have been considered as part of the
initial environmental loss categorization (Table 7-2 below) and will be defined in greater detail during the
Task 2 Methodology Development.

Table 7-2  Environmental Loss Categorization

Category Environmental Impacts

5 Catastrophic — A significant release to an area of extremely high environmental
consequence that causes large-scale, widespread, non-recoverable, irreversible,
and long-term damage that is severe. The damage would be considered to be
extensive enough that the area would be “condemned” and considered unusable
for the foreseeable future. The loss would prevent a return to normal life support
and access for the conduct of normal activities that were once supported by the
area’s resources.

4 Extremely Challenging — A significant release to an area of very high
environmental consequence that causes large-scale, widespread, long-term,
severe damage to the environment. The damage would result in a long-term
disruption of life support and normal use of the area, and some damage to the
area may be irreversible.

3 Challenging — A significant release to an area of high environmental
consequence that causes widespread and persistent damage to the area, which
would cause a disruption in life support and would limit normal use and activities
in the area for some time. Remediation would be required and some damage to
the area may be irreversible.

2 Moderately Challenging — A release to an area of some environmental
consequence that results in localized but irreversible or widespread damage to
the area. Results in short-term effects on the area’s environmental conditions,
which causes damage to life support and a disruption in normal activities that are
supported by the area. Remediation would be required and some sections of the
area may or may not be restored to their original condition over time.

1 Manageable — A release to an area of some environmental consequence that
results in localized and reversible effects on the environment. Results in some
initial disruption of activities in the area, but normal usage can resume in a very
short time frame once remediation/recovery activities have been completed.
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7.2.3 Safety Consequences

Table 7-3 presents the initial structure proposed by the project team for assessing the consequence levels
related to potential events that would affect safety. Safety impacts include both Occupational Safety (i.e.,
impacts to personnel that work in and on oil and gas infrastructure facilities and equipment) and Public
Safety (impacts to members of the public at large who reside near or are located within the local
boundaries of the operating infrastructure equipment and facilities).

The safety consequences that are being considered in this risk assessment are only those impacts that
result from events involving operational failures of the oil and gas infrastructure equipment, including
failures from causes such as equipment defects, degradation, improper operation, or inadequate
maintenance. It does not include other accidents that are not related to infrastructure equipment
operations activities such as transportation accidents, falls, construction activities or confined space
accidents. Those causes for potential safety incidents are outside the scope of this project. Also not
included in the scope of the project are health consequences from the normal operation of infrastructure as
designed and as permitted by regulatory agencies.

The project team’s approach for examining the safety consequences that could be associated with
infrastructure failures will be to estimate the size of the physical area that could be affected by each event
(e.g., impact radius of a plant fire and/or explosion event) and then to determine how many people may be
“normally” located within the impact area or the boundaries of the event conditions. The project team
will consider that any person that could potentially be located within the vicinity of the impact of a
significant operational event could potentially be exposed to life threatening or fatal injuries. Awvailable
Industry data will be used to help estimate the probability of life threatening or fatal event conditions.
Each event that will be considered in the project will be placed in one of the safety consequence
categories that are shown in Table 7-3.

A side by side consequence scale has been provided to show the potential impacts to Industry workers
(Occupational Safety) and to the Public. It is understood that Industry workers inherently subject
themselves to higher risk activities than those of the general public, by virtue of the work that they
perform and the nature of the oil and gas infrastructure work environment to which they are exposed.
Therefore, the two scales depict a significantly higher risk “acceptance” criteria for workers than for
members of the public, based on the same risk level categories. This is depicted in the order of magnitude
increase in the number of fatalities associated with the worker scale.

Each event would be assigned to a consequence category based on the higher of the two, occupational or
public safety impact. For example, an event that would be expected to cause 10 to 50 infrastructure
worker fatalities, and also extend off the property far enough to cause 4 fatalities among members of the
public at large, would be assigned to the Safety Consequence Category 4.

Based on an understanding of the worker populations at Alaska oil and gas infrastructure facility
locations, and the lack of members of the public near most of those infrastructure locations, the project
team does not expect to identify many Category 4 and 5 events. However, if there are a significant
number of larger consequence events identified during the preliminary screening stage of the risk
assessment, the consequence scales will be extended as necessary to enable categorization of those
particular events.
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Table 7-3  Safety Consequence Categorization

Category Occupational Safety Impact Public Safety Impact
(Number of Potential Fatalities) (Number of Potential Fatalities)
5 > 100 >10
4 50 to 100 51010
3 10 to 50
2 5to 10 <5
1 <5
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7.3  Unacceptability of Consequences

Ultimately, the “acceptability” of specific events that might occur must be judged by the State of Alaska
based on their understanding of both the risk of the event and the estimate of the costs associated with
reducing the risk. Overall risks can be managed by minimizing or mitigating risk levels, which can be
accomplished by either reducing the magnitude of the consequences of the event (assuming that the event
has occurred) or by reducing the likelihood (expected frequency) that the event will occur.

An example of this concept can be seen in the risk of fatalities on the highways of the United States due
to traffic accidents. The U.S. has averaged about 38,000 fatalities per year over the last 10 years. This is
about 14 fatalities per 100,000 members of our population. It would be quite easy to say that a traffic
fatality is an “unacceptable consequence.” However, because we as a society have tolerated that fatality
rate (or higher) for decades, the consequence of an automobile fatality is clearly not “unacceptable,”
although everyone would agree that such consequences are very undesirable. Why is that? It is because
to achieve that low of a level of fatalities, we already spend billions of dollars on risk reduction measures,
such as highway design, vehicle safety features, driver education and licensing, and law enforcement.
The consequence of a small number of fatalities per accident (generally 1 to 6 deaths) is apparently not
such an “unacceptable consequence” to us that we are willing to greatly increase the amount of highway
safety money we spend or to further restrict our citizens’ use of automobiles.

In the context of this risk assessment, the approach for the development of the detailed risk assessment
methodology needs to be one that identifies event consequences and frequencies across a range of
potential events so that the State of Alaska can use that information to help make risk management
decisions such as:

e Are we as a State willing to spend any more money directly or indirectly to reduce these
identified risks?

e |If we are willing to spend additional money, where should those additional resources be focused
to add the most value?

o If there are different types of risks, how do we feel about each of them (i.e., how do we prioritize
the risks so that we can make decisions on which ones should be addressed first)?

In many risk management approaches, this type of risk information is provided in a risk profile that is
structured as a set of events plotted on a risk matrix, as illustrated in the risk matrix example of Figure
7-1. Events would be assigned to a risk category (i.e., a block humbered from 2 to 11, based on its
frequency and consequence index). Higher numbered risk categories represent higher risk levels.
Assuming that consistent frequency and consequence categories are defined, events that are assigned the
same risk number (i.e., lie on a diagonal) each present the same level of risk.

Figure 7-2 shows an illustration of a set of risk project results that were plotted on the example risk
matrix. This illustration shows that the project examined nearly 2,000 events and placed each event in a
risk category block based on its expected frequency and consequence. For example, there were 5 events
identified with a Frequency Category of 4 and a Consequence Category of 4, which resulted in a Risk
Level of 8, as depicted in Figure 7-2). Those five events represent some of the highest risk ranked events
that were identified in the project.
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7.4 Use of Risk Matrix Results

A risk matrix, like the one shown in Figure 7-1, can be used to help focus detailed risk assessment
activities or can be used in the development of a risk profile to help define risk mitigation actions. For
example, the project team might use the events from a preliminary risk assessment that fall in those risk
levels above a certain category (e.g., Risk Level of 6) to define the classes of events that should be
assessed in more detail. Or as part of the final results, the end user might determine that all of the events
(or classes of events) that fall within a specific risk level or higher will need to be addressed with a
specific prevention/mitigation plan that can be implemented to help reduce risk impacts.

Years
Between
Frequency Events
7 8 9 10 11 > 1 every 10 years <10
6
. 6 7 8 9 10 .1 to .033 events per 10 to 30
& 5 year
O
0
';: 5 6 7 8 9 .033 to .01 events/yr 30 to 100
O 4
>
O
& 4 5 6 7 8 .01t0.0033 events/yr 100 to 300
3 3
w
o
v 3 4 5 6 7 .0033 to0 .001 events/yr 300 to 1000
2
2 3 4 5 6 <.001 events/yr > 1000
1
1 2 3 4 5

CONSEQUENCE CATEGORY

Figure 7-1 Example Risk Categories for Loss Events

Note 1: The large numbers shown in each cell of the table above represent risk category index numbers,
with higher numbers presenting higher levels of risk. They should not be confused with the actual risk
level for an event that falls within that given block.

Note 2: Events along each diagonal, from the upper left to the lower right, are shown as representing
equivalent risk levels. That is only true if the frequency and consequence categories are defined
consistently (i.e., the ratio of two consecutive frequency categories is the same as the ratio between two
consecutive consequence categories). In this example, the magnitude associated with each consequence
category has not been mathematically defined.
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