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STATE PIPELINE COORDINATOR’S SECTION REQUEST

In accordance with the State Pipeline Coordinator’s information request (Letter No. 15-031-AS)
this report contains the following information.

1. The results of the lessee’s surveillance and monitoring program during the preceding
year, including annual and cumulative changes in facilities and operations, the effects of
the changes, and proposed actions to be taken as a result of the noted changes:

· Provide a summary of the scope of all surveillances, audits, self-assessments, or
other internal evaluations performed by the lessee.

· Summarize findings, action items, and other observations identified as a result of
all surveillances, audits, self-assessments or other internal evaluations
performed by the lessee.

· Describe corrective and preventative actions planned or implemented as a result
of surveillances, audits, self-assessments or other internal evaluations performed
by the lessee.

· To the extent known, list by quarter, those surveillances, audits, self-
assessments or other internal evaluations planned for next year.

2. The state of, changes to, and results from the last year of the lessee’s risk management
program, Quality Assurance Program, and internal and external safety programs.

3. Lessee’s performance under the ROW lease, including stipulations.

4. Information on construction, operations, maintenance, and termination activities
necessary to provide a complete and accurate representation of the lessee’s activities
and the state of the pipeline system.

5. A summary of all events, incidents, and issues which had the potential to, or actually did
adversely impact pipeline system integrity, the environment, or worker or public safety
and a summary of the lessee’s response.

6. A summary of all oil and hazardous substance discharges including date, substance,
quantity, location, cause, and cleanup actions undertaken.  Minor discharges below
agreed upon thresholds may be grouped into monthly total amounts, provided the
number of separate incidents is reported.

7. Any additional information requested by the State Pipeline Coordinator.
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EXECUTIVE SUMMARY

The submittal of this annual report to the State Pipeline Coordinator’s Section (“SPCS”) meets
the requirements of the Alaska Department of Natural Resources (“DNR”) Right-of-way Leases
(“ROW”).  The ROWs discussed in this report are:

· Endicott Pipeline ROW Lease (ADL 410562)

· Milne Point Pipeline ROW Lease (ADL 410221)

· Milne Point Products Pipeline ROW Lease (ADL 416172)

· Northstar Oil Pipeline ROW Lease (ADL 415700)

· Northstar Gas Pipeline ROW Lease (ADL 415975)

· Kenai Beluga Pipeline ROW Lease (ADL 228162)

Harvest Alaska, LLC (“Harvest Alaska”) owned wholly or in part the pipeline systems located on
the State of Alaska ROWs  between January 1, 2017 and December 31, 2017.   The
organization chart below in Figure 1 outlines the 2017 contractual and functional relationships
between Harvest Alaska and Hilcorp Alaska.

Figure 1 – Harvest Alaska, LLC – Organization Chart

Harvest Alaska, LLC
Richard Novcaski

Vice President

Pipeline Owner Pipeline Operator

Operating Agreement
for North Slope Assets

Michelle Brown
Compliance

Kevin Erickson
Pipeline Engineer

Hilcorp Alaska, LLC
David Wilkins

Sr. Vice President –
Alaska

Hilcorp Alaska,
LLC

John Barnes
Sr. Asset Team Lead

Glen Faulkner
Pipeline

Superintendent

Hilcorp Alaska,
LLC

Field Foreman

Contractual Relationship
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Harvest Alaska, LLC (Harvest Alaska) became the Owner and, through an Operating
Agreement between Harvest Alaska and Hilcorp Alaska, LLC, Hilcorp Alaska became the
Operator of the Endicott, Northstar and Milne Point oilfields and their associated pipelines and
infrastructure on November 18, 2014.

On February 1, 2013, Hilcorp Alaska, LLC became the operator of Marathon Oil assets
including Kenai-Kachemak Pipeline ROW Lease ADL 228162.  In 2014, Harvest Alaska, LLC
was granted ownership of the Kenai Beluga Pipeline, LLC (RCA Order P-14-025(3)) and the
State Pipeline Coordinator’s office approved the assignment from Kenai Kachemak Pipeline,
LLC to Kenai Beluga Pipeline – ADL 228162.  (SPCO Letter No. 15-132-AS dated April 3, 2015)
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“PLAN” – ACTIVITIES AND RISK MANAGEMENT

The “PLAN” portion of the management cycle involves recognizing the
scope of work and providing risk management.  The primary activity in the
State ROWs is the operation and maintenance of the crude oil and gas
pipelines.  This section provides an overview of the ROWs and pipelines
and then describes the programs in place to manage the work in a safe
and environmentally sound manner.

PIPELINE OVERVIEWS

There were no significant hardware changes to the pipelines during 2017.

Endicott Pipeline

The Endicott Pipeline is a 16-inch diameter pipeline that runs aboveground for
approximately 26 miles.  This oil pipeline transports crude oil from Endicott’s Module 303
to TAPS Pump Station 1 (PS 1).  There is a pig receiver and metering facility at PS 1.

The Badami tie-in is approximately at the midpoint of the Endicott Pipeline and the
Badami pig receiver is located at this point.
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Milne Point Pipelines

The Milne Point Pipeline is a 14-inch diameter pipeline that runs aboveground for
approximately 10 miles.  It transports crude oil from Milne Point Unit’s CFP Module 58 to
the Kuparuk Pipeline System at Module 68.  Module 58 houses a sampling system, a
custody transfer metering system, a mainline pump, and a pig launcher.  Module 68
contains a pig receiver and turbine meters that support leak detection.  Piping
downstream of the pig receiver to the Kuparuk tie-in is duplex stainless steel.

The Milne Point Products Pipeline is an aboveground, eight-inch diameter pipeline that
was designed to transport natural gas liquids from a tie-in point on the Oliktok Pipeline to
Milne Point Unit’s CFP.  The Milne Point Products Pipeline was idled and put into warm
shutdown during December 2002.  In December 2006, the SPCO authorized the
temporary discontinuance of service of this pipeline.  The Products Pipeline was purged,
physically disconnected from the Oliktok Pipeline, and taken out-of-service.

Both the Milne Point Pipeline and the Milne Point Products Pipeline are situated on the
same VSMs.
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Northstar Pipelines

The Northstar Oil Pipeline is a 10-inch diameter pipeline that runs approximately 17
miles.  It originates at the Northstar Production facility located approximately six miles
offshore on Northstar Island in the Beaufort Sea and terminates at PS 1.  The tie-in
facilities at PS 1 include a pig receiver, a crude oil heater, and custody transfer meters.

The Northstar Gas Pipeline is a 10-inch diameter, high-pressure pipeline that runs
approximately 16 miles.  The Northstar Gas Pipeline originates at the Prudhoe Bay CCP
and terminates at Northstar Island.  The pipeline resides in a Class 1 Location per
49 CFR 192.5.

Both pipelines are bundled together for approximately six miles in a common offshore
trench and occupy the same VSMs for approximately six miles from the shore transition
point to a point where the Northstar Gas Pipeline turns east to the CCP and the
Northstar Oil Pipeline continues to PS 1.  The Northstar shore crossing RTU valve
separates the overland portion of the Northstar Oil Pipeline from the offshore portion.
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Kenai Beluga Pipeline

The Kenai Beluga Pipeline (KBPL) system is primarily a buried natural gas pipeline
operating on the Kenai Peninsula along Kalifornsky Beach Road, the Sterling Highway,
Cohoe Loop Road, and Oilwell Road.  The system is comprised of three (3) zone:
Zones 1 & 2 (12.75” diameter steel pipeline) total approximately 46 miles; Zone 3
(Kasilof Extension) is approximately 4 miles long and is a 6.625” diameter steel pipeline.
Seven separate fields produce natural gas for the transportation by KBPL.

On October 18, 2017, State Pipeline Coordinator’s Section approved the discontinuance
of service for the Kasliof Extension (SPCS letter No. 17-345-AS).  Approval is pending in
the RCA office.

Happy Valley
Extension

KKPL
Terminus,
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HARVEST ALASKA’S RISK MANAGEMENT PROGRAMS

Harvest Alaska has multiple programs that collectively serve to address and manage
HSE and pipeline integrity risks.  These programs include the DOT IMP FRAs, the DOT
OQ Program, the DOT Public Awareness/Damage Prevention Program, Personal Safety
Program, and the ADEC-approved ODPCPs.  These programs align work practices and
give consistent directions to employees and contractors who worked on both DOT
jurisdictional and non-jurisdictional assets.

Department of Transportation Integrity Management Program

In accordance with Harvest Alaska’s DOT Pipeline IMP, Comprehensive Risk
Assessments (CRA) were conducted for each DOT-regulated oil pipeline that met the
requirements of 49 CFR 195.452 for oil and 49 CFR 192 Subpart O for gas.  The CRA
process identified pipeline integrity risks and then evaluated and managed those
risks.  The CRA process and the IMP are subject to DOT audits and no findings were
identified in the past several audits.

CRA’s were performed as noted below:

Northstar Pipeline – June 2015
Endicott Pipeline – October 2015
Milne Point Pipeline – September 2015
Kenai Beluga Pipeline – May 2015

The CRA’s were reviewed in 2017 to confirm that there were no operational or integrity
changes that would necessitate a new comprehensive risk assessment.  The reviews
included integrity data integration and risk analyses.   ILI Integrity Assessments were
conducted on Northstar, Endicott and Milne in 2017 and comprehensive risk
assessments will be reviewed and updated following the integrity assessment for these
lines.

Harvest Alaska Pipelines were determined to be fit for continued operation by the
Integrity Management Group.

Department of Transportation Operator Qualification Program

In accordance with Subpart G of 49 CFR 195 and Subpart N of 49 CFR 192, the OQ
Program was designed to ensure individuals working on Harvest Alaska DOT-regulated
facilities were qualified to perform specific covered tasks and to reduce the probability
and consequences of incidents/accidents.

This program ensures that personnel have the necessary knowledge, skills, and ability to
perform covered tasks and were able to recognize and respond appropriately to
abnormal operations.  OQ records of Harvest Employees are retained within
Veriforce.  Contractors who perform “covered tasks” on DOT Pipelines are required to
post their OQ training in ISNetworld, which is a secure, Internet-based records repository
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and reporting database.   New operator qualification task analyses are performed
for pipeline integrity projects to ensure only qualified contractors are performing
maintenance work on regulated pipelines.

Department of Transportation Public Awareness/Damage Prevention
Program

Harvest Alaska complied with the DOT Public Awareness/Damage Prevention Program
outlined in 49 CFR 195.440.  This program targeted the affected public, excavators,
emergency officials, and public officials and provided meaningful information about the
pipelines’ operations and products.

The program was designed to establish long-standing and mutually beneficial
relationships with those who live or work near DOT-regulated pipelines.  This program is
continually evaluated and refined to ensure that the information meets the needs of
stakeholder audiences.

The objectives of Harvest Alaska’s DOT Public Awareness/Damage Prevention Program
are to:

· Increase public awareness and understanding of pipeline operations,

· Identify the affected public, general businesses, excavators, emergency officials,
and public officials,

· Determine the public outreach messages, methods, and frequency, and

· Measure and evaluate the program.

Harvest Alaska’s Public Awareness/Damage Prevention Program included mailed
brochures, presenting to emergency professionals at Local Emergency Planning
Committee meetings, agency facility tours, North Slope Training Cooperative training,
employee training, and HSE Fairs.

Department of Transportation Drug and Alcohol Program

Harvest Alaska complies with the DOT Drug and Alcohol Program established in 49 CFR
199.  The drug and alcohol testing program is managed out of Houston, Texas and a
third party contractor.

High Consequence Areas

The North Slope was deemed a High Consequence Area (HCA) therefore the Endicott,
Milne Point, and Northstar Pipelines are entirely in an HCA.

In 2016, Hilcorp Alaska undertook a comprehensive review of all of it’s Cook Inlet area
pipelines to determine their proper Part 192 and 195 classifications.  As a result of this
effort, the Kenai Kachemak Pipeline (KKPL) was reclassified as a Type A Gathering
pipeline.
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Based on this updated classification for the KKPL, the listing of HCA’s is no longer
applicable to the overall program implementation and maintenance; as Part 192
Gathering lines are not subject to integrity management requirements.

All other Part 192 requirements remain fully implemented.  Ongoing program activity to
ensure continued oversight, monitoring and integrity of this pipeline include right-of-way
patrols, leak surveys, valve testing and monitoring, atmospheric corrosion monitoring,
one-call line locates, etc. as discussed further elsewhere in this report.

ADEC-Approved ODPCPs

Harvest Alaska maintains comprehensive ADEC-approved Oil Discharge Prevention and
Contingency Plans (ODPCPs) for sales lines at Endicott, Milne Point, Northstar. The
State of Alaska evaluates Harvest Alaska’s controls to assure environmental protection
through the sufficiency review process and plans are then submitted for public review.

Hilcorp Alaska submitted a copy of the Hilcorp Alaska North Slope Production ODPCP to
ADEC for a sufficiency review on July 31, 2014.  The sufficiency review involved an
ADEC internal review and a public review and commentary to achieve compliance with
18 AAC 75.  ADEC issued Hilcorp Alaska’s ODPCP Certificate of Approval on November
14, 2014.

Quality Assurance Program

Harvest Alaska has an approved Quality Assurance Manual approval by the SPCS.
The Quality Assurance Program ensure commitments are met and documented through
planned and systematic actions, providing evidence that ROW lease stipulations and
DOT requirements are satisfied.  The comprehensive program established continuity
and consistency across the six Harvest Alaska ROW leases.

Harvest Alaska’s Safety Program

It is the responsibility of each employee to protect themselves, as well as fellow workers
from injury.  Work shall be conducted according to established safe practices and
procedures listed in the Safety Program Policy and Procedures Manual, the Permits to
Work Standards and the 2014 Alaska Safety Handbook (revised for 2018).  These
Harvest/Hilcorp practices emphasize accountabilities, training, competence, planning
and scheduling, task-based risk assessments, and a Permit to Work process.

The Permits to Work Practices consists of Breaking Containment, Confined Space Entry,
Engerized electrical Work, Ground Disturbance, Hot Work, Lifting Operations and Unit
Work.  These permits add structure to work authorization, increased communication,
monitored work, and ensure completion and close-out.  Other elements of the
Harvest/Hilcorp standard safe practices are auditing, lessons learned, and stopping
unsafe work.  The intent of the Stop Work element was to halt unsafe work at the earliest
possible stage by making every member of the workforce responsible for accident
prevention.
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Harvest Alaska had no DAFWC recordable injuries in 2017.

Contractor Safety Oversight

Contractor safety is managed by Harvest Alaska and Hilcorp Alaska (HAK) Operations
and supported by the Safety Team.   Contractors are a part of the Harvest Alaska and
HAK Safety Watch Program.  This program is designed with one goal in mind –
everyone goes home from work in as good as shape as they came in.

Other controls in place consist of the Permits to Work Standards Handbook, the 2014
Alaska Safety Handbook (revised in 2018) and Task Hazard Analyses.

The Permit to Work Standards and the 2014 Alaska Safety Handbook (revised in 2018)
provides effective identification, mitigation, control and communication of Health,
Environment and Safety hazards for work.

Harvest Alaska had one contractor DAFWC injury in 2017.  This incident did not occur
on any of the pipeline right-of-way leases.

COMPLIANCE MANAGEMENT TOOLS

Harvest Alaska’s GIS System

Geographical Information System (GIS) map library, data catalog, and web maps
provide access to proprietary and public aerial photography, facility, and pipeline
features as spatially geo-referenced information. These GIS data and maps provide
coverage for Harvest Alaska owned and operated assets and facilities of the North Slope
and Cook Inlet regions of Alaska. These extensive GIS content and maps are available
in Anchorage, Kenai (Cook Inlet) and the North Slope via Hilcorp internal web maps and
via other GIS software.

North Slope Field Handbooks

Harvest Alaska uses the following field handbooks that help ensure regulatory
compliance on the North Slope.

· The Alaska Safety Handbook is a set of uniform safety procedures for application
across leases and ROWs.  This handbook identifies and manages risk by
incorporating the CoW standard and other processes and procedures.

· The North Slope Environmental Field Handbook provides a general overview of
environmental regulations applicable to North Slope oil fields.

· The Alaska Waste Disposal and Reuse Guide is an environmental guide that
provides a single set of “best” waste management practices for employees and
contractors.  Revision 9 of this guide was published in February 2013.

· Hilcorp Alaska Permitting Handbook is the permitting guide used for Kenai
assets.
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· Hilcorp Safety Manual is safety standards used on the North Slope and Kenai
assets.

Communications

The pipelines are monitored twenty-four hours a day, seven days a week.  Operator has
redundant communication systems that provide for the transmission of information
needed for safe operation of the pipeline systems.  Day-to-day communication is
conducted through normal phone traffic, radios, cell phone and email.

Emergency communication systems are outlined in the ODPCP and reviewed by ADEC
to ensure that there is a means of communication with fire, police and other appropriate
public officials during emergency conditions and naturals disasters.

Corrosion Management Programs

This section provides an overview of HAK’s corrosion management programs.  A
summary of the 2017 results for the DOT pipelines on the ROWs is in the results section
of this report.

HAK’s corrosion management programs incorporate a number of processes and
procedures including:

• Identification of corrosion threats and determination of susceptibility,

• Determination of best screening plan per pipeline,

• Inspection and monitoring to evaluate corrosivity or appropriate mitigation activity,

• Mitigation (including design and materials selection) to provide a level of corrosion
control over a particular system,

• Operational requirements that can affect a system’s integrity level,

• The effect of changes, both short- and long-term (creeping change), that can
significantly alter the equipment’s life cycle, and

• Periodic tactical, strategic, and peer reviews as a means of conveying
experiences and lessons learned.

Hilcorp Alaska North Slope Inspections is responsible for the development of strategic
programs, the establishment of performance targets, tracking performance, and
regulatory reporting related to chemical inhibition, corrosion monitoring, and equipment
inspection.  HAK’s North Slope Asset Team is responsible for executing the various
corrosion management programs and interfaces daily with operations in order to
accomplish work activities.  The team is staffed with certified inspection personnel,
production chemists, pigging operators, and technical/administrative personnel.
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Internal Corrosion Rate Monitoring Program
This program measures corrosion rates using electrical resistance (ER) probes, weight
loss coupons (WLCs) and selected locations with significant internal metal loss known
as Known Damage Recur Inspection (KDRs).  This data provides a measure of internal
corrosion rates and the effectiveness of internal corrosion control measures.  ER probe
readings provide a short term (e.g. days to weeks) view into the system’s
corrosivity.  WLCs provided a medium term (e.g. months) view into the system’s
corrosivity.  Coupons are field graded and then sent to a laboratory for further
analysis.  KDRs are inspected at a prescribed interval designed to detect corrosion at
known damage locations as quickly as possible.

The WLC program at HAK is consistent with NACE International Standard Practice
RP0775 “Standard Recommended Practice - Preparation, Installation, Analysis, and
Interpretation of Corrosion Coupons in Oilfield Operations” and industry best practices.

In-Line Inspection (ILI) Program
In-line inspection program runs pigs with instruments and sensors attached through
pipelines. These pigs are utilized to assess, record, and report mechanical damage, and
internal and external metal loss anomalies.  Magnetic Flux Leakage (MFL) tools are the
most common technology used.  The ILI program provides feedback to Corrosion
Engineers which indicates the condition of the equipment and the effectiveness of
mitigation programs.  ILI data also helps determine when corrosivity or corrosion
mechanisms are changing based on comparison with historical data.

Below Grade Piping Program
This program employs the best inspection technology available for below grade piping
segments where the main threat is external corrosion.  Types of below grade piping
include: 1) cased piping, 2) direct buried piping, 3) piping in vaults, and 4) piping in
utiliways.  Excavation of below grade piping is performed if visual/instrument inspections
and/or ILI runs are not feasible.

Corrosion Under Insulation (CUI) Program
This program identifies and inspects for external corrosion on aboveground, insulated
piping that is susceptible to moisture ingress.  Inspection activities assess the condition
of piping and insulation, evaluates fitness for service, and mechanical integrity under
prevailing operating conditions.  Insulated pipe locations are examined at established
recurring frequencies.

Cathodic Protection Program
Northstar’s offshore segments are buried/submerged pipelines which do not have
thermal insulation (because they’re submerged).  External corrosion on these segments
are prevented through external coatings and galvanic anode CP systems.  The post-
mounted CP test stations are inspected annually to ensure proper operation and
effectiveness.  Pipe-to-soil potential measurements are performed in accordance with
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NACE SPO 169.  Pipe-to-soil measurements are performed on both sides of the road
and water crossings where the pipeline is buried/submerged and at isolation flanges.

Milne Point has two sets of isolation flanges which are located on each end of a
stainless steel section of aboveground pipe near the tie-in point at the Kuparuk Sales Oil
Pipeline.  These flanges are inspected and tested every three years to ensure electrical
isolation between the stainless steel and the carbon steel segments.  The flanges were
installed to assure corrosion control in accordance with DOT requirements, but do not
affect cathodic protection systems.

Atmospheric Corrosion Monitoring
This program addresses bare or un-insulated aboveground piping which is exposed to
the atmosphere.  This piping is visually inspected in accordance with DOT requirements.

If the pipeline is located onshore, the inspection frequency is at least once every three
calendar years, not exceeding 39 months.  If the pipeline is located offshore, the
inspection frequency is at least once each calendar year, not exceeding 15 months.

Atmospheric corrosion protection is assessed as either adequate or
inadequate.  Adequate atmospheric corrosion protection is defined as:

• Coated pipe with the approved coating system intact and visible evidence of
rusting occurring on no more than 10% of the exposed surface (visual
comparison of an acceptable coating condition is given by degree of rusting Rust
Grade 4 or greater under SSPC VIS-2), or

• Non-coated pipe corrosion consisting of a light surface oxide that will not affect
safe operation prior to the next inspection.

KKPL Corrosion Management Program

The KKPL transports sales quality natural gas.  This product is considered non-
corrosive.  This is confirmed annually during the DOT Risk Assessment by reviewing gas
compositions that are collected monthly for tariff purposes.  Since the gas is non-
corrosive, there are no WLC or ER-Probes.

The KKPL is also on a maintenance pigging program, a maintenance pig is run annually
and additional pigs may be recommended based on the results of the first pig.  The
KKPL is also included in the ILI program with smart pigs run on intervals determined by
PHMSA regulations.

The KKPL is protected from external corrosion by an Impressed Current Cathodic
Protection System.  There are 2 rectifiers that send data weekly to a satellite so that
normal operation of the system can be confirmed by the CP Manager in
Anchorage.  The KKPL also receives an annual CP survey in accordance with NACE
recommended practices and PHMSA recommendations.  A close interval survey on the
KKPL was completed in 2017 – no issues were found.  The KKPL is scheduled to be
inspected via smart pig in 2018.
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“DO” – 2015 FIELD ACTIVITIES

The “DO” portion of the management cycle involves construction/project,
operations, and maintenance activities and lease transfers.  This section
describes the day-to-day activities of operation and maintenance as well as
the projects that had impact on the ROWs.

CONSTRUCTION / PROJECTS

Endicott

Harvest Alaska issued the following Letters of Non-Objection for third-party activities
within the Endicott ROW.

· April 2017 – Prudhoe Bay Road Improvements – East Dock Road

· June 2017 – FS-1 to FS-2 Thermosyphon Installation – Prudhoe Bay Unit

· November 2017 – Transit over the Endicott Pipeline at Caribou Crossing

Milne Point

Harvest Alaska issued the following Letters of Non-Objection for third-party activities
within the Milne Point ROWs.

· None Issued

Northstar

Harvest Alaska issued the following Letters of Non-Objection for third-party activities
within the Northstar ROWs.

· None Issued

OPERATIONS

Endicott

Harvest Alaska transported the following number of crude oil barrels in the Endicott
Pipeline during 2017:

4,917,826 Net Barrels (without water and sediment)

Milne Point

Harvest Alaska transported the following number of crude oil barrels in the Milne
Point Pipeline to the Kuparuk Pipeline during 2017:

7,136,816 Net Barrels (without water and sediment)
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No Natural Gas Liquids were transported in the Milne Point Products Pipeline during
2017.

Northstar

Harvest Alaska transported the following number of crude oil barrels in the Northstar
Oil Pipeline during 2017:

3,518,555 Net Barrels (without water and sediment)

Harvest Alaska transported 68,594 Mscf in the Northstar Gas Pipeline during 2017.

Kenai Beluga Pipeline

Harvest Alaska transported 42,346,017 Mcf in the Kenai Beluga Pipeline during
2017.

MAINTENANCE

Harvest Alaska has computerized maintenance management systems that identified
recurring preventive maintenance tasks and managed non-routine work – known as
EAM.  The maintenance schedules were designed to ensure compliance with
inspections required by DOT.  Work orders are generated by EAM and maintenance
activities are performed by the maintenance teams and/or local maintenance personnel.

Department of Transportation Equipment Requirements

Hilcorp Alaska has a PHMSA approved Pipeline Specific Operations, Maintenance and
Emergency Response Manual (OMER) which lists all Pipeline equipment by tag number
and general location.  PHMSA frequently audits this manual to ensure procedures and
inspection were property performed.   This manual is available for review and inspection
by request.

LEASE TRANSFERS

There were no lease transfers in 2017.

Historical Transfers:

April 3, 2015, the State Pipeline Coordinator’s office approved the transfer of the Kenai
Kachemak Pipeline, LLC Right-of-Way (ADL 228162) to Kenai Beluga Pipeline, LLC.
(Letter No. 15-132-AS)

July 20, 2015, the State Pipeline Coordinator’s office acknowledged the transfer of
interest for Milne Point Oil (ADL 410221), Milne Point Products (ADL 416172), Endicott
Oil (ADL 410562), Northstar Oil (ADL 415700) and Northstar Gas (ADL 415975) pipeline
Right-of-Way Leases.   Transfer was effective November 2014.
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On December 7, 2016, the SPCS approved the change in service to include
transportation of natural gas for the Milne Point Product Pipeline (16-406-AS).

APPRAISALS

In 2017, Milne Point Oil Pipeline, Endicott Oil Pipeline and Kenai Kachemak Pipeline
were appraised.  There were no lease transfers in 2017.   Appraisals are attached as
Appendix H and I.
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“CHECK” – 2015 OVERSIGHT

The “CHECK” portion of the management cycle involves monitoring and
measurement of critical components of the ROWs and related pipelines.  A
summary of events, issues, and incidents is included in this section.

The state ROW leases require the development and submittal of a
Surveillance and Monitoring Program to detect and abate situations that may
endanger health, safety, environment, or the integrity of a pipeline.

SURVEILLANCE

General Information

The term surveillance describes observations that are primarily qualitative such as flying,
driving, or walking along the pipeline and related facilities.  The Surveillance and
Monitoring Program states, “The scope of the Program is to prevent, detect, and abate
situations that may endanger public health and safety, environment or pipeline integrity
and public or private property damage.”  This was accomplished, in part, through DOT-
required inspections and ground surveys, called Walking Speed Surveys (WSS).
Appendix B outlines the specific components of the SPCS-approved Surveillance and
Monitoring Program.

DOT-required Inspections
49 CFR 195.412(a) requires the surface conditions on or adjacent to each hazardous
liquid pipeline ROW to be inspected at intervals not exceeding three weeks, but at least
26 times each calendar year.  49 CFR 192.703 requires a patrol program for natural gas
pipeline ROWs to observe surface conditions on and adjacent to the ROW for
indications of leaks, construction activity, and other factors affecting the safety and
operation of the pipeline.

Endicott and Milne Point met the DOT requirements with visual drive-by inspections.
Northstar utilized aerial inspections.  On the North Slope, natural gas pipelines typically
share ROWs with hazardous liquid pipelines.  Those pipelines that share ROWs are
inspected at the same time.

KBPL inspections were by aerial surveys. In addition the KKPL right-of-way was
monitored by driving the pipeline during routine operation and maintenance activities.
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Table 1 - DOT Pipeline Inspection Methods

Pipeline(s) Inspection
Method

# of 2017
Inspections

Endicott Pipeline Driving 67

Milne Point Pipelines Driving 49

Northstar Pipelines Aerial 42

Kenai Beluga Pipeline Driving /Aerial 6

Walking Speed Surveys
WSSs are a visual examination of process equipment and system components to
identify mechanical integrity deficiencies.  Anomalies are noted and evaluated for
appropriate action.  The WSSs were conducted by MISTRAS on behalf of Harvest
Alaska’s Integrity team.  These inspections were completed utilizing track vehicles and
walking the pipeline ROWs.

These surveys were focused on, but are not limited to piping and insulation, structural
components, electrical equipment, instrumentation equipment, communication
equipment, chemical injection tubing, pipeline road and animal crossings.  Additionally,
each of the below-grade cased crossings was visually inspected to ensure that debris
and water were not accumulating in the casing and immersing the pipeline.  Snow-
covered pipeline segments were re-inspected when they were accessible.

Anomalies identified during these inspections are reviewed by Hilcorp Alaska and
addressed as appropriate.

Endicott Surveillance Results

During 2017, 66 drive-by inspections of the Endicott Pipeline were conducted.  These
inspections fulfilled the DOT surveillance requirements.

The 2017 Endicott Pipeline WSS was conducted in two phases by Mistras.  Phase I was
conducted in February 2017 and covered the section of pipeline from the pig launcher
inside of Module 303 at MPI to PS 1.  Phase II was conducted in August 2017.  No
significant problems of immediate concern were observed in these inspections.

Milne Point Surveillance Results

During 2016, 50 drive-by inspections were conducted.  These inspections fulfilled DOT
requirements.

The WSS for the Milne Point Pipeline were conducted by Mistras in September 2017.
No significant problems of immediate concern were observed in these inspections.
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Northstar Surveillance Results

During 2016, 40 aerial visual inspections of the Northstar ROWs were conducted.
These inspections fulfilled the DOT and ADEC surveillance and patrol requirements.

The Northstar Oil and the Northstar Gas Pipelines’ Phase I WSSs were conducted by
Mistras in March 2017 No significant problems of immediate concern were observed in
these inspections.

Kenai Beluga Pipeline Surveillance Results

During 2017, the annual aerial visual surveillance was performed by Harvest Inspection
personel.  Additional drive-by inspections of the Kenai Kachemak Pipeline right-of-way
were also performed by Harvest Alaska inspectors.

· March 20, 2017 – Aerial Inspection

· March 20, 2017 – Driving /Walking Inspection

· May 26, 2017 – Driving Inspection

These inspections fulfilled the DOT surveillance and patrol requirements.  Harvest
Alaska continues to identify encroachment issues by local residents.   Harvest Alaska
and SPCS are working encroachment issues on the Kenai Kachemak Pipeline.

Line Locates: Kenai Beluga Pipeline participates in the Alaska Dig Line Inc. one-call
damage prevention program.  Harvest Alaska receives the locate requests from the “Dig
Line” call center.  The summary of activity of the year 2016 by month is as follows:

Dig Line
Notification

On-site
Locates

High Pressure
Standbys

2016 2017 2016 2017 2016 2017

January 2 4 2 2 0 1

February 1 2 1 1 0 0

March 7 2 7 0 0 0

April 6 10 4 4 0 0

May 36 7 32 3 0 1

June 25 14 13 3 0 1

July 31 19 19 4 0 1

August 28 7 24 4 2 1

September 15 16 13 5 1 3

October 4 27 2 16 0 4

November 1 1 1 1 0 0

December 1 1 1 1 1 0



2017 Annual ADNR Surveillance and Monitoring Report Page 24

MONITORING

General Information

The term monitoring describes the acquisition, storage, and evaluation of quantitative
data using specific instrumentation.  Monitoring information is gathered and used to
recognize trends, detect unknown and unexpected problems, and plan and prioritize
repairs.

Harvest Alaska’s corrosion programs ensured the mechanical integrity of the pipelines
through regularly scheduled internal and external corrosion evaluations.

2016 Corrosion Management Program Results

Internal Corrosion Rate Monitoring Results
The DOT pipelines carry products that meet sales quality specifications. Even though
these are not in corrosive service, they were included in the “Internal Corrosion Rate
Monitoring Program” as a proactive measure. The 2017 inspections resulted in no
change from previous inspection results. The coupons and probes indicated that
average corrosion rates were below 1 mpy and pitting corrosion rates were below 5 mpy.

Internal Corrosion – Kenai Kachemak Pipeline Segment

Internal corrosion control is performed in accordance with 192.475 Internal Corrosion
Control General and 192.477 Internal Corrosion Control Monitoring.  Gas Sampling was
performed to ensure that the transported gas was not only within tariff specifications but
also devoid of harmful levels of compounds that could contribute to internal
corrosion.  Once such compound is hydrogen sulfide (H2S), and sampling for H2S was
done at the pipeline’s terminus.  Dew-point monitoring (for excess water) was performed
at several location: the pipeline’s origin (Happy Valley), the gas production pads
supplying the pipeline along the right-of-way, and its terminus.  Data indicates that
corrosive gas is not being transported by Kenai Kachemak Pipeline segment.

Below Grade Piping Results
Piggable segments of below grade pipe were monitored for internal and external
corrosion with ILI. During 2017, HAK performed an in-line inspection on a cased piping
on the Northstar Sales, which found no active external corrosion. No other integrity
concerns or significant corrosion concerns were identified in below grade segments.

CUI Program Results
External corrosion identified by ILI was mitigated at 8 sites on the Milne Point Sales, 16
sites on the Endicott Sales, and 2 sites on the Northstar Sales. At those locations, the
insulation was removed, the piping was inspected to ensure integrity and a coating and
insulation system was applied to prevent further external corrosion.
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ILI Results
HAK has correlated historic and current investigation data. The last smart pig runs are
listed in Table 10. Scopes of work were chosen to mitigate potential integrity threats due
to internal and external corrosion and complete ILI performance validation.

Table 10 – Last Smart Pig Runs

Pipeline Last Smart Pig Run

Endicott
Sales

08/04/2017: MFL, Caliper & IMU run by Rosen

Milne Sales
10/25/2017: MFL run by Rosen

12/15/2017: Caliper run by Rosen

Northstar
Sales

7/24/2017: MFL, Caliper & IMU tool run by Rosen

Northstar
Gas

7/22/2012: MFL and Caliper tool run by Baker Hughes
9/26/2012: Geopig ILI tool run by Baker Hughes

Endicott Sales
The Endicott Sales Pipeline was inspected by a Rosen with a high-resolution MFL &
Caliper combination ILI tool with an inertial mapping unit (IMU) on August 04, 2017. A
Preliminary report was received on November 1, 2017. In that report, no immediate
integrity conditions were noted on the line. A Final report is due mid. Feb 2018. Once
received Hilcorp Alaska will perform a QA/QC of the Final report. After QA/QC Hilcorp
Alaska will determine the Phase One and Phase Two follow up inspections on this
pipeline to validate the data and final report. The next in-line inspection is determined
after all the follow up inspections are complete.

Milne Point Sales
The Milne Point Oil Pipeline was inspected by Rosen using an MFL and a high
resolution Caliper tool on October 25, 2017 and December 15, 2017, respectively. A
Preliminary report is due at the end of Jan. 2018 for the MFL. The Final report will
combine both MFL and Caliper data sets and is due mid. March 2018. Once received
Hilcorp Alaska will perform a QA/QC of the Final report. After QA/QC Hilcorp Alaska will
determine the Phase One and Phase Two follow up inspections on this pipeline to
validate the data and final report. The next in-line inspection is determined after all the
follow up inspections are complete.
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Northstar Oil
The Northstar Sales Pipeline was inspected by Rosen using a high-resolution MFL &
Caliper combination tool with an IMU on July 24, 2017. A Preliminary report was
received on August 23, 2017. In that report, no immediate integrity conditions were
noted on the line. A Final report was received on October 23, 2017. 2017 ILI results
were compared to the previous ILI runs for QA/QC. A total of 5 locations were selected
for follow-up. Results from the follow-up inspection are ongoing. The next in-line
inspection will be determined after all the follow up inspections are complete.

Northstar Gas
The Northstar Sales Pipeline was inspected by Baker Hughes using a high-resolution
MFL/Caliper tool on July 22, 2012. 2012 ILI Results were compared to the previous ILI
runs and associated field follow-up from the Northstar Sales line indicated no further
work was necessary for the Northstar Gas. The next in-line inspection is scheduled for
2019.

Cathodic Protection Results

Milne Point
During 2016, the one bolt on the electrical isolation flange found on the stainless steel
and carbon steel sections on the Milne Point Pipeline was planned to be replaced.
However after evaluation and lengthy discussion it was determined that, due to the
isolation flange no metallic path exists for corrosion to develop and due to the service of
this line, there is no electrolytic path for corrosion to develop. Therefore, instead of
replacing the bolt, the flange will be monitored every three years. Additionally, the
second set of isolation flanges found on this segment will be inspected at the same time.

Northstar
Annual cathodic protection inspections were conducted by Coffman Engineers. Field-
testing and visual inspections were performed as defined by NACE International
Standard: SP0169-2007. Inspection results conclude that the cathodic protection (CP)
system was operational and effective.

Kenai Kachemak Pipeline Segment

Annual CP Survey and Electrical Survey was conducted in June 2017 by Coffman
Engineering.  A close interval survey was conducted in June 2017 by Taku Engineering.

Rectifier Inspections:  Rectifiers are inspected during the annual CP Survey.  Weekly
readings (amps/voltage) are reviewed monthly to look for any deviations from normal
operation which exceeds the minimum requirements of six times during the calendar
year under 49 CFR 192, Subpart I – Requirements for Corrosion Control.   During
inspections, rectifier voltage and current outputs were recorded.  Rectifiers are located at
mile posts 17.2 and 39.  Any cathodic protection abnormalities found during the
monitoring were corrected promptly as required by Part 192.
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Atmospheric Corrosion Inspection Results

Endicott
In March 2017, the offshore Endicott Pipeline at the Main Production Island was visually
inspected for atmospheric corrosion from pipeline requirements of 49 CFR 195.583. No
atmospheric corrosion conditions were observed or reported during the survey.
Atmospheric monitoring will continue with the offshore portions inspected annually and
the onshore portions inspected every 3 years.

Milne Point
In August 2015 the Milne Point pig launcher and receiver was visually inspected to
satisfy the pipeline requirements of 49 CFR 195.583. No atmospheric corrosion
conditions were observed or reported during the survey. inspection. Atmospheric
monitoring will continue with the onshore portions inspected every 3 years.

Northstar	
In January 2017, both Northstar Pipelines were visually inspected for the atmospheric
corrosion to satisfy the offshore pipeline requirements of 49 CFR 192.481 and 49 CFR
195.583. Light corrosion and varying degrees of coating failure were noted. One location
showed moderate corrosion on the Northstar Gas line. No action was required for the
non-measurable corrosion since it will not affect the safe operation of the pipeline prior to
the next inspection. Atmospheric monitoring will continue with the offshore portions
inspected annually and the onshore portions inspected every 3 years.

Annual Northstar LEOS Leak Detection System Test

In addition to the standard leak detection systems that monitor pressure, volume, and
temperature in the pipeline, the Northstar subsea pipeline segment employs the LEOS
leak detection system which is designed to sense hydrocarbon vapors surrounding the
pipeline. The annual functional leak test of the LEOS detection system was conducted
on October 22 and 23, 2017 by AREVA GmbH technical representatives.  The test
confirmed the LEOS system continued to perform extremely well.  The simulation
readings were stored on the LEOS server.  Preventive maintenance was performed.

Northstar Gas Pipeline Leak Survey

On-ground leakage survey of the Northstar Gas Pipeline was conducted on March 11,
2017, from the pig receiver to the shore crossing, and March 31, 2017, from the RTUs
Valve pad to Caribou Crossing pad. No leaks were detected.

Kenai Kachemak Pipeline Leak Survey

On-ground leakage survey of the entire KKPL using leak detector equipment was
conducted during March (entire pipeline) and September 2017 (Class 3 Locations
only).  No leaks were detected.
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Coastal Stability Monitoring – Northstar Pipeline Shore Crossing

Coastal Frontiers conducted the annual coastal stability monitoring on July 20, 2016 and
reported their findings in the “2017 Coastal Stability Monitoring of the Northstar Shore
Crossing Report.”  This monitoring has been performed annually since 2000 in
accordance with the USACE-approved plan.

The objective was to determine annual coastal changes and report measurable bluff
recession.  Ten shore-perpendicular profiles were surveyed annually at intervals of 250
feet and atop the pipeline crossing from the backshore to wading depth.

The full report can be found in Appendix D.

Northstar Pipeline Route Monitoring

The 2017 Pipeline Route Monitoring Program was performed by Coastal Frontiers
Corporation.   It is the 18th annual post-construction investigation of the pipeline route,
and the 16th to be conducted after the initiation of oil production on Northstar Production
Island.

The field work was conducted in two phases: (1) a helicopter-based reconnaissance of
strudel drainage features in early June, and (2) a vessel-based survey program in late
July.  The instrumentation used for the summer survey included multi-beam sonar (to
obtain  detailed  bathymetric  data  in  deep  water),  single-beam  sonar  (to obtain
bathymetric data in shallow water and serve as a back-up to the multi-beam system in
deep water), and side scan sonar (to locate ice gouges and strudel scours).  Navigation
and position data were acquired using the Global Positioning System (GPS) with real-
time differential corrections (DGPS).

As found in the report, Hilcorp Alaska, as Operator conducted a barge-based gravel
placement program prior to freeze-up.  Approximately 880 cy of material were placed in
the shortfall areas.  Monitoring will continue in 2018.

The full report can be found in Appendix E.

2017 Post-Construction Monitoring

In  late-spring 2017,  the  annual  inspection  of  Northstar  Production  Island  was
performed  to  evaluate  the condition of the slope protection system.  The Island
Monitoring Plan addresses Special Conditions #16 and #17 of Department of the Army
Permit No. N-950372.

The full report can be found in Appendix F.
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ENVIRONMENTAL STUDIES

Hilcorp Alaska and other organizations conduct various scientific fauna and flora studies
across the North Slope.  There have been substantial collaborative projects with the
Alaska SeaGrant, National Fish and Wildlife Foundation, Polar Bears International,
Wildlife Conservation Society, and others.  The Hilcorp Alaska Environmental
Department took the lead on the permitting and reporting required by agencies such as
ADF&G, USFWS, National Oceanic and Atmospheric Administration and Bureau of
Safety and Environmental Enforcement.  Various environmental studies and reports
demonstrated how the pipeline ROW requirements are satisfied.  Two examples of these
reports can be found in Appendices D, E and F.

AUDITS / ASSESSMENTS

The following PHMSA and SPCS site visits occurred while Harvest Alaska was operating
the six pipelines.  Although not directly jurisdictional to the pipeline, the State Fire
Marshal did a fire and Life Safety Inspection on the Endicott Pad, Milne Point Central
Pad and Northstar MPU Pad in March 2017.

PHMSA Inspections / Audits

Northstar Gas Pipeline

A field inspection of the Northstar Gas pipeline. PHMSA conducted a records audit for
the Northstar gas pipeline throughout the week of May 15, 2017.  The results of the
inspection are still pending.

Milne Point Pipeline

During 2017 no audits were conducted by PHMSA on Milne Point sales line.

Endicott Pipeline

During 2017 no audits were conducted by PHMSA on Milne Point sales line.

Kenai Beluga Pipeline

During 2017 no audits were conducted by PHMSA on Milne Point sales line.
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SPCS Surveillances

SPCS Surveillance involved interactions between SPCS, Harvest Alaska and Hilcorp
Alaska and included office and field interviews, inspections, and record reviews.    The
dates indicate SPCS’s internal approval and issuance of the surveillance reports.  A
description is given below.

Endicott Pipeline
On August 18, 2017, the SPCS issued Lease Compliance Report 17-279-AS.  On June
21 and 22, 2017, SPCS performed a surveillance of the Endicott pipeline right-of-way.
There were no findings or unsats as a result of that inspection.

Milne Point Pipelines
On August 18, 2017, the SPCS issued Lease Compliance Report 17-279-AS.  On June
21 and 22, 2017, SPCS performed a surveillance of the Endicott pipeline right-of-way.
There were no findings or unsats as a result of that inspection.

On November 24, 2017, the SPCS issued a Lease Compliance Report 17-384-AS.  On
November 2 and 3, 2017, SPCS performed a surveillance of the Milne Point Product
pipeline.  There were no findings or unsats as a result of that inspection.

Northstar Pipelines
On August 18, 2017, the SPCS issued Lease Compliance Report 17-279-AS.  On June
21 and 22, 2017, SPCS performed a surveillance of the Endicott pipeline right-of-way.
There were no findings or unsats as a result of that inspection.

Kenai Beluga Pipeline
On October 5, 2017, the SPCS issued Lease Compliance Report 17-316-AS. On
September 8, 2017, SPCS performed a surveillance of the Kenai Kachemak pipeline
right-of-way.  There were no findings or unsats as a result of that inspection.

RIGHT-OF-WAY EVENTS / INCIDENTS / ISSUES

Department of Transportation Incident/Accident/Safety Reports

There were no DOT Reportable Incident, Accident, or Safety Reports during 2017.

Department of Transportation - Notice of Probable Violation

None of the pipelines within the ROWs received a Notice of Probable Violation (NOPV)
during 2017.  A NOPV is a letter alleging the existence of one or more DOT violations.  It
states the evidence upon which each allegation is passed and proposes a civil penalty
and/or compliance order for at least one of the probable.
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Department of Transportation Warning Letters

One warning letter was issued to Harvest Alaska in 2017.  CPF 5-2017-5008W was
issued as a result of a 2016 inspection on the Endicott pipeline.  The letter addressed a
missing maintenance record for a pressure safety valve.  A Warning Letter is written
when a probable violation is identified, but the circumstances do not warrant a proposed
civil penalty or compliance order.  These probable violations involve less risk than those
addressed in NOPVs.

Department of Transportation – Notice of Amendment

Notice of Amendment (NOA) letter alleges that the operator's plans and procedures are
inadequate and requires that they be amended. None of the pipelines within the ROWs
received a Notice of Amendment (NOA) letter during 2017.

Department of Transportation – Abnormal Operating Conditions

AOCs are unintended events that result in exceedances of the design limits of a pipeline
system, but are not immediately identified as emergencies.  Explainable events caused
by an upset condition on the pipeline system that do not exceed design limits are not
identified as AOCs.  In most cases, the control room operator can clear these
explainable events.  DOT specifically defines the following events as AOCs:

•       Unintended shutdowns or valve closures;

•       Increased or decreased pressure or flow rate outside normal operating limits;

•       Loss of communications;

•       Operation of any safety device; or

•     Any other malfunction, component deviation from normal operation, or personnel
error that could cause hazards to persons or property.

After an AOC has ended, the operators check the operating parameters at sufficient
critical locations in the system to determine continued pipeline integrity and safe
operation.

There were 80 AOCs documented in Harvest Control Rooms in 2017.  The majority of
these AOCs were generated by false leak alarms.  Most of the leak alarms were caused
by pigging activities, loss of communications, and flow fluctuations from Pt. Thomson.
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Occupied Grizzly Bear Dens
(Northstar Stips 2.5.2)

Harvest Alaska / Hilcorp Alaska personnel did not encounter occupied grizzly bear dens
on the ROWs during 2016.  If an occupied den is encountered, it is reported to the
ADF&G, Division of Wildlife Conservation.

New Polar Bear Dens
(Northstar Stips 2.5.3)

Harvest Alaska / Hilcorp Alaska personnel did encounter one
new polar bear den in 2016.  Mama and baby emerged out of
her den on March 18th.  Governmental coordination through
Mama’s stay was excellent.

Survey Marker Conditions

Harvest Alaska/Hilcorp Alaska personnel did not report damage to the survey
monuments or accessories in 2017.

Oil/Hazardous Substance Discharges

Harvest Alaska reported no spills on any of the leased rights-of-way.

Other

Harvest Alaska had no vehicle incident in the ROWs during 2017.
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“ACT” – MANAGEMENT REVIEWS AND 2015 PLANS

The “ACT” portion of the management cycle involves management reviews
and activity planning.  The Harvest Alaska Authorized Representatives and
Hilcorp Alaska Field Representatives are identified below.  Harvest Alaska and
SPCO representatives communicate through meetings, North Slope visits, e-
mail, and other correspondence.

AUTHORIZED REPRESENTATIVES

The ROW leases require the identification of Authorized Representatives and Field
Representatives.

Harvest Alaska

Harvest Alaska designates the following as Authorized Representatives who are
empowered to communicate with, and receive the communications and orders from, the
Commissioner for the purpose of administrating the leases:

Vice President, Harvest Alaska, LLC - Richard Novcaski
Regulatory Compliance Specialist, Harvest Alaska, LLC – Michelle Brown

The Harvest Alaska Authorized Representatives’ mailing address is:
3800 Centerpoint Drive, Suite 1400
P.O. Box 244027
Anchorage, AK  99503

Hilcorp Alaska Field Representatives or their delegate must be available in the
immediate area of the leasehold.  The Field Representatives are:

· Endicott: Paul Boots/Jeff Staley
· Northstar:  Lance Kulhavy/Richard Knox
· Milne Point: John Lee/ Konrad Schruf

Harvest Alaska’s Registered Agent for the North Slope pipeline ROW leases is:
CT Corporation System
9360 Glacier Highway
Juneau, AK 99801

SPCS-LESSEE INTERACTIONS
Harvest Alaska leadership and the SPCS periodically meet in Anchorage to review
pipeline activities and lease-related issues.  Meeting dates for 2017 were February 2nd,
July 26th, and October 24th, 2017.

PLAN

DO

CHECK

ACT
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2018 PROPOSED ACTIONS AND PLANS

2018 Plans include:

· DOT Inspections

· DOT Preventive Maintenance

· Walking Speed Surveys

· Corrosion Monitoring

· Northstar Coastal Stability Monitoring – Pipeline Shore Crossing

· Northstar Rehabilitation Report – Pipeline Landfall

· Northstar Pipeline Route Monitoring

· Northstar LEOS Leak Detection System Test

· Annual ADNR Report
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FIGURE 2 – KKPL Pipeline Schematic
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SUMMER 2017 

 
EXECUTIVE SUMMARY 

 
This report presents the results of the Northstar Development 2017 Coastal Stability 

Monitoring Program for the pipeline shore crossing.  The work was performed on behalf of 
Hilcorp Alaska, LLC (HAK) by Coastal Frontiers Corporation. 
 

The 2017 Monitoring Program was the eighteenth annual post-construction investigation 
of the pipeline shore crossing, and the sixteenth to be performed after the initiation of oil 
production in 2001.  The program was conducted to satisfy the requirements stipulated in Special 
Condition #2 of the Department of the Army Permit N-950372 issued to BP Exploration, Alaska 
(BPXA) in May 1999 (Ref.: Approved Document, Annual Monitoring Program, 18 November 
1999).  The following specific tasks were accomplished: 

 Obtain topographic data on ten shore-perpendicular transects extending from the 

1996 survey baseline through the bluff face and into shallow water; 

 Map the position of the bluff edge along the 2,000-ft long survey baseline;  

 Inspect the bluff face and gravel backfill on the pipeline alignment for signs of 

accelerating erosion (e.g., exposed ice); and 

 Determine the extent of the erosion that occurred during the one-year period 

following the 2016 survey. 
 
The principal findings of the monitoring program are summarized below: 
 

1. Pre-Project Historical Bluff Erosion Rates (1949 to 2000):  The average bluff erosion rate 
at the project site was 2.8 ft/year during the 51-year period preceding the installation of the 
Northstar pipelines (1949 to 2000).  Higher erosion rates prevailed during shorter time 
periods (4 to 13 years), with the maximum short-term rate approaching 8 ft/yr.  The highest 
short-term retreat rates occurred about 1,000 ft to the west and east of the pipeline shore 
crossing location.  The lowest rates in the study area occurred along the portion of the bluff 
near the pipeline shore crossing, where a long-term retreat rate of 1.3 ft/year and a 
maximum short-term retreat rate of 3.1 ft/year prevailed.  This finding supported the 
selection of the Northstar pipeline shore crossing location. 
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2. Post-Project Bluff Erosion Rates (2000 to 2017):  During the 18-year period from 2000 to 
2017, the bluff erosion rate at the project site averaged 1.3 ft/year.  Significant departures 
from this trend occurred between 2002 and 2003, and again between 2007 and 2008, when 
bluff recession rates averaged 5.2 and 5.8 ft/year, respectively.  During both of these 
periods, increased erosion occurred in response to westerly wave energy accompanied by 
high water levels.  At the location of the pipeline shore crossing, the long-term erosion rate 
between 2000 and 2017 was 1.1 ft/year, lower than that which prevailed prior to pipeline 
installation.  The maximum annual loss at the shore crossing location was 6.9 ft, occurring 
between the 2002 and 2003 surveys. 

3. Recent Bluff Change (2016 to 2017):  During the most recent one-year period, the bluff 
retreat in the study area averaged 1.6 ft.  This loss ranks as the fourth highest measured 
during the past 17 years.  The magnitude of retreat may be attributable to three westerly 
storms that occurred between the 2016 and 2017 surveys and produced water levels in 
excess of +3 ft (MLLW Datum).  However, despite above-average bluff recession in the 
study area, the changes in the immediate vicinity of the shore crossing were negligible. 

4. Pipeline Backfill Changes (2000 to 2017):  The gravel backfill on the pipeline alignment 
subsided approximately 3 ft between the 2001 and 2003 surveys.  A similar reduction in 
the elevation of the top of the pipeline riser also was apparent.  These changes likely were 
caused by the thermal effects of heated oil introduced into the pipeline in October 2001.  
Since 2003, the surface elevation of the pipeline backfill at the shore crossing and the 
pipeline riser elevation have been relatively stable.   

5. Facilities Setback:  The minimum recommended setback at the beginning of each open-
water season is 42 ft.  This value represents the sum of the highest annual bluff retreat 
measured at the shore crossing (~7 ft) and the predicted 100-yr ice encroachment distance 
(~35 ft).  At the time of the 2017 survey, the toe of the pipeline shore transition pad was 
located about 70 ft landward of the bluff face.  As a result, bluff erosion does not pose an 
immediate threat to the safety of facilities on the pad.     

6. Recommendation:  Because an adequate buffer zone was found to exist between the bluff 
edge and pipeline shore transition pad, erosion mitigation measures are not required at this 
time.  Should future monitoring efforts indicate that landward retreat of the bluff edge or a 
loss of pipeline backfill poses a threat to the pad, additional gravel can be placed along the 
bluff edge to increase the width of the buffer zone and insulate the bluff from thermal and 
mechanical erosion.   
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Prepared by Coastal Frontiers Corporation 

January 2017 
 
1. INTRODUCTION 
 

This report presents the results of the Northstar Development 2017 Coastal Stability 
Monitoring Program for the pipeline shore crossing.  The work was performed on behalf of 
Hilcorp Alaska, LLC (HAK) by Coastal Frontiers Corporation. 

 
The Northstar Unit lies to the northwest of Prudhoe Bay (Figure 1).  During the spring 

and summer of 2000, Northstar Production Island was constructed in a water depth of 38 ft, and 
twin pipelines were installed to convey gas to the island and oil to shore.  The pipelines extend 
south from the production island through the western end of Stump Island, and continue across 
Gwydyr Bay to a landfall approximately one-half mile east of Point Storkersen.   
 

A coastal erosion assessment was performed on behalf of BPXA in 1996 to forecast the 
expected rate and extent of bluff erosion to support the selection of a suitable site for the pipeline 
shore crossing facilities.  The evaluation included a site reconnaissance and topographic survey, 
as well as a quantitative analysis of historical aerial photographs dating back to 1949 (Coastal 
Frontiers Corporation, 1996).  Historical studies addressing Arctic bluff erosion also were used 
in order to provide a larger framework upon which to base prudent decisions. 
 

Topographic surveys have been performed each summer since the pipelines were 
installed to document the condition of the shore crossing.  The 2017 Monitoring Program was 
the eighteenth annual post-construction investigation of the pipeline shore crossing, and the 
sixteenth to be performed after the initiation of oil production in 2001.  The program was 
conducted to satisfy the requirements stipulated in Special Condition #2 of the Department of the 
Army Permit N-950372 issued to BP Exploration, Alaska (BPXA) in May 1999 (Ref.: Approved 
Document, Annual Monitoring Program, 18 November 1999).  The following specific tasks were 
accomplished: 

1. Obtain topographic data on ten shore-perpendicular transects extending from the 

1996 survey baseline through the bluff face and into shallow water; 

2. Map the position of the bluff edge along the 2,000-ft long survey baseline;  
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3. Inspect the bluff face and gravel backfill on the pipeline alignment for signs of 

accelerating erosion (e.g., exposed ice); and 

4. Determine the extent of the erosion that occurred during the one-year period 

following the 2016 survey. 
 

Pt. Storkersen

Gwydyr Bay
Egg

Island

Stump Island
Kuparuk River

Prudhoe Bay

West Dock
Causeway

Pt. McIntyre

0         3,500     7,000 ft

30 ft

20 ft
10 ft

5 ft

5 ft

Long
Island

NORTHSTAR UNIT

Northstar
Production

Island

Northstar
Pipeline

Shore
Crossing

 
Figure 1.  Northstar Project Location 

 
The vertical datum for all elevations in this report is ARCO Mean Lower Low Water 

(MLLW), which represents the Northstar Development project datum.  Based on a detailed 
investigation conducted in 1997, ARCO MLLW is identical to National Ocean Service (NOS) 
MLLW for engineering purposes (Coastal Frontiers, 1997a).  Tidal datum information developed 
from the NOS tide gauge in Prudhoe Bay for the 1983-2001 epoch indicates that Mean Sea Level 
lies 0.34 ft above MLLW.  The horizontal datum for all positions is Alaska State Plane 
Zone 4 (ASP 4) relative to the North American Datum of 1927 (NAD27), with units expressed in 
U.S. Survey Feet.   
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2. ARCTIC COASTAL PROCESSES - AN OVERVIEW 
 

Coastal retreat tends to occur at two different rates (Walker, 1983).  Storm-induced 
erosion typically is rapid, and is most pronounced during westerly storms due to the rise in sea 
level that accompanies such events.  More gradual retreat results from the seasonal cycle of 
thawing and periods of sustained high air temperatures, which induce thermal erosion of ice-rich 
sediments.  These sediments are then removed by normal summer wave conditions. 

 
Prior investigators have documented moderate to high rates of bluff retreat at numerous 

locations along the Beaufort Sea coast.  Rates of erosion can vary from negligible to tens of feet 
per year, dependent on bluff morphology, beach width and composition, storm wave exposure, 
and climatic conditions.  Bluff retreat estimates along the Alaskan Beaufort Sea coast derived 
from several prior studies are summarized in Table 1.  An extensive discussion of arctic coastal 
processes can be found in the initial Northstar Pipeline shore crossing monitoring report (Coastal 
Frontiers Corporation, 2000).   

 
Table 1.  Estimated Bluff Retreat Rates along the Alaskan Beaufort Sea Coast 

 Location Estimated Bluff Retreat Rate Investigator 

 Tigvariak Island to  
 Point Thomson 

6.9 ft/yr Hopkins and Hart (1978) 

 Brownlow Point 30.2 ft/yr Leffingwell (1919) 

 Flaxman Island 
10.8 ft/yr 

(1952-1982) 
Miller and Gadd (1983) 

 Heald Point  
 (Western Shoreline) 

1.0 to 2.0 ft/yr   
(entire study area) 

3.9 to 4.9 ft/yr 
 (sector containing massive ice) 

Leidersdorf, et al. (1996) 

 Foggy Island Bay, 
 Mainland Shoreline 

2.0 to 3.6 ft/yr 
(ave long-term) 

8.9 ft/yr  
(maximum short-term) 

Coastal Frontiers Corp. (1997b) 
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3. COASTAL CHANGES NEAR THE NORTHSTAR SHORE CROSSING 
 

This section describes bluff, shoreline, and pipeline backfill changes in the vicinity of the 
Northstar Pipeline shore crossing.  The results of a historical aerial photo analysis dating back to 
1949 are summarized in Section 3.1, while the findings of the more recent monitoring program 
are discussed in Section 3.2.  Changes to the backfill over the pipeline are assessed in Section 
3.3.  The current setback distance for the coastal facilities is discussed in Section 4.4.  The 2017 
survey was conducted on July 20, using RTK GPS techniques.  
 

3.1 Historical Bluff Changes, 1949 – 1996 
 

An analysis of historical aerial photos was conducted to define the specific nature of bluff 
and shoreline changes along the Pt. Storkersen coast (Coastal Frontiers Corporation, 1996).  
Summertime aerial photos were used to establish bluff edge positions for the years 1949, 1955, 
1968, 1979, 1989, and 1996.  The method of analysis consisted of digitizing the shoreline and 
bluff edge in order to quantify the changes that occurred during the intervening periods between 
photos. 

 
The photo analysis showed that the coastal bluffs in the vicinity of Point Storkersen 

eroded slowly during the 47-year photo comparison period; particularly when compared to 
recession rates determined by investigations along other Arctic coastal bluffs (e.g., Miller and 
Gadd, 1983; Mars and Houseknecht, 2007).  Figure 2 presents bluff edge positions for each year 
considered in the analysis.  The location of the abandoned Pt. McIntyre DEW site is included in 
this figure to provide a point of reference.   

 
Long-term (47 years) and short-term (6 to 13 years) bluff retreat rates are presented in 

Table 2, and shown graphically in Figure 3.  The maximum short-term bluff recession rates 
ranged from 6 to 8 ft/year.  The highest short-term rates occurred at Stations 6+00 and 27+00, 
located about 1,000 ft to the west and east of the pipeline shore crossing location, respectively.  
Long-term recession rates (1949 to 1996) varied from 1.3 to 4.4 ft/year, averaging 2.6 ft/year 
over the entire 3,000-ft study area.  The maximum long-term bluff recession rate (4.4 ft/year) 
occurred at Station 6+00.  This variability of annualized recession rates is typical when 
comparing long- and short-term periods, with short-term rates of retreat often two to three times 
greater than that of the longer-term intervals.   

 
The lowest erosion rates in the study area for both the long-term and short-term periods 

occurred along the portion of the bluff near the pipeline shore crossing (near Air Photo Station 
15+00).  The maximum rate of short-term bluff recession was 3.1 ft/year (measured between 
1979 and 1989).  The average long-term rate of bluff recession for the 47-year comparison 
 



2017 Coastal Stability Monitoring - Northstar Pipeline Shore Crossing  
 

  5

 

F
ig

u
re

 2
.  

H
is

to
ri

ca
l B

lu
ff

 E
d

ge
 P

os
it

io
n

 B
as

ed
 o

n
 A

ir
 P

h
ot

o 
In

te
rp

re
ta

ti
on

, 1
94

9-
19

96
 

A
ba

nd
on

ed
  

P
t. 

M
cI

nt
yr

e 
 

D
ew

 L
in

e 
S

it
e 



2017 Coastal Stability Monitoring - Northstar Pipeline Shore Crossing  
 

  6

 
Table 2.  Average Annual Bluff Recession Rates, 1949 – 1996 

Northstar Pipeline Shore Crossing Area 
 

Air Photo 
Station 

 

 
1949-1955 

(6 years) 
ft/year 

 
1955-1968 
(13 years)  

ft/year 

 
1968-1979 
(11 years)  

ft/year 

 
1979-1989 
(10 years)  

ft/year 

 
1989-1996 

(7 years)  
ft/year 

 
1949-1996 
(47 years) 

Long-Term 
ft/year 

0+00 -6.1 -4.3 -4.4 -3.2 -1.5 -4.0 
3+00 -1.8 -3.3 -4.9 -5.0 -2.1 -3.6 
6+00 -6.4 -2.7 -3.4 -7.7 -2.8 -4.4 
9+00 -4.2 -1.1 -3.1 -2.9 -1.1 -2.4 

12+00 -0.8 -1.2 -2.1 -0.8 -1.6 -1.3 
15+00 

Shore Crossing 
-1.0 -0.2 -0.2 -3.1 -2.4 -1.3 

18+00 -2.5 -2.2 -1.3 -0.5 -1.6 -1.6 
21+00 -2.1 -3.2 -1.4 -1.7 -1.9 -2.1 
24+00 -2.6 -4.9 -2.5 -1.8 -1.2 -2.8 
27+00 -0.5 -6.2 -0.3 -4.2 -0.8 -2.9 
30+00 -1.0 -4.4 -0.3 -1.9 -1.1 -2.0 

Average = -2.6 -3.1 -2.2 -3.0 -1.6 -2.6 
Coastal Frontiers Corporation, 1996  

 
Note: Erosion rates in Table 1 and other tabular data in this report are listed as negative values.   
 This sign convention is not used to reference erosion rates in the text. 
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Figure 3.  Historical Bluff Recession Rates Based on Air Photo Analysis 
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period was 1.3 ft/year.  As is apparent in Figure 3, the pipeline shore crossing site historically 
has experienced lower bluff recession rates than the adjacent coastline.  This finding supported 
the selection of the Northstar Development coastal facilities site.   
 

3.2 Shore Crossing Annual Monitoring Surveys, August 1996 – July 2017 
 

During August 1996, a topographic survey was performed to provide a basis for 
monitoring the changes in the beach and bluff positions near the site of the Northstar Shore 
Crossing.  Beginning in 2000, the survey effort has been repeated annually along a consistent 
baseline.  The work typically is conducted during late July to early August.  In addition to 
obtaining topographic data along each transect, the continuous bluff edge also is mapped along 
the 2,000-ft wide study reach.  As indicated above, the 2017 survey was conducted on July 20. 

 
Figure 4 shows the survey baseline and the ten shore-perpendicular profiles that are 

surveyed annually from the backshore to wading depth.  The nominal alongshore transect 
spacing is 250 ft, with additional transects located in the immediate vicinity of the pipeline shore 
crossing (Station 9+85, 15 ft west of Station 10+00; and Station 10+25, along the pipeline 
alignment).  The positions of the 1996 and 2017 bluff lines show the coastal recession that has 
occurred since the initial survey.  The 2017 MLLW shoreline also is included.   

 
Appendix A presents cross-sectional profiles for each of the ten transects as surveyed in 

1996 and from 2000 through 2017.  These profiles show the low-lying coastal plain (El. +7 to 
+8 ft, MLLW), the 3 to 4 ft high eroding bluff, the narrow sand beach, and the gently sloping 
seabed to a water depth of 1 to 2 ft below MLLW.  The bluff positions can be directly compared 
for each successive survey.  

 
The annual bluff recession rates for the surveys performed from 2000 to 2017 are 

presented below in Table 2.  The pipeline alignment is located at Station 10+25.  Bluff erosion 
rates are not provided at the two westernmost survey transects (Stations 0+00 and 2+50) due to 
the lack of a discernable bluff edge.  Annual comparisons are made for each survey profile, as 
well as for the “Pre-Project” (1996 to 2000) and “Post-Project” (2000 to 2017) periods.  Since 
the pipelines were installed in 2000, the average erosion rate has been substantially less 
(1.3 ft/year) than that noted during the Pre-Project period (4.9 ft/year). 

 
The bluff position along the survey baseline retreated an average of 19.6 ft during the 

1996 - 2000 survey comparison period, yielding an average bluff erosion rate of 4.9 ft/year.  This 
includes the effects of the major westerly storm of August 10 - 11, 2000, when the storm water 
level achieved an elevation of +4.8 ft (MLLW), the highest water level ever recorded at the 
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Figure 4.  Northstar Shore Crossing Toppgraphic Survey Results, 20 July 2017 

Figure 5 
Inset 



2017 Coastal Stability Monitoring - Northstar Pipeline Shore Crossing  
 

9 
 

Table 3.  Annual Bluff Recession Rates at the Northstar Shore Crossing 
2000 - 2001 - 2002 - 2003 - 2004 - 2005 - 2006 - 2007 - 2008 - 2009 - 2010 - 2011 - 2012- 2013- 2014- 2015- 2016- Pre-Project Post-Project

Profile 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 1996 - 2000 2000 - 2017
0+00
2+50
5+00 0.0 0.0 -10.6 0.0 0.0 0.0 0.0 -10.0 -0.2 0.0 -0.3 -0.2 -0.5 -2.2 -0.5 -4.4 0.0 -6.0 -1.7
7+50 -0.7 -0.8 -10.0 -4.0 -0.6 0.0 0.0 -3.7 0.0 0.0 -1.2 -0.3 -3.2 0.0 -0.3 -4.1 0.0 -3.4 -1.7
9+85 -2.2 0.0 -4.5 0.0 -1.8 0.0 0.0 -6.1 0.0 -0.4 -1.2 0.0 -0.5 0.0 -1.1 -1.8 -3.4 -4.3 -1.4
10+25 0.0 0.0 -6.9 -1.9 -0.5 0.0 0.0 -5.0 -1.3 -2.1 0.0 0.0 0.0 -0.5 0.0 0.0 0.0 -5.7 -1.1
12+50 0.0 -0.4 -0.3 0.0 -2.2 0.0 0.0 -5.2 0.0 0.0 0.0 0.0 -1.5 0.0 -0.9 -3.5 -5.1 -5.2 -1.1
15+00 -0.3 0.0 -2.1 -2.5 0.0 0.0 0.0 -4.1 0.0 0.0 0.0 -0.2 -0.6 0.0 -0.4 -4.1 0.0 -5.1 -0.8
17+50 -1.5 -1.4 0.0 -1.8 0.0 0.0 0.0 -8.9 0.0 0.0 0.0 0.0 -1.1 0.0 0.0 -2.0 -3.8 -4.5 -1.2
20+00 -2.8 -1.4 -6.8 -1.3 0.0 0.0 0.0 -3.3 -2.4 0.0 0.0 -1.8 -3.3 0.0 -1.7 -0.1 -0.3 -5.2 -1.5

Average = -0.9 -0.5 -5.2 -1.4 -0.6 0.0 0.0 -5.8 -0.5 -0.3 -0.3 -0.3 -1.3 -0.3 -0.6 -2.5 -1.6 -4.9 -1.3

No Discernible Bluff
No Discernible Bluff

Average Rate (ft/year)

Denotes Pipeline Centerline

Annual Bluff Erosion Rate, ft/year

No Discernible Bluff
No Discernible Bluff

 
 

Prudhoe Bay tide gauge.  Since that time, modest annual bluff retreat has predominated at the 
Northstar Shore Crossing (typically less than 2 ft/year).  Significant departures from this trend 
occurred between the 2002/2003 and 2007/2008 surveys, when annual bluff recession rates 
averaged 5.2 and 5.8 ft/year, respectively.  During both periods, erosion rates increased in 
response to westerly wave energy accompanied by high water levels.  The period between the 
2007/2008 surveys represents the highest average annual bluff retreat noted since the pipelines 
were installed. 
 

The results of the most recent shore crossing survey indicate a modest increase in bluff 
retreat during the past year, averaging 1.6 ft/year.  Relative to previous annual periods, this ranks 
as the fourth highest annual rate of retreat measured during the past 17 years.  While a detailed 
analysis of storm surge events since the 2016 survey was not undertaken, three large westerly 
storms which produced water level surges in excess of 3 ft did occur between the 2016 and 2017 
surveys (August, September, and October 2016; National Ocean Service, 2017).  These events 
may have contributed to the magnitude of erosion over the last year.  Evidence of recent bluff 
erosion in the project area is shown in Photo 1.   

 

 
Photo 1.  Bluff Failure, East of the Shore Crossing, 20 July 2017  
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While the bluff on either side of the pipeline alignment retreated 3.4 and 5.1 ft (Stations 
9+85 and 12+50, respectively), the changes at pipeline shore crossing (Station 10+25) were 
negligible.  As shown in Photo 3, the bluff condition at the pipeline shore crossing was relatively 
unchanged from 2016 to 2017.  Figure 5 shows an inset view of the 2016 and 2017 bluff lines 
near Transect 10+25.  The approximate extent of the jute fabric mat also is shown.   

 

 

 

 
Photo 2.  Jute Fabric Cover and Driftwood Debris at Shore Crossing, 2015, 2016 and 2017 

Jute 
Fabric 

Mat

July 28, 2015 

July 22, 2016 

July 20, 2017 
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Figure 5.  2016 and 2017 Bluff Edges and Jute Mat near Pipeline Centerline 

 
Figure 6 compares the long-term and maximum short-term erosion rates determined from 

the 1949 to 1996 aerial photo analysis and the more recent topographic surveys.  Average annual 
bluff erosion rates based on the ground survey results are provided for the Pre-Project 
(1996 to 2000) and the Post-Project (2000 to 2017) periods.  Surveyed bluff erosion rates for the 
1996-2000 Pre-Project period exceeded the long-term and maximum short-term averages 
determined by air photo comparisons.  When the Post-Project conditions are considered, the area-
wide erosion rate decreased to an average of 1.3 ft/year.  The average annual bluff erosion rate at 
the pipeline shore crossing (Station 10+25) for the 2000 to 2017 period is 1.1 ft/year, about 80% 
below the average rate of 5.7 ft/year for the 1996 - 2000 Pre-Project period (Table 2). 

 
In Figure 7, a timeline of bluff erosion rates is shown for the various air photo comparison 

periods (1949 to 1996) and ground surveys (1996 to 2017).  In addition, the Pre- and Post-Project 
time frames are shown.  The greatest average erosion rate over the study area was 4.9 ft/year 
during the 1996 - 2000 Pre-Project comparison period.  The lowest rate of bluff recession 
occurred following the installation of the Northstar Pipelines (2000 to 2017), averaging 
1.3 ft/year.  The average erosion rate over the entire period of record, 1949 to 2017, was slightly 
more at 2.4 ft/year. 
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Figure 6.  Short- and Long-Term Bluff Erosion Rate Comparison 
 
 

 
Figure 7.  Bluff Erosion Timeline, 1949 to 2017 
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3.3 Pipeline Backfill Changes, August 1996 – July 2017 
 
Figure 8 shows a comparison of the ground survey profiles acquired at the shore crossing, 

including the pipeline backfill and the shore pad, for the 1996 to 2017 period.  Subsidence of 
approximately 3 ft occurred between the 2001 and 2003 surveys.  These changes likely were 
caused by the thermal effects of heated oil introduced to the pipeline when production 
commenced in October 2001.  The initial stages of the subsidence can be seen in the data 
comparison between the August 2001 and August 2002 surveys, when the elevation of the 
backfill surface was reduced by about 0.5 to 0.7 ft.  The pipeline backfill subsided another 
2 to 3 ft between 2002 and 2003.  However, since 2003, the surface elevation of the pipeline 
backfill at the shore crossing has been relatively stable.  Similar pipeline-related subsidence has 
been noted at the Northstar Production Island and along the seabed route of the buried pipelines 
(Coastal Frontiers, 2017).  A reduction in the elevation of the top of the pipeline riser also is 
indicated in the figure.   

 

 
Figure 8.  Subsidence and Recession History at Pipeline Shore Crossing (Sta. 10+25) 
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Efforts have been made to stabilize the subaerial surface of the pipeline backfill by 
planting native grasses.  In 2004, jute mat fabric was installed over the pipeline backfill, as it 
eroded more readily than the adjacent natural tundra bluff.  Storm waves removed the jute mat 
fabric and exposed the eroding backfill in 2008 and 2016.  The mat was subsequently replaced 
following the 2008 displacement, but was not repaired following the 2016 displacement.      
 

3.4 Facilities Setback  
 

The design setback distance adopted to insure safety of the shore crossing facilities 
through the projected 2016 field life was 110 ft from the bluff.  This value represents the sum of 
the estimated erosion potential over the design life (75 ft) and the predicted 100-yr ice 
encroachment distance (~35 ft; Intec, 1996).  Since installation of the pipelines, the bluff at the 
shore crossing location has retreated only about 17 ft.   

 
Based on the data acquired since installation of the pipelines, the minimum recommended 

setback at the beginning of each open-water season is 42 ft.  This value represents the sum of the 
highest annual bluff retreat measured at the shore crossing (~7 ft) and the predicted 100-yr ice 
encroachment distance (~35 ft).  At the time of the 2017 survey, the toe of the pipeline shore 
transition pad was located about 70 ft landward of the bluff face.  As a result, bluff erosion does 
not pose an immediate threat to the safety of facilities on the pad, and erosion mitigation 
measures are not required at this time. 
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4. CONCLUSIONS 
 

1. Pre-Project Historical Bluff Erosion Rates (1949 to 2000):  The average bluff erosion rate 
at the project site was 2.8 ft/year during the 51-year period preceding the installation of the 
Northstar pipelines (1949 to 2000).  Higher erosion rates prevailed during shorter time 
periods (4 to 13 years), with the maximum short-term rate approaching 8 ft/yr.  The highest 
short-term retreat rates occurred about 1,000 ft to the west and east of the pipeline shore 
crossing location.  The lowest rates in the study area occurred along the portion of the bluff 
near the pipeline shore crossing, where a long-term retreat rate of 1.3 ft/year and a 
maximum short-term retreat rate of 3.1 ft/year prevailed.  This finding supported the 
selection of the Northstar pipeline shore crossing location. 

2. Post-Project Bluff Erosion Rates (2000 to 2017):  During the 18-year period from 2000 to 
2017, the bluff erosion rate at the project site averaged 1.3 ft/year.  Significant departures 
from this trend occurred between 2002 and 2003, and again between 2007 and 2008, when 
bluff recession rates averaged 5.2 and 5.8 ft/year, respectively.  During both of these 
periods, increased erosion occurred in response to westerly wave energy accompanied by 
high water levels.  At the location of the pipeline shore crossing, the long-term erosion rate 
between 2000 and 2017 was 1.1 ft/year, lower than that which prevailed prior to pipeline 
installation.  The maximum annual loss at the shore crossing location was 6.9 ft, occurring 
between the 2002 and 2003 surveys. 

3. Recent Bluff Change (2016 to 2017):  During the most recent one-year period, the bluff 
retreat in the study area averaged 1.6 ft.  This loss ranks as the fourth highest measured 
during the past 17 years.  The magnitude of retreat may be attributable to three westerly 
storms that occurred between the 2016 and 2017 surveys and produced water levels in 
excess of +3 ft (MLLW Datum).  However, despite above-average bluff recession in the 
study area, the changes in the immediate vicinity of the shore crossing were negligible. 

4. Pipeline Backfill Changes (2000 to 2017):  The gravel backfill on the pipeline alignment 
subsided approximately 3 ft between the 2001 and 2003 surveys.  A similar reduction in the 
elevation of the top of the pipeline riser also was apparent.  These changes likely were 
caused by the thermal effects of heated oil introduced into the pipeline in October 2001.  
Since 2003, the surface elevation of the pipeline backfill at the shore crossing and the 
pipeline riser elevation have been relatively stable.   

5. Facilities Setback:  The minimum recommended setback at the beginning of each open-
water season is 42 ft.  This value represents the sum of the highest annual bluff retreat 
measured at the shore crossing (~7 ft) and the predicted 100-yr ice encroachment distance 
(~35 ft).  At the time of the 2017 survey, the toe of the pipeline shore transition pad was 
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located about 70 ft landward of the bluff face.  As a result, bluff erosion does not pose an 
immediate threat to the safety of facilities on the pad.     

6. Recommendation:  Because an adequate buffer zone was found to exist between the bluff 
edge and pipeline shore transition pad, erosion mitigation measures are not required at this 
time.  Should future monitoring efforts indicate that landward retreat of the bluff edge or a 
loss of pipeline backfill poses a threat to the pad, additional gravel can be placed along the 
bluff edge to increase the width of the buffer zone and insulate the bluff from thermal and 
mechanical erosion.   
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NORTHSTAR DEVELOPMENT 

2017 PIPELINE ROUTE MONITORING PROGRAM 
 

EXECUTIVE SUMMARY 

 
 This report presents the results of the Northstar Development 2017 Pipeline Route 
Monitoring Program.  The work was performed on behalf of Hilcorp Alaska, LLC (HAK) 
by Coastal Frontiers Corporation. 
 
 The 2017 Monitoring Program was the eighteenth annual post-construction 
investigation of the pipeline route, and the sixteenth to be conducted after the initiation of 
oil production on Northstar Production Island.  It was designed to accomplish four specific 
tasks: 

1. Obtain detailed bathymetric data on the pipeline route; 

2. Determine the locations and characteristics of ice gouges in the sea bottom on the 
pipeline route; 

3. Determine the locations of strudel drainage features in the ice in a 500-ft wide 
monitoring corridor centered on the pipeline alignment; and 

4. Determine the locations and characteristics of strudel scour depressions in the sea 
bottom on the pipeline route, and at additional sites in the 500-ft monitoring corridor 
where strudel drainage features had been observed. 

 These tasks are similar to those undertaken from 2000 through 2005, when the width 
of the strudel scour monitoring corridor was 10,000 ft, and from 2006 through 2016, when 
the corridor width was 5,000 ft.  To maximize the utility of the data acquired previously, 
statistical characterizations of the strudel drains and strudel scours that had occurred in the 
500-ft corridor were derived for each year from 2000 through 2016. 
 
 The field work was conducted in two phases: (1) a helicopter-based reconnaissance of 
strudel drainage features in early June, and (2) a vessel-based survey program in late July.  
The instrumentation used for the summer survey included multi-beam sonar (to obtain 
detailed bathymetric data in deep water), single-beam sonar (to obtain bathymetric data in 
shallow water and serve as a back-up to the multi-beam system in deep water), and side scan 
sonar (to locate ice gouges and strudel scours).  Navigation and position data were acquired 
using the Global Positioning System (GPS) with real-time differential corrections (DGPS). 
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The principal findings of the 2017 monitoring program are summarized below: 
 

1. Bathymetry on Pipeline Alignment:  The bathymetric profile on the Northstar pipeline 
alignment bore a close resemblance to that which existed a year earlier, in 2016.  In 
the region between Northstar Production Island and Stump Island, the most notable 
exceptions were attributable to modest subsidence of the trench backfill material at 
seven locations.  The profile was virtually unchanged between the shore crossing and 
Stump Island.  The primary difference was continued infilling of two prominent 
strudel scour depressions that had formed in 2015.   

2. Sea Bottom Subsidence:  In contrast to 2016 when subsidence was dormant, seven 
active subsidence areas were detected in 2017.  The lengths of these areas (measured 
along the pipeline alignment) ranged from 210 to 940 ft, while the maximum 
subsidence depths (measured relative to the ambient sea bottom) ranged from 0.7 to 
1.7 ft.  Two of the features caused the backfill thickness to violate the 6-ft minimum 
value specified in the pipeline permit.  The combined length of the active subsidence 
areas detected in 2017 (3,110 ft) was the fifth highest during the 16 years since oil 
began flowing through the pipeline (2002 to 2017).  It is noteworthy that subsidence 
has occurred in 14 of the 16 years since 2002 and has affected more than half of the 
alignment between Northstar Production Island and Stump Island.   

3. Pipeline Trench Backfill Thickness:  Modest deficiencies in the backfill thickness 
relative to the 6-ft minimum value stipulated in the pipeline permit were detected at 
two locations.  One of these was an expansion of a deficient area documented in 2016.  
The maximum shortfalls (measured vertically) ranged from 0.3 to 0.7 ft, while the 
lengths (measured along the pipeline alignment) ranged from 51 to 138 ft.  Both 
shortfalls were located just north of Stump Island in a water depth of about 12 ft.  It is 
noteworthy that three of the four shortfalls identified in 2016 were erased by natural 
infilling during the one-year period between the 2016 and 2017 surveys.   

4. Gravel Placement Program:  To remedy the two backfill deficiencies, HAK 
conducted a barge-based gravel placement program prior to freeze-up.  Approximately 
880 cy of material were placed in the shortfall areas.  Based on observations by HAK 
personnel, the gravel placement operations increased the sea bottom elevations in the 
shortfall areas by 1.2 to 1.4 ft.  Verification that the resulting backfill thickness 
exceeds the minimum acceptable value of 6 ft will be sought during the 2018 Pipeline 
Route Monitoring Program. 
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5. Ice Gouges:  Twenty-one ice gouges were detected on the Northstar pipeline route 
during the 2017 survey.  Thirteen represented newly-discovered features, while eight 
were relict gouges that had been discovered during prior surveys.  The incision depths 
of the new gouges ranged from 0.3 to 1.6 ft, the incision widths from 3 to 17 ft, and the 
water depths from 12.3 to 36.5 ft.  While the number of new gouges was relatively 
low, the severity was consistent with historical precedent.  Two of the gouges mapped 
in 2017 crossed the pipeline alignment.  The incision depths for these features, both 
measuring 0.3 ft, did not cause the backfill thickness to violate the 6-ft minimum value 
stipulated in the pipeline permit.   

6. Ice Wallows:  Three new ice wallows were identified during the 2017 survey, along 
with one relict feature first discovered in 2014.  The incision depths of the new 
wallows ranged from 0.5 to 1.2 ft, the incision widths from 27 to 51 ft, and the water 
depths from 31.2 and 36.2 ft.  The incision depth of the relict wallow, 0.4  ft, reflected 
infilling of 0.1 ft since 2016.  None of the wallows were located directly over the 
pipeline alignment 

7. Kuparuk River Overflood:  The 2017 Kuparuk River overflood was modest by 
historical standards, with the seaward edge of the overflood boundary near the pipeline 
monitoring corridor contained within the barrier islands.  As a result, only about 30% 
of the pipeline alignment was covered by the flood.  Two drainage features were 
detected in the 500-ft wide monitoring corridor in 2017, a quantity that is 
comparatively low.  Both drains were located to the south of Stump Island in Gwydyr 
Bay.  During the 18-year period of record (2000-2017), the number of drains observed 
in the 500-ft corridor has ranged from zero to 31 while averaging seven per year. 

8. Strudel Scours:  When a sonar search for strudel scours was conducted on the pipeline 
route and at the two drainage sites observed during the overflood period, one new 
depression was discovered in the sea bottom.  The circular scour was located about 
125 ft west of the pipeline alignment in a water depth of 4.0 ft, with scour depth of 
2.8 ft, and a maximum horizontal dimension of 15 ft.  While the frequency of scouring 
was low by historical standards, the severity was relatively high.  The scour was the 
third deepest feature mapped in the Secondary Strudel Zone during the 18-year period 
of record. 
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NORTHSTAR DEVELOPMENT 

2017 PIPELINE ROUTE MONITORING PROGRAM 
 
 
1. INTRODUCTION 
 
 This report presents the results of the Northstar Development 2017 Pipeline Route 
Monitoring Program.  The work was performed on behalf of Hilcorp Alaska, LLC (HAK) 
by Coastal Frontiers Corporation. 
 
 The Northstar Unit lies to the northwest of Prudhoe Bay, extending offshore from 
Gwydyr Bay to water depths of approximately 50 ft (Figure 1).  During the spring and 
summer of 2000, Northstar Production Island was constructed in a water depth of 38 ft at the 
site of the former Seal Island, and twin pipelines were installed to convey gas to the island 
and oil to shore.  The pipelines extend south from the production island through the western 
end of Stump Island, and continue across Gwydyr Bay to a landfall approximately one-half 
mile east of Point Storkersen (Figure 2).  To prevent damage from ice gouges and strudel 
scours, the lines were buried in a trench excavated in the sea bottom. 
 
 The 2017 Monitoring Program was the eighteenth annual post-construction 
investigation of the pipeline route, and the sixteenth to be conducted after the initiation of 
oil production in 2001.  It was designed to accomplish four specific tasks: 

1. Obtain detailed bathymetric data on the pipeline route; 

2. Determine the locations and characteristics of ice gouges in the sea bottom on the 

pipeline route; 

3. Determine the locations of strudel drainage features in the ice in a 500-ft wide 

monitoring corridor centered on the pipeline alignment; and 

4. Determine the locations and characteristics of strudel scour depressions in the sea 

bottom on the pipeline route, and at additional sites in the 500-ft monitoring corridor 

where strudel drainage features had been observed. 

 These tasks are similar to those undertaken from 2000 through 2005, when the width 
of the strudel scour monitoring corridor was 10,000 ft, and from 2006 through 2016, when 
the corridor width was 5,000 ft.  The narrower corridors were adopted in 2006, and again in 
2017 to allow greater focus on the region adjacent to the pipelines.  To maximize the utility 
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of the data acquired previously, statistical characterizations of the strudel drains and strudel 
scours that had occurred in the 500-ft corridor were derived for each year from 2000 through 
2016. 
 
 The 2017 field work was conducted in two phases: (1) a helicopter-based 
reconnaissance of strudel drainage features in early-June, and (2) a vessel-based survey 
program in late-July.  The instrumentation used for the summer survey included multi-beam 
sonar (to obtain detailed bathymetric data in deep water), single-beam sonar (to obtain 
bathymetric data in shallow water and serve as a back-up to the multi-beam system in deep 
water), and side scan sonar (to locate ice gouges and strudel scours).  Navigation and 
position data were acquired using the Global Positioning System (GPS) with real-time 
differential corrections (DGPS). 
 
 The vertical datum for all elevations in this report is ARCO Mean Lower Low Water 
(MLLW), which represents the Northstar Development project datum.  Based on a detailed 
investigation conducted in 1997, ARCO MLLW is identical to National Ocean Service 
(NOS) MLLW for engineering purposes (Coastal Frontiers, 1997).  Tidal datum information 
developed from the NOS tide gauge in Prudhoe Bay for the 1983-2001 epoch indicates that 
Mean Sea Level lies 0.34 ft above MLLW.  
 
 The horizontal datum for all positions is Alaska State Plane Zone 4 (ASP 4) relative to 
the North American Datum of 1927 (NAD27).  The units are U.S. Survey Feet.  Geographic 
coordinates also are displayed on some of the study products.  Once again, the reference is 
NAD27.  Compass orientations are expressed in degrees relative to Grid North (G).  As 
indicated in Figure 2, stationing along the pipeline route refers to the distance in feet south 
of the pipeline exit on Northstar Production Island (e.g., Station 70+00 lies 7,000 ft south of 
the island). 
 
 The coordinates of the five points that define the pipeline alignment between the 
production island and shore crossing are provided in Table 1.  In the interest of clarity, 
“pipeline alignment” will be used to refer to the as-built path of the pipeline between these 
points. “Pipeline route” will be used in a more general sense to describe the pipeline 
alignment along with the surrounding sea floor. 
 
 This report provides a detailed account of the Northstar Development 2017 Pipeline 
Route Monitoring Program.  Section 2 summarizes the results of prior surveys.  Section 3 
describes the study methods, while Section 4 presents the results.  Key findings and 
conclusions are summarized in Section 5.  References are provided in Section 6, followed by 
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tables and figures.  Plates are embedded in the text.  Seven oversize drawings comprised of 
eleven 24-in. x 36-in. sheets are bound separately as Appendix A.   
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2. PRIOR SURVEYS 
 
 2.1 Pre-Construction Surveys (1995 through 1999) 
 
 Pre-construction surveys were undertaken annually in the Northstar Development 
project area from 1995 through 1999 to support pipeline design and construction planning 
(Coastal Frontiers, 1996; 1997; 1998; 1999; 2000).  Several candidate pipeline routes were 
investigated during the 1995 program, while the 1996 through 1999 surveys focused on the 
current pipeline alignment.   
 
 Forty-eight ice gouges were detected on the Northstar pipeline route during the 1996, 
1997, 1998, and 1999 surveys.  The incision depths of the new gouges ranged from 0.3 to 
1.2 ft, the incision widths from 5 to 83 ft, and the water depths from 18.8 to 36.6 ft.  One 
hundred strudel scours were discovered in the sea bottom during the 1996 through 
1999 surveys.  Eighty-seven of the scours were circular in plan form, while 13 were linear.  
Among the circular scours, the water depths ranged from 7.2 to 17.7 ft, the maximum 
horizontal dimensions from 5 to 51 ft, and the scour depths from 0.3 to 2.8 ft.  For the linear 
scours, the water depths varied from 8.5 to 15.0 ft, the scour lengths from 74 to 265 ft, and 
the scour depths from 0.4 to 0.8 ft.  
 
 2.2 Post-Construction Surveys (2000 through 2016) 
 
 Summer 2000 
 
 The first post-construction survey of the pipeline route was conducted in August 
2000 (Coastal Frontiers, 2001a).  At that time, the backfill thickness over the top of the 
pipelines was found to be less than the 6-ft minimum value specified in the pipeline permit 
at thirteen locations.  To achieve compliance with the permit, a gravel placement program 
was undertaken from the sea ice in April 2001 (Coastal Frontiers, 2001b).   
 
 Summer 2001 
 
 Full compliance with the 6-ft minimum backfill thickness was confirmed when the 
second post-construction survey was undertaken in late July and early August, 2001 
(Coastal Frontiers, 2002).  This finding confirmed that the spring 2001 gravel placement 
program, coupled with wave-induced sediment transport had completely erased the 
shortfalls identified in 2000.   
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 Summer 2002 
 
 Oil began flowing through the Northstar sales pipeline in the fall of 2001.  When the 
third post-construction survey was performed in early August, 2002, a decrease in the 
elevation of the sea bottom typically ranging from one to four feet was noted on much of the 
pipeline alignment (Coastal Frontiers, 2003).  The most probable explanation is that the 
trench backfill, which was frozen at the time of placement in spring 2000, experienced 
thawing and subsidence due to the heat radiating from the oil sales line.  As a result, the 
backfill thickness did not attain the 6-ft minimum acceptable value at ten locations on the 
pipeline alignment.  The two areas with the greatest shortfalls (1.0 and 0.8 ft) were located 
in the nearshore region of Gwydyr Bay within 500 ft of the pipeline shore crossing.  
Additional backfill was provided at these sites through a gravel placement program 
conducted from the sea ice in spring 2003.  The remaining eight areas, with minor shortfalls 
ranging from 0.1 to 0.4 ft, were omitted from the gravel program. 
 
 Summer 2003 
 
 When the 2003 survey program was undertaken in late July and early August, full 
compliance with the 6-ft minimum backfill thickness was noted along the entire length of 
the pipeline alignment (Coastal Frontiers, 2004).  This finding confirmed that the spring 
2003 gravel placement program in the nearshore area, coupled with wave-induced sediment 
transport in the offshore area, had completely erased the ten shortfalls identified in 2002.  
Nevertheless, a detailed reanalysis of the 2003 bathymetric data performed in 2009 indicated 
that sea bottom subsidence had occurred on limited portions of the pipeline route during the 
period between the 2002 and 2003 surveys (Coastal Frontiers, 2009b). 
 
 Summer 2004 
 
 The 2004 survey program revealed the presence of a 9.5-ft deep, 55-ft wide strudel 
scour centered only 10 ft east of the pipeline alignment (Coastal Frontiers, 2005).  The scour 
depth directly over the pipelines was 6.5 ft, leaving approximately 1.8 ft of backfill above 
the top-of-pipeline profile.  With the exception of this scour, the 6-ft minimum backfill 
thickness was maintained over the entire length of the pipeline alignment.  A diver 
inspection was undertaken soon after the survey to confirm that the pipelines had not 
become exposed, after which the depression was filled with gravel dumped from a barge. 
 
  



Northstar Development 2017 Pipeline Route Monitoring Program  
 
 

 6

Summer 2005 
 
 In 2005, the bathymetric profile on the pipeline alignment closely resembled that 
which existed in 2004 (Coastal Frontiers, 2006).  At four locations, however, the elevation 
of the sea bottom on or adjacent to the pipeline alignment had decreased by approximately 
one foot.  Nevertheless, the permit stipulation requiring a 6-ft minimum backfill thickness 
was fulfilled over the entire length of the pipelines. 
 
 Summer 2006 
 
 The bathymetric data acquired in 2006 indicated that seven areas on the pipeline 
alignment had been altered by recent subsidence (Coastal Frontiers, 2007).  The lengths of 
the subsidence areas ranged from 150 to 750 ft while the maximum depths (measured 
relative to the ambient sea bottom) ranged from 1.1 to 4.8 ft.  A pronounced depression that 
appeared to have resulted from strudel drainage was discovered in one of the subsidence 
areas.  This feature, with a maximum horizontal dimension of 60 ft and maximum scour 
depth of 5.8 ft, was centered 26 ft west of the pipeline alignment.  The pipeline trench 
backfill thickness fell below the minimum acceptable value of 6 ft at three of the subsidence 
areas.  The greatest deficiency (a shortfall of 3.3 ft that extended 97 ft along the pipeline 
alignment) was associated with the combined effects of subsidence and strudel scouring.  To 
remedy these three deficiencies, five barge loads of gravel representing approximately 
2,900 cy were dumped onto the pipeline alignment in late August. 
 
 Summer 2007 
 
 In 2007, subsidence was noted in twelve areas (Coastal Frontiers, 2008).  Two of these 
represented expansions of the sites identified in 2006, while the remaining ten were new 
sites. The lengths of the subsidence areas varied from 80 to 790 ft along the pipeline 
alignment, while the maximum subsidence depths varied from 1.0 to 3.2 ft.  Although the 
minimum acceptable backfill thickness of 6 ft was maintained over the entire length of the 
pipelines, BPXA commissioned a preemptive gravel placement program under which 
approximately 3,400 cy of material were dumped on five of the sites in mid-August. 
 
 A significant discovery in 2007 was a unique sub-population of newly-formed ice 
gouges that included a maximum incision depth (5.1 ft) nearly three times larger than the 
prior maximum, and a maximum incision width (76 ft) nearly twice as large as the prior 
maximum.  The probable cause of the unprecedented gouging was an intense easterly storm 
that brought large ice floes to the Northstar project area in October 2006.  The simultaneous 
occurrence of severe oceanographic conditions and drift ice is likely to have created a 
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“perfect storm” for the generation of exceptional gouges which formed when the ice floes 
were driven aground by high winds, large waves, and strong currents (Coastal Frontiers, 
2008). 
 
 Summer 2008 
 
 During the 2008 survey, twelve areas of recent subsidence were detected on the 
pipeline alignment (Coastal Frontiers, 2009a).  At five of these sites, the subsidence 
represented an expansion of that noted in 2007.  The lengths of the subsidence areas ranged 
from 70 to 1,170 ft, while the maximum subsidence depths ranged from 1.1 to 2.5 ft.  In the 
deepest subsidence area, the backfill thickness was found to be up to 0.4 ft less than the 
minimum acceptable value over 202 ft in a 303-ft span.  To correct this deficiency, BPXA 
dumped approximately 1,500 cy of gravel into the depression in August 2008. 
 
 Summer 2009 
 
 The 2009 survey revealed the presence of seven active subsidence areas on the 
pipeline alignment (Coastal Frontiers, 2009b).  Two of these were new, while the other five 
had been identified as subsidence areas in one or more prior years.  The lengths of the seven 
areas ranged from 80 to 890 ft; the maximum subsidence depths ranged from 0.8 to 1.8 ft.  
In the deepest subsidence area, which was 396 ft long, the decrease in sea bottom elevation 
caused the backfill thickness to fall as much as 1.3 ft below the minimum acceptable value.  
The shortfall was addressed in August 2009, when approximately 1,000 cy of gravel was 
barged to the site and dumped into the depression. 
 
 Summer 2010 
 
 Thirteen areas of active subsidence were detected on the pipeline alignment in 
2010 (Coastal Frontiers, 2011).  The lengths of these areas varied between 80 and 3,740 ft, 
while the maximum subsidence depths varied between 1.0 and 2.9 ft.  At four of the thirteen 
sites, the subsidence represented an expansion of that noted in 2009.  At six others, 
subsidence had been detected in one or more prior years but not in 2009.  The remaining 
three sites had not experienced subsidence previously.  The combined length of these areas, 
10,330 ft, exceeded that recorded in any prior year.  Insufficient backfill thickness prevailed 
at four locations.  The maximum shortfalls ranged from 0.1 to 0.8 ft, while the lengths 
ranged from 2 to 128 ft.  BPXA conducted a gravel placement program prior to freeze-up 
under which approximately 2,900 cy of material were dumped into the four shortfall areas. 
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Summer 2011 
 
 In contrast to 2010, only two areas of active subsidence were detected in 2011 (Coastal 
Frontiers, 2012).  Both were relatively small, with one measuring 240 ft long and up to 1.1 ft 
deep and the other measuring 420 ft long and up to 1.0 ft deep.  No subsidence had been 
detected in the first area previously, while the subsidence in the second represented an 
expansion of that noted in 2010.  The combined length of the active subsidence areas 
(660 ft) was the smallest since 2005, and substantially less than in 2010.  Although the 
trench backfill thickness exceeded the minimum acceptable value of 6 ft in both areas, 
modest deficiencies were detected in two other regions off Stump Island where shortfalls 
had been detected in the past.  The first, with a length of 46 ft and maximum shortfall of 
0.5 ft, was located in an area where a shortfall of up to 0.8 ft had been identified in 2010.  
The second, with a length of 103 ft and maximum shortfall of 0.4 ft, was located in an area 
where a shortfall of up to 1.3 ft had been identified in 2009, and up to 0.6 ft in 2010.  As no 
new subsidence was evident at either site in 2011, the probable cause of the deficiencies was 
incomplete remediation of the shortfalls detected previously.  A gravel placement program 
was conducted prior to freeze-up under which approximately 500 cy of material were 
dumped into each of the two depressions. 
 
 As in 2007, extraordinary ice gouging was detected on the Northstar pipeline route 
during the 2011 survey.  The number of new gouges, 130, surpassed the prior historical 
maximum of 54 gouges by a wide margin, while both the mean incision depth of 1.0 ft and 
maximum incision depth of 3.5 ft had been exceeded only in 2007.  In addition, 18 ice 
wallows with incision depths ranging from 1.0 to 5.6 ft and incision widths from 11 to 79 ft 
were noted.  The probable cause of these features was the simultaneous occurrence of a 
severe easterly storm and deep-keeled drift ice in October 2010 (Coastal Frontiers, 2012). 
 
 Summer 2012 
 
 Only one active subsidence area was identified on the pipeline alignment in 
2012 (Coastal Frontiers, 2013).  The feature was 540 ft long and up to 1.6 ft deep.  While no 
subsidence was evident at this location in 2011, it had been detected on four prior occasions: 
2006, 2007, 2009, and 2010.  The length of active subsidence was the smallest since record-
keeping began in 2003, and a small fraction of that recorded only two years earlier 
(10,330 ft in 2010).  Although the backfill thickness exceeded the 6-ft minimum acceptable 
value throughout this area, three modest deficiencies were detected off Stump Island in 
another region where a shortfall had been noted in each of the past three years.  Two of the 
deficiencies were extremely small, with a maximum shortfall of 0.2 ft in each case and 
lengths of 7 and 24 ft.  The third was somewhat larger but nevertheless small by historical 
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standards; the maximum shortfall was 0.4 ft while the length was 78 ft.  As in 2011, the 
deficiencies probably reflected incomplete remediation of the shortfalls noted in prior years. 
 
 While subsidence was muted in 2012, strudel scouring was not; the 36 scours detected 
in the 500-ft wide pipeline monitoring corridor represented a historical maximum.  While 
the frequency of scouring was high, the severity was unexceptional.  Two of the circular 
scours impinged on the backfill over the pipelines, but neither caused the backfill thickness 
to fall below the minimum permissible value of 6 ft.  The large number of scours appears to 
have resulted primarily from an on-ice pipeline corrosion assessment program that entailed 
creating a snowcat trail on the pipeline alignment and drilling holes through the ice at 50-ft 
centers.  Some of the auger holes and the cracks that developed on the edges of the trail 
apparently became strudel drains when the river overflood arrived in late May, leading to 
the formation of scour depressions in the sea bottom. 
 
 Summer 2013 
 
 For the first time since oil began flowing in the fall of 2001, no areas of active 
subsidence were detected on the pipeline alignment in 2013 (Coastal Frontiers, 2014).  This 
finding is consistent with the trend toward decreasing subsidence noted in 2011 and 2012, 
and may reflect a reduction in radiant heat from the oil sales line occasioned by declining 
flow rates. One modest deficiency in the backfill thickness was detected immediately north 
of Stump Island where a shortfall had been identified in each of the four previous years.  
The maximum shortfall was 0.2 ft with a length along the pipeline alignment of 63 ft.  
Because the deficiency was extremely small and the region has been characterized by a 
trend of sediment accumulation since 2009, BPXA elected not to commission a placement 
program.   
 
 Summer 2014 
 
 One active subsidence area was identified on the pipeline alignment in 2014, 
measuring 540 ft long and up to 1.9 ft deep (Coastal Frontiers, 2015).  Subsidence had been 
detected in this area previously, as recently as 2012.  Despite the re-emergence of 
subsidence on the pipeline alignment after a one-year hiatus, the detection of only one 
feature was consistent with the trend toward decreasing subsidence first noted in 2011 and 
2012. 
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Summer 2015 
 
 In contrast to the prior three years when subsidence was largely dormant, thirteen 
active subsidence areas were detected in 2015 (Coastal Frontiers, 2016a).  The lengths of 
these areas ranged from 130 to 1,160 ft, while the maximum subsidence depths ranged from 
0.7 to 2.1 ft.  The combined length of the active subsidence areas detected in 2015 (6,090 ft) 
ranked second only to that in 2010 (10,330 ft).  Deficiencies in the backfill thickness were 
detected at two locations in Gwydyr Bay (South of Stump Island).   Each deficiency was 
caused by a strudel scour that formed directly over the pipeline.  The two shortfalls peaked 
at 1.7 and 2.9 ft, while the corresponding lengths along the pipeline alignment were 16 and 
27 ft.  Hilcorp elected not to conduct a gravel placement program to mitigate these 
deficiencies in the expectation that they would be remedied by natural processes of sediment 
accumulation (analogous to those noted in the past). 
 
 Summer 2016 
 
 No areas of active subsidence were detected on the pipeline alignment in 2016 
(Coastal Frontiers, 2016b).  Modest deficiencies in the backfill thickness relative to the 6-ft 
minimum value stipulated in the pipeline permit were detected at four locations.  The 
maximum shortfalls ranged from 0.1 to 0.8 ft, while the corresponding lengths (measured 
along the pipeline alignment) ranged from 5 to 61 ft.  The greatest shortfall was associated 
with a relict strudel scour depression that had formed over the pipeline alignment in Gwydyr 
Bay in 2015, and had not been completely infilled during the intervening year.  The 
remaining three deficiencies were located to the north of Stump Island, including one 
immediately adjacent to the island in a region where shortfalls have recurred since 2006. 
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3. STUDY METHODS 
 
 The Northstar Development 2017 Pipeline Route Monitoring Program was conducted 
in two parts: (1) a helicopter-based reconnaissance of strudel drainage features at the end of 
the Kuparuk River overflood, and (2) a vessel-based survey program during the open-water 
season.  The methods employed for the former are described in Section 3.1, while those 
employed for the latter are described in Section 3.2.  Data processing and analysis 
procedures are summarized in Sections 3.3 and 3.4, respectively.  The resolution and 
accuracy attained during the survey are reviewed in Section 3.5. 
 
 3.1 Strudel Scour Reconnaissance 
 
 A helicopter reconnaissance of the Kuparuk River overflood was conducted on June 
5 and 6 to determine the extent to which strudel drainage had occurred in the vicinity of the 
pipeline route.  The specific objectives were to map the seaward limit of the overflood, and 
to map the locations of all drainage features located within a 500-ft wide corridor centered 
on the pipeline alignment.  The mission was conducted at the end of the overflood period 
rather than at its peak to ensure that the maximum extent of the flood was documented. 
 
 Mapping was performed using a Trimble Pathfinder Pro XR GPS receiver.  To 
improve the accuracy of the GPS position data, differential corrections broadcast in real 
time via satellite by the U.S. Government’s Wide Area Augmentation System (WAAS) were 
received by the GPS unit.  The overflood limit of the river water was documented by 
recording successive positions while flying over the observed boundary at an approximate 
altitude of 200 ft and speed of 60 knots.  Individual strudel drains in the ice sheet were 
mapped by hovering directly over the feature of interest and then recording a position fix.  
In addition, the nature of the drain (circular or linear) and a representative dimension 
(diameter of a circular drain or width of a linear crack drain) were recorded.   
 
 3.2 Survey Program 
 
 The summer survey program consisted of acquiring bathymetric, ice gouge, and 
strudel scour data on the pipeline route, and searching for strudel scours at other locations in 
the 500-ft monitoring corridor where drainage features had been observed during the spring 
reconnaissance mission.  The data were acquired on July 14 and 15.  Conditions were ideal, 
with light winds and calm seas.  Sea ice was absent in the survey area.  
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 The equipment systems used for the survey effort are summarized in Table 2 and 
portrayed graphically in Figure 3.  The key elements consisted of a Reson SeaBat 7125-SV2 
multi-beam echo sounder, an Odom Hydrotrac II single-beam digital echo sounder, an 
EdgeTech 4125D digital side scan sonar system with Coda mosaic software, a Coda 
Octopus F185 GPS-aided vessel reference unit, a Hemisphere VS-110 GPS Receiver, and a 
Hemisphere A325 GPS receiver.  Survey operations in prevailing water depths greater than 
about 6 ft were conducted from the 50-ft research vessel Ukpik, while those in shallower 
waters were conducted from a 15-ft inflatable boat. 
 
 The side scan sonar system served as the primary tool for identifying ice gouges and 
strudel scours.  Side scan provides a two-dimensional, photo-like image that varies with the 
surface relief and acoustic reflectivity of the sea bottom.  A range of 164 ft (50 m) was 
employed, resulting in coverage that extended 164 ft to either side of the vessel track 
(Figure 3).  The unit was operated at a frequency of 400 kHz, based on 1997 field tests that 
confirmed sufficient resolution to distinguish small gouges and scours on the sea bottom 
(Coastal Frontiers, 1998). 
 
 The multi-beam sonar system was used both to measure depths along the track lines, 
and to map features such as ice gouges and strudel scours.  Unlike side scan, multi-beam 
sonar provides a true three-dimensional image of the sea bottom, with a vertical resolution 
of approximately 0.3 ft.  The advantages of this technology relative to single-beam sonar are 
explained by Poplin, et al. (2000). 
 
 As suggested by Figure 3, the SeaBat 7125-SV2 uses a wide acoustic beam to acquire 
data in a swath on the sea floor.  Although a cross-track beam angle as large as 165 can be 
employed in the wide-angle mode, data acquisition was restricted to the central 140 of the 
beam and data processing to the central 120 to reduce the potential for inaccuracies 
introduced by reflection from the sea surface and refraction in the water column.  These 
restrictions, coupled with the modest water depths in the study area, produced effective 
swath widths that typically ranged from 20 to 115 ft (with the minimum value occurring at 
the inshore limit of multi-beam data acquisition). 
 
 The SeaBat was operated at a frequency of 200 kHz, with the return signal divided into 
320 sub-beams.  Each sub-beam produced a sounding in an identically-sized footprint over 
the width of the swath.  The along-track dimension of the footprint was governed by the 
along-track beam width of 1.1, while the cross-track dimension represented 1/320th of the 
swath width on the sea bottom. 
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 The single-beam sonar system was used as a backup to the multi-beam system on the 
Ukpik.  A narrow-beam transducer with a 3 beam width was employed instead of a 
conventional 8 transducer to minimize the effect of “aliasing” (explained in Section 3.5) on 
the measurement of ice gouge and strudel scour depths. 
 
 GPS position data were acquired with a Hemisphere A325 receiver on the Ukpik, and a 
Hemisphere VS-110 receiver on the inflatable boat.  WAAS corrections (Section 3.1) were 
used to improve the accuracy of the GPS positions obtained by both Hemisphere receivers. 
 
 During the mobilization period that preceded the survey, the tasks performed consisted 
of installing and testing the sonar and navigation equipment on the Ukpik, testing the ability 
of the data acquisition computer to record simultaneous data from the multi-beam sonar 
system, vessel reference unit, and GPS receiver, and testing the ability of the side scan sonar 
system to integrate data from the GPS receiver. 
 
 When all of the equipment was operating properly, the following “patch tests” were 
conducted to calibrate the multi-beam sonar system for angular offsets between the 
transducer and the vessel reference unit, and to check for a possible delay between the 
acquisition of depth and position data (“navigation latency”): 
 

 Roll Offset:  The angular offset between the static roll angle of the multi-beam 
transducer and the vessel reference unit was determined by surveying reciprocal 
lines over a flat bottom. 

 Pitch Offset:  The angular offset between the static pitch angle of the multi-beam 
transducer and the vessel reference unit was determined by surveying reciprocal 
lines over a sloped bottom. 

 Yaw Offset:  The angular offset between the ‘bow’ of the multi-beam transducer 
and the vessel reference unit was determined by surveying overlapping parallel 
lines over a sloped bottom. 

 Latency:  Navigation latency was eliminated by allowing the data acquisition 
computer to adopt the time base of the GPS system.  For added confidence, 
reciprocal lines were surveyed over a bathymetric feature to confirm that the 
latency was negligible. 

 On the seaward portion of the pipeline route (from Northstar Production Island to the 
vicinity of Station 212+50, which is located just north of Stump Island), data were acquired 
on five parallel track lines.  The center line approximated the pipeline alignment, while the 
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flanking lines were offset 150 and 300 ft to the east and west.  The survey activities were 
conducted from the Ukpik in the following manner: 

1. Prior to the commencement of data logging, all instruments except the single-beam 
sonar system were powered up and checked for proper functioning.  A small test file 
was logged on the data acquisition computer and checked to ensure that simultaneous, 
time-tagged output from the multi-beam sonar system, vessel reference unit, and GPS 
receiver was being acquired.  Similarly, a small test file was logged on the side scan 
sonar system and checked to ensure that geo-located side scan data were being 
acquired. 

2. The single-beam sonar system was not powered up to minimize the potential for 
acoustic crosstalk with the multi-beam system.  It remained available for use 
throughout the survey program, but never was needed on the Ukpik because the multi-
beam system functioned properly. 

3. A sound velocity profile was obtained to permit post-survey correction of the multi-
beam sonar data for variations in the speed of sound in the water column. 

4. The intended vessel track line was displayed at the helmsman’s station using a video 
monitor connected to the data acquisition computer.  The vessel’s location, heading, 
and speed derived from the differentially-corrected GPS (DGPS) data also were 
displayed to aid the helmsman. 

5. The side scan sonar towfish was deployed.  Because the intended track lines included 
areas of shallow water, the fish was towed from the side of the vessel approximately 
3 ft below the sea surface, rather than astern on a long tether. 

6. The vessel was brought onto the intended track line and data acquisition was initiated.  
The vessel speed during data acquisition was approximately 5 knots. 

7. The digital data from the side scan and multi-beam sonar systems were monitored on 
separate video displays.  Areas of possible ice gouging and strudel scouring were 
noted in a log book to aid in the subsequent analysis of the data. 

8. Data acquisition was terminated in the vicinity of Northstar Production Island when 
heading offshore, and in water depths of approximately 6 ft when heading onshore. 

9. At the end of each survey session, another sound velocity profile was obtained and the 
computer data files were checked for completeness. 

 
 On the landward portion of the pipeline route (from just north of Stump Island to the 
shore crossing), heave-compensated single-beam sonar bathymetric data and DGPS position 
data were acquired from the inflatable boat.  A conventional 8º transducer was used with the 
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single-beam sonar system instead of a narrow-beam transducer because the error introduced 
by aliasing (explained in Section 3.5) was minimal in the shallow water depths involved.  
Between Station 205+00 and Stump Island, seven parallel track lines were surveyed: the 
pipeline alignment and flanking lines offset 50, 150 and 300 ft to either side.  South of 
Stump Island, three parallel track lines were surveyed, consisting of the pipeline alignment 
and flanking lines offset 50 ft to either side.  In addition, cross-ties were surveyed 
perpendicular to the pipeline alignment to acquire supplemental data on the condition of the 
pipeline trench backfill.  The nominal spacing between adjacent cross-ties was 250 ft.  The 
resulting bathymetric and position data were stored in digital form on a portable computer.  
The calibration of the single-beam sonar system was checked before and after each survey 
session by obtaining a speed of sound profile with a recording conductivity, temperature, 
and depth (CTD) instrument, and by using a submersible survey rod to measure the exact 
depth of water over a flat portion of the sea bottom. 
 
 All of the drainage features observed in the ice were located in Gwydyr Bay.  The 
inflatable survey vessel equipped with single-beam sonar was used to search for scours at 
these drainage sites, where shallow water depths precluded access by the Ukpik. 
 
 3.3 Data Processing 
 
 The multi-beam sonar, GPS, and side scan sonar digital data were processed in the 
following manner: 

1. The DGPS position data were edited graphically to eliminate outliers. 

2. Excessive vessel motion, surfing, and rapid course changes can severely degrade the 
quality of the data produced by the multi-beam sonar system.  To determine if such 
events had occurred during the survey activities, the data from the vessel reference 
unit were reviewed along with comments logged by the field crew.  The analysis 
indicated that the motions of the Ukpik remained within acceptable limits during the 
entire period of data acquisition. 

3. The vessel reference unit data and edited position data were merged with the 
corresponding raw range data from the multi-beam echo sounder to produce data files 
containing northing, easting, and depth.  Corrections for the draft of the transducer, the 
measured speed of sound in sea water, and the offsets of the vessel reference unit then 
were applied, along with tide corrections to adjust the depths to ARCO MLLW 
Datum.  The tide corrections were obtained from the NOS tide gauge on West Dock 
(National Ocean Service, 2017).  Because vessel squat is negligible at the slow speeds 
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at which the survey was conducted, corrections for this phenomenon were omitted 
from the data processing procedure. 

4. Preliminary depth and spike filters were used to eliminate questionable multi-beam 
soundings that may have resulted from acoustic crosstalk, multiple returns, and 
aeration in the water column.  The data then were thinned to the center points of a 3-ft 
grid to produce manageable file sizes suitable for TIN (Triangular Irregular Network) 
modeling.  To ensure that the maximum depths of all ice gouges and strudel scours 
were included in the thinned data set, a separate 15-ft grid was created and the deepest 
point in each 15-ft grid cell was added to the file containing the 3-ft grid points. 

5. As indicated above, the single-beam sonar data acquired from the inflatable boat were 
compensated for vessel heave in real time, prior to storage in the data acquisition 
computer.  Processing consisted of applying instrument calibration, tide, and draft 
corrections to adjust the soundings to ARCO MLLW Datum.  The processed data then 
were edited to remove outliers and thinned to a 3-ft center-point grid and a 15-ft deep-
biased grid in the manner described above for the multi-beam sonar data. 

6. The thinned multi-beam data from the Ukpik and thinned single-beam data from the 
inflatable boat were merged and used to create digital terrain maps of the pipeline 
route and strudel scour search areas using the software package Terramodel.  In those 
areas where the multi-beam and single-beam data overlapped, only the multi-beam 
data were retained. 

7. The digital side scan sonar data were compiled to create a digital mosaic image of the 
pipeline route, to aid in the identification of ice gouges and strudel scours. 

8. A track plot containing generalized bathymetric contours was developed for the 
pipeline route (Drawing CFC-1010-01-001).  Additional drawings were prepared to 
display the 2017 sea bottom profile on the pipeline alignment in conjunction with the 
top-of-pipeline profile (Drawing CFC-1010-01-002), and cross-sections through the 
pipeline alignment (Drawing CFC-1010-01-003).  Finally, an index map was prepared 
to indicate the locations of the preceding three drawings (Drawing CFC-1010-00-001).  
The index map also displays the five points that define the as-built pipeline alignment, 
consisting of the Northstar Island pipeline exit, points-of-intersection PI-A, PI-B, and 
PI-1, and the shore crossing vertical transition (Table 1). 

 
 3.4 Data Analysis 
 
 Data analysis consisted of three primary tasks: (1) comparing the sea bottom profile on 
the as-built pipeline alignment with the top-of-pipeline profile to determine the depth of 
backfill over the pipelines; (2) reviewing the bathymetric data for evidence of sea bottom 
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subsidence on the pipeline route; and (3) reviewing the bathymetric and side scan sonar data 
for evidence of ice gouges and strudel scours. 
 
 The sea bottom and top-of-pipeline profiles were compared with the aid of Drawing 
CFC-1010-01-002.  The investigation of sea bottom subsidence on the pipeline route was 
conducted in the following manner: 

1. Detailed bathymetric contour maps and three-dimensional representations of the 
pipeline route were prepared from the digital terrain maps developed during data 
processing (Section 3.3). 

2. The contour maps and three-dimensional representations were scrutinized to determine 
whether linear depressions indicative of subsidence were present on the pipeline route.  
Whenever a depression was discovered, transverse and longitudinal profiles developed 
from the corresponding three-dimensional representation were used to measure its 
length and maximum depth below the surrounding sea floor.  The location in terms of 
stationing along the pipeline route was derived from the corresponding contour map. 

3. The location and dimensions of each depression were compared with those of 
depressions mapped in prior years to determine if the feature represented a new area of 
subsidence, a subsidence area that had developed in one or more prior years and 
expanded during the past year, or a subsidence area that had developed in one or more 
prior years and remained inactive during the past year. 

4. Each active subsidence area was assigned a unique identifier, such as “17-B”.  The 
first portion, “17”, indicates that subsidence was active during the one-year period 
preceding the 2017 survey, while the second portion, “B”, indicates the unique letter 
assigned to that feature. 

5. The location and characteristics of the active subsidence areas were recorded, and the 
location was marked on the plot showing the sea bottom profile on the pipeline 
alignment (Drawing CFC-1010-01-002). 

 
 The procedures used to identify ice gouges and quantify their characteristics are 
summarized below: 

1. Each contour map of the pipeline route was enhanced by superimposing the contours 
on the corresponding portion of the digital side scan sonar mosaic.  The enhanced 
contour map then was reviewed for evidence of gouging.  Typically, the presence of a 
gouge was indicated by a series of closely-spaced contours and a characteristic 
signature on the underlying side scan sonar record.  When a potential gouge was 
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found, confirmation of its existence was sought using the corresponding three-
dimensional representation of the sea bottom. 

2. If the gouge was evident in the three-dimensional representation, transverse and 
longitudinal profiles were used to measure the maximum incision depth relative to the 
surrounding sea floor.  The coordinates at the point of maximum incision were logged 
as the gouge location, and the ridge height (relative to the surrounding sea floor), 
incision width (at the elevation of the surrounding sea floor), and trend (directional 
orientation) were measured at that site.  These parameters are defined graphically in 
Figure 4.  The enhanced contour map and three-dimensional representation were 
scrutinized to determine whether the feature was a single gouge, a multiplet (a gouge 
created by multiple keels on the same ice feature), or a wallow (a depression created 
when a grounded ice floe is agitated by waves, currents, or other ice; Reimnitz and 
Kempema, 1982). 

3. If the gouge extended beyond the swath imaged by the multi-beam sonar system on a 
particular track line, the side scan sonar mosaic and the enhanced contour map from 
the adjacent line were searched to determine whether the feature could be detected on 
the adjacent line as well.  A gouge that crossed multiple track lines was logged as one 
feature, with the coordinates, ridge height, incision width, and trend measured at the 
point of maximum incision. 

4. If a gouge signature on the side scan sonar mosaic was not evident on the contour map 
or three-dimensional representation, it was excluded from further consideration.  This 
situation arose when the incision depth was less than the 0.3 ft resolution of the multi-
beam sonar system. 

5. On the southern portion of the pipeline route, where water depths less than about 6 ft 
precluded the use of multi-beam and side scan sonar, the search for ice gouges was 
conducted by reviewing the single-beam sonar record.  No gouges were detected in 
this region. 

6. Each measurable gouge was assigned a unique identification number, such as “Gouge 
#17-02”.  The first portion, “17”, indicates the year of discovery, while the second 
portion, “02”, represents the unique number assigned to that gouge.  Wallows were 
identified separately from gouges using a similar format (e.g., Wallow #17-01). 

7. The locations and characteristics of all measurable gouges and wallows were 
tabulated, and the locations of these features were superimposed on the vessel track 
plot (Drawing CFC-1010-01-001). 
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The procedures used to search for strudel scour depressions in the sea bottom are 
summarized below: 

1. Bathymetric contour maps and three-dimensional representations of the individual 
strudel scour search areas were prepared from the digital terrain maps developed 
during data processing (Section 3.3).  Contour maps and three-dimensional 
representations of the pipeline route already existed from the analyses of subsidence 
and ice gouging described above. 

2. Each contour map and three-dimensional representation pertaining to the zone of river 
overflood was reviewed for evidence of strudel scouring.  The intent of this review 
was to search for scours formed by drains that may have been obscured or overlooked 
during the 2017 reconnaissance flight. 

3. If a scour was evident in the three-dimensional representation, transverse profiles were 
used to measure its maximum horizontal dimension and maximum depth below the 
surrounding sea floor.  The coordinates of the deepest point were logged as the scour 
location. 

4. On the southern portion of the pipeline route and at those drainage sites in the 500-ft 
monitoring corridor where shallow water depths precluded the use of multi-beam and 
side scan sonar, the search for strudel scours was conducted by reviewing the contour 
maps and three-dimensional representations created from the single-beam sonar data.  
Estimates of the scour depth, maximum horizontal dimension, and location were 
derived from these products.  The resulting values are inherently less accurate than 
those derived from multi-beam data due to the more limited nature of single-beam 
coverage. 

5. Each scour was assigned a unique identification number, such as “Strudel Scour 
#17-01”.  The first portion, “17”, indicates the year of discovery, while the second 
portion, “01”, represents the unique number assigned to that scour. 

6. Three overview maps encompassing the entire study area were prepared.  Drawing 
CFC-1010-00-002 provides historical perspective on the 2017 overflood by comparing 
its seaward limit with isolines of occurrence frequency derived from 18 years of data.  
Drawing CFC-1010-00-003 illustrates the overflood limit and the locations of 
individual drainage features in the ice observed during the early-June reconnaissance 
flight.  Finally, Drawing CFC-1010-00-004 displays the same information in concert 
with the locations of all strudel scour depressions in the sea bottom detected during the 
ensuing summer survey. 
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3.5 Resolution and Accuracy 
 
 This subsection provides estimates of the resolution and accuracy attained during the 
2017 survey. The estimates are based primarily on equipment specifications and prior 
experience. 
 
 Side Scan Sonar Resolution 
 
 The ability of a side scan sonar system to detect sea floor features depends not only on 
the characteristics of the system itself, but also on the operating conditions and the nature of 
the targets.  During the 2017 survey program, when a side scan range of 164 ft (50 m) was 
employed, the nominal horizontal resolution of the side scan system was 1.3 ft in the along-
track (transverse) direction and 0.1 ft in the across-track (range) direction.  These values are 
much smaller than the horizontal dimensions of the ice gouges and strudel scours under 
consideration.  It should be recognized, however, that the nominal resolution tends to 
deteriorate with increasing motion of the towfish (which can result from wave disturbance 
and from changes in vessel heading).  Also noteworthy is the influence of the target, the 
return from which varies in accordance with its geometry and acoustic reflectivity (i.e., a 
high-relief target with a different density than that of the surrounding sea bottom is easier to 
detect than a low-relief target with a density similar to that of the surrounding sea bottom). 
 
 Judging from prior experience as well as from the results of the 2017 survey program, 
the side scan sonar system routinely imaged ice gouges with a vertical relief less than the 
0.3-ft resolution of the bathymetric sonar.  Notwithstanding this high resolution, it is 
possible that a limited number of poorly-defined targets escaped detection.  This situation 
could have arisen, for example, in the case of low-relief gouges or scours located in the 
outer portion of the side scan range. 
 
 Bathymetric Sonar Resolution 
 
 The horizontal resolution of the SeaBat 7125-SV2 multi-beam sonar system is 
governed by the size of the footprint on the sea bottom insonified by each sub-beam.  For a 
depth of 36.1 ft below the transducer (the maximum value during the 2017 survey, resulting 
in the lowest resolution), the footprint of each sub-beam measured 0.6 ft in the cross-track 
direction and 0.7 ft in the along-track direction.  As in the case of the side scan sonar 
horizontal resolution discussed above, these dimensions are smaller than those of the ice 
gouges and strudel scours under consideration.  With respect to vertical resolution, 
experience has indicated that the multi-beam system can detect scours and gouges with a 
minimum vertical relief of 0.3 ft (Poplin, et al., 2000).  Because the raw depth data are 
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corrected for vessel motion, the resolution is insensitive to the sea state under non-extreme 
conditions. 
 
 In the case of the inflatable boat, where the single-beam data were acquired with an 8° 
transducer, the maximum water depth of 11.5 ft below the transducer produced a maximum 
beam width of 1.5 ft at the sea floor.  The vertical resolution was 0.3 ft, and therefore was 
comparable to that of the multi-beam system. 
 
 Side Scan Sonar Accuracy 
 
 Although the side scan sonar system was used to search for strudel scours and ice 
gouges on the sea bottom, it was not used to measure the vertical dimensions, horizontal 
dimensions, or positions of these features. 
 
 Bathymetric Sonar Accuracy 
 
 Because the multi-beam sonar system uses extremely narrow acoustic beams and 
compensates for vessel motion, the accuracy of the positions and horizontal dimensions 
derived from the resulting record is determined primarily by the accuracy of the 
differentially-corrected GPS position data.  Similarly, the horizontal accuracy of the 
positions derived from the single-beam sonar system also are governed by the DGPS 
accuracy by virtue of the shallow water depths in which the system was operated.  A 
position check conducted on the West Dock Causeway on July 21 using the A325 GPS 
receiver and the survey monument “Dickory” yielded a root-mean-square (rms) error of 2.4 
ft, while a position check using the Hemisphere VS-110 produced an rms error of 2.5 ft.   
Hence, the rms accuracy of the position derived for strudel scour or gouge also is estimated 
to be 2.4 and 2.5 ft for those feature measured from the Ukpik (multi-beam sonar) and 
inflatable boat (single-beam), respectively. 
 
 The accuracy with which the incision width of a gouge or the maximum horizontal 
dimension of a scour can be determined depends on a complex relationship between factors 
that include the feature geometry, the distance off the vessel track line, and orientation of the 
feature relative to the track line.  Based on a comparison of the incision widths reported for 
individual gouges in the year of discovery and subsequently as relict features, it is estimated 
that horizontal dimensions are accurate to within 3 ft. 
 
 The absolute accuracy of each depth measured with the SeaBat 7125-SV2 multi-beam 
sonar system is approximately ±0.5 ft.  This value, computed as the square root of the sum 
of the squares, reflects a measurement uncertainty of ±0.2 ft, and a water level uncertainty 
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of ±0.4 ft.  The accuracy with which the depth of a strudel scour or ice gouge can be 
determined relative to the ambient sea floor depends only on the measurement uncertainty, 
and hence is estimated to be ±0.2 ft. 
 
 The vertical accuracies attainable with the single-beam sonar system are comparable to 
those of the multi-beam system.   
 
 In addition to water level and measurement uncertainties, a phenomenon known as 
“aliasing” must be considered when evaluating the vertical accuracy of bathymetric sonar 
data.  In the case of single-beam sonar, aliasing occurs on a sloping sea bottom because the 
depth recorded by the sonar system is based on the acoustic return from the closest point in 
the beam path (Figure 5).  The difference between the depth recorded by the sonar and the 
actual maximum depth in the beam path increases with increasing sea floor inclination and 
increasing beam footprint.  Unlike water level and measurement errors, which can cause the 
apparent depth to be either greater or less than the actual depth, aliasing always introduces a 
shoal bias (i.e., the apparent depth is less than the actual depth). 
 
 In the case of multi-beam sonar, the influence of aliasing is minimized by the narrow, 
shaped nature of each acoustic sub-beam, which produces a relatively small footprint on the 
sea bottom.  In addition, the recorded depth is determined by the return from the center of 
the footprint rather than from the closest point in the beam path. 
 
 The influence of aliasing on the strudel scour, ice gouge, and ice wallow depths 
measured during the 2017 survey was small, due in part to the use of multi-beam sonar for 
most of these measurements and in part to the modest water depths in the study area.  Based 
on an analysis of all such features mapped in 2017, the maximum aliasing error is estimated 
to be less than 0.1 ft for all features measured with both the multi-beam and single-beam 
system.  It should be noted that the aliasing errors were derived by assuming the least 
favorable sonar beam geometry for each feature.  Hence, the actual aliasing errors may have 
been smaller. 
 
 As indicated above, aliasing introduces a shoal bias that causes the measured depth of 
a scour, gouge, or wallow to be less than the actual depth.  A conservative estimate of the 
actual depth can be obtained by summing the measured depth, the uncertainty introduced by 
measurement error (±0.2 ft), and the maximum possible aliasing error.  In the case of a 
strudel scour detected with the single-beam system with a measured scour depth of 2.8 ft 
and a maximum possible aliasing error of 0.1 ft, for example, the actual scour depth would 
be estimated as follows: 
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Actual Depth = (Measured Depth + Measurement Uncertainty + Max. Aliasing Error) 

    = (2.8 ± 0.2 + 0.1) ft 

    = 3.0 ft ± 0.1 ft 
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4. RESULTS 
 
 The subsections that follow present the results of the Northstar Development 
2017 Pipeline Route Monitoring Program.  Section 4.1 provides an overview of the study 
products.  The bathymetry on the pipeline route is discussed in Section 4.2, with particular 
emphasis on the depth of backfill over the pipelines.  Ice gouge and strudel scour data are 
reviewed in Sections 4.3 and 4.4, respectively. 
 
 4.1 Study Products 
 
 The findings of the 2017 survey program are presented in Tables 4 through 11, 
Figures 6 through 14, and seven 24-in. x 36-in. drawings (11 sheets) bound separately as 
Appendix A.  Table 3 provides the title and number of sheets associated with each drawing.  
 
 4.2 Bathymetry on Pipeline Route 
 
 The bathymetric data acquired on the pipeline route in 2017 are presented in Drawings 
CFC-1010-01-002 and -003.  The former displays a profile of the sea bottom on the pipeline 
alignment.  In the interest of clarity, the vertical scale has been exaggerated by a factor 
of 40.  The drawing also includes a pre-construction profile of the sea bottom obtained in 
1996 (Coastal Frontiers, 1997), a post-construction profile obtained in 2016 (Coastal 
Frontiers, 2016b), and a profile indicating the top of the pipelines.  The top-of-pipeline 
profile was developed from data obtained by H&B Surveyors during pipeline installation.  
In addition, the drawing displays a dashed line 6 ft above the top-of-pipeline profile 
signifying the 6-ft minimum backfill thickness specified in the pipeline permit. 
 
 Drawing CFC-1010-01-003 displays representative cross sections through the pipeline 
route derived from the digital terrain maps created during data processing (Section 3.3).  
The vertical scale has been exaggerated by a factor of two.  Cross sections are provided at 
1,000-ft intervals, except that Station 225+00 is shown instead of 220+00 because the latter 
is located on Stump Island.  The plots for Stations 010+00 through 200+00 are based on 
multi-beam data, those for Stations 225+00 through 310+00 on single-beam data, and that 
for Station 210+00 on a combination of the two.  Cross sections obtained during the 17 prior 
annual surveys (2000-2016) also are included to the extent that they are available. 
 
 Key aspects of the 2017 bathymetric data are summarized below: 
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1. Bathymetric Changes on Pipeline Alignment:  The bathymetric profile on the 
Northstar pipeline alignment bore a close resemblance to that which existed a year 
earlier, in 2016.  In the region between Northstar Production Island and Stump Island, 
the most notable exceptions were attributable to modest subsidence of the trench 
backfill material at seven locations.  The profile was virtually unchanged between the 
shore crossing and Stump Island.  The primary difference was continued infilling of 
two prominent strudel scour depressions that had formed in 2015.   

2. Sea Bottom Subsidence:  In contrast to the 2016 when subsidence was dormant, seven 
active subsidence areas were detected in 2017 (Subsidence Areas 17-A through 17-G; 
Table 4).  The number of active subsidence areas found in 2017 was exceeded during 
only four prior years (2007, 2008, 2010, and 2015).  Each of the sites corresponded to 
subsidence that had been detected in one or more prior years, with four areas last 
active in 2015, two in 2011, and one in 2008.   

The lengths of the subsidence areas (measured along the pipeline alignment) ranged 
from 210 to 940 ft, while the maximum subsidence depths (measured relative to the 
ambient sea bottom) ranged from 0.7 to 1.7 ft.  Two of the features caused the backfill 
thickness to violate the 6-ft minimum value specified in the pipeline permit.  The 
locations of the subsidence areas are shown in Drawing CFC-1010-01-002.  A plan 
view and cross sections for a representative subsidence area (Area 17-B) is provided in 
Figure 6.   

Subsidence has occurred during 14 of the 16 years since oil began flowing in the fall 
of 2001.  As illustrated in Drawing CFC-1010-01-002, the phenomenon has 
encompassed more than half of the stretch between Northstar Production Island and 
Stump Island since 2003.  The combined length of the active subsidence areas detected 
in 2017 (3,110 ft) was the fifth highest during the 16 years since oil began flowing 
through the pipeline (2002 to 2017).  

3. Pipeline Trench Backfill Thickness:  Modest deficiencies in the backfill thickness 
relative to the 6-ft minimum value stipulated in the pipeline permit were detected at 
two locations (Shortfall Areas A and B; Table 5).  One of these (Shortfall Area B) was 
an expansion of a deficient area documented in 2016.  The maximum shortfalls 
(measured vertically) ranged from 0.3 to 0.7 ft, while the lengths (measured along the 
pipeline alignment) ranged from 51 to 138 ft.  Both shortfalls were located just north 
of Stump Island in a water depth of about 12 ft.  It is noteworthy that three of the four 
shortfalls identified in 2016 were erased by natural infilling during the one-year period 
between the 2016 and 2017 surveys.   

4. Gravel Placement Program:  To remedy the two backfill deficiencies, HAK conducted 
a barge-based gravel placement program prior to freeze-up.  Approximately 400 cy of 
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material were placed in Shortfall Area A between Stations 185+75 and 188+25.  
About 480 cy were placed in Shortfall Area B (200 cy between Stations 195+00 and 
196+20, and 280 cy between Stations 196+80 and 198+90).  Based on observations by 
HAK personnel, the gravel placement operations increased the sea bottom elevations 
in the shortfall areas by 1.2 to 1.4 ft (Jackson, 2017).  Verification that the resulting 
backfill thickness exceeds the minimum acceptable value of 6 ft will be sought during 
the 2018 Pipeline Route Monitoring Program. 

 
 4.3 Ice Gouges 
 
 Twenty-one ice gouges with incision depths greater than or equal to the 0.3 ft 
resolution of the bathymetric sonar systems were detected on the Northstar pipeline 
alignment and the four flanking lines offset 150 and 300 ft to the east and west.  Thirteen 
represented newly-discovered features, while eight were relict gouges that had been 
discovered during prior surveys. 
 
 The locations of the gouges are indicated in Drawing CFC-1010-01-001.  
Table 6 summarizes the characteristics of the newly-discovered gouges along with those 
from each of the 17 prior years (2000-2016).  Table 7 provides the characteristics of each 
individual gouge mapped in 2017 (both newly-discovered and relict). 
 
 The data obtained for the newly-discovered gouges are summarized below: 

1. Water Depth: The thirteen newly-discovered gouges were located in water depths that 
ranged from 12.3 to 36.5 ft. 

2. Incision Depth: The measured incision depths ranged from 0.3 to 1.6 ft, with a mean 
value of 0.6 ft. 

3. Incision Width: The measured incision widths varied between 3 and 17 ft.  The mean 
value was 10 ft. 

4. Ridge Height: The measured ridge heights ranged from 0.1 to 0.6 ft, with a mean value 
of 0.2 ft. 

5. Gouge Trend: The measured orientations ranged from 255 to 349G.  (Note: for 
convenience, all gouge orientations in this report are expressed between 181° and 
360°G even though the direction of gouge formation is indeterminate.) 

6. Gouge Type: Eleven of the newly-discovered features were single gouges, while two 
were multiplet gouges.   
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 The incision depths and incision widths of the newly-discovered gouges are plotted 
against water depth in Figures 7 and 8, respectively.  The figures also include comparable 
data for all of the new gouges discovered during each of the 17 prior annual survey 
programs (2000-2016).  The following conclusions are suggested by a comparison of the 
gouge data from 2017 with those from the prior surveys: 
 

1. The number of gouges was low by historical standards, with thirteen newly-discovered 
gouges in 2017 versus an annual average of 26.8 during the 18-year period of record.  
The historical maximum (130 gouges) occurred in 2011, while the minimum 
(4 gouges) occurred in 2009. 

2. The severity of the gouging was consistent with historical precedent.  Specifically, the 
mean incision depth of 0.6 ft and mean ridge height of 0.2 ft were similar to the long-
term average values recorded on the Northstar pipeline route from 2000 through 
2017 (0.9 ft and 0.3 ft, respectively).  The mean incision width of 10 ft approximated 
the long-term average value of 12 ft.  The gouges discovered in 2017 were found in 
water depths comparable to previous years.  The minimum and maximum values of all 
four parameters were contained within the envelopes established in prior years (Table 
6, Figures 7 and 8). 

3. The majority of the gouges followed the general east-west orientation of the 
bathymetric contours. 

 
 The characteristics of the eight relict gouges identified in 2017 are listed at the end of 
Table 7.  The maximum measured incision depths were less than or equal to the values 
recorded in 2016 for six of the features.  The reductions in depth, which were caused by 
sediment infilling, ranged from negligible to 0.2 ft.  In the case of Gouges #15-01 and 
#16-19, the situation was reversed, with a maximum incision depth found in 2017 exceeding 
that measured in 2016 by up to 0.4 ft.  This apparent increase in measured incision depth 
probably arose from inter-annual variations in the vessel tracks that caused a slightly 
different portion of the gouge to be imaged in 2017. 
 
 As shown in Drawing CFC-1010-01-001, two of the gouges mapped in 2017 crossed 
the pipeline alignment (Gouges #17-10 and -13).  The incision depths for these features 
(both measuring 0.3 ft) did not cause the backfill thickness to violate the 6-ft minimum 
value stipulated in the pipeline permit (Drawing CFC-1010-01-002). 
 
 As discussed previously in Section 3.4, ice wallows are depressions in the sea bottom 
that form when grounded ice floes are agitated by waves, currents, or other ice (Reimnitz 
and Kempema, 1982).  Wallows can occur both as terminal features at the ends of gouges, 
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and as isolated features without associated gouge tracks.  Wallows were discovered on the 
pipeline route during seven of the prior seventeen surveys, in 2002, 2007, 2008, 2011 2014, 
2015 and 2016 (Coastal Frontiers, 2016b). 
 
 Three new wallows were identified during the 2017 survey, along with one of the 
wallows first discovered in 2014.  Table 8 summarizes the characteristics of all newly-
discovered wallows for each of the 18 years in which monitoring of the pipeline route has 
been conducted (2000-17).  The incision depths and incision widths of these features are 
plotted against water depth in Figures 9 and 10, respectively.   
 
 The wallow incision depths for the newly-discovered features ranged from 0.5 to 
1.2 ft, the incision widths from 27 to 51 ft, and the water depths from 31.2 to 36.2 ft.  The 
frequency of wallowing in 2017 was consistent with historical precedent, while severity was 
below average.  The highest number of wallows (18) and deepest wallow incision depth 
(5.6 ft) both occurred in 2011.    
 
 Table 9 lists the characteristics of the relict wallow mapped in 2017 (Wallow #14-02).  
The maximum incision depth was 0.1 ft less than that noted a year earlier.  The wallow 
locations are shown in Drawing CFC-1010-01-001. 
 

4.4 Strudel Scours 
 
 The 2017 Kuparuk River overflood was modest by historical standards (Figure 11).  
The offshore limit of the flood fell near 75% annual occurrence limit in the vicinity of the 
pipeline alignment (Drawing CFC-1010-00-002).  As shown in Drawing CFC-1010-00-003, 
the seaward edge of the overflood boundary near the pipeline monitoring corridor was 
contained within the barrier islands.  As a result, only about 30% of the pipeline alignment 
was covered by the flood.  Plate 1 shows the flooded area within Gwydyr Bay near Stump 
Island. 
 
 Only two drainage features were detected in the 500-ft wide monitoring corridor in 
2017, which was below average by historical standards.  During the 18-year period from 
2000 and 2017, the number of drains observed in the 500-ft corridor has ranged from zero to 
31 while averaging seven per year.  Both drains were located to the south of Stump Island in 
Gwydyr Bay (Drawing CFC-1010-00-003).   
 
 Both of the features mapped in 2017 were circular or oblong in plan form.  No linear 
crack drains were observed.  A circular drain is shown in Plate 2.  The drainage feature 
nearest the pipeline was located approximately 100 ft to the west of the alignment.   
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 Plate 1.  Kuparuk River Overflood Within Gwydyr Bay, Looking North 

 
Plate 2.  Circular Strudel Drain in Gwydyr Bay 
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 Both drainage sites were investigated with single-beam sonar operated from the 
inflatable survey vessel because the shallow water depths in Gwydyr Bay prevented the 
Ukpik from reaching the search areas.  One single scour depression was detected at one of 
the sites.   
 
 In addition to searching the drainage sites mapped during the June helicopter 
reconnaissance mission, a deliberate attempt was made to locate the two deepest strudel 
scours found in the 500-ft corridor in 2016 (Coastal Frontiers, 2016b).  Both of these 
features, also located in Gwydyr Bay, were detected in 2017.  These scours (#15-09 and -10) 
caused the backfill thickness to violate the 6-ft minimum value stipulated in the pipeline 
permit in 2015.  While the sedimentation at Strudel Scour #15-10 was sufficient to erase the 
deficiency by the time of the 2016 survey, a modest shortfall remained at Strudel Scour 
#15-09.  Additional infilling during the past year erased the shortfall at Strudel Scour #15-09 
by the time of the 2017 survey. 
 
 The locations of the one newly-discovered scour and the two relict scours are shown in 
Drawing CFC-1010-00-004.  Table 10 presents a statistical characterization of the 
2017 scour along with comparable data for all newly-discovered scours in each of the 17 
prior years (2000-2016).  In the case of features categorized as “circular”, the term 
“maximum horizontal dimension” refers to the largest horizontal extent measured at the 
elevation of the surrounding sea bottom (i.e., the diameter of a perfectly circular scour or the 
major axis of an oblong scour).  In the case of features categorized as “linear”, “maximum 
horizontal dimension” refers to the length measured along the scour orientation.  The 
characteristics of the one newly-discovered scour and the two relict features detected in 
2017 are provided in Table 11. 
 
 The data acquired for the one newly-discovered scour are summarized below: 

1. Scour Type: The scour was circular in plan form. 

2. Water Depth: The scour occurred in a water depth of 4.0 ft. 

3. Scour Depth: The scour depth was 2.8 ft below the surrounding sea bottom.   

4. Maximum Horizontal Dimension:  The maximum horizontal dimension was 15 ft. 

 Scatter plots of scour depth versus water depth, scour maximum horizontal dimension 
versus water depth, and scour maximum horizontal dimension versus scour depth are 
presented for the newly-discovered scour in Figures 12, 13, and 14.  The figures also display 
the data acquired for all newly-discovered circular scours in the 500-ft monitoring corridor 
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from 2000 through 2016.  Because of their distinctly different nature, linear scours have 
been excluded. 
 
 The scatter plots indicate that the greatest scour depths and maximum horizontal 
dimensions occur in water depths of 5 to 20 ft.  This region has been designated as the 
“Primary Strudel Zone”, based on the frequency and severity of scour formation 
(Leidersdorf, et al., 2007).  Inshore of the Primary Strudel Zone, where the presence of 
bottomfast ice typically prevents the occurrence of strudel drainage until late in the 
overflood period, the scouring generally tends to be milder.  In 2017, the sole newly-
discovered scour was located in the Secondary Strudel Zone.  Figure 14 suggests that strudel 
scour maximum horizontal dimensions tend to increase with scour depth.  The data exhibit 
substantial scatter, however, with a correlation coefficient (R2) of only 0.2. 
 
 A comparison of the strudel scour data acquired in the 500-ft monitoring corridor in 
2017 with those from the prior surveys yields the following insights: 

1. The number of scours (one circular feature) was low by historical standards.  Fewer 
features were detected in only four other years.  During the 18-year period of record, 
the annual maximum for scours was 36, while the average was 5.8/yr.     

2. Scour severity was relatively high in 2017, with the scour depth for the sole feature 
(2.8 ft) exceeding the average value for the period of record (1.8 ft for circular scours).  
The 2017 scour was the third deepest feature mapped in the Secondary Strudel Zone 
during the 18-yr period of record. 

 
 The newly-formed scour was located about 125 ft west of the pipeline alignment in 
2017.  During the 16 years following the introduction of hot oil into the Northstar pipeline 
(2002-2017), strudel scours impacted the pipeline trench backfill on 16 occasions.  Five of 
the scours, with depths ranging from 1.1 to 9.5 ft, were located in the Primary Strudel Zone.  
The remaining 11 scours, with depths from 0.3 to 5.0 ft, were located in Gwydyr Bay in the 
Secondary Strudel Zone.  It is speculated that the notably higher encounter frequency in the 
Secondary Strudel Zone is related to heat radiating from the pipelines and predisposing the 
bottomfast ice to strudel formation in shallow water (Leidersdorf et al, 2007).   
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5. SUMMARY AND CONCLUSIONS 
 

1. Bathymetry on Pipeline Alignment:  The bathymetric profile on the Northstar pipeline 
alignment bore a close resemblance to that which existed a year earlier, in 2016.  In 
the region between Northstar Production Island and Stump Island, the most notable 
exceptions were attributable to modest subsidence of the trench backfill material at 
seven locations.  The profile was virtually unchanged between the shore crossing and 
Stump Island.  The primary difference was continued infilling of two prominent 
strudel scour depressions that had formed in 2015.   

2. Sea Bottom Subsidence:  In contrast to 2016 when subsidence was dormant, seven 
active subsidence areas were detected in 2017.  The lengths of these areas (measured 
along the pipeline alignment) ranged from 210 to 940 ft, while the maximum 
subsidence depths (measured relative to the ambient sea bottom) ranged from 0.7 to 
1.7 ft.  Two of the features caused the backfill thickness to violate the 6-ft minimum 
value specified in the pipeline permit.  The combined length of the active subsidence 
areas detected in 2017 (3,110 ft) was the fifth highest during the 16 years since oil 
began flowing through the pipeline (2002 to 2017).  It is noteworthy that subsidence 
has occurred in 14 of the 16 years since 2002 and has affected more than half of the 
alignment between Northstar Production Island and Stump Island.   

3. Pipeline Trench Backfill Thickness:  Modest deficiencies in the backfill thickness 
relative to the 6-ft minimum value stipulated in the pipeline permit were detected at 
two locations.  One of these was an expansion of a deficient area documented in 2016.  
The maximum shortfalls (measured vertically) ranged from 0.3 to 0.7 ft, while the 
lengths (measured along the pipeline alignment) ranged from 51 to 138 ft.  Both 
shortfalls were located just north of Stump Island in a water depth of about 12 ft.  It is 
noteworthy that three of the four shortfalls identified in 2016 were erased by natural 
infilling during the one-year period between the 2016 and 2017 surveys.   

4. Gravel Placement Program:  To remedy the two backfill deficiencies, HAK 
conducted a barge-based gravel placement program prior to freeze-up.  Approximately 
880 cy of material were placed in the shortfall areas.  Based on observations by HAK 
personnel, the gravel placement operations increased the sea bottom elevations in the 
shortfall areas by 1.2 to 1.4 ft.  Verification that the resulting backfill thickness 
exceeds the minimum acceptable value of 6 ft will be sought during the 2018 Pipeline 
Route Monitoring Program. 
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5. Ice Gouges:  Twenty-one ice gouges were detected on the Northstar pipeline route 
during the 2017 survey.  Thirteen represented newly-discovered features, while eight 
were relict gouges that had been discovered during prior surveys.  The incision depths 
of the new gouges ranged from 0.3 to 1.6 ft, the incision widths from 3 to 17 ft, and the 
water depths from 12.3 to 36.5 ft.  While the number of new gouges was relatively 
low, the severity was consistent with historical precedent.  Two of the gouges mapped 
in 2017 crossed the pipeline alignment.  The incision depths for these features, both 
measuring 0.3 ft, did not cause the backfill thickness to violate the 6-ft minimum value 
stipulated in the pipeline permit.   

6. Ice Wallows:  Three new ice wallows were identified during the 2017 survey, along 
with one relict feature first discovered in 2014.  The incision depths of the new 
wallows ranged from 0.5 to 1.2 ft, the incision widths from 27 to 51 ft, and the water 
depths from 31.2 and 36.2 ft.  The incision depth of the relict wallow, 0.4  ft, reflected 
infilling of 0.1 ft since 2016.  None of the wallows were located directly over the 
pipeline alignment 

7. Kuparuk River Overflood:  The 2017 Kuparuk River overflood was modest by 
historical standards, with the seaward edge of the overflood boundary near the pipeline 
monitoring corridor contained within the barrier islands.  As a result, only about 30% 
of the pipeline alignment was covered by the flood.  Two drainage features were 
detected in the 500-ft wide monitoring corridor in 2017, a quantity that is 
comparatively low.  Both drains were located to the south of Stump Island in Gwydyr 
Bay.  During the 18-year period of record (2000-2017), the number of drains observed 
in the 500-ft corridor has ranged from zero to 31 while averaging seven per year. 

8. Strudel Scours:  When a sonar search for strudel scours was conducted on the pipeline 
route and at the two drainage sites observed during the overflood period, one new 
depression was discovered in the sea bottom.  The circular scour was located about 
125 ft west of the pipeline alignment in a water depth of 4.0 ft, with scour depth of 
2.8 ft, and a maximum horizontal dimension of 15 ft.  While the frequency of scouring 
was low by historical standards, the severity was relatively high.  The scour was the 
third deepest feature mapped in the Secondary Strudel Zone during the 18-year period 
of record. 
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Table 1.  As-Built Pipeline Alignment 
 

Location  Station (ft)  Northing(1) (ft)  Easting(1) (ft) 

Northstar Island 
Pipeline Exit 

000+00 6,030,751.45 659,661.09 

Point of Intersection A 008+60 6,029,892.74 659,708.41 

Point of Intersection B 201+50 6,010,637.63 660,868.08 

Point of Intersection 1 222+70 6,008,522.00 660,999.00 

Shore Crossing 
Vertical Transition 

314+98 5,999,294.00 661,120.03 

(Source: Coastal Frontiers, 2001a) 
Note: 
1 The horizontal datum is Alaska State Plane Zone 4 (ASP 4) relative to North American Datum of 1927 

(NAD27). 
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Table 2.  Equipment Systems 
 
 

Sonar Systems 

 Reson Seabat 7125-SV2 Multi-Beam Echo Sounder 

 Odom Hydrotrac II Digital Echo Sounder (single-beam bathymetric sonar) 

 EdgeTech 4125D Dual Frequency Scan Sonar System with Coda Mosaic Software 

 

Motion and Heading Sensor 

 Coda Octopus F185 GPS-Aided Vessel Reference Unit 

 

Navigation, and Positioning Systems 

 Trimble Pathfinder Pro XR GPS Receiver 

 Hemisphere A325 GPS Receiver  

 Hemisphere VS-110 GPS Receiver 

 

Data Acquisition System 

 Laptop Computer 

 Hypack Hydrographic Survey Software 

 

Calibration Equipment 

 YSI CastAway CTD (for determining speed of sound in water column) 
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Table 3.  Drawing Summary 
 

Drawing Number Title Sheets Appendix 

Project Area    

 CFC-1010-00-001 Drawing Index Map 1 A 

 CFC-1010-00-002 Overflood Occurrence Probabilities 1 A 

 CFC-1010-00-003 Strudel Drainage Feature and Overflood Limit 
   Location Map 

1 A 

 CFC-1010-00-004 Strudel Scour and Strudel Drainage Feature 
   Location Map 

1 A 

    

Pipeline Route    

 CFC-1010-01-001 Survey Track Lines 3 A 

 CFC-1010-01-002 Bathymetric Profile on Pipeline Alignment 1 A 

 CFC-1010-01-003 Cross Sections through Pipeline Alignment 3 A 
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Table 4.  Areas of Subsidence on Pipeline Alignment 
 

Subsidence 
Area1 

Location Length of 
Subsidence 

(ft) 

Max. Depth of 
Subsidence2 

(ft) (Station Start) (Station End) 

17-A 90+70 96+90 620 1.4 

17-B 100+80 105+80 500 1.7 

17-C 113+00 115+30 230 1.7 

17-D 121+90 124+00 210 1.1 

17-E 181+30 184+30 300 1.1 

17-F 186+10 189+20 310 0.7 

17-G 194+10 203+50 940 1.5 

Notes: 
1 The locations of the 2017 Subsidence Areas are shown in Drawing CFC-1010-01-002. 
2 The depth of subsidence is measured relative to the surrounding sea bottom. 
3 Subsidence Areas 17-A, 17-B, 17-C, and 17-D were last active in 2015.   
4 Subsidence Areas 17-E and 17-F were last active in 2011.   
5 Subsidence Area 17-G was last active in 2008.   
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Table 5.  Shortfalls in Pipeline Trench Backfill Thickness 
 

Shortfall 
Area1 

Location Length 

(ft) 

Max. Shortfall 
in Backfill 
Thickness2 

(ft) (Station Start) (Station End) 

 17-A 186+55 187+06 51 0.3 

 17-B 197+40 198+78 138 0.7 

Notes: 
1 The locations of the 2017 Shortfall Areas are shown in Drawing CFC-1010-01-002. 
2 The shortfall in backfill thickness is computed relative to the 6-ft minimum value specified in the pipeline 

permit. 
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Table 6. Summary of Ice Gouge Characteristics Measured during the Northstar Development 2000 through 2017 
Pipeline Route Monitoring Programs1, 2 

 

Characteristic 
2000 2001 2002 2003 

Mean Range Mean Range Mean Range Mean Range 

 9 Gouges 30 Gouges 54 Gouges 27 Gouges 

 Incision Depth (ft) 0.9 0.5 – 1.7 0.7 0.4 – 1.4 0.7 0.3 – 1.6 0.7 0.3 – 1.3 

 Incision Width3 (ft) 11   6 – 25 10   3 – 25 9   4 – 39 7   3 – 16 

 Ridge Height (ft) 0.6 0.1 – 1.3 0.2 0.0 – 0.7 0.3 0.0 – 1.9 0.2 0.0 – 1.1 

 Water Depth4 (ft) 24.1 10.7 – 35.8 28.2 8.8 – 36.8 24.9 9.0 – 36.9 30.2 19.1 – 34.5 

Characteristic 
2004 2005 2006 2007 

Mean Range Mean Range Mean Range Mean Range 

 22 Gouges 35 Gouges 33 Gouges 20 Gouges 

 Incision Depth (ft) 0.7 0.3 – 1.4 0.8 0.3 – 1.8 0.9 0.4 – 1.8 1.3 0.4 – 5.1 

 Incision Width3 (ft) 7   3 – 15 8   4 – 25 13   3 – 40 23   5 – 76 

 Ridge Height (ft) 0.2 0.0 – 1.1 0.3 0.0 – 1.2 0.2 0.0 – 1.1 0.3 0.0 – 0.8 

 Water Depth4 (ft) 27.1 16.9 – 35.3 23.2 9.0 – 36.5 31.7 19.8 – 36.1 18.8 8.2 – 36.1 

(Page 1 of 3) 
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Table 6. Summary of Ice Gouge Characteristics Measured during the Northstar Development 2000 through 2017 
Pipeline Route Monitoring Programs (continued)1, 2 

 

Characteristic 
2008 2009 2010 2011 

Mean Range Mean Range Mean Range Mean Range 

 12 Gouges 4 Gouges 24 Gouges 130 Gouges 

 Incision Depth (ft) 0.8 0.5 – 1.1 0.6 0.3 – 1.0 0.7 0.3 – 1.2 1.1 0.3 – 3.5 

 Incision Width3 (ft) 10   3 – 22 10   6 – 12 10 4 - 20 15 3 - 55 

 Ridge Height (ft) 0.2 0.0 – 0.6 0.1 0.0 – 0.4 0.2 0.0 – 0.8 0.3 0.0 – 1.2 

 Water Depth4 (ft) 27.7 18.4 – 37.3 26.0 11.0 – 36.3 31.8 18.0 – 36.9 28.5 16.4 – 37.2 

Characteristic 
2012 2013 2014 2015 

Mean Range Mean Range Mean Range Mean Range 

 19 Gouges 5 Gouges 10 Gouges 15 Gouges 

 Incision Depth (ft) 0.9 0.3 – 1.5 0.9 0.5 – 1.6 0.8 0.3 – 1.2 0.9 0.4 – 2.4 

 Incision Width3 (ft) 12   5 – 40 16   7 – 32 10 7 – 13 13   5 – 36 

 Ridge Height (ft) 0.3 0.0 – 1.1 0.3 0.1 – 0.9 0.2 0.1 – 0.5 0.2 0.0 – 0.9 

 Water Depth4 (ft) 30.6 22.0 – 34.5 30.7 17.4 – 35.7 33.8 29.1 – 36.2 30.6 17.4 – 36.2 

(Page 2 of 3) 
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Table 6. Summary of Ice Gouge Characteristics Measured during the Northstar Development 2000 through 2017 
Pipeline Route Monitoring Programs (continued)1, 2 

 

Characteristic 

2016 2017 2000-2017  

Mean Range Mean Range Mean Range   

 20 Gouges 13 Gouges 482 Gouges 
(Average 26.8/yr) 

 

 Incision Depth (ft) 0.7 0.4 – 1.3 0.6 0.3 – 1.6 0.9 0.3 – 5.1   

 Incision Width3 (ft) 11 4 – 25 10 3 – 17 12 3 – 76   

 Ridge Height (ft) 0.2 0.0 – 0.6 0.2 0.1 – 0.6 0.3 0.0 – 1.9   

 Water Depth4 (ft) 26.2 15.9 – 36.5 21.2 12.3 – 36.5 27.6 8.2 – 37.3   

Notes: 
1 Table 6 is based on all newly-discovered ice gouges mapped on the pipeline route during each of the annual monitoring programs.  Relict gouges (i.e., gouges 

re-discovered after detection in a prior year) are excluded from this table, but included in Table 7. 
2 If the incision depth of a relict gouge was found to exceed the incision depth measured in the year of discovery, the gouge statistics for the year of discovery 

were recalculated after substituting the greater incision depth and associated characteristics of the relict for those measured in the year of discovery.  This 
situation arose not because the gouge had become deeper, but because variations in the vessel track caused a deeper portion of the feature to be surveyed in a 
subsequent year. 

3 For multiplet gouges, the incision width of the deepest branch of the feature was used in preparing this table (rather than the width of the entire multiplet). 
4 The vertical datum is ARCO MLLW, which is identical to NOS MLLW for engineering purposes. 

 

(Page 3 of 3)
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Table 7. Ice Gouge Characteristics Measured during the Northstar Development 
2017 Pipeline Route Monitoring Program 

 

Gouge 
No.1  

Northing2 
(ft) 

Easting2 
(ft) 

Water 
Depth3 

(ft) 

Incision 
Depth 

(ft) 

Incision 
Width4 

(ft) 

Ridge 
Height 

(ft) 

Gouge 
Trend 
(G) 

Gouge 
Type5 

Newly-Discovered Gouges 

17-01 6,030,273 659,779 36.5 0.4 11 0.1 349 S 

17-02 6,029,742 659,874 36.3 0.5 16 0.1 319 S 

17-03 6,027,445 659,515 31.9 1.3 11 0.6 300 S 

17-04 6,024,341 659,897 22.7 0.7 7 0.1 255 S 

17-05 6,022,055 660,324 21.4 0.6 16 0.3 290 S 

17-06 6,020,870 660,534 18.7 0.5 6 0.2 306 S 

17-07 6,020,339 659,982 18.1 0.4 17 0.3 289 S 

17-08 6,020,290 659,978 18.1 0.5 7 (15) 0.1 291 M 

17-09 6,020,053 660,021 18.5 0.6 8 0.2 303 S 

17-10 6,016,214 660,519 16.5 0.3 3 0.1 302 S 

17-11 6,013,462 660,398 12.4 0.6 7 0.1 309 S 

17-12 6,013,229 660,897 12.3 1.6 9 (95) 0.4 289 M 

17-13 6,013,618 660,683 12.7 0.3 8 0.3 304 S 

Relict Gouges6 

02-01 6,030,405 659,354 36.5 0.4 (0.6) 8 0.1 277 S 

11-02 6,030,260 659,505 36.3 0.6 (0.6) 15 0.4 272 S 

15-01 6,030,442 659,312 36.5 0.8 (0.3) 13 0.1 312 S 

15-02 6,030,395 659,273 36.5 0.5 (0.5) 11 0.4 314 S 

15-03 6,030,219 659,366 35.9 0.3 (0.3) 8 0.1 276 S 

16-17 6,018,919 660,076 20.2 0.7 (0.9) 30 0.2 276 S 

16-18 6,018,835 660,087 20.2 0.5 (0.6) 25 0.1 269 S 

16-19 6,018,750 660,073 20.2 0.8 (0.5) 20 0.1 266 S 

 
(Page 1 of 2) 
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Table 7. Ice Gouge Characteristics Measured during the Northstar Development 
2017 Pipeline Route Monitoring Program (continued) 

Notes: 
1 The prefix indicates the year in which the gouge was first discovered (e.g. “17-” indicates gouge was first 

discovered in 2017). 
2 The horizontal datum is Alaska State Plane Zone 4 (ASP 4) relative to North American Datum of 1927 

(NAD27).  Gouge locations are displayed in Drawing CFC-1010-01-001. 
3 The vertical datum is ARCO MLLW, which is identical to NOS MLLW for engineering purposes. 
4 For the multiplet gouges, the incision width of the entire multiplet at the point of maximum incision is 

shown in parentheses after the incision width of the deepest branch of the feature. 
5 “S” indicates single ice gouge; “M” indicates multiplet gouge. 
6 For each relict gouge rediscovered in 2017, the incision depth found in 2016 is shown in parentheses after 

the corresponding value found in 2017. 

 

(Page 2 of 2)



Northstar Development 2017 Pipeline Route Monitoring Program  
 
 

48 

Table 8. Summary of Ice Wallow Characteristics Measured during the Northstar Development 2000 through 2017 
Pipeline Route Monitoring Programs1 

 

Characteristic 
2000, 2001 2002 2003, 2004, 2005, 2006 2007 

Mean Range Mean Range Mean Range Mean Range 

 0 Wallows 4 Wallows 0 Wallows 8 Wallows 

 Incision Depth (ft) – – 2.9 1.9 – 3.6 – – 1.5 0.6 – 3.8 

 Incision Width (ft) – – 41  32 – 50 – – 37  20 – 95 

 Ridge Height (ft) – – 0.7 0.0 – 1.6 – – 0.2 0.0 – 0.3 

 Water Depth2(ft) – – 20.3 19.3 – 21.4 – – 26.5 12.5 – 34.7 

Characteristic 
2008 2009, 2010 2011 2012, 2013 

Mean Range Mean Range Mean Range Mean Range 

 1 Wallow 0 Wallows 18 Wallows 0 Wallows 

 Incision Depth (ft) 1.9 – – – 2.5 1.0 – 5.6   

 Incision Width (ft) 31 – – – 40 11 – 79   

 Ridge Height (ft) 0.6 – – – 0.4 0.1 – 1.5   

 Water Depth2 (ft) 16.6 – – – 24.1 13.8 – 33.3   

(Page 1 of 3) 
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Table 8. Summary of Ice Wallow Characteristics Measured during the Northstar Development 2000 through 2017 
Pipeline Route Monitoring Programs (continued)1 

 

Characteristic 
2014 2015 2016 2017 

Mean Range Mean Range Mean Range Mean Range 

 2 Wallows 2 Wallows 3 Wallows 3 Wallows 

 Incision Depth (ft) 0.8 0.6 – 1.1 1.6 1.1 – 2.1 1.2 0.8 – 1.6 0.8 0.5 – 1.2 

 Incision Width (ft) 24  16 – 32 26  22 – 29 44  30 – 52 39  27 – 51 

 Ridge Height (ft) 0.2 0.1 – 0.2 0.1 0.0 – 0.1 0.2 0.0 – 0.5 0.2 0.1 – 0.2 

 Water Depth2(ft) 28.9 21.5 – 36.2 22.7 20.3 – 25.0 16.4 9.7 – 23.6 34.5 31.2 – 36.2 

Characteristic 
2000-2017    

Mean Range       

 41 Wallows 
(Average 2.3/yr) 

   

 Incision Depth (ft) 2.1 0.5 – 5.6       

 Incision Width (ft) 38 11 – 95       

 Ridge Height (ft) 0.3 0.0 – 1.6       

 Water Depth2 (ft) 24.4 9.7 – 36.2       

(Page 2 of 3) 
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Table 8. Summary of Ice Wallow Characteristics Measured during the Northstar Development 2000 through 2017 
Pipeline Route Monitoring Programs (continued)1 

Notes: 
1 Table 8 is based on all newly-discovered ice wallows mapped on the pipeline route during each of the annual monitoring programs.  Relict wallows (i.e., 

wallows re-discovered after detection in a prior year) are excluded from this table. 
2 The vertical datum is ARCO MLLW, which is identical to NOS MLLW for engineering purposes. 
 

 (Page 3 of 3) 
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Table 9. Ice Wallow Characteristics Measured during the Northstar Development 
2017 Pipeline Route Monitoring Program 

 

Wallow 
No.1  

Northing2 
(ft) 

Easting2 
(ft) 

Water 
Depth3 

(ft) 

Incision 
Depth 

(ft) 

Incision 
Width 

(ft) 

Ridge 
Height 

(ft) 

Newly-Discovered Wallows 

17-01 6,029,764 659,737 36.2 0.6 27 0.2 

17-02 6,029,674 659,997 36.1 0.5 51 0.2 

17-03 6,027,006 660,057 31.2 1.2 38 0.1 

Relict Wallows4 

14-02 6,020,504 660,420 21.7 0.4 (0.5) 27 0.2 

Notes: 
1 The prefix indicates the year in which the wallow was first discovered (e.g. “17-” indicates wallow was first 

discovered in 2017).   
2 The horizontal datum is Alaska State Plane Zone 4 (ASP 4) relative to North American Datum of 1927 

(NAD27).  Wallow locations are displayed in Drawing CFC-1010-01-001. 
3 The vertical datum is ARCO MLLW, which is identical to NOS MLLW for engineering purposes. 
4 For each relict wallow rediscovered in 2017, the incision depth found in 2016 is shown in parentheses after 

the corresponding value found in 2017. 
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Table 10. Summary of Strudel Scour Characteristics Measured in the 500-ft Monitoring Corridor during the Northstar 
Development 2000 through 2017 Pipeline Route Monitoring Programs1   

 

Characteristic 

2000 2001 2002 2003 

Data 
Points 

Mean Range 
Data 

Points 
Mean Range 

Data 
Points 

Mean Range 
Data 

Points 
Mean Range 

Circular Scours             

 Scour Depth (ft) 9 2.4 1.6 – 3.1 1 0.9 – 5 2.5 1.1 – 4.0 6 1.1 0.6 – 1.9 

 Max. Horiz. Dim.2 (ft) 21 30 8 – 55 1 17 – 7 30 11 – 78 6 25 13 – 35 

 Water Depth3 (ft) 21 9.3 6.7 – 10.1 1 4.4 – 7 13.2 4.0 – 19.9 6 10.8 2.8 – 21.8 

Linear Scours             

 Scour Depth (ft) 0 – – 0 – – 0 – – 0 – – 

  Max. Horiz. Dim.4 (ft) 0 – – 0 – – 0 – – 0 – – 

  Water Depth3 (ft) 0 – – 0 – – 0 – – 0 – – 

Characteristic 

2004 2005 2006 2007 

Data 
Points 

Mean Range 
Data 

Points 
Mean Range 

Data 
Points 

Mean Range 
Data 

Points 
Mean Range 

Circular Scours             

 Scour Depth (ft) 2 5.5 1.5 – 9.5 4 1.6 0.5 – 2.8 3 4.3 2.6 – 5.8 3 1.0 0.6 – 1.3 

 Max. Horiz. Dim.2 (ft) 2 66 55 – 76 4 25 13 – 40 3 42 28 – 60 3 9 5 – 12 

 Water Depth3 (ft) 2 12.6 12.3 – 12.8 4 6.1 2.3 – 9.6 3 8.3 6.5 – 10.0 3 2.5 2.0 – 2.8 

Linear Scours             

 Scour Depth (ft) 0 – – 0 – – 0 – – 0 – – 

  Max. Horiz. Dim.4 (ft) 0 – – 0 – – 0 – – 0 – – 

  Water Depth3 (ft) 0 – – 0 – – 0 – – 0 – – 

(Page 1 of 3) 
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Table 10. Summary of Strudel Scour Characteristics Measured in the 500-ft Monitoring Corridor during the Northstar 
Development 2000 through 2017 Pipeline Route Monitoring Programs (continued)1 

 

Characteristic 

2008 2009 2010, 2011 2012 

Data 
Points 

Mean Range 
Data 

Points 
Mean Range 

Data 
Points 

Mean Range 
Data 

Points 
Mean Range 

Circular Scours             

 Scour Depth (ft) 0 – – 5 0.4 0.3 – 0.7 0 – – 35 1.6 0.6 – 3.7 

 Max. Horiz. Dim.2 (ft) 0 – – 5 23 20 – 26 0 – – 35 23 7 – 74 

 Water Depth3 (ft) 0 – – 5 4.2 4.0 – 4.4 0 – – 35 13.1 8.7 – 16.0 

Linear Scours             

 Scour Depth (ft) 0 – – 0 – – 0 – – 1 1.3 – 

  Max. Horiz. Dim.4 (ft) 0 – – 0 – – 0 – – 1 103 – 

  Water Depth3 (ft) 0 – – 0 – – 0 – – 1 12.7 – 

Characteristic 

2013 2014 2015 2016 

Data 
Points 

Mean Range 
Data 

Points 
Mean Range 

Data 
Points 

Mean Range 
Data 

Points 
Mean Range 

Circular Scours             

 Scour Depth (ft) 10 1.3 0.7 – 2.2 2 3.0 0.8 – 5.2 2 4.6 4.2 – 5.0 0 – – 

 Max. Horiz. Dim.2 (ft) 10 22 10 – 39 2 25 11 – 38 2 31 24 – 37 0 – – 

 Water Depth3 (ft) 10 11.0 7.5 – 12.9 2 3.1 2.8 – 3.4 2 2.5 2.5 – 2.5 0 – – 

Linear Scours             

 Scour Depth (ft) 2 1.6 1.3 – 1.8 0 – – 0 – – 0 – – 

  Max. Horiz. Dim.4 (ft) 2 66 57 – 75 0 – – 0 – – 0 – – 

  Water Depth3 (ft) 2 12.8 12.8 – 12.8 0 – – 0 – – 0 – – 

(Page 2 of 3) 
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Table 10. Summary of Strudel Scour Characteristics Measured in the 500-ft Monitoring Corridor during the Northstar 
Development 2000 through 2017 Pipeline Route Monitoring Programs (continued)1 

 

Characteristic 

2017 2000-2017   

Data 
Points 

Mean Range 
Data 

Points 
Mean Range 

      

Circular Scours    102 Scours (Avg. = 5.7/yr)   

 Scour Depth (ft) 1 2.8 – 88 1.8 0.3 – 9.5   

 Max. Horiz. Dim.2 (ft) 1 15 – 102 26 5 – 78   

 Water Depth3 (ft) 1 4.0 – 102 10.2 2.0 – 21.8   

Linear Scours    3 Scours (Avg. = 0.2/yr)   

 Scour Depth 0 – – 3 1.5 1.3 – 1.8   

  Max. Horiz. Dim.4 0 – – 3 78 57 – 103   

  Water Depth3 0 – – 3 12.8 12.7 – 12.8   

 
Notes: 
1 Table 10 is based on all newly-discovered strudel scours mapped during each annual monitoring program. 
2 The maximum horizontal dimension of each circular scour refers to the largest horizontal extent measured at the elevation of the surrounding sea bottom (i.e., 

the diameter of a perfectly circular scour or the major axis of an oblong scour). 
3 The vertical datum is ARCO MLLW, which is identical to NOS MLLW for engineering purposes. 
4 The maximum horizontal dimension of each linear scour refers to the length measured along the scour orientation.   

 (Page 3 of 3) 
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Table 11. Strudel Scour Characteristics Measured in the 500-ft Monitoring Corridor 
during the Northstar Development 2017 Pipeline Route Monitoring 
Program 

 

Strudel 
Scour No.1 

Water 
Depth2 

(ft) 

Scour 
Depth 

(ft) 

Max. Horiz. 
Dimension3 

(ft) 

Location4 
Northing 

(ft) 
Easting 

(ft) 

Newly-Formed Scours 

17-01 5 4.0 2.8 15 6,002,578 660,953 

Relict Scours 6 

15-095 2.6 1.1c (2.8) 40 (45) 6,004,978 661,053 

15-105 2.6 0.6 (1.3) 26 (33) 6,004,911 661,049 

Notes: 
1 The prefix indicates the year in which the strudel scour was first discovered (e.g. “17-” indicates strudel 

scour was first discovered in 2017). 
2 The vertical datum is ARCO MLLW, which is identical to NOS MLLW. 
3 The maximum horizontal dimension of each circular scour refers to the largest horizontal extent measured 

at the elevation of the surrounding sea bottom (i.e., the diameter of a perfectly circular scour or the major 
axis of an oblong scour). 

4 The horizontal datum is Alaska State Plane Zone 4 (ASP 4) relative to North American Datum of 1927 
(NAD27).  Scour locations are displayed in Drawing CFC-1010-00-003. 

5 Scour was mapped with single-beam sonar only. 
6 For each relict scour rediscovered in 2017, the scour depth and maximum horizontal dimension found in 

2016 is shown in parentheses after the corresponding values found in 2017. 
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Figure 3.  Sea Bottom Survey Using Side Scan and Multi-Beam Sonar 
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Figure 4.  Ice Gouge Terminology 
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`````` Legend 
 
drec  = Depth recorded by sonar on the basis of first return from seafloor 
 
dmax  = Maximum depth of sea floor in beam path 
 
  = “Aliasing Error” introduced by recording first return from sloping sea floor 
    = dmax – drec 

Acoustic 
Beam 

First Return 
(from closest point on sea 

floor in beam path) 
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drec 
 

Transducer 

Figure 5.  Aliasing Error in Single-Beam Sonar Bathymetric Measurements 
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Figure 7.  Ice Gouge Incision Depth vs. Water Depth 
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Figure 8.  Ice Gouge Incision Width vs. Water Depth 
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Figure 9.  Ice Wallow Incision Depth vs. Water Depth 
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Figure 10.  Ice Wallow Incision Width vs. Water Depth 
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Figure 12.  Strudel Scour Depth vs. Water Depth for Circular Scours 
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Figure 13.  Strudel Scour Maximum Horizontal Dimension vs. Water Depth for Circular Scours 



Northstar Development 2017 Pipeline Route Monitoring Program  
 
 

70 

0

10

20

30

40

50

60

70

80

90

0 1 2 3 4 5 6 7 8 9 10

St
ru

de
l S

co
ur

 M
ax

im
um

 H
or

iz
on

ta
l D

im
en

si
on

 (f
t)

Strudel Scour Depth (ft)

2000

2001

2002

2003

2004

2005

2006

2007

2009

2012

2013

2014

2015

2017

Notes: (1) Only newly-discovered scours are shown.
(2)  No new scours were found within the 500 ft    

corridor in 2008, 2010, 2011 and 2016.

 

Figure 14.  Strudel Scour Maximum Horizontal Dimension vs. Strudel Scour Depth for Circular Scours 
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POST-CONSTRUCTION MONITORING 
NORTHSTAR PRODUCTION ISLAND 

 
SUMMER 2017 

 
EXECUTIVE SUMMARY 

During the 2017 late-spring period, slope armor repairs were conducted on the northwest 
corner and north side of Northstar Production Island.  During the following 2017 open-water 
period, topographic and bathymetric surveys were performed to assess the condition of the slope 
armor system.  Above- and below-water visual inspections subsequently occurred in the late-July 
time period.  Minor spot repairs also were conducted during this time.  Key findings from the 
2017 Northstar Island Monitoring Program are as follows: 

 Late-Spring Slope Armor Repairs:  In May and June, repairs of the slope armor 
system were conducted at the northwest corner and north side of the island.  The 
repairs were performed utilizing a moat cut through the seasonal ice sheet 
surrounding the island.  The primary intent of the repairs was to rehabilitate the 
progressively-damaged submerged slopes and infill swales that had developed above 
water.  To the extent possible, steel blocks were used in the repair of the below-water 
portions of the slope.  

 Sea Bottom and Island Side Slope Conditions:  Topographic and bathymetric surveys 
conducted in July 2017 revealed only minor changes to the island side slope 
configuration during the one-year period between the 2016 and 2017 surveys.  
General features identified from the side scan sonar image include sand waves and 
ice gouges on the ambient sea bed, as well as armor units from both the rock 
revetment and blocks comprising the island slope protection. 

 Below-water Armor Condition:  Dive inspections of the submerged portions of the 
island slope indicated modest incremental damage in the areas that had not been 
repaired prior to breakup.  Damage included broken concrete blocks, broken eye-
bars, and loosened or missing shackles.  Along the western portion of the north side, 
loose filter fabric entangled with the concrete mat rubble made conclusive 
determination of the damage difficult.   

 Summer Spot Repairs:  Minor spot repairs were performed following the inspection.  
Nine substantially damaged blocks on the northeast and northwest corners of the 
island were replaced.  In addition, a total of 90 loosened or missing shackles were re-
connected over the entire perimeter of the island.  Due to time and materials 
limitations, about 60 loosened or disconnected shackles were left unsecured at the 
conclusion of the summer activities.   
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 Repair Recommendations:  Two primary areas have been identified for future repair 
efforts.  The highest priority repair area encompasses the western portion of the north 
side (between Transects N3 and NW1), which is adjacent to repairs conducted in 
2017.  This location includes heavily damaged submerged blocks, broken eye-bars, 
and indiscernible rubble and fabric. The second recommended repair area is located 
along the west side between Transects W3 and W4.  Large swales on the above-
water bench and significant waterline undulations are evident at this location.  These 
repairs should be conducted as soon as feasible to prevent progressive damage in 
these areas. 

Based on the current inventory of slope armor materials, it is unlikely that either of 
the recommended repair areas can be addressed without obtaining additional 
materials.  More specifically, additional shackles, links, and #37 standard blocks 
would be necessary for such repairs.  Any major repair efforts should be performed 
during a spring moat season to avoid delays related to oceanographic conditions that 
typically hinder progress during the open-water season.  Previous successful repair 
programs have been conducted in this manner during the mid-May to late-June 
timeframe.    
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POST-CONSTRUCTION MONITORING 
NORTHSTAR PRODUCTION ISLAND 

 
SUMMER 2017 

1. OVERVIEW 

This report presents the findings of the 2017 post-construction monitoring conducted 
at Northstar Production Island.  Recent repair activities, performed in late-spring 2017, also 
are documented.  The work was performed in multiple phases during late-July on behalf of 
Hilcorp Alaska, LLC (HAK) by Coastal Frontiers Corporation. 

The primary objective of the annual monitoring program is to evaluate the condition of 
the island and assess the need for maintenance.  The inspections satisfy the requirements 
stipulated in Special Conditions #16 and #17 of Department of the Army Permit No.  
N-950372 (U.S. Army Corps of Engineers, 1999).   

The Northstar Unit lies to the northwest of Prudhoe Bay, extending offshore from 
Gwydyr Bay to water depths of approximately 50 ft.  Northstar Production Island was 
constructed in a water depth of 38 ft at the site of the former Seal Exploration Island, and twin 
pipelines were installed to convey gas to the island and oil to shore.  The pipelines extend 
south from the production island through the western end of Stump Island, and continue 
across Gwydyr Bay to a landfall approximately one-half mile east of Point Storkersen.  The 
island site is located six miles offshore, approximately seven miles northwest of the West 
Dock Causeway, near Prudhoe Bay, Alaska (Figure 1).   

The island design is shown in plan view in Figure 2, indicating original dimensions, 
the slope armor layout, and the primary facilities that were placed atop the island work 
surface.  Figure 3 shows a profile view of the slope armor system which includes a steel 
sheetpile wall that surrounds the work surface and a 75-ft wide, mildly sloping bench leading 
to a lower slope inclined at 1V:3H (18.4o from horizontal).  A 9-inch thick linked concrete 
mat composed of individual blocks of various plan dimensions was installed over the island 
slopes from the base of the sheetpile wall to an elevation of –20 ft (MLLW).  A durable filter 
fabric was placed on the slope to retain the island gravel prior to installation of the concrete 
mat.  To intercept deep-keeled ice floes, an unprotected gravel berm was constructed on the 
west, north, and east sides of the island.   

 
During the winter of 1999/2000, construction of the production island commenced 

with gravel excavation and transport to the island over a floating ice road from the inland 
gravel source, near the Kuparuk River Delta.  The gravel was placed through the sea ice to 
bring the island to the design grade.  The gravel haul was completed in April.   
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Figure 2.  Northstar Production Island, Plan View 
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The island slope protection system was installed during the summer of 2000.  The 
slope armor on the straight sides of the island is comprised of square blocks with nominal 
dimensions of 4 ft x 4 ft.  Thirty-six different sizes of trapezoidal blocks were required on the 
corner sections.  Approximately 287,000 ft2 (6.6 acres) of concrete mat was installed.  Photos 
of the armor placement during construction are shown in the Summer 2000 Monitoring 
Report (Coastal Frontiers Corporation, 2000). 
 

This report provides the results of the 2017 Monitoring Program, which represents the 
seventeenth such effort since the island was constructed.  The recent repair activities are 
summarized in Section 2. The summer monitoring methods and results are discussed in 
Section 3, while future repair recommendations are provided in Section 4.  Key findings and 
conclusions are summarized in Section 5, with references provided in Section 6.  Tables, 
figures and photos are interspersed with the text.  Topographic and bathymetric profiles at 41 
transects are included in Appendix A, while detailed results from the underwater inspection 
are provided in Appendix B.   

 
When describing the findings in this report, the terms “profile” and “transect” are used 

interchangeably and refer to the specific locations of survey data surrounding the island.  A 
sector defines the region between specified transects.  The convention for sector designations 
will be based on the transect at which the sector begins, when proceeding around the island in 
a counter-clockwise direction.  For example, Sector N2 refers to the region between Transects 
N2 and N3.    
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2. SLOPE PROTECTION REPAIRS, MAY – JUNE 2017  
 

A repair program was conducted during the May - June 2017 time period to 
rehabilitate portions of the northwest corner and north side of the island, where damage had 
been identified during previous inspections.  Each area was characterized by swales and 
undulations that had formed on the above-water and below-water slopes.  The repair area on 
the north side had last been rehabilitated in 2006 and 2009, while the slopes directly beneath 
the flare boom had not been restored since the island was constructed in 2000.   

 
The 2017 repair program commenced on May 16 with the arrival of the construction 

crew and the start of ice removal to create a moat around the work areas.  The work was 
planned as a day-shift operation only, utilizing a four-person crew from Alaska Frontier 
Constructors (AFC) and a dive crew of six personnel from American Marine International.  In 
addition, AFC supplied a two-person night shift crew to aid in preparations for the following 
days activities.   

 
An initial dive inspection indicated that damage on the northwest corner had not 

progressed markedly since summer 2016.  It was determined that the offshore limit of the 
repair would be Block #26 (the 26th block offshore from the sheetpile wall) due to gravel 
cover further downslope.  In order to allow an adequate work space for the crane, the onshore 
extent of repair was limited to Block #14.   

 
The northwest corner repair effort began on May 23 with block removal between 

Sector NW4, Column 4 and Sector W1, Column 6.  The northwest corner repairs were 
completed on May 30, seven days after the first blocks were removed.  To the extent that 
supplies allowed, steel blocks were used on the repaired below-water slopes.  To limit the 
likelihood of shackle disconnections resulting from repeat wave cycling in the nearshore, all 
submerged block connections were secured with coated electrical wire-ties as shown in Photo 
1.  Approximately 150 geotextile bags of various sizes and filter fabric underlayers were 
placed to restore a more uniform slope.  On the below-water slopes a total of 106 steel blocks 
replaced the previously-damaged concrete armor.  Above water, ten new concrete trapezoidal 
blocks were used to create a repair wedge at the transition area near Transect W1. 

 
The primary intent of the repairs at the northwest corner focused on increasing the 

bench width seaward by filling in the large swale that formed over the previous two decades.  
Given concern for the crane boom operations beneath and adjacent to the flare, slope armor 
rehabilitation and repair had never been performed in this region of the northwest corner.  
Photos 2A and 2B show the pre- and post-repair conditions of the bench and waterline, 
respectively.  The 2017 repair effort increased the island bench width by approximately 3 
block widths (about 13 ft), providing improved equipment access to the north and east sides 
of the island.   
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Photo 1.  Secured Wire-Tie Shackle Connections   

 
In early-June, with the completion of the repairs on the northwest corner, the repair 

effort moved to the north side of the island.  Clear water conditions in the north side moat 
allowed preliminary inspections of the below-water blocks from the bench and through the 
use of a submersible camera deployed from an inflatable vessel.  The results showed a 
substantial seam of disconnected blocks and unprotected slope along the east side of the moat, 
near Transect N2.  Several large quarry stones also had dislodged from the adjacent rock berm 
and lay on the submerged repair area slopes, as shown in Photo 3.  A subsequent dive 
inspection confirmed the below-water condition.  Based on these findings, the originally 
intended repair area was moved to the east to address the expanded damage.   

 
The quarry stones were removed using the crawler crane and clam shell attachment, 

and cast offshore of the repair area toe on June 1.  Damaged blocks and debris were removed 
over the next five days.  The north side repair area began at Sector N1, Column 19 and 
proceeded west to Sector N3, Column 4.  Slope armor was typically removed from Block #13, 
offshore through Block #26.  The repairs were completed on June 14, 13 days after block 
removal began.  It is important to note that several large flare events during the latter repair 
program forced operations to be suspended for approximately three days in total.  

 
In total, approximately 210 gravel-filled geotextile bags were used to repair the north 

side slopes, with the majority being the largest 4-cy capacity.  As with the northwest corner 
repair, steel blocks were used on the repaired below-water slopes.  The submerged slopes 
were repaired with 206 steel blocks, while the above-water repairs were completed with 
salvaged concrete blocks from the removed mat sections.   
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The north side repairs focused on closing the void of unprotected slope near Transect 
N2 and fortifying the highly damaged below-water slopes in this region.  In doing so, the 
above-water bench was expanded seaward by approximately two block widths (roughly 9 ft).  
Multiple large undulations also were filled in during the north side repair effort.  Photos 4A 
and 4B show the pre- and post-repair conditions of the bench and waterline along the north 
side, respectively.  Due to the submerged revetment at the east end of the repair area, the 
bench could not be expanded seaward, resulting in the landward displacement of the waterline 
(foreground of Photo 4B).   

 
Table 1 provides a summary of all the materials used during the 2017 repair efforts.  A 

total of 348 steel and concrete blocks were used and more than 250 geotextile gravel bags 
were installed (not including the small 200 lb variety).  

 
Table 1.  Materials Used in 2017 Repair Program 

Item Quantity

Steel Blocks
#15 1 

#21 15 + 61 = 21 

#23 25 

#25 11 + 21 = 13 

#37 242 + 11 = 243 

#38 18 

Concrete Blocks 2

#3 2

#4 4

#5 8

#13 1

#14 6

#18 6

Geotextile Fabric
Trapezoidal/Rectangular Panel 2/8

Geogrid 800 ft = 1.6 Rolls

Geotextile Bags
4-cy 75

2-cy 84

1-cy 61

Mattress 47

200 lb 91

Notes: 1 Denotes blocks placed following dive inspection in July 2017. 
 2 Only includes blocks taken from stored inventory.  Salvaged  
   blocks not included in quantities provided. 
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Photo 2A.  NW Corner Pre-Repair Bench Swale – May 22, 2017 

 
 

 
Photo 2B.  NW Corner Post-Repair Bench – May 29, 2017
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Photo 3.  Unprotected Slope, Damaged Blocks and Dislodged Quarry Stones, North Side Repair Area – May 26, 2017 
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Photo 4A.  North Side Pre-Repair Bench Swale, 

June 1, 2017 

 
 

 
Photo 4B.  North Side Post-Repair Bench,  June 14, 2017
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3. NORTHSTAR ISLAND MONITORING ACTIVITIES, SUMMER 2017 
 
 Annual island monitoring activities were conducted in late July 2017.  The four 
primary tasks were as follows: 
 

1. Topographic survey of island bench and above-water side slopes; 

2. Bathymetric and side scan sonar surveys of below-water slopes;  

3. Visual inspection of above-water slope protection; and  

4. Diver-based inspection of below-water slope protection.  

 
 The sub-sections below describe the methods and results for the island surveys and 
slope armor inspections.  As noted at the onset, when describing the findings in this report, the 
terms “profile” and “transect” are used interchangeably and refer to the specific locations of 
survey data surrounding the island, as indicated in Figures 4 and 5.  A sector defines the 
region between specified transects.  The convention for sector designations will be based on 
the transect at which the sector begins, when proceeding around the island in a counter-
clockwise direction.  For example, Sector N2 refers to the area between Transects N2 and N3.    
 

3.1 Island Surveys 

The topographic survey of the island bench surface was conducted on July 21.  The 
survey was performed by Coastal Frontiers personnel utilizing Real-time Kinematic Global 
Positioning System (RTK GPS) surveying methods.  Horizontal positions and vertical 
elevations were recorded for each occupied location along the above-water portions of the 
island transects, as shown in Figure 4.  

Multi-beam bathymetry and side scan sonar imagery was acquired on July 27.  Data 
acquisition was conducted from the R/V Ukpik.  Additional details regarding data collection 
and processing can be found the 2017 Pipeline Route Monitoring Program report (Coastal 
Frontiers, 2017).  Prior to 2016, single-beam bathymetric data were acquired along each 
island transect to ensure full coverage between the topographic and bathymetric data sets.  
However, this task was eliminated from the program in 2016.   

The results of these survey efforts are shown in Figures 4 and 5.  Salient findings from 
the surveys are summarized below: 

 General Bathymetry:  The bathymetric contours show the wide, circular remnant 
shoal of the original Seal Island on the northeast of Northstar Production Island.  At 
the southeast corner, the bathymetric contours converge, where high speed currents 
from severe easterly storms prevent berm sediment accumulation.  The shallower 
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contours (those less than 15-ft water depth) widen at the southwest corner where 
sediments transported from the gravel berm have been deposited.  This area also tends 
to be where waves diffracting around the island converge during easterly storms, 
aiding in the formation of a submerged gravel bar at Transect SW3 (Figure 4).  When 
strong easterly storms promote lowered water levels, this gravel accumulation 
becomes a beach that can be used for small vessel landings. 

 Slope Conditions:  The 2017 survey data acquired along each transect are shown in 
Appendix A, which provides a historic perspective of the topographic and 
bathymetric changes along the 41 profiles of the armored slopes and dock.  Four of 
the historical transects (SE1 through SE4) that were previously surveyed above-water 
have been truncated due to the construction of the open cell sheetpile structure at the 
southeast corner, as shown in Figure 5.  The discontinuity between the above- and 
below-water portions of the 2016 and 2017 profiles is attributable to the 
aforementioned elimination of the single-beam sonar surveys from the program.   

The survey profiles show the location of the rock berm (Transects SE4 through N2), 
its seaward slope (on the order of 1V:1H) and extent, compared to the island slope 
that existed prior to the construction of the rock berm.  The elevation of the rock berm 
crest has been estimated for the affected profiles.  Along most of the dock face 
(Transects 0+50 through 2+75), the unprotected gravel slopes fall below the 
originally envisioned design grade (1V:3H slope emanating from the dock wall at an 
elevation of -16 ft, MLLW).  While the open cell sheetpile dock is considered to be 
insensitive to scour, the dock designer (PND Engineers) should be consulted to verify 
that the lack of seabed or gravel fill support at the base of the seaward side of the wall 
is not a structural concern. 

 Side-Scan Sonar Observations:  Figure 5 presents the side scan sonar image of the 
island slopes and surrounding seabed.  To the north and west of the island, sand 
waves and ice gouges have formed on the seabed in water depths as deep as 35 ft.  A 
pronounced ice gouge is visible in the imagery, just offshore of the mat armor toe 
between Transects N3 and N4.  A circular arc of debris is noted in a water depth of 
about 35 ft off the northeast corner of the island.  This debris marks the exposed 
remnant of unrecovered gravel bag slope armor near the toe of the abandoned Seal 
Island. 

The quarry stone berm that was placed during winter 2008 is evident off the east side, 
northeast corner, and north side of the island.  The linked concrete mat is buried by 
the rock and also by gravel at the lower slope elevations.  Rock from the quarry stone 
berm has been pushed by ice and wave forces from the northern end of the revetment 
onto the concrete mat located along the north side of the island.   
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 Figure 4.  Northstar Island Survey, Plan View, July 2017 
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 Figure 5.  Side Scan Sonar Image of Northstar Island and Vicinity, July 2017 
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3.2 Above-Water Island Inspection   

 A visual inspection of the subaerial portions of the linked concrete mat was performed 
by a Coastal Frontiers engineer in concert with July 2017 dive inspection, described below in 
sub-section 3.3.  The above-water armor was generally in serviceable condition with 
substantially less damage than that noted below water.  Pertinent observations and notable 
areas of damage are as follows:  

 North Side:  Although much of the north side was repaired during the 2017 moat 
season, the western portion was untouched.  Photo 5 shows several undulations and 
steep sloping blocks at the waterline in this area, Sector N4.  These swales indicate 
loss of gravel from the underlying fill material on the submerged slopes.  The 
subaerial and submerged portions of this region were last repaired in June 2009.  The 
2017 dive inspection corroborated these findings with the presence of loose fabric and 
notable damage to the below-water blocks. 

 

 
Photo 5.  Waterline Undulations along North Side 
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 West Side:  The area between Transects W3 and W4 is characterized by both 
undulations at the waterline and depressions further inshore.  Two bollards installed 
during the initial island construction extend above the concrete mat armor, 
emphasizing the extent of the depressions around them.  Photo 6 shows the sinuous 
waterline and topographic relief along the west side of the island.   
 
 

 
Photo 6.  Meandering Waterline and Bench Depressions, West Side 

 
 
 Southwest Corner:  At the southwest corner, near Transect SW1, a modest swale has 

developed at the waterline between the hovercraft and Arktos ramps.  This depression 
lies between two previous repair areas.  Gravel cover begins offshore of the first few 
rows of submerged blocks.  Several tented-up blocks and exposed geotextile fabric 
also were noted in the vicinity.  Photo 7 shows the general condition of the subaerial 
blocks in this area of the southwest corner.   

Bollards 
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Photo 7.  Swale at Southwest Corner, near Transect SW1 

 

3.3 Below-Water Island Inspection   
 
A dive team from American Marine International performed a visual inspection and 

conducted spot repairs on the submerged portions of the island armor between July 19 and 26.  
An engineer from Coastal Frontiers was on site during this time to record the findings and to 
provide engineering evaluations and repair support.  To the extent possible, the submerged 
concrete mat was inspected around the entire island.  Areas of the island covered by either 
gravel or the rock berm could not be inspected.   

 
The detailed dive inspection results are presented for the 24 island sectors in Appendix 

B.  In general, the inspection revealed cracked and heavily damaged blocks in several areas, 
as well as loose or missing shackle linkages.  These findings are consistent with prior 
inspections.  Relevant details from the inspection and minor repair efforts are summarized 
below: 

 

 Northeast Corner:  On the northeast corner, near Transect NE3, several trapezoidal 
blocks were displaced and missing shackle connections.  These blocks were removed 
and replaced with steel trapezoidal blocks to fill the void, as shown in Photo 8.  In 
total, eight steel blocks were reinstalled and secured to the surrounding concrete 
blocks.   
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Photo 8.  Repaired Waterline Blocks, Northeast Corner 

 

 North Side and Northwest Corner:  As previously noted, a large portion of the north 
side was repaired during the 2017 moat season and these newly-installed submerged 
blocks remained intact.  West of Transect N3 to about NW2, significant damage of 
the below-water blocks was still noted.  This damage included areas of rubbled 
blocks, exposed fabric and geogrid, and broken eye-bars.  Loose filter fabric and 
geogrid entangled with concrete mat rubble made conclusive determination of the 
damage extent difficult.  During the summer inspection, one concrete block near the 
waterline of Sector NW2 was replaced with a steel trapezoid.   

 Shackle Connections:  As has been noted each year, a number of shackles have been 
loosened or disconnected altogether by the combined effects of corrosion and cyclic 
loading during energetic wave events.  This year a total of 90 shackles were tightened 
or replaced over the entire length of the island.  Approximately 60 shackle 
connections were left unsecured due to schedule and material limitations.  The 
missing shackles typically are found in the first several rows below the waterline.  
The highest concentration of loosened or missing shackles occurred in the unrepaired 
portion of the north side, Sector N4 (Figure 6).   

Along the west side, where many of the original shackles used during initial island 
construction remain, significant corrosion of the shackles was observed.  In many 
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cases, the bolts and crowns had corroded to a fraction of their original dimensions.  
The threads also had worn to the point that hand-loosening was possible in many 
cases.  Photo 9 shows a comparison of a new shackle and a highly corroded shackle 
recovered from the west side. 

 
 

 
Figure 6.  High Concentration of Loose or Missing Shackles, West Side 
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Photo 9.  Comparison of New Shackle and Corroded Shackle from West Side   
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4. FUTURE REPAIR RECOMMENDATIONS 

 Based on the results of the 2017 surveys and island inspection activities, several areas 
along the armored slopes of Northstar Island have been identified for future repairs.  The sub-
sections that follow provide details of the recommended repair areas, discuss the materials 
needed for such repairs, and provide estimates of resources necessary to perform the work.  

4.1 Repair Areas 
 
 Two primary areas have been identified that require repair (Figure 7).  Each area is 
described below in accordance to priority. 
 
 Priority 1, North Side (Transects N3 to NW1):  Portions of the north side were 

repaired each year between 2006 and 2009.  The most pronounced damage, between 
Transects N2 and N3, was remediated in 2017.  Progressive damage during the last 
decade has resulted in heavily damaged submerged blocks, broken eye-bars, and 
indiscernible rubble and fabric between Transects N3 and NW1.  The minimum 
recommended repair in this region spans approximately 34 block columns wide, and 
extends from the undamaged portion of the above-water bench to Block #26 offshore.  
Gravel cover at the base of the slope may prevent access to Block #26 in some areas.  
It is recommended that this area be rehabilitated as soon as practical. 

 
 Priority 2, West Side (Transects W3 to W4):  While fairly stable during the last 

several years, large swales exist on the above-water slopes between Transects W3 and 
W4.  This suggests a loss of fill material from below the waterline.  Photo 6 shows 
above-water slope degradation in the target repair area.    The recommended repair 
area spans approximately 18 block columns wide, and extends from the undamaged 
portion of the above-water bench to Block #24 offshore.  This region originally was 
intended to be addressed in Spring 2014.  The area should be remediated in the near 
future.   
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Figure 7.  Historic Repairs and Priority Areas Considered for Future Repairs 

 

4.2 Repair Materials 

The materials required for each of the recommended repair areas are summarized in 
Table 2.  The estimates were made based on the island condition at the time of the July 2017 
inspection.  Prior to the time of materials transport to the island over the ice road, the estimate 
of the repair materials should be finalized (including the number of specific block shapes). 

 
 

Priority #2 

Priority#1 
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Table 2.  Materials Estimate for Future Repairs 

Repair Area 
Filter 
Fabric 

Geogrid 
Geotextile 

Bags 

Repair 
Blocks 1,2 Hardware 

West Side  
(Transects 
W3 to W4) 

 

4 x Sq. Panels 

 

8,000 sq. ft  
(500 lineal ft) 

20 x 4-cy 
45 x 2-cy 
50 x 1-cy 

20 x mattress 
100 x 200 lb 

 

100 blocks 

 
Shackles x 600 

Links x 300 

North Side  
(Transects 

N3 to NW1) 

 

8 x Rec. 
Panels 

 
16,000 sq. ft  

(1,000 lineal ft) 

140 x 4-cy 
50 x 2-cy 
50 x 1-cy 

20 x mattress 
100 x 200 lb 

 

320 blocks  

 
Shackles x 1,500 

Links x 750 

Total Materials 
Required  

(no contingency) 

 
8 x Rec. 
Panels 

4 x Sq. Panels 

 
24,000 sq. ft 

(1,500 lineal ft) 
(4 Rolls) 

160 x 4-cy 
95 x 2-cy 

100 x 1-cy 
40 x mattress 
200 x 200 lb 

420 blocks 
(block shapes to 

be specified) 

 
Shackles x 2,100 

Links x 1,050 

Notes: 1. To the extent permitted by the inventory, an effort should be made to maximize the steel block content 
   on the below-water slopes. 
2.  Quantities of standard (#37) and half (#38) blocks to be specified. 
 

The slope armor materials used for repairs at Northstar Island are located either on the 
island or at the West Dock Staging Area, unless HAK has chosen other locations of storage 
(such as Endicott or other onshore pads).  An inventory of these materials was last compiled 
in July 2017, at both the island and the West Dock Staging Area.  Table 3 presents the 
updated inventory of blocks available for future repairs, while Table 4 shows the shackle, 
linkage, and geotextile quantities.   

 
Based on the current inventory, the recommended repair areas cannot be addressed 

without obtaining additional materials.  Significant shortfalls exist in the quantities of #37 
(standard) blocks, links, and shackles.  Should the above recommended repairs be deferred, it 
is important to note that the lack of shackles in the current inventory will prevent any future 
spot or emergency repairs from being performed.  These, as with most specialty items used on 
the slope armor system, require approximately 6-months lead time for delivery.  It is strongly 
recommended to replenish some of these essential slope armor materials.   
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Table 3.  Northstar Slope Armor Inventory, July 2017 
 

 
  

Block 
Designation

Quantity 
Available on 

Island

Quantity 
Available at 
West Dock

Block 
Designation

Quantity 
Available on 

Island

#1 15     #1
#2 9 #2
#3 13 #3
#4 16 13 #4
#5 #5
#6 16 6 #6
#7 10 #7
#8 3 #8
#9 2 #9

#10 4 #10
#11 #11
#12 4 #12

#13 8 7 #13 1   #13
#14 3 #14 1 #14
#15 7 4 #15 5 #15 3
#16 9 #16
#17 14 3 #17 #17 11
#18 3 2 #18
#19 10 2 #19 7
#20 4 #20
#21 10 #21 4 #21
#22 15 #22
#23 7 5 #23 3 #23 1
#24 10 1 #24 4
#25 15 #25 #25 6
#26 13 10 #26
#27 3 24 #27 #27
#28 44 #28
#29 31 50 #29
#30 27 #30
#31 1 32 #31
#32 24 #32
#33 26 #33
#34 2 24 #34
#35 2 23 #35
#36 18 #36

#37 (STD) 75 2 #37 (STD) 5 #37 (STD) 1

#38 (1/2 STD) 8 1 #38 (1/2 STD) #38 (1/2 STD) 41

#39 (1/2 #27) 52 #39 (1/2 #27)

Totals 344 398 30 63

9" Concrete Blocks

Block 
Designation

Quantity 
Available on 

Island
Steel Blocks

P
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Table 4.  Northstar Shackle, Linkage, and Geotextile Inventory, July 2017 

 
  

4.3 Schedule and Resources 
 

The repair activities should be conducted as soon as practical.  As in past years, repairs 
should be performed in late-spring utilizing a moat to access the slopes.  This strategy has 
been used successfully, and allows repairs to proceed unencumbered by sea state.   

 
The bench repair work typically begins with the cutting and removal of the sea ice to 

allow access to the submerged slopes of the repair areas.  This occurs in mid-May when the 
air temperatures are warming.  Because efficient work in the exposed moat requires ice-free 
waters, beginning earlier when air temperatures are colder and promote refreezing of the moat 
waters is unproductive.  During the last several repair efforts, ice cutting/removal began 
between May 16 and 18.  Hot water application on the ice-covered slope armor then was 
conducted for several days.  Initial dive inspections of the damaged slopes were performed, 
followed by the commencement of repair activities. 

Linkages
Quantity 

Available on 
Island

Quantity 
Available at 
West Dock

Shackles (3/4-inch alloy) 50 (recycled)
Red Links 100

Black Links 50
3/4-inch Chain (Grade 80), ft 25 2,800

3/4-inch Chain (Grade 80) - 4 Link sets 20
3/4-inch Chain (Grade 80) - 5 Link sets 20
3/4-inch Chain (Grade 80) - 6 Link sets 20

Geotextile Bags
Quantity 

Available on 
Island (Filled)

Quantity 
Available at 
West Dock

4-cy Strap 89 160
4-cy No Strap 176

2-cy Strap 62 50
1-cy Strap

Mattress 25 28
Tall Hex 50

Short Hex 50
200 lb 200

Geotextile 

Fabric

Quantity 
Available on 

Island

Quantity 
Available at 
West Dock

Trapezoidal Filter Panel 2 12
Rectangular Filter Panel 2 2

Square Filter Panel 4 14

Geogrid (150 m partial rolls, estimated) 5

Polyester Rope (500 ft spools each) 5
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The repairs must be concluded prior to the natural movement of the sea ice adjacent to 

the island at break-up, which typically occurs about July 1 ± one week.  Normally, repairs are 
completed no later than June 25.  However, for the last three repair campaigns, the work was 
concluded about June 15.  It is recommended that future repair work be planned for the 
May 15 – June 15 period, which allows a conservative buffer at the end of the program should 
completion be delayed.   

 
In recent years, the repair work was performed on a day-shift only basis, with a 

skeleton crew of 3 workers performing night-shift duties that generally included organizing 
materials and dismantling/assembling block strings for the following day’s repair activities.  
In addition to the dive crew, the primary construction spread typically consisted of the Link-
Belt 348 crawler crane, a loader, and an excavator equipped with a plate compactor.  Based on 
past experience, the west and north side repair areas (Priorities 1 and 2, respectively) could be 
completed with these resources.   
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5. CONCLUSIONS 

During the 2017 late-spring period, slope armor repairs were conducted on the 
northwest corner and north side of Northstar Production Island.  During the following 2017 
open-water period, topographic and bathymetric surveys were performed to assess the 
condition of the slope armor system.  Above- and below-water visual inspections 
subsequently occurred in the late-July time period.  Minor spot repairs also were conducted 
during this time.  Key findings from the 2017 Northstar Island Monitoring Program are as 
follows: 

 Late-Spring Slope Armor Repairs:  In May and June, repairs of the slope armor 
system were conducted at the northwest corner and north side of the island.  The 
repairs were performed utilizing a moat cut through the seasonal ice sheet 
surrounding the island.  The primary intent of the repairs was to rehabilitate the 
progressively-damaged submerged slopes and infill swales that had developed 
above water.  To the extent possible, steel blocks were used in the repair of the 
below-water portions of the slope.  

 Sea Bottom and Island Side Slope Conditions:  Topographic and bathymetric 
surveys conducted in July 2017 revealed only minor changes to the island side 
slope configuration during the one-year period between the 2016 and 2017 
surveys.  General features identified from the side scan sonar image include sand 
waves and ice gouges on the ambient sea bed, as well as armor units from both 
the rock revetment and blocks comprising the island slope protection. 

 Below-water Armor Condition:  Dive inspections of the submerged portions of the 
island slope indicated modest incremental damage in the areas that had not been 
repaired prior to breakup.  Damage included broken concrete blocks, broken eye-
bars, and loosened or missing shackles.  Along the western portion of the north 
side, loose filter fabric entangled with the concrete mat rubble made conclusive 
determination of the damage difficult.   

 Summer Spot Repairs:  Minor spot repairs were performed following the 
inspection.  Nine substantially damaged blocks on the northeast and northwest 
corners of the island were replaced.  In addition, a total of 90 loosened or missing 
shackles were re-connected over the entire perimeter of the island.  Due to time 
and materials limitations, about 60 loosened or disconnected shackles were left 
unsecured at the conclusion of the summer activities.   

 Repair Recommendations:  Two primary areas have been identified for future 
repair efforts.  The highest priority repair area encompasses the western portion of 
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the north side (between Transects N3 and NW1), which is adjacent to repairs 
conducted in 2017.  This location includes heavily damaged submerged blocks, 
broken eye-bars, and indiscernible rubble and fabric. The second recommended 
repair area is located along the west side between Transects W3 and W4.  Large 
swales on the above-water bench and significant waterline undulations are evident 
at this location.  These repairs should be conducted as soon as feasible to prevent 
progressive damage in these areas. 

Based on the current inventory of slope armor materials, it is unlikely that either 
of the recommended repair areas can be addressed without obtaining additional 
materials.  More specifically, additional shackles, links, and #37 standard blocks 
would be necessary for such repairs.  Any major repair efforts should be 
performed during a spring moat season to avoid delays related to oceanographic 
conditions that typically hinder progress during the open-water season.  Previous 
successful repair programs have been conducted in this manner during the mid-
May to late-June timeframe.    



2017 Post-Construction Monitoring Northstar Production Island  
 
 

 30

6. REFERENCES 

Coastal Frontiers Corporation, 2000, “Post-Construction Monitoring, Northstar Production 
Island”, Prepared for BP Exploration (Alaska), Inc., Chatsworth, CA, 16 pp. + 
Appendix 

Coastal Frontiers Corporation, 2017, “Northstar Development 2017 Pipeline Route 
Monitoring Program ”, Moorpark, CA, 70 pp. + Appendices 

U.S. Army Corps of Engineers, 1999, “Annual Monitoring Program”, Responding to Special 
Conditions #16 and #17 of Department of the Army Permit No. N-950372 (18 
November 1999) 

 



 31 

POST-CONSTRUCTION MONITORING 
NORTHSTAR PRODUCTION ISLAND 

 
SUMMER 2017 

 
APPENDIX A 

 
SHORE-PERPENDICULAR SURVEY PROFILES 

 
Map of Profile Locations 

 
 
 

December 2017 



 32 

 
 

 

 



 33 

 
 

 

 



 34 

 
 

 

 



 35 

 
 
 

 



 36 

 

 
 

 



 37 

 

 
 

 



 38 

 

 
 

 



 39 

 

 

 
 



 40 

 
 

 
 



 41 

 
 
 

 



 42 

 

 

 
 



 43 

 
 
 

 



 44 

 

 
 

 



 45 

 

 
 

 



 46 

 
 

 
 



 47 

 
 

 
 



 48 

 
 

 



 49 

 
 
 

 



 50 

 
 
 

 



 51 

 
 
 

 



 52 

 



53

POST-CONSTRUCTION MONITORING 
NORTHSTAR PRODUCTION ISLAND 

 
SUMMER 2017 

 
APPENDIX B 

 
UNDERWATER INSPECTION RESULTS BY SECTOR 

 
Map of Profile Locations 

 

 
 
 

December 2017 



54

 



55

 



56

 



57

 



58

 



59

 



60

 



61

 



62

 



63

 



64

 



65

 



66

 



67

 



68

 



69

 



70

 



71

 



72

 



73

 



74

 



75

 



76

 



77

 



APPENDIX  - State Pipeline Office Correspondence - 2016
Date Letter Reference # Subject

2/28/2017 2016 Annual ADNR Surveillance & Montiring Report Submittal
1/17/2017 17-015-AS State Reimbursement / Northstar Pipeline SY 17 2nd Quarter Billing (10/1/16-12/31/16)
1/17/2017 17-006-AS State Reimbursement / Endicott Pipeline SY 17 2nd Quarter Billing (10/1/16-12/31/16)
1/17/2017 17-012-AS State Reimbursement / Milne Point Products Pipeline SY 17 2nd Quarter Billing (10/1/16-12/31/16)
1/17/2017 17-001-AS State Reimbursement / Milne Point Oil Pipeline SY 17 2nd Quarter Billing (10/1/16-12/31/16)
1/17/2017 17-007-AS State Reimbursement / Kenai Kachemak Pipeline SY 17 2nd Quarter Billing (10/1/16-12/31/16)
4/17/2017 17-103-AS State Reimbursement / Milne Point Oil Pipeline SY 17 3nd Quarter Billing (1/1/17-3/31/17)
4/17/2017 17-104-AS State Reimbursement / Milne Point Products Pipeline SY 17 3nd Quarter Billing (1/1/17-3/31/17)
4/17/2017 17-107-AS State Reimbursement / Northstar Pipeline SY 17 3nd Quarter Billing (1/1/17-3/31/17)
4/17/2017 17-098-AS State Reimbursement / Endicott Pipeline SY 17 3nd Quarter Billing (1/1/17-3/31/17)
4/26/2017 17-122-AS Courtesy Notification of Upcoming Appraisal - Milne Point Pipeline - ADL 410221
6/27/2017 17-176-AS Memorandum of Understanding / Reimbursement Agreement - Milne Point Pipelines - 2018 Budget

6/27/2017 17-172-AS Memorandum of Understanding / Reimbursement Agreement - Endicott  Pipeline - 2018 Budget
6/27/2017 17-179-AS Memorandum of Understanding / Reimbursement Agreement - Northstar Pipelines - 2018 Budget
6/27/2017 17-173-AS Memorandum of Understanding / Reimbursement Agreement - Kenai Kachemak - 2018 Budget
7/13/2017 17-229-AS State Reimbursement / Northstar Pipeline SY 17 4nd Quarter Billing (4/1/17-6/30/17)
7/13/2017 17-220-AS State Reimbursement / Endicott  Pipeline SY 17 4nd Quarter Billing (4/1/17-6/30/17)
7/13/2017 17-225-AS State Reimbursement / Milne Point Oil Pipeline SY 17 4nd Quarter Billing (4/1/17-6/30/17)
7/13/2017 17-226-AS State Reimbursement / Milne Point Product Pipeline SY 17 4nd Quarter Billing (4/1/17-6/30/17)
7/13/2017 17-221-AS State Reimbursement / Kenai Kachemak Pipeline SY 17 4nd Quarter Billing (4/1/17-6/30/17)
7/28/2017 17-262-AS State Pipeline Coordinator's Section Lease Compliance Surveillance

8/7/2017 Harvest Alaska Notification for Northstar Oil and Gas Pipeline - Depth of Cover
8/18/2017 17-279-AS State Pipeline Coordinator's Section Lease Compliance Surveillance
9/20/2017 17-239-AS State Reimbursement / Kenai Kachemak Pipeline SY 17 5th Quarter Billing
9/18/2017 Harvest Alaska Update on Norstar Oil and Gas Pipeline -Depth of Cover
9/18/2017 Harvest Alaska - Milne Point Product Pipeline - Release of Interest - ADL 416172
9/20/2017 17-243-AS State Reimbursement / Milne Point Oil Pipeline SY 17 5th Quarter Billing
9/20/2017 17-247-AS State Reimbursement / Northstar Point  Pipelines SY 17 5th Quarter Billing
9/20/2017 17-244-AS State Reimbursement / Milne Point Product  Pipelines SY 17 5th Quarter Billing
9/20/2017 17-238-AS State Reimbursement / Endicott  Pipeline SY 17 5th Quarter Billing
9/29/2017 Harvest Alaska - Temporary Discontinuance of Service for Kasilof Extension - Kenai Kachemak Pipeline

10/5/2017 17-316-AS State Pipeline Coordinator's Section Lease Compliance Surveillance
10/18/2017 17-345-AS Approval of Temporary Discontinuance of Service for the Kasilof Extension of the Kenai Kachemak Pipeline

10/23/2017 17--327-AS State Reimbursement / Endicott  Pipeline SY 18 1st Quarter Billing (7/1/17-9/30/17)
10/23/2017 17-333-AS State Reimbursement / Milne Point Products  Pipeline SY 18 1st Quarter Billing (7/1/17-9/30/17)
10/23/2017 17-336-AS State Reimbursement / Northstar  Pipeline SY 18 1st Quarter Billing (7/1/17-9/30/17)
10/23/2017 17-332-AS State Reimbursement / Milne Point Oil  Pipeline SY 18 1st Quarter Billing (7/1/17-9/30/17)
10/23/2017 17-328-AS State Reimbursement / Kenai Kachemak Pipeline SY 18 1st Quarter Billing (7/1/17-9/30/17)
10/24/2017 17-384-AS State Pipeline Coordinator's Section Lease Compliance Surveillance
11/28/2017 17-375-AS Marking of Documents that Lessee/Applicants Claim are Confidential
12/18/2017 17-403-AS Notice of Rental Adjustment for the Milne Point Pieline (ADL 410221) and the Endicott Pipeline (ADL 410562)

Right-of-Way Leases



MacSwain Associates LLC 
4401 Business Park Boulevard, Suite 22, Anchorage, Alaska 99503 

APPRAISAL REPORT 
Kenai-Kachemak Pipeline Right-of-Way 
ADL 228162 
Kenai Peninsula, Alaska 

Market Value and Annual Rent Estimates 

Transmitted To: 
Michelle Brown 
Regulatory Compliance Specialist 
Harvest Alaska, LLC 
3800 Centerpoint Drive, Suite 1400 
Anchorage, AK 99503 

N 

Start of 
KKPL ROW 

End of KKPL ROW 

Kenai-Kachemak Pipeline 
Mile 12.4 Kalifornsky Beach 
Road to Mile 134.2 Sterling 

Highway and Mile 114.3 
Sterling Highway to Mile 4.2 

Cohoe Loop Road 

Effective Date of Appraisal 
June 30, 2017 

Report Date 
August 1, 2017 

File No. 
17-3022 

Start of Kasilof 
Extension 



MacSwain Associates LLC 

1 
173022: Kenai-Kachemak Pipeline Right-of-Way – Harvest Alaska, LLC 

4401 Business Park Blvd., Suite 22 
Anchorage, Alaska 99503 
Telephone: 907-561-1965 
Facsimile: 907-561-1955 
E-mail: d.shantz@macswain.com 

August 1, 2017 

Michelle Brown 
Regulatory Compliance Specialist 
Harvest Alaska, LLC 
3800 Centerpoint Drive, Suite 1400 
Anchorage, AK 99503 

Re: Kenai-Kachemak Pipeline (KKPL) Right-of-Way 
ADL 228162 
Kenai Peninsula, Alaska 

Dear Ms. Brown: 

We have prepared an Appraisal Report that analyzes segments of the above-referenced KKPL 
right-of-way leased from the State of Alaska (State).  Importantly, the appraised land is located 
within State road right-of-ways (Sterling Highway, Kalifornsky Beach Road, or Cohoe Loop 
Road) or a section line easement (Cecelia Street).  The appraisal estimates annual market rent 
based on the appraised market value of the land.  As instructed by the Department of Natural 
Resources (DNR), we appraise fee simple estate less mineral rights reserved under AS 
38.05.125(a) subject to terms and conditions of utility permits granted to KKPL by the 
Department of Transportation and Public Facilities (DOT&PF).  Importantly, we exclude lessee 
improvements constructed in the right-of-way from the valuation process.  Thus, we appraise 
the KKPL right-of-way as vacant land available for development to its highest and best use.   

Special Appraisal Instructions issued by DNR require use of across-the-fence (ATF) 
methodology with consideration of a corridor or enhancement factor (CF) in the valuation 
process.  Conjunctively with the ATF methodology, we employ a key-parcel technique as the 
foundation of our comparative analysis.  Instructions state DNR reserves the right to grant 
additional interests in the right-of-way.  Moreover, DNR instructions stipulate, “Because AS 
38.35.140 requires that each tenant pay 100 percent of the market rental value of the land, the 
appraiser shall disregard the effect, if any, of the non-exclusive nature of the rights granted”.1  
Since this instruction may affect the conclusion of market value and annual rent, we invoke the 
Jurisdictional Exception Rule that allows departure from Standard Rule 1 of the Uniform 
Standards of Professional Appraisal Practice (USPAP).  Excluding this departure, the appraisal 
report complies with USPAP as well as DNR’s General Appraisal Instructions.  We consider 
the development of this report a self-contained analysis that complies with DNR’s Special 
Appraisal Instructions (copy enclosed in addenda). 

1 Special Appraisal Instructions, State of Alaska Department of Natural Resource, July 2017. 
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Based on the data, reasoning, and analysis contained in this report, it is our opinion the market 
value of the KKPL right-of-way (ADL 228162), effective June 30, 2017, is $457,500. 

Market Value of KKPL Right-of-Way ADL 228162 $457,500 

Furthermore, it is our opinion annual market rent for the KKPL right-of-way (ADL 228162), as 
of June 30, 2017, is $36,600. 

Market Rent of KKPL Right-of-Way ADL 228162 $36,600 

We direct your attention to the Scope of Work, Appraiser Certification, and Assumption and 
Limiting Conditions for explanation of limitations of this report.  We understand you intend to 
submit the report to DNR for review and approval of their appraisal requirements.  As 
authorized by Harvest Alaska, LLC, we will cooperate fully with the review process and 
respond to questions and recommendations.  If you have questions regarding the analyses or 
conclusions, please contact our office. 

Respectfully submitted, 

Dan Shantz 
Alaska State Certificate No. 47 

Steve MacSwain, MAI 
Alaska State Certificate No. 42 
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Appraiser Certification 

We certify that to the best of our knowledge and belief: 

The statements of fact contained in this report are true and correct. 

The reported analyses, opinions, and conclusions are limited only by the reported 
assumptions and limiting conditions, and they are our personal, impartial, and unbiased 
professional analyses, opinions, and conclusions. 

We have no present or prospective interest in the property that is the subject of this report, 
and no personal interest with respect to the parties involved. 

We performed appraisal services pertaining to the property that is the subject of this report 
in August 2012.  The intent of this prior appraisal service was to estimate market value and 
annual market rent, as of a retrospective date, of the State of Alaska’s interest in the 
property based on certain hypothetical conditions.   

We have no bias with respect to the property that is the subject of this report or to the 
parties involved with this assignment. 

Our engagement in this assignment was not contingent upon developing or reporting 
predetermined results. 

Our compensation for completing this assignment is not contingent upon the development 
or reporting of a predetermined value or direction in value that favors the cause of the 
client, the amount of the value opinion, the attainment of a stipulated result, or the 
occurrence of a subsequent event directly related to the intended use of this appraisal. 

Our analyses, opinions, and conclusions were developed, and the report has been prepared, 
in conformity with the Uniform Standards of Professional Appraisal Practice. 

Dan Shantz made a personal inspection of the property that is the subject of this report on 
June 30, 2017.   

No one provided significant real property appraisal assistance to the persons signing this 
certification. 

The reported analyses, opinions, and conclusions were developed, and this report has been 
prepared, inconformity with the Code of Professional Ethics and Standards of Professional 
Appraisal Practice of the Appraisal Institute. 

The use of this report is subject to the requirements of the Appraisal Institute relating to 
review by its duly authorized representatives.   
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As of the date of this report, Steve MacSwain, MAI has completed the continuing education 
program of the Appraisal Institute 

As of the date of this report, Dan Shantz has completed the Standards and Ethics Education 
Requirements for Practicing Affiliates of the Appraisal Institute. 

As of the date of this report, Dan Shantz and Steve MacSwain, MAI are certified General 
Real Estate Appraisers in the State of Alaska and have completed the education 
requirements through June 2019.   

Dan Shantz
Alaska State Certificate No. 47 

Steve MacSwain, MAI               
Alaska State Certificate No. 42 
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Assumptions and Limiting Conditions 

This appraisal is subject to the following and Extraordinary Assumption and Hypothetical 
Condition pertaining to the Special Appraisal Instructions issued by DNR. 

We assume DOTPF has not conveyed interest in the appraised right-of-ways to a third party other 
than utility easements or driveway permits that allows ingress/egress to the Cohoe Loop Road, 
Kalifornsky Beach Road, or Sterling Highway. 

We assume the appraised land is vacant and exclude the value contribution of lessee improvements 
constructed in the right-of-way from the appraisal process. 

This appraisal is subject to the following general assumptions and limiting conditions. 

We assume no responsibility for the legal descriptions provided or for other matters pertaining to 
legal or title considerations.  We assume title to the appraised land is marketable unless otherwise 
stated. 

We appraise the right-of-way land free and clear of all liens or encumbrances unless otherwise 
stated. 

We believe the information furnished by others is reliable, but we do not guarantee its accuracy. 

We assume all engineering studies are correct.  We believe all maps, plot plans, and other 
illustrative material are accurate.  We include these exhibits only to help the reader visualize the 
appraised land. 

We assume there are no hidden or unapparent conditions of the land that render it more or less 
valuable.  We assume no responsibility for such conditions or for obtaining the engineering studies 
that may be required to discover them. 

We assume the appraised land is in full compliance with all applicable federal, state, and local 
environmental regulations and laws unless the lack of compliance is stated, described, and 
considered in the appraisal report. 

Possession of this report, or a copy thereof, does not carry with it the right of publication. 

The appraisers are not required to give consultation, testimony, or attend court proceedings with 
reference to the subject land without prior arrangements.   

Neither all nor any part of the contents of this report shall be disseminated to the public through 
advertising, public relations, news, sales, or other media without prior written consent and approval 
of the appraisers.   

We did not observe any hazardous material or other types of environmental conditions that may 
affect the appraised land.  Furthermore, we do not have any knowledge that such conditions exist. 
However, the presence of environmental conditions may impair land value and market rent. 
Therefore, we urge the client to retain an environmental assessment for discovery and evaluation.   
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Summary of Important Facts and Conclusions 

Property Type: Vacant right-of-way land 

Location: Right-of-way extends southward from Mile 12.4 
Kalifornsky Beach Road to Mile 134.2 Sterling Highway, 
then south along a section line easement (Section 34, 
T1S, R14W) to Garshuck Court; also a northwesterly 
extension from Mile 114.3 Sterling Highway to Mile 4.2 
Cohoe Loop Road 

Regional Neighborhood: Kenai Peninsula 

Market Districts: Sterling Highway rural residential district 
Kalifornsky Beach Road rural residential district 
Cohoe Loop Road rural residential district 

Type of Appraisal: Estimate market value and annual market rent of right-of-
way lands under AS 38.35.140 

Property Rights Appraised: Fee simple estate less mineral rights reserved by the State 
under AS 38.05.125(c) 

ADL Number: 228162 

Legal Description: Plat 2007-17, Kenai Recording District and Plat 2007-21, 
Homer Recording District (Phase 1); Plat 2007-22, 
Homer Recording District (Phase 2); Plat 2007-79, Kenai 
Recording District (Phase 3) 

Land Lessor: State of Alaska 

Land Lessee: Kenai Beluga Pipeline, LLC 

Utility Permittor: DOT&PF 

Utility Permittee: Kenai Beluga Pipeline, LLC 

Right-of-Way Land Area: 104.556± acres 

Right-of-Way Length: 218,857 feet or 41.446± miles  

Right-of-Way Width: Primarily 20± feet, some segments range to 60± feet 

Road Access: Sterling Highway, Kalifornsky Beach Road, Cohoe Loop 
Road, and Cecelia Street 

Utility Service: Electricity, natural gas, and telephone 

Zoning: Unrestricted (U) District per KPB 

Highest and Best Use: Transport or distribution corridor 
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Extraordinary Assumption: Assume DOTPF not conveyed interest in the appraised right-
of-ways to a third party other than utility easements or 
driveway permits that allows ingress/egress to the Cohoe Loop 
Road, Kalifornsky Beach Road, or Sterling Highway 

Hypothetical Condition: Assume right-of-way land vacant tundra absent of all 
lessee improvements 

Effective Date of Appraisal: June 30, 2017 (date of value) 

Date of Report: August 1, 2017 

Key-Parcel Land Area: 15.00± acres 

Key-Parcel Unit Value: $3,500 per acre 

Estimate of ATF Value: $366,000 

Estimate of Corridor Factor: 1.25 or 25 percent of ATF value 

Estimate of Land Lease Rate: 8-percent 

Opinion of Market Value of KKPL ROW Land: $457,500 

Opinion of Annual Market Rent of KKPL ROW Land $36,600 
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Chapter 1: Premise of the Appraisal 

KKPL represents a natural gas line operated by Harvest Alaska, LLC, 
but some segments cross private land.  This appraisal report analyzes 
those segments of the KKPL right-of-way that are located on State-
owned land.  We appraise the right-of-way as vacant land absent of all 
pipeline improvements.  Constructed in three different phases starting 
in 2002, the State identifies the right-of-way as ADL 228162.  The first 
phase begins at Mile 12.4 Kalifornsky Beach Road and extends 
southward to Mile 128.6 Sterling Highway.  Phase 2, known as the 
Happy Valley Extension (HVE), continues southward following the 
Sterling Highway to Mile 134.2 before entering a section line easement 
that parallels Cecelia Street to Garshuck Court.  The last phase, known 
as the Kasilof Extension (KE), has a northward path starting at Mile 
114.3 Sterling Highway and ending at Mile 4.2 Cohoe Loop Road.   

The land analyzed is within the Sterling Highway, Kalifornsky Beach 
Road, or Cohoe Loop Road right-of-ways or a section line easement.  
Measuring 41.446± miles in length, the right-of-way is predominately 
20± feet wide and totals 104.556± acres.  Importantly, the appraised 
land connects endpoints that serve as a transport or distribution 
corridor for a natural gas pipeline.   

As instructed, we rely upon ATF methodology to appraise fee simple 
entitlements less mineral rights retained by the State subject to terms 
and conditions of Utility Permits granted by DOTPF.  We consider 
ATF an appropriate methodology for estimating market value as well 
as market rent because the appraised land meets the criteria of a 
corridor property.2  In addition, we determine whether the assemblage 
of land segments that comprise the right-of-way creates plottage 
value, which we measure by estimating a corridor factor (CF).  We 
use a key-parcel technique because of the homogenous physical, legal, 
and economic character of right-of-way land segments.  We prepare a 
self-contained appraisal that complies with DNR requirements, 
Special Appraisal Instructions, and USPAP.  

2 The term corridor from an appraisal perspective “is a long, narrow strip of land or 
real property rights for which the highest and best use is to provide an economic or 
social benefit by connecting the endpoints, and sometimes serving intermediate 
points along the way.”  The Continuing Evolution of Corridor Appraising (Back to 
the Basics) by Charles F. Seymour, CRE, MAI, Right of Way Magazine, International 
Right of Way Association, May/June 2002, p. 12. 

Overview 
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Harvest Alaska, LLC 

 

Harvest Alaska, LLC will use the appraisal as the basis for determining 
a rent adjustment as a condition of the lease agreement pertaining to 
ADL 228162.    

 

Harvest Alaska, LLC intends to submit the appraisal report to DNR for 
review and approval.  After approval, DNR forwards the appraisal to 
the State Pipeline Coordinator’s Office at which time the report 
becomes a public document.  However, we do not consider the public 
domain a user of this report and public use violates the intended use.  
Thus, the intended users of the appraisal are Harvest Alaska, LLC and 
DNR.   

 

The purpose of the appraisal is to estimate annual market rent of the 
KKPL right-of-way land.  According to AS 38.35.140, the basis of 
annual rent is an estimate of fair market value of the land.  Thus, this 
appraisal also estimates market value of the right-of-way land.   

 

The KKPL right-of-way land extends southward from Mile 12.4 
Kalifornsky Beach Road near Soldotna to just north of Oilwell Road in 
Ninilchik on the Kenai Peninsula.  As stated, a northerly extension of 
the right-of-way starts at Mile 114.3 Sterling Highway near Kasilof 
and ends at Mile 4.2 Cohoe Loop Road.  Table 1 lists the length and 
land area of each phase of the KKPL right-of-way. 

Table 1: Identification of KKPL Pipeline Right-of-Way 

Pipeline ROW Length Length Land Area 

ADL 228162 Feet Miles Acres 
EPF 2004-45 (Phase 1) 162,827± 30.834± 77.86± 

EPF 2005-41 (Phase 2, HVE) 34,089± 6.456± 16.622± 

EPF 2007-04 (Phase 3, KE) 21,941± 4.156± 10.074± 

Total Length and Land Area 218,857± 41.446± 104.556± 

 

 

Client 

Intended Use of the 
Appraisal Report 

Intended Users of the 
Appraisal Report 

Type of Appraised 
Value 

Identification of 
Appraised Land 
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The four plats listed below represent the legal description pertaining to 
ADL 228162.  We retain on file copies of the recorded plats. 

 Plat 2007-17, Kenai Recording District also recorded as Plat 
2007-21, Homer Recording District (Phase 1); 

 Plat 2007-22, Homer Recording District (Phase 2, HVE); 

 Plat 2007-79, Kenai Recording District (Phase 3, KE) 

 

Market Value 
The most probable price, as of a specified date, in cash, or in terms 
equivalent to cash, or in other precisely revealed terms for which the 
specified property rights should sell after reasonable exposure in a 
competitive market under all conditions requisite to a fair sale, with 
the buyer and seller each acting prudently and knowledgeably, and for 
self-interest, and assuming that neither is under undue duress.3 

Market Rent 
The most probable rent that a property should bring in a competitive 
and open market.4 

Rental Rate 
The percentage of market value that a comparable class of private 
property would bring in the open market with the same conditions of 
lease offered by the state.5 

 

As instructed, we appraise the fee simple estate less mineral rights 
reserved under AS 38.05.125(a) subject to the terms and conditions of 
the Utility Permits granted by DOTPF to KKPL.6  Specifically, the 
Utility Permits grant KKPL the right to construct, operate, and 
maintain a natural gas pipeline (copy of Utility Permits retained on 
file).  As stated, the property rights appraised are the State’s 
entitlements rather the rights granted by the right-of-way lease.  

                                                 

3 General Appraisal Instructions, State of Alaska Department of Natural Resources, 
2014, p. 2. 

4 Ibid. 

5 Ibid. 

6 Special Appraisal Instructions, State of Alaska Department of Natural Resources, 
July 2017. 

Legal Description 

Definition of Market 
Value, Market Rent 
and Rental Rate 

Property Rights 
Appraised 
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Alaska Department of Natural Resources 

 

Kenai Beluga Pipeline LLC 

 

DOT&PF 

 

Kenai Beluga Pipeline LLC 

 

Dan Shantz inspected the appraised land on June 30, 2017, as well as 
several prior dates that corresponded with the collection, verification, 
and inspection of comparable sale data.   

 

June 30, 2017 (date of value) 

 

August 1, 2017 

 

A reasonable exposure time is a function of price, time, and anticipated 
use.  We estimate a reasonable exposure time to consummate a sale of 
the appraised land is six to 18 months.   

 

Kenai Kachemak Pipeline LLC assigned their interest in the right-of-
way lease to Kenai Beluga Pipeline, LLC.  This assignment does not 
constitute an arm’s length transaction involving the purchase of real 
property interests.  We are not aware of any other transfers of real 
property interests pertaining to the right-of-way in the past five years.   

 

We rely upon the ATF methodology to estimate the value of the 
appraised land before analysis of a corridor enhancement factor.  The 
premise of this methodology is the right-of-way land is as valuable as 
the land through which it passes.  Moreover, we employ the key-parcel 

Land Lessor 

Land Lessee 

Utility Permittor 

Utility Permittee 

Date of Property 
Inspection 

Effective Date of 
Appraisal 

Date of Report 

Exposure Time 

Sale History 

Scope of Work 
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technique as the basis of comparative analysis that concludes with an 
ATF value.  Since the ATF methodology is a variation of the sales 
comparison approach, we made a comprehensive search of land sales 
that offer a high degree of similarity to the key-parcel.  We rely upon 
qualitative adjustments to measure differences between the primary 
land sales and key-parcel. 

After analysis, we determined the appraised land meets the definition 
of a corridor property and we estimate a market-derived CF.  Simply, 
the CF represents plottage value created by the assemblage of land 
from multiple owners to enhance utility.  If adequate sale data is 
available, then the CF reflects the ratio between the corridor sale price 
and their ATF value.  Typically, the CF is greater than or equal to one, 
but it is possible to be less than one.  

The market-accepted method of estimating fair annual rent is to apply 
a rent or lease rate to the land value.  Therefore, we undertake a rent 
rate analysis to develop our estimate of market rent for the appraised 
right-of-way land.  Research indicates the public sector is the dominate 
land lessor and that most agencies base their rent rates on market 
behavior.  Thus, we use public sector data in estimating market rent.  
Regarding sales analysis and verification, Dan Shantz is the primary 
appraiser responsible for contacting the parties involved in the 
transaction or a knowledgeable third party.  The scope of work that 
facilitated development of the appraisal report follows. 

 Inspected the appraised land June 30, 2017 and prior dates; 

 Reviewed case abstract pertaining to ADL 228162; 

 Contacted Kevin Hindmarch, DNR review appraiser, regarding 
appraisal instructions; 

 Reviewed Special Appraisal Instructions issued by DNR; 

 Reviewed Final Decision Pursuant to AS 38.35.100 for the Kasilof 
Extension to the Kenai Kachemak Pipeline Right-of-Way Lease, 
ADL 228162; 

 Reviewed Amendment of the Right-of-Way Lease for the Kenai 
Kachemak Pipeline, ADL 22816; 

 Reviewed Attachment B Kasilof Extension to the Kenai-Kachemak 
Pipeline, ADL 228162; 

 Reviewed Plat 2007-17 and Plat 2007-79, Kenai Recording 
District; Plat 2007-21 and Plat 2007-22, Homer Recording District; 

 Reviewed excerpts of Alaska Statutes; 
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 Reviewed Utility Permits issued by DOTPF that grants Kenai 
Beluga Pipeline LLC the right to construct, operate, and maintain a 
natural gas pipeline; 

 Reviewed KPB land use ordinance;  

 Reviewed aerial mapping with GIS overlays illustrating vegetation 
cover, wetlands, contours, shoreline erosion, and water bodies 
(lakes, ponds, etc.) as well as ownership and land use pattern; 

 Collected and analyzed KPB, Cohoe, Clam Gulch, Kasilof, 
Ninilchik, Anchor Point, and Soldotna economic data; 

 Performed a land use analysis; 

 Reviewed appraisal literature pertaining to right-of-way valuation, 
ATF methodology, and corridor valuation; 

 Reviewed properties fronting the Sterling Highway, Kalifornsky 
Beach Road, and Cohoe Loop Road to determine ownership 
pattern, parcel size, legal entitlements, and assessed values; 

 Collected and analyzed land sales located south of Soldotna and 
north of Anchor Point afforded frontage or proximity to the 
Sterling Highway, Kalifornsky Beach Road, and Cohoe Loop 
Road; 

 Inspected and verified sale data used in the comparative analysis; 

 Collected and analyzed corridor sale data located in various Lower 
48-markets; 

 Collected and analyzed corridor sale data located in Alaska; 

 Collected and analyzed developer behavior regarding the 
assemblage of land and their expectations of plottage value; 

 Reviewed right-of-way rent policies of corridor properties located 
in various “Lower 48” markets; 

 Reviewed right-of-way land rent summary pertaining to various 
Alaska and “Lower 48” markets; 

 Collected and analyzed rent data of other Alaska right-of-ways; 

 Collected and analyzed land rent data throughout the State of 
Alaska;  

 Relied upon the ATF methodology with consideration of the CF 
analysis to estimate the market value the appraised land; and 

 Relied upon a rent rate analysis to estimate annual market rent for 
the appraised land. 
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Chapter 2: Area and Neighborhood Analysis 

We prepare brief analyses of the three market districts through which 
the right-of-way lands pass.  Importantly, each market district has a 
similar physical, legal (zoning), and economic character that supports 
rural residential use.  Despite their similarity, we observed subtle 
differences between each district that affects market behavior.  
Identified market districts are as follows. 

1. Sterling Highway Rural Residential District 
2. Kalifornsky Beach Road Rural Residential District 
3. Cohoe Loop Road Rural Residential District 

A summary analysis of each market district follows the inserted map 
that highlights the three districts.   

 

Overview 

N 

MARKET DISTRICTS 

Appraised ROW 
(red line 

Kalifornsky Beach 
Road District 

Coho Loop 
Road District 

Sterling 
Highway District 

Kenai 
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This market district blends several continuous sub-districts that 
parallel the Sterling Highway southwest of Soldotna.  The sub-districts 
include the communities of Kasilof, Clam Gulch, and Ninilchik.  
Importantly, the Sterling Highway is a two-lane, State-maintained road 
serving as the transport corridor for the Kenai Peninsula.  During the 
summer recreation season, it records one of the highest visitor counts 
in the State. 

Although we observed a small cluster of commercial development in 
each community, the principal land use pattern fronting the Sterling 
Highway is residential.  While recreation is a secondary land use, price 
behavior does not differentiate between either alternative.  Moving 
south along the highway from Kasilof, privately owned land ranges 
from two-acre platted subdivision lots to 120± acre aliquot parcels.  
Land on the west side of the Sterling Highway adjacent to the Cook 
Inlet bluff has the highest density of partition.  Conversely, land 
partition east of the Sterling Highway is sparse.   

The price of real estate, particularly land, has remained relatively 
stable over the past five-year interval.  Most aliquot parcels fronting 
the highway sell for $1,500 to $5,000 per acre, while similar land one-
quarter mile inland (east) ranges from $1,000 to $2,000 per acre.  
Subdivided lots typically range from $2,000 to $10,000 per acre, 
although the upper indicators are less than 10 acres.   

An ample supply of land defines the market, which we anticipate will 
continue for years given the rural environment.  This market dynamic 
is also the impetus for projecting price stability.  Yet, if the State 
economy continues its downward trend, the downward pressure on 
price structure of real estate is inevitable.  Diminished demand over the 
past 6± months has caused properties to languish on the market.  While 
the price of land is generally stable, the ratio of sale price to list price 
has declined.  In addition, sellers that desire a quick sale must be 
willing to accept low offers.   

Summarily, we anticipate continued residential growth in this market 
district with the recreation or seasonal user representing an important 
component of demand.  However, the pace of growth will remain slow 
until the State economy recovers or a major development project in 
Alaska causes an increase in employment and disposable income.  
Despite slow growth, we expect the density of residential land use to 
increase (smaller partitions), particularly near communities with 
education facilities.  We predict near-term price stability for most land.  
The anticipated exception is land fronting or proximate to Cook Inlet 
that offers a desirable view amenity.  

Sterling Highway 
Rural Residential 
District 
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This market district starts south of the Kenai River where Kalifornsky 
Beach Road parallels the bluff overlooking the Cook Inlet shore.  
Extending 14± miles southward to the Sterling Highway intersection 
and community of Kasilof, the principal land use pattern of this district 
is residential.  We also observed scattered owner-occupied commercial 
development such as RV parks, storage facilities, and assorted home 
businesses.  Privately-owned land fronting Kalifornsky Beach Road 
range from two to 40± acres with a higher density land use pattern 
fronting the Cook Inlet bluff (west side of road).  Most land one-
quarter mile east of Kalifornsky Beach Road consists of large tracts of 
public-owned wetlands. 

Regarding real estate prices, Cook Inlet bluff parcels command a 
premium with several sales exceeding $150,000.  Moreover, prices are 
trending upward because demand for bluff parcels exceeds supply.  
Parcels fronting the east side of Kalifornsky Beach Road sell for 
$2,000 to $7,500 per acre with the predominate range being $3,000 to 
$4,000 per acre.  Although the supply of east-side land continues to 
exceed demand, the inventory of available land has declined.  Price 
stability characterizes the market district over the past five-year 
interval.  Excluding view amenity, the principal influences of land 
prices are size and extent of wetland-affected area.   

Summarily, we anticipate slow growth and a similar land use pattern in 
this market district.  Developable land fronting the Cook Inlet bluff is 
relatively scarce and in higher demand.  Conversely, there is ample 
vacant land fronting the east side of Kalifornsky Beach Road that is 
available for purchase and/or development. 

 

The principal land use pattern of the Cohoe Loop Road market district 
is rural residential.  Although recreation is a secondary land use, price 
behavior does not differentiate between either alternative.  Vacant 
unplatted or aliquot parcels, which have both private and public 
ownership, contain 25± to 300± acres.  In contrast, private-owned 
platted lots range from less than one to 50± acres.  The Sterling 
Highway establishes the southerly boundary of the Cohoe Loop Road 
market district.  Cohoe Loop Road, which intersects the Sterling 
Highway at two points (Mile 111 and 114), serves as the neighborhood 
transport link.  This two-lane, asphalt-surfaced, State-maintained 
roadbed records an average daily traffic count of 1,300± vehicles on 
the north loop, but less than 500 on the south loop where the subject 
land is located.   

Kalifornsky Beach 
Road Rural 
Residential District 

Cohoe Loop Road 
Rural Residential 
District 
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Analysis indicates the Cohoe Loop Road market district has a seasonal 
economy anchored by commercial and sport fishing that benefit from 
the Kasilof and Cook Inlet fisheries.  However, many Cohoe Loop 
Road residents commute to Soldotna or Kenai for employment.  While 
oil and gas exploration generate economic optimism, fish processing 
and timber harvesting are in a state of decline.  Thus, sport fishing and 
tourism have emerged as a leading economic contributor and important 
influences of the real estate market. 

Currently, general price stability characterizes the market for vacant 
land, although sale activity has declined and marketing time has 
increased.  We anticipate this market trend to continue with no 
measurable change in price behavior in the near-term.  Essentially, 
sellers are not willing to lower price expectations and buyers are 
cautious when evaluating potential land investments.  The market 
exception is Cook Inlet bluff lots and riverfront lots that continue to 
record modest appreciation.  Moreover, these high amenity lands set 
the market’s upper price limit.  Platted land typically sells for $2,000 
to $10,000 per acre with size, access, and soil conditions representing 
the distinguishing price influences.   

Summarily, we foresee slow rural residential growth in this market 
district with recreation and seasonal users representing important 
components of demand.  Moreover, we expect the density of 
residential land use to increase (smaller partitions), particularly for 
high-amenity parcels that offer an unobstructed ocean view or river 
frontage.   

 

The three market districts we describe are generally similar in physical, 
legal, and economic character.  Moreover, the demand component or 
buyer profile of each district consists of residential and recreation users 
that are willing to pay a similar price for vacant land despite location 
differences.  Further, we expect the Kalifornsky Beach Road market 
district to exert greater pressure on the price of land because of 
diminishing inventory.  In addition, the recreation user will continue to 
influence demand for land fronting the Sterling Highway.  Finally, we 
project the Sterling Highway, Kalifornsky Beach Road, and Cohoe 
Loop Road rural residential districts to maintain their slow growth and 
development pattern.  Price stability characterizes current market 
conditions for land, although sale activity is sluggish.   

Conclusion of Area 
and Neighborhood 
Analysis 
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Chapter 3: Land Description and Analysis 

We describe the appraised land in a tabular-type format.  The KKPL 
right-of-way begins at Mile 12.4 Kalifornsky Beach Road extending 
southwesterly to Ninilchik.  In addition, a northerly extension of the 
right-of-way begins at Mile 114.3 Sterling Highway and terminates at 
Mile 4.2 Cohoe Loop Road.  According to surveys, the KKPL right-of-
way measures 41.446± miles in length and has a predominate width of 
20± feet.  Although located within the KPB, the appraised land has no 
assessment history.  Moreover, we are not aware of the KPB assessing 
or taxing other pipeline right-of-way land encumbered by lease or 
owned in fee estate.   

 

 

Described on the next page are the physical, legal, and environmental 
factors that affect the appraised land.  Inserted exhibits as well as 
photographs that follow help illustrate the physical character of the 
right-of-way land.  We discuss zoning and other land use regulations 

Overview 

Description of Right-
of-Way Land 

N 

LOCATION MAP 

KKPL Right-of-Way 
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after the descriptive analysis.  As stated, the appraised land lies in 
either State road right-of-ways or section line easement.  The inserted 
map provides location reference and physical features pertaining to the 
right-of-way path.  

 

KKPL Right-of-Way ADL 228162 

Total Land Area: 104.556± acres 

Right-of-Way Length: 41.446± miles or 218,857± feet  

Right-of-Way Width: Primarily 20± feet, some segments range to 60± 
feet 

Road Access: Direct ingress/egress from the Sterling Highway, 
Kalifornsky Beach Road, Cohoe Loop Road, or Cecelia Street 

Road Improvements: Sterling Highway, Kalifornsky Beach Road, and 
Cohoe Loop Road two-lane, asphalt-paved, State-maintained roadbeds 

N 

KKPL RIGHT-OF-WAY 

Appraised 
ROW 

Kenai 

Soldotna 

Kasilof 

Ninilchik 

Clam Gulch 
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of varying width; Cecelia Street two-lane, gravel-surfaced roadbed 
maintained by the KPB 

Utility Service: Electricity, natural gas, and telephone 

Topography: Varies from relatively level to moderate slope (see 
inserted map as example 

Vegetation: Varies with a mix of spruce, birch, cottonwood, alder, 
brush, grasses, and other indigenous vegetation 

Soil Geology: Varies from poorly-drained peat overburden to well-
drained silt loam 

Wetlands: Several wetland basins with an assortment of complexes 
extend along the right-of-way path (inserted map as example) 

 

Easements and Restrictions: Driveway permits granted by DOTPF to 
adjacent landowners; section line easements; utility easements 

Zoning: Rural district designated Unrestricted per KPB 

Environmental Conditions: Per appraisal instructions, right-of-way 
land assumed free of all environmental conditions; appraisers did not 
observe any adverse environmental conditions during inspection 

KPB Assessed Value: Right-of-way land not assessed by KPB 

Comments: Right-of-way land segments offer generally similar 
physical and legal character 

WETLAND MAPPING 

N 
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Date: June 30, 2017  Taken By: Dan Shantz 

 
East view near beginning of ROW from Mile 12.4 Kalifornsky 

Beach Road 

 
South view of ROW from Mile 12.4 Kalifornsky Beach Road 

 
North view of ROW from Mile 9 Kalifornsky Beach Road 

Photographs of 
KKPL Right-of-Way 
Land 
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Date: June 30, 2017  Taken By: Dan Shantz 

 
South view of ROW from Mile 9 Kalifornsky Beach Road 

 
East view of ROW at MP 3.7 KKPL 

 
North view of ROW from Mile 7 Kalifornsky Beach Road 

Photographs of 
KKPL Right-of-Way 
Land 
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Date: June 30, 2017  Taken By: Dan Shantz 

 
South view of ROW from Mile 7 Kalifornsky Beach Road 

 
Northwest view of ROW from Mile 1.2 Kalifornsky Beach Road 

 
Northwest view of ROW near Kalifornsky Beach Road/Sterling 

Highway intersection 

Photographs of 
KKPL Right-of-Way 
Land 
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Date: June 30, 2017  Taken By: Dan Shantz 

 
Southwest view of ROW near Kalifornsky Beach Road/Sterling 

Highway intersection 

 
Southwest view of ROW at Cohoe Loop Road intersection 

 
Northeast view of ROW at Cohoe Loop Road intersection 

Photographs of 
KKPL Right-of-Way 
Land 
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Date: June 30, 2017  Taken By: Dan Shantz 

 
Northwest view of ROW from Mile 0.5 Cohoe Loop Road 

 
Southeast view of ROW from Mile 0.5 Cohoe Loop Road 

 
Northeast view of ROW near Mile 114 Sterling Highway 

Photographs of 
KKPL Right-of-Way 
Land 
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Date: June 30, 2017  Taken By: Dan Shantz 

 
Southwest view of ROW near Mile 114 Sterling Highway 

 
Northeast view of ROW near Mile 121.5 Sterling Highway 

 
Southwest view of ROW near Mile 121.5 Sterling Highway 

Photographs of 
KKPL Right-of-Way 
Land 
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Date: June 30, 2017  Taken By: Dan Shantz 

 
Northeast view of ROW near Mile 130.5 Sterling Highway 

 
Southwest view of ROW near Mile 130.5 Sterling Highway 

 
South view of ROW near Mile 134.5 Sterling Highway 

Photographs of 
KKPL Right-of-Way 
Land 
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Date: June 30, 2017  Taken By: Dan Shantz 

 
North view of ROW near Mile 134.5 Sterling Highway 

 
North view of ROW from Cecelia Street 

 
South view of ROW from Cecelia Street 

Photographs of 
KKPL Right-of-Way 
Land 
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The KPB ordinance has municipal and rural zoning districts with the 
appraised right-of-way land located in the Unrestricted District (U).  
Information obtained from the KPB planning department indicates the 
Unrestricted District has few restrictions that prohibit land use, but 
certain requirements and permits may be necessary to facilitate 
development.  For example, wetlands may require a permit from the 
Corps to disturb the affected area.  Furthermore, land adjacent to an 
anadromous stream may require a permit for development activity with 
a 50-foot habitat protection setback.  Essentially, the KPB land use 
regulations permit most types of development, but the review and 
permitting process is becoming more arduous and restrictive. 

 

The appraised land is primarily 20± feet wide and extends 41.446± 
miles along the Sterling Highway, Kalifornsky Beach Road, and 
Cohoe Loop Road right-of-ways before entering a section line 
easement that parallels Cecelia Street in Ninilchik.  The land has 
limited utility other than for connecting pipeline endpoints, which 
satisfies the criteria of a corridor property.   

 

KPB Land Use 
Regulations 

Land Suitability 
Analysis 
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Chapter 4: Highest and Best Use Analysis 

Highest and best use is a market-driven concept rather than a 
subjective conclusion based on the experience of the appraiser or a 
property owner’s wishes.  Economic incentive is the motivation that 
has a market-effect on the productivity or profitability of land.  Our 
estimates of market value and market rent rely upon the following 
definition of highest and best use. 

The reasonably probable use of property that results in the highest 
value.7 

Determining the most profitable use of the appraised land requires 
analysis of feasible alternatives.  The criteria for analyzing potential 
use are legal permissibility, physical possibility, financial feasibility, 
and degree of profitability (productivity).  After analysis, we 
determined the highest and best use of the appraised land is a transport 
or distribution corridor.  The analysis that follows is the foundation of 
our valuation process detailed in Chapters 5, 6, and 7. 

 

Legally Permissible: KPB land use ordinance (zoning) and the terms 
and conditions of Utility Permits granted by DOTPF are the principal 
legal factors affecting potential use of the appraised land.  However, 
the Utility Permits granted by DOTPF are the controlling factor of the 
highest and best use analysis.  Specifically, these permits grant KKPL 
the right to construct, operate, and maintain a natural gas transmission 
pipeline.8  Thus, the principal legal use of the appraised lands is a 
natural gas pipeline.   

Importantly, the KPB Unrestricted zoning district allows pipeline 
development, but certain permits are necessary from Borough, State, 
and Federal agencies because the subject right-of-way crosses lakes, 
streams, and wetlands.  This permit process may alter development 

                                                 

7 The Appraisal of Real Estate, by the Appraisal Institute, 14th Edition, 2013, p. 332. 

8 DOTPF retains the right to use, occupy, and enjoy the right-of-way for a public 
transportation system.  Moreover, DOTPF reserves the right to request prompt 
removal or relocation of the KKPL improvements if they deem change in Cohoe 
Loop Road or the Sterling Highway is necessary.  However, DOTPF does not 
anticipate change to either road in the near future. 

Overview 

Highest and Best Use 
Analysis 
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plans, but it does not change pipeline use granted by DOTPF Utility 
Permits.   

Physically Possible: The appraised land represents narrow strips, 
primarily 20± feet wide, that parallel State-maintained roads or a 
section line easement.  Importantly, they connect endpoints and are 
physically suitable for pipeline development.  Despite the presence of 
lakes and wetlands, these physical characteristics represent cost 
influences rather than development constraints.   

Financially Feasible: Pipeline development is a financially feasible 
land use alternative because of depleting natural gas resources (supply) 
and increased consumer demand.  Transporting or distributing natural 
gas provides an economic benefit to the supplier and a social benefit to 
the consumer.  Thus, there is a financial incentive to undertake the risk 
and uncertainty of developing a natural gas pipeline.   

Maximally Productive: We consider pipeline development the most 
productive use of the appraised land.  Since it connects two endpoints 
and provides economic and social benefits, we consider the appraised 
land a corridor.  Thus, the highest and best use of the appraised land is 
a transport or distribution corridor. 

 

Based on the preceding analysis, a transport or distribution corridor 
(natural gas pipeline) maximizes the productivity of the appraised land 
and represents the highest and best use.   

Highest and Best Use: Transport or Distribution Corridor 

 

 

Conclusion of Highest 
and Best Analysis 
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Chapter 5: Valuation of Right-of-Way Land by ATF Methodology 

We use a variation of the sales comparison approach known as ATF 
methodology to value the appraised right-of-way land.  This 
methodology is a reliable technique of measuring land value for a 
corridor-type property such as a right-of-way.  Generally, a corridor 
property represents an assemblage of land that connects two 
destination points.  Often, this assemblage produces greater utility, 
particularly land with multiple ownership and diverse use.  Thus, the 
land value of the right-of-way may exceed the ATF value and requires 
application of a market-derived enhancement or CF.  Significantly, our 
analysis indicates that a CF applies to the appraised land.  We analyze 
and measure the CF, also known as an assemblage factor, in Chapter 6.  
Explained briefly in this chapter is the premise of the CF.   

 

Intrinsic to the ATF methodology is the premise that right-of-way land 
is as valuable as the adjacent land it passes.  The first step of the ATF 
valuation process is to divide the right-of-way land paralleling the 
Sterling Highway, Kalifornsky Beach Road, Cohoe Loop Road, and 
Cecelia Street into segments of similar utility.  Next, we estimate the 
value (unit value) of adjacent segments by comparing them to land 
sales fronting or proximate to the corridor.  The sum of all segments 
provides an ATF value estimate for the appraised land.  Finally, we 
determine if location in a pre-existing road right-of-way or 
transportation corridor enhances the ATF value by a CF.  Importantly, 
the CF represents the ratio between the corridor sale price and their 
ATF value as of the date of the corridor sale.  This ratio measures 
plottage value created by the assemblage of land from multiple owners 
to enhance utility.   

Because of similar legal, physical, and economic character of the land 
adjacent to the right-of-way, we employ the key-parcel technique as 
the basis of valuing the various segments.  In other words, the key-
parcel valuation is the benchmark of the comparative analysis and 
applies to each adjacent land segment.   

Despite frontage on three different roads, including the main highway 
linking the Kenai Peninsula to the transport hub of Anchorage, we 
found similar price behavior for land fronting each roadway.  While 
Cohoe Loop Road does not have the extent of commercial use evident 
along Kalifornsky Beach Road and the Sterling Highway, this 
difference caused no measurable change in the price of vacant land.  

Overview 

Explanation of ATF 
Methodology and 
Corridor Factor 
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Moreover, analysis indicates price behavior did not display any 
measurable change as the appraised right-of-way crosses the various 
sub-market that prevail along the Sterling Highway.  Importantly, we 
found the primary market factors that have a significant effect on price 
are Cook Inlet view, Cook Inlet frontage, or anadromous river 
frontage.  Since the appraised right-of-way does not benefit from the 
Cook Inlet amenities and crosses rather than fronts rivers, these prices 
inflators do not apply.   

Accordingly, our market analysis determined one key-parcel 
characterizes the appraised right-of-way land.  If various land segments 
differ from the key-parcel, then comparative adjustments are 
necessary.  Describing the key-parcel is a prerequisite to the sales 
comparison analysis that follows.   

The key-parcel represents typical-land adjacent to the KKPL right-of-
way segments.  Although these segments are located in three different 
rural residential market districts, we found minimal change in land use, 
development pattern, and price behavior.  While adjacent land has a 
similar highest and best, size, shape, soils, and view potential are the 
principal physical differences.  Described below is the physical, legal, 
and economic character of the key-parcel. 

Property Rights Conveyed: Fee simple estate less mineral rights 

Location: The key-parcel is located between Soldotna and Ninilchik, 
fronting either the Sterling Highway, Kalifornsky Beach Road, or 
Cohoe Loop Road.  We define this location as a rural residential 
neighborhood environment. 

Land Area: Estimating the typical-size of land adjacent to the 
appraised right-of-way is a vital key-parcel analytical factor.  We 
reviewed mapping and aerial photography that illustrate the existing 
land use pattern fronting Kalifornsky Beach Road, Sterling Highway, 
Cohoe Loop Road between Kasilof and Ninilchik. Analysis indicates a 
majority of the parcels, particularly private-owned land, contain fewer 
than 120± acres.  Platted land approved by the KPB range from 2.5± to 
40± acres.  After analysis, we estimate the average parcel size of 
typical-land adjacent to the right-of-way ranges from 10± to 20± acres 
and conclude with a key-parcel size of 15± acres.   

Highway Frontage and Depth Ratio: A review of mapping and aerial 
photography indicates a majority of the land fronting the Sterling 
Highway, Kalifornsky Beach Road, and Cohoe Loop Road has a 

Key-Parcel 
Description and 
Analysis 
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frontage-to-depth ratio of less than 1:3 but greater than 1:1.  Thus, we 
presume the key-parcel has a similar frontage-to-depth ratio, which 
equates to 500± to 700± feet of highway frontage. 

Road Access: The key-parcel has direct ingress/egress from either the 
Sterling Highway, Kalifornsky Beach Road, or Cohoe Loop Road, 
which are two-lane, asphalt-paved, State-maintained roadbeds.   

Other Physical Characteristics: The key-parcel has an irregular shape, 
undulating terrain, and indigenous vegetation cover consisting of 
spruce, birch, alder, shrubs, and grasses.  Soil geology provides 
adequate drainage and stability for development to its highest and best 
use.  While pockets of low-lying wetlands encroach onto parcel 
boundaries, their presence does not impose a development constraint.  
Electricity, natural gas, and telephone are available at-site.   

Highest and Best Use: The key-parcel has the same Unrestricted 
District zoning designation as all other lands located between Soldotna 
and Homer.  This district permits most types of recreation, residential, 
commercial, or industrial use.  Moreover, the physical character of the 
key-parcel is suitable for permitted use of the land.  However, demand 
for industrial use is negligible, while the owner-occupant that drives 
commercial use is a specialized sector characterized by limited 
demand.  Importantly, the primary demand component is rural 
residential use, including seasonal recreation participants.  Moreover, 
we anticipate long-term growth in demand for rural residential land.  
Therefore, the highest best use of the key-parcel is rural residential.   

 

The sales comparison approach is a market-based analysis that 
compares price behavior of land with similar physical, legal, and 
economic character as the appraised property.  We use qualitative 
analysis as the technique to measure comparative differences because 
of insufficient market activity to quantify dissimilarities.  Qualitative 
adjustments employ a procedure known as relative comparison 
analysis, which represents a study of market relationships without 
recourse to quantification.  By analyzing and interpreting market 
behavior, we rate various elements of comparison that influence price 
as superior, inferior, or similar.   

 

Sales Comparison 
Methodology 
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A comprehensive sales search provided sufficient data to perform a 
reliable comparative analysis that concludes with an estimate of value 
for the key-parcel.  The sales search focused on land fronting or 
proximate to the Sterling Highway, Kalifornsky Beach Road, and 
Cohoe Loop Road.  Initial research produced 44 sales located between 
Soldotna and Ninilchik since 2010.  After preliminary analysis, we 
eliminated 26 sales for size differential, Cook Inlet frontage, river 
frontage, access constraints, or distance from the highway corridor.  
Accordingly, we present a tabular summary of 18 land sales, including 
12 compared directly to the 15-acre key-parcel.   

No. Assessor No. Location Acres Sale Date Sale Price Price/Ac.
3 13112021 Mile 5.8 Kalifornsky Beach Road 4.72 8/15 $33,000 $6,992
4 13705010 Mile 0.5 Cohoe Loop Road 80.00 6/16 $122,500 $1,531
5 13305016 Mile 5.5 Cohoe Loop Road 109.50 12/16 $170,000 $1,553
7 13306208 Mile 6.6 Cohoe Loop Road 9.02 8/14 $28,000 $3,104
8 13301010 Mile 8.1 Cohoe Loop Road 40.00 9/10 $80,000 $2,000
9 13302237 Mile 9.4 Cohoe Loop Road 10.00 5/14 $115,000 $11,500

11 13117074 Mile 102.2 Sterling Highway 69.11 7/16 $145,000 $2,098
12 13103401 Mile 103.5 Sterling Highway 28.54 3/10 $95,000 $3,329
13 13303348 Mile 104.2 Sterling Highway 8.90 7/16 $36,000 $4,045
14 13303306 Mile 104.2 Sterling Highway 9.15 7/16 $25,000 $2,732
16 13705041 Mile 114 Sterling Highway 53.00 2/15 $80,500 $1,519
17 13719027 Mile 115 Sterling Highway 6.00 10/11 $25,000 $4,167
18 13902086 Mile 121.2 Sterling Highway 34.73 12/15 $60,000 $1,728
19 13910005 Mile 125 Sterling Highway 25.22 8/16 $85,000 $3,370
20 15703041 Mile 133.2 Sterling Highway 23.00 6/10 $41,000 $1,783
21 15911108 Mile 142.5 Sterling Highway 32.00 10/16 $85,000 $2,656
22 15930108 Mile 2 Oil Well Road 7.50 4/17 $40,000 $5,333
23 15919021 Mile 148.5 Sterling Highway 6.58 3/12 $27,000 $4,103

Mean Size and Price 30.94 $71,833 $3,530

Table 2: Summary of Comparable Land Sales
Primary Land Sales Bold Font Yellow Highlight            Secondary Land Sales Regular Font

 

As summarized in Table 2, the 18 sales range from 4.72± to 109.50± 
acres and transpired between March 2010 and April 2017.  Before 
comparative analysis, the sales develop a mean size and unit price of 
30.94± acres and $3,530 per acre.  Sale data indicates market activity 
between 2010 and 2013 was slow, but gained momentum in 2014 that 
continued through 2016.  According to Brokers and MLS data, land 
sale activity declined in first half of 2017, although price stability 
prevails.  We summarize the 12 primary land sales employed in the 
comparative analysis of the key-parcel in Table 4 on page 41.  An 
analysis of the elements of comparison follows.   

 

Summary Analysis of 
Comparable Land 
Sales 
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Physical characteristics is the principal comparative element that that 
causes price behavior to vary.  Analysis indicates physical factors that 
require adjustment include size, highway frontage, topography, 
wetlands, Cook Inlet frontage, and site improvements.  We use 
qualitative analysis to measure the price-effect of each physical 
difference, although we employ a quantitative analytical tool as the 
foundation for the size adjustment.   

Several primary land sales convey fee simple interest, but we 
determined the reservation of oil and gas or mineral rights had no 
measurable effect on price behavior.  Therefore, we do not adjust for 
property rights conveyed.  Further, comparison of cash sales to owner-
financed sales had no quantifiable price difference.  Thus, we do not 
adjust for financing terms.  Moreover, we found no discernible 
differences in price behavior for location.   

Physical Characteristics Adjustments 

Size Adjustment: The imperfect nature of the market makes 
quantifying a size adjustment difficult.  Therefore, we use qualitative 
adjustments to measure size differences between the primary sales and 
key-parcel.  However, we establish the framework for the qualitative 
adjustment by imputing the unit price and size data from the 18 
comparable sales to predict a price curve that reflects market behavior.  
Table 3 that follows illustrates the result of this analytical process.   

 

Analysis of Elements 
of Comparison 
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As the preceding table depicts, an inverse relationship between price 
and size characterizes the market.  We rely upon Table 3 as market 
support when applying qualitative size adjustments to measure 
differences between the comparable sales and key-parcel. 

Highway Frontage Adjustment: Sales 4 and 11 have narrow strips of 
accessible road frontage, which require upward adjustments when 
compared to the key-parcel.  Since Sale 13 does not have highway 
frontage an upward adjustment is necessary to attain conformity with 
the key-parcel.  In contrast, we adjust Sale 5 downward for superior 
frontage attributed to nearly 4,000± feet extending along Cohoe Loop 
Road.  Moreover, we adjust Sale 9 downward for 1,600± feet of 
accessible road frontage.  

Topography Adjustment: Sales 4 and 18 have a moderate slope below 
access grade to low-lying wetland basins.  This physical feature is 
inferior to the key-parcel and requires an upward adjustment.   

Wetlands Adjustment: Sales 4, 5, 13, 14, 16, and 18 have wetland 
complexes that reduce developable area considered inferior to the key-
parcel.  We adjust each sale upward for the market-effect of wetlands 
on price behavior.   

Cook Inlet Frontage Adjustment: Sale 19 has frontage on Cook Inlet, 
although the bluff profile of the shorefront restricts beach access.  This 
physical feature is superior to the key-parcel, warranting a downward 
adjustment.   

Site Improvements Adjustment: Sales 5, 9, 11, 13, and 14 have either 
gravel access drives or cleared pads suitable for permanent structures 
improving the property.  We adjust each sale downward for their 
superiority when compared to the key-parcel.   

 

We present a tabular analysis on the next page of the 12 land sales 
afforded the highest degree of comparability the 15-acre key-parcel.  A 
map following the table depicts their location relative to the right-of-
way path from Kalifornsky Beach Road to Ninilchik.  Excluding one 
sale, all benefit from accessible road frontage from the Sterling 
Highway, Kalifornsky Beach Road, or Cohoe Loop Road.  The sales 
provide credible evidence of market behavior from the beginning of 
the right-of-way to the endpoint in Ninilchik.  While physical character 
is the primary cause of price variation, size differential has the greatest 
influence of price behavior.  Face-to-face comparative analysis of each 
primary land sale follows. 

Analysis of Land 
Sales Compared to 
the Key-Parcel 
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Table 4: Summary Analysis of Land Sales Compared to the Key-Parcel 
No. Location Size Sale Date Sale Price Price/Ac. 

3 Mile 5.8 Kalifornsky Beach Road 4.72 Ac. 8/15 $33,000 $6,992 

4 Mile 0.5 Cohoe Loop Road 80.00 Ac. 6/16  $122,500 $1,531 

5 Mile 5.5 Cohoe Loop Road 109.5 Ac. 12/16 $170,000 $1,553 

7 Mile 6.6 Cohoe Loop Road 9.02 Ac. 8/14 $28,000 $3,104 

9 Mile 9.4 Cohoe Loop Road 10.00 Ac. 5/14 $115,000 $11,500 

11 Mile 102.2 Sterling Highway 69.11 Ac. 6/14 $145,000 $2.098 

13 Mile 104.2 Sterling Highway 8.90 Ac. 7/16 $36,000 $4,045 

14 Mile 104.2 Sterling Highway 9.15 Ac. 7/16 $25,000 $2,732 

16 Mile 114 Sterling Highway 53.00 Ac. 4/15 $80,500 $1,519 

18 Mile 121.2 Sterling Highway 34.73 Ac. 12/15 $60,000 $1,728 

19 Mile 125 Sterling Highway 25.22 Ac. 8/16 $85,000 $3,370 

21 Mile 142.5 Sterling Highway 32.00 Ac. 10/16 $85,000 $2,656 

Key-Parcel: Kalifornsky Beach Road, 
Cohoe Loop Road, or Sterling Highway 

15.00± Ac. 6/17 NA NA 

Land Sale 3 is a 4.72-acre parcel with 647± of road frontage located 
5± miles north of the Sterling Highway intersection.  Terrain is 
undulating with a dense growth of indigenous vegetation.  Underlying 

COMPARABLE SALES MAP 
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soil conditions consists of a silt-loam base overlain with organic 
material.  The property was on the market for nearly five years.   

By comparison, size differential supports a relatively large downward 
adjustment.  After analysis, Sale 3 develops a unit value substantially 
less than $6,992 per acre for the key-parcel 

Land Sale 4 is an 80-acre aliquot parcel that has less than 300± feet of 
Cohoe Loop Road frontage, but benefits from potential access from a 
gravel roadbed paralleling the north boundary.  Setting below access 
grade, contour varies from modest to moderate slope.  A wetland 
complex with discharge slope affects the westerly parcel area.  We 
observed dense vegetation on terrain lying outside the wetlands.  

N 

Sale 3     
4.72± Acres 
$6,992/Acre 

N 

Kalifornsky 
Beach Road 

Cohoe 
Loop Road 

Sale 4      
80.00± Acres 
$1,531/Acre 
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The property was on the market for one year before the negotiated 
purchase at 98-percent of the list price.  Although the seller financed 
the sale with only 10-percent down, the buyer intends to secure a 
construction loan and cash out the Deed of Trust.  According to the 
selling Broker, the sale price is equivalent to cash-to-seller.    

Analysis supports a large upward adjustment for size differential. 
Moreover, the extent of road frontage, topography, and wetlands are 
inferior comparative factors.  After analysis, Sale 4 requires a large 
upward adjustment, developing a unit value significantly greater than 
$1,531 per acre for the key-parcel.   

Land Sale 5 is 109.50-acre parcel located 5± miles north of the 
Sterling Highway intersection  The parcel has nearly 4,000± feet of 
road frontage, which is an economic benefit if subdivided.  A large 
wetland basin setting to the east encroaches onto the easterly 
periphery.  Vegetation consists primarily of scattered spruce and low-
lying bushes and grasses.  A gravel drive and cleared building pad 
improve the northwest corner of the parcel near a small adjoining 
pond.  The property sold after 4.5± months of market exposure for 87-
percent of the list price.   

By comparison, we adjust this sale upward for size differential and 
inferior wetlands.  In contrast, analysis supports a downward 
adjustment for superior road frontage.  After analysis, the net 
adjustment is relatively large and upward.  Thus, Sale 5 indicates a unit 
value considerably greater than $1,553 per acre for the key-parcel.   

Land Sale 7 is 9.02-acre parcel with 667± feet of road frontage located 
6± miles north of the Sterling Highway intersection.  Undulating 

N 

Cohoe 
Loop Road 

Sale 5      
109.50± Acres 
$1,553/Acre 
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terrain, dense vegetation, and silt-loam with a shallow layer of 
overburden characterize physical features.  Subsequent to purchase, the 
buyer constructed a gravel drive and large building pad and re-sold the 
property for $58,000.  The property sold after 42± days on the market 
for 82-percent of the list price.   

Analysis supports a downward size adjustment, although the increment 
change is relatively small.  Accordingly, Sale 10 indicates a unit value 
slightly less than $3,104 per acre.   

Land Sale 9 is a 9.15-acre parcel with 1,600± feet of road frontage 
situated on the northwest corner of Cohoe Loop Road and Cohoe 
Beach Road some 6± north of the Sterling Highway intersection.   

N 

N 

Sale 7      
9.02± Acres 
$3,104/Acre 

Cohoe 
Loop Road 
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Terrain is level to undulating with well-drained silt loam the principal 
soil geology.  Scattered spruce and birch with an undergrowth of low-
lying bushes and grasses characterize vegetation.  A gravel pad with 
electrical hook-ups improve the northeast corner of the property.  The 
property sold at the list price after nearly one year of market exposure.   

Comparatively, we make downward adjustments for size differential, 
road frontage, and site improvements.  After analysis, the net 
adjustment is relatively large and downward, developing a unit value 
substantially less than $11,500 per acre for the key-parcel.   

Land Sale 11 is an irregularly shaped 69.11-acre parcel with 550± feet 
of Sterling Highway frontage.  A small pond occupies a portion of the 
southeast corner, while a meandering wetland complex encroaches 
onto the westerly periphery.  Terrain varies from undulating to rolling 
hills with dense vegetation covering a majority of the parcel.  A gravel 
drive that extends eastward to the pond improves the property.  While 
a small cabin also improves the property, it did not contribute to the 
negotiated purchase price.  The property sold after one month of 
market exposure at 97-percent of the list price.  Seller financing with a 
$50,000 down payment facilitated the purchase, which the Broker 
considered cash equivalent.   

By comparison, we adjust this sale upward for size differential and 
inferior highway frontage.  Partially offsetting these physical 
inferiorities is superior site improvements.  After analysis, Sale 11 
indicates a unit value greater than $2,098 per acre for the key-parcel.   

N 
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69.11± Acres 
$2,098/Acre 

Sterling 
Highway 
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Land Sale 13 is a 8.90-acre parcel located 600± feet west of the 
Sterling Highway, accessible from a 60-foot right-of-way improved 
with a gravel roadbed.  A wetland complex inflicts approximately 50-
percent of the parcel, although the most probable building site is 
outside the marsh area.  Terrain elevated above the wetlands has a 
dense vegetation and an undulating contour.  A gravel drive and pad 
improves the northwest corner of the parcel, which is accessible from 
the roadbed.  The property sold at the list price after 7± months of 
market exposure. 

 

By comparison, analysis supports downward adjustments for size 
differential and site improvements.  Partially offsetting these superior 
physical features are inferior highway frontage and wetlands.  After 
analysis, Sale 13 indicates a unit value less than $4,050 per acre for the 
key-parcel. 

Land Sale 14 is a 9.15-acre parcel that has 655± feet of Sterling 
Highway frontage.  Terrain comprising the northwest and southwest 
corners sets above a low-lying wetland complex that diminishes 
developable land area.  Vegetation of the elevated terrain has a dense 
growth consisting of spruce, birch, and bushes.  A small gravel pad 
improves the northwest corner of the parcel.  The negotiated sale price 
was 71-percent of the list price and transpired after 4± years of market 
exposure.  Seller financing with a 40-percent down payment facilitated 
the purchase.  Both parties as well as the Broker considered the sale 
cash equivalent.   

Comparative analysis supports downward adjustments for size 
differential and small gravel pad.  Conversely, the wetland complex 
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that extends over a majority of the parcel is an inferior physical 
feature.  After analysis, the net adjustment indicated is upward.  
Therefore, Sale 14 develops a unit value greater than $2,732 per acre 
for the key-parcel.   

 

Land Sale 16 is a 53-acre parcel fronting the northeast side of the 
Sterling Highway/Cohoe Loop Road intersection.  Although total road 
frontage is nearly 3,000± feet, the triangular configuration tends to 
offset this benefit.   

 

KPB wetland mapping shows 60-percent of the parcel is a wetland 
complex.  We observed dense vegetation consisting of spruce, birch, 
and bushes during the property inspection.  While the east end of the 
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parcel has a prominent ridge with moderate sloping contour, the 
remaining acreage is undulating accented by the low-lying wetlands.  
The property sold after 8± months of market exposure at 90-percent of 
the list price.   

Because of physical inferiority attributed to size differential and 
wetlands, we adjust this comparable upward on a qualitative basis.  
After analysis, Sale 16 indicates the value of the key-parcel is 
substantially greater than $1,519 per acre.   

Land Sale 18 is a 34.73-acre parcel with 935± feet of Sterling 
Highway located 3± miles south of Calm Gulch.  Setting below 
highway grade, Falls Creek meanders through the north end of parcel 
creating a riparian wetland path.  Further, a large wetland basin 
extends onto a majority of the parcel, which reduces developable land 
area.  A dense band of vegetation parallels the highway before 
changing to low-lying bushes and grasses indigenous to the wetland 
basin.  The property was on the market for 6± months before selling at 
92-percent of the list price.  Seller financing with a 50-percent down 
payment consummated the purchase.  The Broker stated the seller 
wanted to finance the purchase and considered the negotiated price 
equivalent to cash.   

 

Comparative analysis supports upward adjustments for size 
differential, topography, and soil conditions caused by the wetland 
basin.  Thus, Sale 18 indicates a unit value significantly greater than 
$1,728 per acre for the key-parcel.   

Land Sale 19 is 25.22-acre parcel that sets below Sterling Highway 
grade, extending to the Cook Inlet shore.  Located about 6± miles 
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south of Calm Gulch, the parcel has 585± feet of highway frontage and 
1,840± feet of depth.  While the below grade contour enhances the 
Cook Inlet view, shorefront terrain has a bluff profile prone to erosion.  
Direct beach access is improbable, but motorized access across the 
intertidal shore is possible from Clam Gulch.  The eroding bluff line 
reduces developable land area by 30-percent, although mid-parcel has 
an undulating bench providing an unobstructed view.  After 3± months 
of market exposure, the property sold at 89-percent of the list price.   

 

By comparison, we adjust this sale upward for size differential.  
Offsetting this inferiority is Cook Inlet frontage and complimentary 
view, although the erosive character and steep profile of the shorefront 
bluff tends to mitigate the benefit of beach access.  After analysis, the 
net adjustment is marginal, developing a unit value of approximately 
$3,370 per acre for the key-parcel.   

Land Sale 21 is 32-acre parcel with 400± feet of Sterling Highway 
frontage located 7± miles south of Ninilchik.  Despite limited highway 
frontage, the parcel benefits from an additional 950± of frontage on a 
gravel roadbed that extends along the west boundary.  A wetland 
depression consisting of 4± acres encroaches onto the south boundary.  
Remaining terrain is undulating with vegetation consisting of scattered 
spruce and birch underlain with bushes and grasses.  Exposed to the 
market for 3.4± years, the property sold at 92-percent of the list price.  
According to the Broker, the property languished on the market 
because of uncertainty of the State’s economic outlook.  In addition, 
the Broker stated owner financing was beneficial in securing a buyer, 
but stated it did not affect the negotiated price.  Thus, we consider the 
purchase price as being cash equivalent.   
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Comparative analysis supports an upward adjustment for size 
differential.  Since the remaining physical features are generally 
similar to the key-parcel, the net adjustment is upward.  Consequently, 
Sale 21 indicates a unit value greater than $2,656 per acre for the 15-
acre key-parcel  

Table 5 represents an adjustment grid that summarizes the preceding 
comparative analysis of 12 primary land sales.  The table extends over 
the next three pages.  Despite physical disparity, we give similar 
emphasis to each primary sale in reconciling the key-parcel value.  
After adjustments for physical differences, the comparable sales 
indicate the unit value of the key-parcel is greater than or equal to 
$3,370 per acre but less than $4,045 per acre.  Since demand for rural 
residential land, particularly recreation users, has stagnated in the last 
6± months, a value within the lower half of the bracket is a reasonable 
market expectation.  Thus, current market dynamics support a value 
$3,500 per acre for the key-parcel.   

Based on the preceding analysis, we conclude with a unit value of 
$3,500 per acre for the 15-acre key-parcel.   

Estimated Value of 15-Acre Key-Parcel $3,500/Acre ($52,500) 

Reconciliation of 
Comparative 
Analysis 
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Table 5: Comparative Adjustment Grid 

Comparative Element Key-Parcel Sale 3 Sale 4 Sale 5 Sale 7 

Cash Equivalent Price NA $33,000 $122,500 $170,000 $28,000 

Price Per Acre NA $6,992 $1,531 $1,553 $3,104 

Property Rights 
Conveyed 

Fee simple less 
mineral rights 

Fee simple less 
oil & gas rights 

-similar- 

Fee simple less 
oil & gas rights 

-similar- 

Fee simple 
-similar- 

Fee simple less 
oil & gas rights 

-similar- 

Conditions of Sale Assumed Typical Typical 
-similar- 

Typical 
-similar- 

Typical 
-similar- 

Typical 
-similar- 

Market Conditions 6/17 
Static 

8/15 
-similar- 

6/16 
-similar- 

12/16 
-similar- 

8/14 
-similar- 

Location Soldotna to 
Ninilchik 

Soldotna 
-similar- 

Kasilof 
-similar- 

Kasilof 
-similar- 

Kasilof 
-similar- 

Physical Characteristics      

   Land Area 15.00± Acres 4.72±Acres 
-superior- 

80.00± Acres 
-inferior- 

109.50± Acres 
-inferior- 

9.02± Acres 
-superior- 

   Access K-Beach Rd., 
Cohoe Loop Rd., 
or Sterling Hwy. 

Kalifornsky 
Beach Road 

-similar- 

Cohoe Loop 
Road 

-similar- 

Cohoe Loop 
Road 

-similar- 

Cohoe Loop 
Road 

-similar- 

   Highway Frontage 500± to 700± feet 
frontage to depth 

ratio 1:1 to 1:3 

647± feet 
-similar- 

<300± feet 
-inferior- 

4,000± feet 
-superior- 

667± feet 
-similar- 

   Topography Undulating Undulating 
-similar- 

Undulating to 
moderate slope 

-inferior- 

Undulating 
-similar- 

Undulating 
-similar- 

   Vegetation Spruce, birch, 
bushes, and 

wetland grass 

Spruce, birch, 
bushes 

-similar- 

Spruce, birch, 
bushes, grasses 

-similar- 

Spruce, birch, 
bushes 

-similar- 

Spruce, birch, 
bushes 

-similar- 

   Wetlands Small pockets – 
less than 15% of 

parcel 

None 
-similar- 

60% wetlands 
-inferior- 

50% wetlands 
-inferior- 

None 
-similar- 

   Utility Service Electricity, 
natural gas 

E, NG 
-similar- 

E, NG 
-similar- 

E, NG 
-similar- 

E, NG 
-similar- 

   Cook Inlet Frontage None  None 
-similar- 

None 
-similar- 

None 
-similar- 

None 
-similar- 

   Site Improvements None None 
-similar- 

None 
-similar- 

Gravel 
drive/pad 
-superior- 

None 
-similar- 

Zoning Unrestricted Unrestricted     
-similar- 

Unrestricted     
-similar- 

Unrestricted     
-similar- 

Unrestricted     
-similar- 

Highest and Best Use Rural residential 
or recreation 

RR or rec. 
-similar- 

RR or rec. 
-similar- 

RR or rec. 
-similar- 

RR or rec. 
-similar- 

Overall Relative Comparison Rating  Superior Inferior Inferior Superior 

Indicated Unit Value/Acre of Key-Parcel  <$6,992 >$1,531 >$1,553 <$3,104 
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Table 5 (continued): Comparative Adjustment Grid 

Comparative Element Key-Parcel Sale 9 Sale 11 Sale 13 Sale 14 

Cash Equivalent Price NA $115,000 $145,000 $36,000 $25,000 

Price Per Acre NA $11,500 $2,098 $4,045 $2,732 

Property Rights 
Conveyed 

Fee simple less 
mineral rights 

Fee simple less 
oil & gas rights 

-similar- 

Fee simple 
-similar- 

Fee simple less 
oil & gas rights 

-similar- 

Fee simple less 
oil & gas rights 

-similar- 

Conditions of Sale Assumed Typical Typical 
-similar- 

Typical 
-similar- 

Typical 
-similar- 

Typical 
-similar- 

Market Conditions 6/17 
Static 

5/14 
-similar- 

7/16 
-similar- 

7/16 
-similar- 

7/16 
-similar- 

Location Soldotna to 
Ninilchik 

Kasilof 
-similar- 

Soldotna 
-similar- 

Soldotna 
-similar- 

Soldotna 
-similar- 

Physical Characteristics      

   Land Area 15.00± Acres 10.00±Acres 
-superior- 

69.11± Acres 
-inferior- 

8.90± Acres 
-superior- 

9.15± Acres 
-superior- 

   Access K-Beach Rd., 
Cohoe Loop Rd., 
or Sterling Hwy. 

Cohoe Loop 
Road 

-similar- 

Sterling 
Highway 
-similar- 

Marjorie 
Avenue 
-similar- 

Sterling 
Highway 
-similar- 

   Highway Frontage 500± to 700± feet 
frontage to depth 

ratio 1:1 to 1:3 

1,600± feet 
-superior- 

550± feet 
-inferior- 

None 
-inferior- 

655± feet 
-similar- 

   Topography Undulating Undulating 
-similar- 

Undulating 
-similar- 

Undulating 
-similar- 

Undulating 
-similar- 

   Vegetation Spruce, birch, 
bushes, and 

wetland grass 

Spruce, birch, 
bushes 

-similar- 

Spruce, birch, 
bushes, grasses 

-similar- 

Spruce, birch, 
bushes 

-similar- 

Spruce, birch, 
bushes 

-similar- 

   Wetlands Small pockets – 
less than 15% of 

parcel 

None 
-similar- 

<15% wetlands 
-similar- 

50% wetlands 
-inferior- 

60% wetlands 
-inferior- 

   Utility Service Electricity, 
natural gas 

E, NG 
-similar- 

E, NG 
-similar- 

E, NG 
-similar- 

E, NG 
-similar- 

   Cook Inlet Frontage None  None 
-similar- 

None 
-similar- 

None 
-similar- 

None 
-similar- 

   Site Improvements None Gravel 
drive/pad 
-superior- 

Gravel pad 
-superior- 

Gravel 
drive/pad 
-superior- 

Gravel pad 
-superior- 

Zoning Unrestricted Unrestricted     
-similar- 

Unrestricted     
-similar- 

Unrestricted     
-similar- 

Unrestricted     
-similar- 

Highest and Best Use Rural residential 
or recreation 

RR or rec. 
-similar- 

RR or rec. 
-similar- 

RR or rec. 
-similar- 

RR or rec. 
-similar- 

Overall Relative Comparison Rating  Superior Inferior Superior Inferior 

Indicated Unit Value/Acre of Key-Parcel  <$11,500 >$2,098 <$4,045 >$2,732 
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Table 5 (continued): Comparative Adjustment Grid 

Comparative Element Key-Parcel Sale 16 Sale 18 Sale 19 Sale 21 

Cash Equivalent Price NA $80,500 $60,000 $85,000 $85,000 

Price Per Acre NA $1,519 $1,728 $3,370 $2,656 

Property Rights 
Conveyed 

Fee simple less 
mineral rights 

Fee simple 
-similar- 

Fee simple less 
oil & gas rights 

-similar- 

Fee simple 
-similar- 

Fee simple less 
oil & gas rights 

-similar- 

Conditions of Sale Assumed Typical Typical 
-similar- 

Typical 
-similar- 

Typical 
-similar- 

Typical 
-similar- 

Market Conditions 6/17 
Static 

2/15 
-similar- 

12/15 
-similar- 

8/16 
-similar- 

10/16 
-similar- 

Location Soldotna to 
Ninilchik 

Kasilof 
-similar- 

Clam Gulch 
-similar- 

Clam Gulch 
-similar- 

Ninilchik 
-similar- 

Physical Characteristics      

   Land Area 15.00± Acres 53.00±Acres 
-inferior- 

34.73± Acres 
-inferior- 

25.22± Acres 
-inferior- 

32.00± Acres 
-inferior- 

   Access K-Beach Rd., 
Cohoe Loop Rd., 
or Sterling Hwy. 

Sterling 
Highway 
-similar- 

Sterling 
Highway 
-similar- 

Sterling 
Highway 
-similar- 

Sterling 
Highway 
-similar- 

   Highway Frontage 500± to 700± feet 
frontage to depth 

ratio 1:1 to 1:3 

3,000± feet 
-similar- 

935± feet 
-similar- 

585± feet 
-similar- 

400± feet 
-similar- 

   Topography Undulating Undulating 
-similar- 

Undulating to 
moderate slope 

-inferior- 

Undulating 
-similar- 

Undulating 
-similar- 

   Vegetation Spruce, birch, 
bushes, and 

wetland grass 

Spruce, birch, 
bushes 

-similar- 

Spruce, birch, 
bushes, grasses 

-similar- 

Spruce, birch, 
bushes 

-similar- 

Spruce, birch, 
bushes 

-similar- 

   Wetlands Small pockets – 
less than 15% of 

parcel 

60% wetlands 
-inferior- 

60% wetlands 
-inferior- 

<15% wetlands 
-similar- 

<15% wetlands 
-similar- 

   Utility Service Electricity, 
natural gas 

E, NG 
-similar- 

E, NG 
-similar- 

E, NG 
-similar- 

E, NG 
-similar- 

   Cook Inlet Frontage None  None 
-similar- 

None 
-similar- 

Cook Inlet 
-superior- 

None 
-similar- 

   Site Improvements None None 
-similar- 

None 
-similar- 

None 
-superior- 

None 
-similar- 

Zoning Unrestricted Unrestricted     
-similar- 

Unrestricted     
-similar- 

Unrestricted     
-similar- 

Unrestricted     
-similar- 

Highest and Best Use Rural residential 
or recreation 

RR or rec. 
-similar- 

RR or rec. 
-similar- 

RR or rec. 
-similar- 

RR or rec. 
-similar- 

Overall Relative Comparison Rating  Inferior Inferior Similar Inferior 

Indicated Unit Value/Acre of Key-Parcel  >$1,519 >$1,728 =$3,370 >$2,656 
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Despite some variation in physical character, land adjacent to the 
KKPL right-of-way is generally similar to the key-parcel.  While 
certain adjacent land segments are physically inferior, others with 
superior character represent offsetting price influences.  Therefore, the 
unit value of $3,500 per acre estimated for the key-parcel applies to the 
entire 41.446± miles of the KKPL right-of-way.  Accordingly, we 
estimate the ATF value of the 104.556-acre right-of-way as follows.   

ATF Value Estimate of KKPL Right-of-Way 
104.556± Acres @ $3,500/Acre = $365,946 

Based on the preceding analysis, the ATF value of the KKPL right-of-
way land is $366,000 (rounded).  The next step of the valuation 
process is the CF analysis contained in Chapter 6 that concludes with a 
market value estimate for the KKPL right-of-way land.   

Estimated ATF Value 
of KKPL Right-of-
Way Land 
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Chapter 6: Analysis of Corridor Factor 

We concluded in Chapter 4 that the highest and best use of the 
appraised land is a transport or distribution corridor.  In Chapter 5, we 
valued the land segments comprising the right-of-way by the ATF 
methodology.  We complete the valuation process in this chapter by 
determining whether the assembled corridor creates an incremental 
increase in value to the right-of-way land.  Known as an enhancement 
or CF, we consider use of the existing State right-of-ways and section 
line easement a market benefit to the appraised land.  Therefore, the 
CF applies to the KKPL right-of-way, but measuring its market-effect 
on is difficult because of limited demand and scarcity of sale data. 

Significantly, we are not aware of any corridor sales in Alaska, 
although there are right-of-way leases that apply a CF to the ATF 
value.  While corridor property sales located outside of Alaska 
transpire with regularity, they involve numerous comparative factors 
that exceed the scope of our knowledge and expertise.  However, 
discussions with parties with knowledge of these transactions stated 
sale data indicates the CF is trending upward, albeit, the incremental 
change is relatively small.  Although we do not emphasize this sale 
data to estimate the CF for the appraised land, we consider the 
nationwide trend in the reconciliation.   

 

Divergent viewpoints and opinions abound regarding the proper 
method of valuing transport or distribution corridors similar to the 
appraised land.  Since appraisal instructions require use of the ATF 
methodology, we must consider the market-effect of a CF in our 
analysis.  The principal technique for developing a CF is dividing the 
corridor sale price by the ATF price.9  Although it is possible for this 
ratio to be less than 1.0, a majority of corridor sales support a CF 
between 1.1 and 2.0.10  Moreover, sales of freight rail corridors 
generally support a ratio of 1.1 to 1.2, while electrical transmission line 

                                                 

9 The Continuing Evolution of Corridor Appraising (Back to the Basics) by Charles 
F. Seymour, CRE, MAI, right of way Magazine, International Right of Way 
Association, May/June 2002, p. 15. 

10 Ibid, p. 16. 
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corridors typically indicate a higher ratio ranging from 1.5 to 1.7.11  
Thus, it is reasonable to assume the appraised transport corridor, which 
has greater similarity to a freight rail corridor, would develop a CF 
near the lower end of the indicated range.   

The explosion of growth in the telecommunication sector (fiber optics, 
etc.) caused a dramatic increase in corridor values according to studies 
by several government agencies.  These studies report CF ranging from 
2.0 to 6.0, but the basis of these factors was the going-in value of the 
land estimated by the AFT methodology.  In other words, the reported 
CF did not take into consideration any appreciation of the underlying 
land between construction of right-of-way infrastructure and the 
subsequent sale years later.  Clearly, these Federal studies are 
misleading when estimating a CF.  Regardless the emergence of 
telecommunication right-of-ways trended the CF upward.   

After research of corridor property sales, we found a propensity to 
misuse the data by applying inaccurate ATF values to develop the CF.  
Essentially, reliable corridor sales are scarce and difficult to analyze.  
As a result, we contacted an appraisal firm, Allen, Williford & Seale, 
Inc. (AW&S) that specializes in right-of-way appraisals involving 
corridor properties.  We worked with AW&S on the Alaska LNG 
right-of-way project and developed a professional relationship.  
AW&S was willing to share corridor market data for our analysis, but 
stipulated that certain facts were proprietary.  The principal with 
AW&S familiar with the KKPL right-of-way provided corridor data 
considered most relevant to our analysis.  Table 6 provides a summary 
of CF transactions, including the Alaska Railroad Corporation (ARRC) 
factor for their right-of-way land set administratively.  

Table 6: Summary Analysis CF Transaction 
No. Grantor/Lessor Length Intended Use CF 

1 CSX Transportation, Inc. 1.37± miles Electric transmission line 1.45 

2 ARRC 44± miles Underground fiber optic 1.50 

3 Union Pacific Railroad 4.01± miles Overhead electric transmission 1.25 

4 Union Pacific Railroad 1.2± miles Petroleum pipelines 1.15 

5 Union Pacific Railroad 6.202± miles Petroleum pipeline 1.35 

6 Union Pacific Railroad 14± miles Natural gas pipeline 1.00 

7 Union Pacific Railroad 17.11± miles Nitrogen pipeline 1.15 

                                                 

11 The Continuing Evolution of Corridor Appraising (Back to the Basics) by Charles 
F. Seymour, CRE, MAI, right of way Magazine, International Right of Way 
Association, May/June 2002, p. 15. 
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Face-to-face comparison to the KKPL right-of-way is not possible 
without additional information and knowledge of the market in which 
these transactions are located.  Consequently, we weigh each 
transaction equally and calculate the mean CF to develop an indicator 
for the appraised right-of-way land.  We consider this technique 
credible based on the scarcity of sale data and complexity of obtaining 
reliable comparative data to measure market behavior.  The indicated 
mean CF is 1.26 based on transactional data provided by AW&S.   

 

Published literature by experts in corridor appraising found the CF for 
transport corridors typically range from 1.1 to 1.5.  In other words, the 
corridor sale price is 10 to 50 percent higher than the ATF value of 
lands adjacent to the corridor.  Thus, the assembled transport corridor 
created plottage value ranging from 10 to 50 percent.  Because of an 
absence of corridor sales in the Alaska market, we rely upon data 
obtained from an appraisal firm that specializes in right-of-way 
analysis of corridor properties.  This data support a CF of 1.26 for the 
appraised right-of-way land.  Although demand for right-of-way land 
is scarce in Alaska, the cost and timing of acquiring an alternative 
route has a relatively high opportunity cost.  Therefore, we conclude 
with a CF of 1.25 or a 25 percent enhancement to the ATF value.   

Estimate of Corridor Factor: 1.25 or 25% 

 

Multiplying the estimated CF of 1.25 to the ATF value of the 
appraised land, develops the following conclusion of market value. 

KKPL Right-of-Way: $366,000 (ATF Value) x 1.25 CF = $457,500 

Based on the preceding data, reasoning, and analysis, the market value 
of the KKPL right-of-way, as of June 30, 2017, is $457,500. 

Market Value of KKPL Right-of-Way  $457,500 

 

 

Reconciliation of 
Corridor Factor 
Analysis 

Estimated Market 
Value of KKPL 
Right-of-Way Land 
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Chapter 7: Rental Rate Analysis and Conclusion of Market Rent 

Regarding our rent analysis, we found most land leases involve public 
agencies such as the State, Federal, Borough, Municipal, or unified 
city.  Moreover, a majority of land leases establish rent by applying a 
market-derived rent or lease rate to their estimated market value.  This 
latter methodology is an acceptable valuation technique and one that 
we rely upon to estimate market rent for the appraised right-of-way 
lands.  The first step of this valuation process is to collect and analyze 
land lease data.   

 

Since the public sector is the principal lessor of vacant land, we use 
this data as well as private sector leases to establish market parameters.  
Moreover, many public agencies mandate that land rent rates reflect 
market behavior and engage unbiased professionals to determine 
market rates and rent.  When analyzing long-term rates, it is important 
to discuss terms and conditions of the land lease.  Most leases stipulate 
to rent adjustments on a periodic basis.  Five-year adjustment intervals 
based on re-appraisal is the most common term of public sector leases; 
while annual change tied to a price index is a practice of several Native 
corporations.  Furthermore, typical lease terms require the lessee to pay 
property taxes, obtain lessor consent to subordinate, and lessor 
approval of a development plan. 

Long-term land rent rates, which are essentially capitalization rates, 
range from six to 12-percent.  However, rent rates of eight to 10-
percent are the market norm with eight-percent representing the 
predominate rate.  Table 7 on the following page provides a summary 
of public and private sector land rent rates.  Importantly, land in high 
demand but limited supply or leases with unusual terms and 
conditions, typically, have the highest rates.  In contrast, several public 
agencies offer below market rates to stimulate economic growth and 
development of their land.  Other factors affecting land rent rates are 
the cost of capital as well as capitalization rates indicated by improved 
property sales. 

Overview 

Land Rent Rate 
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Table 7: Summary of Land Rent Rates 
Land Owner Rent Rate 

Public Lands  

Alaska Railroad Corporation 8-9% 

Bureau of Indian Affairs 8-12% 

Bureau of Land Management – Alaska 8-10% 

City and Borough of Juneau 10% 

City of Cordova 9% 

City of Homer 8-9% 

City of Kenai 8% 

City of Kodiak 8% 

City of Seward 8% 

City of Skagway 8% 

City of Valdez 8-10% 

Department of Transportation and Public Facilities 8% 

Fairbanks North Star Borough 8% 

Kenai Peninsula Borough 8% 

Matanuska-Susitna Borough 8% 

Municipality of Anchorage 8-10% 

Port of Anchorage 9-12% 

University of Alaska 8-10% 

Private Lands  

Bethel Native Corporation 8-10% 

Bristol Bay Native Corporation 7-8% 

Calais Corporation 8-9% 

Eklutna, Inc. 8-10% 

Ounalashka Corporation 8-12% 

Various Remote Lodge Sites 8-12% 

 
 

Rent rates of various types of industrial land located throughout the 
State range from 8± to 12± percent.  Moreover, rent rates of 10± 
percent are primarily of land afforded a strategic location with demand 
exceeding supply.  Most lease rates of special purpose land, including 
pipeline right-of-ways located in the KPB, Municipality of Anchorage, 
and North Slope Borough, are at eight percent.  Importantly, we do not 
rate the location of appraised right-of-way land as strategic nor is 
demand greater than available supply.  Therefore, we estimate a land 
lease rate of eight percent for the appraised pipeline right-of-way.   

Market Rent Rate of KKPL Right-of-Way Land  8% 

Reconciliation and 
Conclusion of Rent 
Rate Analysis 
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By applying an eight-percent rent rate to the market value of the KKPL 
right-of-way land, develops the following annual rent estimates.   

KKPL Right-of-Way Land  $457,500 @ 8% = $36,600 

Based on the preceding data, reasoning and analysis, it our opinion 
annual market rent of the KKPL right-of-way land, as of June 30, 
2017, is $36,600. 

Market Rent of PTEP ROW Land   $36,600 

 

 

 

 

Conclusion of Market 
Rent of KKPL Right-
of-Way Land 
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Land Sale 3 

   

Location: West side of Mile 5.8 Kalifornsky Beach Road, Soldotna, Alaska 
Assessor Number: 131-120-21 
Legal Description: Lot 13, Block 2, Plat 83-166, Kasilof Alaska Subdivision, Kenai Recording District 
 
Grantor: Vincent Bernard Instrument: Statutory Warranty Deed 
Grantee: Zachary Bell, Doug Anderson, 

Francis Knapp III 
Document No: 2015-007016-0 

Sale Date: 8/15 Data Source: Broker, MLS 
Sale Price: $33,000 Confirmed By: Dan Shantz 
Cash Equivalent Price: $33,000 Property Rights: Fee simple less oil & gas 

rights 
Terms: Cash 
 
Land Area: 4.72± acres Public Utilities: Electricity & natural gas 
Zoning: Unrestricted Road Frontage: 647± feet. 
Access: Kalifornsky Beach Road Intended Use: Residential 
Easements/Restrictions: 20-foot utility easement along 

south boundary 
Highest & Best Use: Rural residential 

Property Description:  Inspected By: Dan Shantz 
This parcel is located 5± miles north of the Sterling Highway intersection.  Parcel terrain consists of undulating 
contour, well-drained soils, and a dense growth of indigenous vegetation.   

Property Analysis: 
The parcel was on the market for 5± year with an original list price of $38,000.   

Price Analysis $33,000 ÷ 4.72 Acres = $6,992/Acre 

N 

Sale 3 

Kalifornsky Beach 
Road 
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Location: West side of Mile 0.5 Cohoe Loop Road, Kasilof, Alaska 
Assessor Number: 137-050-10 
Legal Description: W1/2 NE1/4 of Section 15, T2N, R12W, SM, Kenai Recording District 
 
Grantor: Sam Scott Instrument: Warranty Deed 
Grantee: Matthew and Marlene Snader Document No: 2016-005617-0 
Sale Date: 6/16 Data Source: Broker, MLS 
Sale Price: $122,500 Confirmed By: Dan Shantz 
Cash Equivalent Price: $122,500 Property Rights: Fee simple less oil & gas 

rights 
Terms: Seller financing; $12,500 down payment, $110,000 Deed of Trust @ 7% interest 
 
Land Area: 80± acres Public Utilities: Electricity & natural gas 
Zoning: Unrestricted Road Frontage: 976± feet 
Access: Cohoe Loop Road, Kotik Avenue Intended Use: Residential subdivision 
Easements/Restrictions: Section line easement along 

north boundary 
Highest & Best Use: Rural residential 

Property Description:  Inspected By: Dan Shantz 
This parcel has less than 300± feet of Cohoe Loop Road frontage, but is also accessible from a gravel roadbed 
paralleling the north boundary.  Located one-half mile north of the Sterling Highway intersection, parcel terrain 
descends below access grade toward a wetland complex that onto encroaches the west boundary.  

Property Analysis: 
The parcel was on the market for about one year with the original list price being $124,900.  Seller financing 
facilitated the sale, but according to the Broker did not affect the negotiated price.  The buyer intends to secure a 
construction loan and cash out the Deed of Trust.  

Price Analysis $122,500 ÷ 80 Acres  = $1,531/Acre 

Land Sale 4 

N 

Sale 4 

S. Cohoe Loop Road 
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Location: East side of Mile 5.5 Cohoe Loop Road, Kasilof, Alaska 
Assessor Number: 133-050-16 
Legal Description: SE1/4NW1/4 and E1/2SW1/4 of Section 21, T3N, R2W, SM, Kenai Recording District, 

excluding Cohoe Road ROW 
 
Grantor: Jeffrey Hilsgen Instrument: Statutory Warranty Deed 
Grantee: Robert J. Arnold Living Trust Document No: 2016-011238-0 
Sale Date: 12/16 Data Source: Broker, MLS 
Sale Price: $170,000 Confirmed By: Dan Shantz 
Cash Equivalent Price: $170,000 Property Rights: Fee simple  
Terms: Cash 
 
Land Area: 109.50± acres Public Utilities: Electricity 
Zoning: Unrestricted Road Frontage: 4,000± feet 
Access: Cohoe Loop Road Intended Use: Rural residential 
Easements/Restrictions: Section line easement Highest & Best Use: Rural residential 
Property Description:  Inspected By: Dan Shantz 
Located 5± miles north of the Sterling Highway intersection, this parcel benefits from 4,000± feet of road frontage.  
Terrain is undulating with a wetland basin encroaching onto the east periphery.  A small pond is adjacent to the 
north boundary.  Contributing to the sale price is a gravel drive and building pad on the northwest corner of the 
parcel.   

Property Analysis: 
The parcel was on the market for 4.5± months with an original list price of $195,000.  The Broker indicated the 
property was ideal for subdividing because of the road frontage.  

Price Analysis $170,000 ÷ 109.50 Acres = $1,553/Acre 

Land Sale 5 

N 

Sale 5 

S. Cohoe Loop Road 



 MacSwain Associates LLC 

   

Location: East side of Mile 6.6 Cohoe Loop Road, Kasilof, Alaska 
Assessor Numbers: 133-062-08 
Legal Description: Tract A, Cohoe Alaska Subdivision, Plat K-1348, Kenai Recoding District 
 
Grantor: James Teige Instrument: Statutory Warranty Deed 
Grantee: Letzring, Inc. Document No: 2014-006392-0 
Sale Date: 8/14 Data Source: Broker, grantee, MLS 
Sale Price: $28,000 Confirmed By: Dan Shantz 
Cash Equivalent Price: $28,000 Property Rights: Fee simple less oil & gas 

rights 
Terms: Cash 
 
Land Area: 9.02± acres Public Utilities: Electricity 
Zoning: Unrestricted Road Frontage: 667± feet 
Access: Cohoe Loop Road Intended Use: Rural residential 
Easements/Restrictions: None noted on plat Highest & Best Use: Rural residential 
Property Description:  Inspected By: Dan Shantz 
This parcel is located 6± miles north of the Sterling Highway intersection in a platted subdivision recorded in 1963.  
Terrain is undulating with dense vegetation and well-drained soil conditions.   

Property Analysis: 
This parcel was on the market for 42± days with an original list price of $31,000.  Purchased by a local contractor 
with a Broker’s license, the parcel re-sold for $58,000 after development of a gravel drive, building pad, and clearing. 

Price Analysis $28,000 ÷ 9.02 Acres = $3,104/Acre 
 

 

Land Sale 7 

N S. Cohoe 
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Land Sale 9 

   

Location: Northwest corner of Cohoe Loop Road (Mile 9.4) and Cohoe Beach Road, Kasilof, 
Alaska 

Assessor Number: 133-022-37 
Legal Description: Tract B3, Pettifoggers Place Subdivision, Keyros Addition, Plat 2005-16, Kenai 

Recording District 
 
Grantor: Donald and Beverly McCloud Instrument: Statutory Warranty Deed 
Grantee: Isabel and Joseph Vesely Document No: 2014-003767-0 
Sale Date: 5/14 Data Source: Broker, MLS 
Sale Price: $115,000 Confirmed By: Dan Shantz 
Cash Equivalent Price: $115,000 Property Rights: Fee simple less oil & gas 

rights  
Terms: Cash 
 
Land Area: 10.00± acres Public Utilities: Electricity 
Zoning: Unrestricted Road Frontage: 1,600± feet,  
Access: Cohoe Loop Road and Cohoe 

Beach Road 
Intended Use: Seasonal recreation 

Easements/Restrictions: Plat notes permit commercial 
use  

Highest & Best Use: Rural residential 

Property Description:  Inspected By: Dan Shantz 
This parcel benefits from 1,600± of road frontage facilitated by a corner location some 6± miles north of the Sterling 
Highway intersection.  Parcel terrain is level to undulating with well-drained silt loam soils.  A gravel pad with electric 
hook-ups improves the northeast corner of the property.   
Property Analysis: 
The parcel was on the market for nearly one year before receiving a full price offer.  The Broker indicated by buyer 
initially intends to use the property for seasonal recreation purposes.    

Price Analysis $115,000 ÷ 10.00 Acres  = $11,500/Acre 
 

N 

Sale 9 
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Location: West side of Mile 102.2 Sterling Highway, Soldotna, Alaska 
Assessor Numbers: 131-170-74 
Legal Description: Portion of S2SE4, Section 23, T1S, R14W, SM, Kenai Recording District, lying west of 

the Sterling Highway ROW 
 
Grantor: Clark and Cheryl Whitney Instrument: Statutory Warranty Deed 
Grantee: Evan and Bobbie Frisk Document No: 2016-006365-0 
Sale Date: 7/16 Data Source: Broker, MLS 
Sale Price: $145,000 Confirmed By: Dan Shantz 
Cash Equivalent Price: $145,000 Property Rights: Fee simple 
Terms: Seller financing; $50,000 down payment, $95,000 Deed of Trust, undisclosed interest, 

10-year amortization 
 
Land Area: 69.11± acres Public Utilities: Electricity & natural gas 
Zoning: Unrestricted Highway Frontage: 550± feet 
Access: Sterling Highway Intended Use: Rural residential 
Easements/Restrictions: Section line easement Highest & Best Use: Rural residential 
Property Description:  Inspected By: Dan Shantz 
This parcel has an irregular shape with undulating to rolling terrain.  A small pond occupies about 2± acres near the 
southwest corner, while a wetland basin encroaches onto the west periphery.  Remaining land has a dense growth 
of vegetation with well-drained soils.   

Property Analysis: 
The parcel was on the market for 1± month with an original list price of $149,500.  Although owner-financed, the 
Broker stated the sale price was equivalent to cash.   

Price Analysis $145,000 ÷ 69.11 Acres = $2,098/Acre 
 

N 

Sale 11 

Sterling Highway 
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Land Sale 13 

 

Location: South side of Marjorie Avenue, 600± feet west of Mile 104.2 Sterling Highway, 
Soldotna, Alaska 

Assessor Numbers: 133-033-48 
Legal Description: Tract A-2, Madden Subdivision, Bipolar Replat, Plat 2010-92, Kenai Recording District 
 
Grantor: Richard Hauck Instrument: Statutory Warranty Deed 
Grantee: Donald and Matilda Payton Document No: 2016-005761-0 
Sale Date: 7/16 Data Source: Broker, MLS 
Sale Price: $36,000 Confirmed By: Dan Shantz 
Cash Equivalent Price: $36,000 Property Rights: Fee simple less oil & gas 

rights 
Terms: Seller financing; $11,000 down payment, $25,000 Deed of Trust, undisclosed terms 
 
Land Area: 8.90± acres Public Utilities: Electricity & natural gas 
Zoning: Unrestricted Road Frontage: 600± feet 
Access: Marjorie Avenue Intended Use: Residential 
Easements/Restrictions: 10-foot utility easements along 

north, south, east and portion of 
west boundaries 

Highest & Best Use: Rural residential 

Property Description:  Inspected By: Dan Shantz 
This platted parcel sets 600± feet west of the Sterling Highway at the end of a gravel roadbed.  The recorded plat 
shows two wetland areas that reduce developable area by approximately 50-percent.  Terrain is undulating with 
dense indigenous vegetation in areas elevated above the wetlands.  A gravel drive and pad improve the northwest 
corner of the property. 

Property Analysis: 
The parcel was on the market for 7± months before receiving a full price offer.  Discussions with the Broker indicted 
seller financing did not affect purchase negotiations.   

Price Analysis $36,000 ÷ 8.90 Acres  = $4,045/Acre 

N 

Sale 13 
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Location: East side of Mile 104.2 Sterling Highway, Soldotna, Alaska 
Assessor Number: 133-033-06 
Legal Description: Tract A, Block 2, Madden Subdivision, Plat 76-110, Kenai Recording District 
 
Grantor: Richard and Bonabelle 

Andersen 
Instrument: Statutory Warranty Deed 

Grantee: Wesley Garwood Document No: 2016-006047-0 
Sale Date: 7/16 Data Source: Broker, grantor, MLS 
Sale Price: $25,000 Confirmed By: Dan Shantz 
Cash Equivalent Price: $25,000 Property Rights: Fee simple less oil & gas 

rights 
Terms: Seller financing; $10,000 down payment, $15,000 Deed of Trust, undisclosed terms 
 
Land Area: 9.15± acres Public Utilities: Electricity & natural gas 
Zoning: Unrestricted Highway Frontage: 655± feet 
Access: Sterling Highway Intended Use: Prefab log cabin sales 
Easements/Restrictions: 10-foot utility easement along 

north boundary 
Highest & Best Use: Rural residential 

Property Description:  Inspected By: Dan Shantz 
A majority of parcel terrain is a wetland basin, although there is sufficient land area for intended or residential use.  
Terrain outside of wetland boundaries has a dense growth of spruce, birch and bushes.  A small gravel pad 
improves the northwest corner of the property.  

Property Analysis: 
The parcel languished on the market for over 4± years before the negotiated purchase.  While the original list price 
was $35,000, the Broker stated it was above market because of poor soils and wetlands extending over most of the 
parcel.   

Price Analysis $25,000 ÷ 9.15 Acres  = $2,732/Acre 
 

Land Sale 14 
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Location: West side of Mile 114 Sterling Highway, northeast of Cohoe Loop Road intersection, 
Kasilof, Alaska 

Assessor Number: 137-050-41 
Legal Description: Portion of N1/2NW1/4 lying north of the Sterling Highway and east of Cohoe Loop 

Road, Section 14, T2N, R12W, SM, Kenai Recording District 
 
Grantor: Karen Newton and Susan 

Mungarro 
Instrument: Statutory Warranty Deed 

Grantee: Daniel Moffitt Document No: 2015-002904-0 
Sale Date: 4/15 Data Source: Broker, MLS 
Sale Price: $80,500 Confirmed By: Dan Shantz 
Cash Equivalent Price: $80,500 Property Rights: Fee simple 
Terms: Cash 
 
Land Area: 53.00± acres Public Utilities: Electricity & natural gas 
Zoning: Unrestricted Highway Frontage: 3,000± feet 
Access: Sterling Highway, Cohoe Loop 

Road 
Intended Use: Residential 

Easements/Restrictions: Section line easement Highest & Best Use: Rural residential 
Property Description:  Inspected By: Dan Shantz 
Triangular configured parcel has nearly 3,000± feet of road frontage, although the shape tends to offset this benefit.  
Dense vegetation characterizes parcel terrain elevated above the wetland basin that encroaches from the north.  
According to KPB mapping, wetland affected acreage is approximately 60-percent of the parcel.   

Property Analysis: 
The property sold after 8± months of market exposure with the original list price being $89,500.   

Price Analysis $80,500 ÷ 53.00 Acres  = $1,519/Acre 
 

Land Sale 16 

N 

Sale 16 
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Location: West side of Mile 121.2 Sterling Highway, Clam Gulch, Alaska 
Assessor Number: 139-020-86 
Legal Description: Tract B, Ricketts-Pieczuro Tracts, Plat 89-37, Homer Recording District 
 
Grantor: Richard and Carole Augustine 

Trustees 
Instrument: Statutory Warranty Deed 

Grantee: Charles and Tara Mundorff Document No: 2015-003795-0 
Sale Date: 12/15 Data Source: Broker, MLS 
Sale Price: $60,000 Confirmed By: Dan Shantz 
Cash Equivalent Price: $60,000 Property Rights: Fee simple less oil & gas 

rights 
Terms: Seller financing; $30,000 down payment, $30,000 Deed of Trust with undisclosed 

terms 
 
Land Area: 34.73± acres Public Utilities: Electricity & natural gas 
Zoning: Unrestricted Highway Frontage: 935± feet 
Access: Sterling Highway Intended Use: Residential 
Easements/Restrictions: None noted on plat Highest & Best Use: Rural residential 
Property Description:  Inspected By: Dan Shantz 
The parcel sets below access grade with the northern acreage affected by the Falls Creek meander.  A large 
wetland basis encroaching from the west reduces developable land area.  A dense band of vegetation parallels the 
highway before descending into the wetland basin.   

Property Analysis: 
The parcel was on the market for 6± months with the original list price being $65,000.  Although seller-financed, the 
Broker stated the purchase price was equivalent to cash because the seller wanted an income stream.   

Price Analysis $60,000 ÷ 34.73 Acres  = $1,728/Acre 
 

Land Sale 18 
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Location: West side of Mile 125 Sterling Highway, Clam Gulch, Alaska 
Assessor Numbers: 139-100-05 
Legal Description: S1/2NW1/4NW1/4 lying west of the Sterling Highway, Section 26,T1N, R13W, SM and 

portion of Lot 6 lying in S1/2NE1/4NE1/4, Section 27, T1N, R13W, SM, Homer 
Recording District 

 
Grantor: Pamela Vantress Living Trust & 

Paula Lee Honchen Living Trust 
Instrument: Statutory Warranty Deed 

Grantee: Marion and Ann McKenzie Document No: 2016-002505-0  
Sale Date: 8/16 Data Source: Broker, MLS 
Sale Price: $85,000 Confirmed By: Dan Shantz 
Cash Equivalent Price: $85,000 Property Rights: Fee simple 
Terms: Cash 
 
Land Area: 25.22± acres Public Utilities: Electricity & natural gas 
Zoning: Unrestricted Highway Frontage: 537± feet 
Access: Sterling Highway Intended Use: Rural residential 
Easements/Restrictions: None known Highest & Best Use: Rural residential 
Property Description:  Inspected By: Dan Shantz 
This parcel fronts Cook Inlet, although the shorefront has a steep bluff profile with erosive character that restricts 
beach access.  Setting below access grade, the descending contour leads to an undulating bench near mid-parcel 
that enhances the Cook Inlet view.   

Property Analysis: 
The parcel was on the market 3± months at an original list price of $96,500.  Discussions with the broker indicated 
the parcel benefits from an unobstructed Cook Inlet view, but does not have direct beach access.  He also stated the 
bluff profile and ongoing erosion limit subdivision opportunities.   

Price Analysis $85,000 ÷ 25.22 Acres  = $3,370/Acre 
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Location: East side of Mile 142.5 Sterling Highway, east of Shegota Loop, Ninilchik, Alaska 
Assessor Number: 159-111-08 
Legal Description: NE1/4NW1/4 of Section 5, T3S, R14W, SM, lying east of Sterling Highway and 

Shegota Loop, Homer Recording District 
 
Grantor: Gary and Irl Stambaugh Instrument: Statutory Warranty Deed 
Grantee: Jonathon and Robin Ward Document No: 2016-003124-0 
Sale Date: 10/16 Data Source: Broker, MLS 
Sale Price: $85,000 Confirmed By: Dan Shantz 
Cash Equivalent Price: $85,000 Property Rights: Fee simple less oil & gas 

rights 
Terms: Seller financing; $10,000 down payment, $75,000 Deed of Trust with undisclosed 

terms 
 
Land Area: 32.00± acres Public Utilities: Electricity 
Zoning: Unrestricted Highway Frontage: 400± feet 
Access: Sterling Highway Intended Use: Residential 
Easements/Restrictions: None known Highest & Best Use: Rural residential 
Property Description:  Inspected By: Dan Shantz 
The parcel benefits from 950± feet of additional frontage on Shegota Loop that enhances access and subdivision 
potential.  A small wetland depression encroaches onto the south boundary.  Terrain is undulating with vegetation 
consisting of scattered spruce and birch underlain with bushes and grasses.   

Property Analysis: 
The parcel was on the market for 3.4± years with an original list price of $92,000.  Discussions with the Broker 
indicated market activity during this interval was slow because of uncertainty of the State’s economy.  Despite owner 
financing, the Broker stated the purchase price reflects the behavior of a cash buyer.    

Price Analysis $85,000 ÷ 32.00 Acres  = $2,656/Acre 
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SPECIAL APPRAISAL INSTRUCTIONS 
for 

Kenai-Kachemak Gas Pipeline ADL 228162 
 

KKPLgasinst(Jul 2017)                       Page 1 of 1 

1. Identification of the property:  The gas line project was constructed in three different phases.  
 
 The first leg is approximately 32 miles long.  It begins at an existing ENSTAR facility near Mile 
 12.4 of the Kalifonsky Beach Road and ends at Mile 128.6 of the Sterling Highway.  Approximately 
 31 miles are state lands, most of which are located within existing highway corridors or section 
 lines.  
  
 The second portion starts at mile 128.6 of the Sterling Highway and extends to mile 134.2 then 
 south along a section line easement to Garshuck Court. 
 
 The third leg begins at mile 114.3 of the Sterling Highway and extends to mile 4.2 of Cohoe Loop 
 Road. 

 
2. Intended Use:  DNR will use the appraisal to establish updated annual rent for a pipeline right-of-

way lease granted under AS 38.35.140.  The annual rental payment is subject to adjustment by 
the State every five years.  The general public may use the appraisal for general information. 
 

3. Purpose of the Appraisal:  The purpose of the appraisal is to estimate the “… annual fair market 
rental of the state land included in the right-of-way based on the appraised fair market value of the 
land.”  (AS 38.35.140) 

 
4. Date of Appraisal:  The date of value is the date of inspection.  
 
5. Rights Appraised:  Fee simple title less mineral rights reserved under AS 38.05.125(a), subject 

to the terms and conditions of utility permits granted to the lease applicant by the Department of 
Transportation and Public Facilities (DOT/PF). 

 
Extraordinary Assumption:  A title report is not available.  It is assumed that no other third party 
interests or encumbrances exist in the proposed right-of-way, other than those noted in the above 
paragraph and permits for private driveways that may have been issued by DOT/PF. 
 

6. Methodology:  The land value will be based on an across-the-fence methodology with a corridor 
factor for lands within the highway right-of-way.  A key lot approach is acceptable. 

 
DNR reserves the right to grant additional interests in the right-of-way.  Considering the nature of 
the use (gas line) and the narrow width of the right-of-way (20 feet), the potential for such 
additional interests is small. Because AS 38.35.140 requires that each tenant pay 100 percent of 
the market rental value of the land, the appraiser shall disregard the effect, if any, of the non-
exclusive nature of the rights granted.  

 
7. Lessee Improvements (Hypothetical Condition):  Improvements constructed by the lessee 

within the right-of-way will be excluded from the estimate of value. 
 
8. General Requirements:  The appraisal must be a complete, self-contained report in accordance 

with these special instructions and DNR General Requirements.  Where there is a conflict 
between the General Requirements and these instructions, these instructions shall govern.  For a 
copy of the General Requirements, see the DNR appraisal website 
http://dnr.alaska.gov/mlw/appraise/pdf/genreq.pdf 

 
9. Number of Copies:  DNR requires one copy of the draft report and two copies of the final report. 



  

MacSwain Associates LLC 
4401 Business Park Boulevard, Suite 22, Anchorage, Alaska 99503 

Appraiser: Steve MacSwain, MAI 

Member of Appraisal Institute - No. 5700 

State of Alaska, Certified General Real Estate Appraiser - No. 42 

Professional Experience: 1986 to Present - MacSwain Associates LLC 

1976 to 1986 - Appraisal Company of Alaska - President 

1970 to 1975 - Real Estate Services Corporation – Appraiser 

1969 to 1970 - State of Alaska Department of Highways - Right of Way Agent 

Real estate appraiser and consultant of all property types throughout Alaska including commercial, industrial, 
subdivisions and special-purpose properties.  Appraisals have been performed for financing, leasing, insurance, 
condemnation, taxation, property damages, investment analysis, and buy-sell decisions.  Appraisals include 
valuation of both real property and business enterprises.  Professional experience totals 45 years. 

Education: Bachelor of Business Administration, Finance (1969), University of Alaska Fairbanks 

Appraisal Education: The following is a list of completed appraisal courses and seminars. 

2017 – Residential & Commercial Valuation of Solar by the Appraisal Institute  
2017 – Right of Way Acquisition for Pipeline Projects by the International Right of Way Association 

2016 – Uniform Standards of Professional Appraisal Practice – Update by the Appraisal Institute 

2015 – Litigation Appraising: Specialized Topics and Applications by the Appraisal Institute 

2015 – Business Practices and Ethics by the Appraisal Institute 
2013 – Complex Litigation Appraisal Case Studies by the Appraisal Institute 

2013 – Uniform Appraisal Standards for Federal Land Acquisitions (Yellow Book) by the Appraisal Institute 

2012 – Appraisal Curriculum Overview by the Appraisal Institute 

2010 – Reviewing Appraisals in Eminent Domain by the International Right of Way Association 

2010 – Commercial Appraisal Engagement and Review Seminar for Bankers and Appraisers by the Appraisal Institute 
2009 – The Appraiser as an Expert Witness: Preparation and Testimony by the Appraisal Institute 

2009 – Attacking and Defending an Appraisal in Litigation by Whitmer Education 

2008 – Uniform Standards of Professional Appraisal Practice by the Appraisal Institute 
2007 – Business Practices and Ethics by the Appraisal Institute 
2007 – Eminent Domain Law for Right of Way Professionals by the International Right of Way Association 
2007 – Appraisal Review for Federal Aid Programs by the International Right of Way Association 
2007 – Analyzing Operating Expenses by the Appraisal Institute 
2007 – Forecasting Revenue by the Appraisal Institute 
2007 – Case Studies in Highest and Best Use by the Appraisal Institute 
2002 – Uniform Standards for Federal Land Acquisitions: Practical Applications for Fee Appraisers by the Appraisal Institute 

2002 – Legal Aspects of Easements by the International Right of Way Association 
1969-2001: Numerous appraisal classes pertaining to principles, income capitalization, cost analysis, sale 
comparison approach, and highest and best use analysis by the Appraisal Institute, Society of Real Estate 
Appraisers, International Right-of-Way Association, International Association of Assessing Officers, and Marshall 
Valuation Service 



  

Membership and Organizations: Member of Appraisal Institute – No. 5700 

Member of International Right of Way Association 

Member of Building Owners and Managers Association (BOMA), Anchorage 

Public Service: Past Chairman of the State Board of Certified Appraisers 

Past member of Board of Equalization, Municipality of Anchorage  

Past member of National Experience Review Committee of the Appraisal Institute 

Past member of Regional Ethics and Counseling Panel of the Appraisal Institute 

Past president of Alaska Chapter 57 of the Appraisal Institute 

Significant Assignments:  
 Appraised the Trans-Alaska Pipeline System, an 800-mile common carrier crude oil pipeline from Prudhoe Bay 

to Valdez, operated by Alyeska Pipeline Service Company. 

 Appraised Calais Company, Inc., a real estate holding company consisting of 39 commercial parcels in 
Anchorage. 

 Principal real estate consultant and expert witness for all lands affected by the Exxon Valdez oil spill.  Project 
involved over 2,000,000 acres of remote land and nearly 2,000 private property owners. 

 Appointed as a representative of a three-member panel that analyzed and valued over 1,000,000 acres and 8,000 
parcels for the Mental Health Lands Settlement. 

 Contract assessor for the North Slope Borough, Kodiak Island Borough, City of Nome, and the City of Valdez. 

 Represented Seibu Alaska, Inc. (Alyeska Resort and Alyeska Prince Hotel) in preparing of their property tax 
appeal with the Municipality of Anchorage that resulted in a $65 million reduction in assessed value. 

 Appraised submerged tideland parcels and wetlands parcels located in Womens Bay on Kodiak Island for the 
purpose of an exchange between Koniag, Inc. and U.S. Fish and Wildlife Service 

 Appraised Common Carrier Pipeline right-of-ways leased and operated by BP Transportation Alaska and 
ConocoPhillips Alaska.   

 Appraised 3,600 acres consisting of the former Adak Naval Air Station and Submarine Base conveyed to the 
City of Adak and the State of Alaska. 

 Appraised and/or provided consulting services on properties throughout Alaska including numerous financial 
institutions, Native corporation lands, and real estate holding companies both public and private. 

Expert Witness Experience: Steve MacSwain is qualified as an expert witness in both the United States Federal 
Court and the State of Alaska Superior Court.  Steve has testified as an expert witness in State and Federal courts.  
In addition, Steve has testified as expert witness in numerous Alaskan municipal tax courts, public hearings, and 
depositions on matters related to real property. 

Arbitrator Experience: Appointed a Master by the Superior Court of Alaska and Municipality of Anchorage to 
serve as an arbitrator in determining just compensation. 

 



  

MacSwain Associates LLC 
4401 Business Park Boulevard, Suite 22, Anchorage, Alaska 99503 

Appraiser: Dan Shantz 

State of Alaska, Certified General Real Estate Appraiser - No. 47 

Professional Appraisal Experience: 1990 to Present - MacSwain Associates LLC 

1983 to 1990 - Appraisal Company of Alaska 

1981 to 1983 – Municipality of Anchorage 

Real estate appraiser and consultant analyzing all property types located throughout Alaska.  Intended use of 
appraisal includes financing, leasing, insurance, condemnation, taxation, property damages, investment analysis, 
litigation, and buy-sell decisions.  Professional experience analyzing and valuing real estate entitlements totals 36 
years.  Specialize in analyzing remote and rural properties, pipeline right-of-ways, corridor evaluations, 
conservation easements, partial interests, eminent domain, and litigation support. 

Education: Bachelor of Arts, Economics (1974), University of Washington, Seattle, Washington 

Appraisal Education: The following is a list of recently completed appraisal courses and seminars. 

2017 – Residential & Commercial Valuation of Solar by the Appraisal Institute 

2017 – Right of Way Acquisition for Pipeline Projects by International Right of Way Association 

2016 – Uniform Standards of Professional Appraisal Practice – Update by the Appraisal Institute 

2015 – Litigation Appraising: Specialized Topics and Applications by the Appraisal Institute 
2015 – Business Practices and Ethics by the Appraisal Institute 

2013 – Uniform Appraisal Standards for Federal Land Acquisitions by the Appraisal Institute 

2013 – Uniform Standards of Professional Appraisal Practice Update 2012-13 by the Appraisal Institute 

2013 – Real Estate Finance, Statistics, and Valuation Modeling by the Appraisal Institute 

2011 – The Lending World in Crisis by the Appraisal Institute 

2011 – National Uniform Standards for Professional Appraisal Practice by the Appraisal Institute 

2008 – Valuation of Conservation Easements by the Appraisal Institute 
2007 – Analyzing Operating Expenses by the Appraisal Institute 
2007 – Forecasting Revenue by the Appraisal Institute 
2007 – Case Studies in Highest and Best Use by the Appraisal Institute 
2005 – Business Practices and Ethics by the Appraisal Institute 
2002 – Uniform Standards for Federal Land Acquisitions: Practical Applications for Fee Appraisers by the AI 

2002 – Land Valuation Adjustment Procedures by the Appraisal Institute 
2001 – Partial Interest Valuation Undivided by the Appraisal Institute 
2001 – Partial Interest Valuation Divided by the Appraisal Institute 
1999 – Eminent Domain and Condemnation Appraising by the Appraisal Institute 
1999 - Valuation of Detrimental Conditions in Real Estate by the Appraisal Institute 
1999 - Special-Purpose Properties by the Appraisal Institute 
1996 – Dynamics of Office Building Valuation by the Appraisal Institute 
1996 – Appraisal of Retail Properties by the Appraisal Institute 
1981-1995 - Various appraisal classes pertaining to principles, income capitalization, cost analysis, sale 
comparison approach, and highest and best use analysis 
 



  

Professional Affiliation: Practicing Affiliate, Appraisal Institute 

Significant Assignments: Partial listing of representative assignments follows. 
 Principal real estate appraiser, consultant, and expert witness for all lands damaged by the Exxon Valdez oil 

spill.  Project involved over 2,000,000 acres of remote land and nearly 2,000 private property owners. 
 Represented Seibu Alaska, Inc. (Alyeska Resort and Alyeska Prince Hotel) in preparing their property tax 

appeal with the Municipality of Anchorage that resulted in a $65 million reduction in assessed value. 

 Appraised 35 properties acquired by the State of Alaska affected by the East 92nd Avenue Road Improvement 
Project pertaining to construction of New Seward Highway on and off-ramp to improve traffic circulation in the 
South Anchorage retail district.  The right-of-way project involved full and partial takings, including mitigating 
damages.   

 Appraised submerged tideland parcels and wetlands parcels located in Womens Bay on Kodiak Island for the 
purpose of an exchange between Koniag, Inc. and U.S. Fish and Wildlife Service 

 Appraised Common Carrier Pipeline right-of-ways leased and operated by BP Transportation Alaska and 
ConocoPhillips Alaska.  Appraised Nikiski Pipeline right-of-way operated by Tesoro that extends from the 
Tesoro Refinery in Nikiski to Anchorage International Airport.  Appraised KKPL natural gas pipeline right-of-
way operated by NORSTAR Pipeline Company right-of-way that extends from Soldotna to Ninilchik.   

 Appraised Kodiak Launch Complex located on Kodiak Island for Space and Missile Defense. 

 Appraised all lands, road right-of-ways, utility easements, watershed, airport, small boat harbor, conservation 
easement, and submerged tidelands that The Aleut Corporation conveyed to the State of Alaska and City of 
Adak.  Assignment totaled 3,600± acres encompassing the former Adak Naval Air Station and Submarine Base. 

 Appraised remote lands (65,000± acres) owned by three Native Corporations damaged by the Selendang Ayu 
grounding and subsequent oil spill. 

 Appraised fiber optic right-of-ways for various telecommunication companies crossing uplands and submerged 
lands located throughout the State of Alaska. 

 Review appraiser for proposed Doyon Land Exchange located within the Yukon Flats National Wildlife Refuge 
involving nearly 300,000± acres of fee simple entitlements and 95,000± acres of oil and gas rights. 

 Appraised 40,000± acres, including the contribution of merchantable timber, located on Afognak Island owned 
by four Native Corporations for potential acquisition by EVOSTC. 

 Appraised the Trans Alaska Pipeline System (TAPS), a FERC-regulated 800-mile pipeline that transports crude 
oil from Prudhoe Bay to Valdez, for TAPS ownership. 

 Appraised proposed LNG Pipeline, a FERC-regulated 860-mile pipeline that would transport liquefied natural 
gas from Point Thomson (North Slope) to Nikiski 

Expert Witness Experience: Dan Shantz has testified as an expert witness involving Federal, State, and 
Municipal jurisdictions.  Clients involved in the litigation include numerous law firms, oil companies, insurance 
companies, Native corporations, Alaska/Lower 48 corporations, as well as government agencies such as the 
Department of Justice and State Attorney General. 
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4401 Business Park Blvd., Suite 22 
Anchorage, Alaska 99503 
Telephone: 907-561-1965 
Facsimile: 907-561-1955 
E-mail: d.shantz@macswain.com 
 

October 5, 2017 
 
Michelle Brown 
Regulatory Compliance Specialist 
Harvest Alaska LLC 
3800 Centerpoint Drive, Suite 1400 
Anchorage, Alaska 99503 
 
Re: ADL 410562 and ADL 410221 
 Endicott and Milne Point Pipeline Right-of-Ways 

Prudhoe Bay, Alaska 
 
Dear Ms. Brown: 
 
We have prepared an Appraisal Report that analyzes the above-referenced pipeline right-of-
ways leased from the State of Alaska (State).  The intent of the appraisal is to estimate market 
value and annual market rent for the right-of-way as vacant land excluding all lessee 
improvements.  As instructed by the Department of Natural Resources (DNR), we appraise the 
fee simple estate less mineral rights reserved under AS 38.05.125(a).  In addition, DNR has 
Special Appraisal Instructions that states the appraisers are to disregard the market-effect of 
non-exclusive use and shared right-of-ways in the analysis.  Since this instruction may affect 
the conclusion of market value and annual rent, we invoke the Jurisdictional Exception Rule 
that allows departure from Standard Rule 1 of the Uniform Standards of Professional Appraisal 
Practice (USPAP).  Excluding this departure, the appraisal report complies with USPAP.   

DNR instructs the appraisers to base their valuation on the “across-the-fence” (ATF) methodology, 
which we consider the appropriate comparative technique.  Conjunctively with the ATF 
methodology, we employ the key-parcel approach as the foundation of our comparative 
analysis.  Based on the data, reasoning, and analysis contained in this report, we estimate the 
market value of the Endicott and Milne Point right-of-ways, as of September 22, 2017, are 
$29,302,464 and $6,513,788, respectively.   

Market Value Estimates 
Endicott ROW, ADL 410562     $29,302,464 
Milne Point ROW, ADL 410221     $6,513,788 
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Furthermore, our analysis concludes that annual market rent for the Endicott and Milne Point 
right-of-ways, as of September 22, 2017, are $2,344,197 and $521,103, respectively.   

Annual Market Rent Estimates 
Endicott ROW, ADL 410562     $2,344,197 
Milne Point ROW, ADL 410221     $521,103 

 
We direct your attention to the Scope of Work, Appraiser Certification, and Assumptions and 
Limiting Conditions for explanation of restrictions and limitations of this report.  We enclose in 
the addenda a copy of the Special Appraisal Instructions issued by DNR.  We understand you 
will submit this appraisal to DNR for review and approval of their appraisal requirements.  We 
will cooperate fully with the review process and respond to questions and recommendations.  If 
you have questions regarding our analyses or conclusions, please contact our office. 

Respectfully submitted, 
 
 

 
Dan Shantz 
Alaska State Certificate No. 47 

 Steve MacSwain, MAI 
Alaska State Certificate No. 42 
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Appraiser Certification 

We certify that to the best of our knowledge and belief: 

 The statements of fact contained in this report are true and correct. 
 

 The reported analyses, opinions, and conclusions are limited only by the reported 
assumptions and limiting conditions, and they are our personal, impartial, and unbiased 
professional analyses, opinions, and conclusions. 

 
 We have no present or prospective interest in the property that is the subject of this report, 

and no personal interest with respect to the parties involved. 
 

 We performed appraisal services pertaining to the properties that are the subject of this 
report in May 2012.  The intent of this prior appraisal service was to estimate market value 
and annual market rent of the State of Alaska’s interest in the property based on certain 
hypothetical conditions and special appraisal instructions.   

 
 We have no bias with respect to the property that is the subject of this report or to the 

parties involved with this assignment. 
 

 Our engagement in this assignment was not contingent upon developing or reporting 
predetermined results. 

 
 Our compensation for completing this assignment is not contingent upon the development 

or reporting of a predetermined value or direction in value that favors the cause of the 
client, the amount of the value opinion, the attainment of a stipulated result, or the 
occurrence of a subsequent event directly related to the intended use of this appraisal. 

 
 Our analyses, opinions, and conclusions were developed, and the report has been prepared, 

in conformity with the Uniform Standards of Professional Appraisal Practice. 
 

 Dan Shantz made a personal inspection of the property that is the subject of this report on 
September 22, 2017. 

 
 No one provided significant real property appraisal assistance to the persons signing this 

certification. 
 

 The reported analyses, opinions, and conclusions were developed, and this report has been 
prepared, inconformity with the Code of Professional Ethics and Standards of Professional 
Appraisal Practice of the Appraisal Institute. 

 
 The use of this report is subject to the requirements of the Appraisal Institute relating to 

review by its duly authorized representatives.   
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 As of the date of this report, Steve MacSwain, MAI has completed the continuing education 
program of the Appraisal Institute. 

 
 As of the date of this report, Dan Shantz has completed the Standards and Ethics Education 

Requirements for Practicing Affiliates of the Appraisal Institute.   
 

 As of the date of this report, Dan Shantz and Steve MacSwain, MAI are certified General 
Real Estate Appraisers in the State of Alaska and have completed the education 
requirements through June 2019. 

 

 
Dan Shantz                                     
Alaska State Certificate No. 47 

 Steve MacSwain, MAI                    
Alaska State Certificate No. 42 
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Assumptions and Limiting Conditions 
 
This appraisal is subject to the following Hypothetical Condition.  
 

 We assume the appraised right-of-way is vacant and absent of all lessee improvements.   
 
This appraisal is subject to the following general assumptions and limiting conditions.   

 We appraise the land free and clear of all liens or encumbrances unless otherwise stated. 

 We assume no responsibility for the legal descriptions provided or for other matters 
pertaining to legal or title considerations.  We assume title to the appraised land is 
marketable unless otherwise stated. 

 We believe the information furnished by others is reliable, but we do not guarantee its 
accuracy. 

 We assume all engineering studies are correct.  We believe all maps, plot plans, and other 
illustrative material are accurate.  We include these exhibits only to help the reader visualize 
the appraised land. 

 We assume there are no hidden or unapparent conditions of the land that render them more 
or less valuable.  We assume no responsibility for such conditions or for obtaining the 
engineering studies that may be required to discover them. 

 We assume the appraised land is in full compliance with all applicable federal, state, and 
local environmental regulations and laws unless the lack of compliance is stated, described, 
and considered in the appraisal report. 

 Possession of this report, or a copy thereof, does not carry with it the right of publication. 

 The appraisers are not required to give consultation, testimony, or attend court proceedings 
with reference to the subject land without prior arrangements. 

 Neither all nor any part of the contents of this report shall be disseminated to the public 
through advertising, public relations, news, sales, or other media without prior written 
consent and approval of the appraisers. 

 We assume the appraised land is free and clear of hazardous contaminants or other types of 
environmental conditions that may impair land value.  We did not observe hazardous 
contaminants, but their presence may impose a detrimental condition that affects value and 
land rent.  Moreover, Harvest business operations transfer, handle, and use materials that 
could cause an adverse condition.  Therefore, we urge you to obtain an environmental site 
assessment to evaluate risk. 



 

 
 
173070: Endicott and Milne Point Pipeline ROWs 

MacSwain Associates LLC 

Table of Contents 
 
Title Page 
Transmittal Letter 
Appraiser Certificate 
Assumptions and Limiting Conditions 
Table of Contents 
 
Summary of Important Facts and Conclusions      1 
 
Chapter 1: Premise of the Appraisal       3 

Overview          3 
Client           4 
Intended Users of the Appraisal Report      4 
Intended Use of the Appraisal Report       4 
Identification of Appraised Lands       4 
Type of Appraised Value        5 
Definition of Market Value, Market Rent, and Rental Rate    5 
Property Rights Appraised        6 
Land Lessor          6 
Land Lessee          6 
Date of Property Inspection        6 
Effective Date of Appraisal        6 
Date of Report          6 
Sale or Lease History         6 
Exposure Time         7 
Scope of Work         7 

 
Chapter 2: Deadhorse and North Slope Area Analysis     9 

Overview          9 
Summary Area Analysis        9 
Summary Analysis of BP CPA, and Hilcorp Oil Production Facilities  10 
Summary Analysis of Prudhoe Bay Oil Production Area    11 
Conclusion of Area Analysis        13 

 
Chapter 3: Land Description and Analysis      15 

Overview          15 
Description of Endicott Right-of-Way Land      15 
Photographs of Endicott Right-of-Way Land      17 
Description of Milne Point Right-of-Way Land     21 
Photographs of Milne Point Right-of-Way Land     22 
North Slope Borough Zoning Regulations      25 
Other Land Use Regulations        25 

 



 

 
 
173070: Endicott and Milne Point Pipeline ROWs 

MacSwain Associates LLC 

 
Chapter 4: Highest and Best Use Analysis       26 

Overview          26 
Highest and Best Use Analysis       26 

 
Chapter 5: Analysis of Prudhoe Bay Market      28 

Overview          28 
Deadhorse Industrial Market District       28 
Prudhoe Bay Oil Production Area Market District     32 
Conclusion of Market Analysis       33 

 
Chapter 6: Land Valuation by ATF Methodology     34 

Overview          34 
Explanation of ATF Methodology       34 
Key-Parcel Description and Analysis       34 
Sales Comparison Analysis        36 
Analysis of Elements of Comparison       37 
Comparative Analysis of Primary Land Sales     40 
Reconciliation of Estimate of Key-Parcel Value     45 
Estimate of Value by ATF Methodology      45 
Analysis of Corridor Factor        47 
Conclusion of Market Value for Appraised Right-of-Way Lands   48 

 
Chapter 6: Rental Rate Analysis and Conclusion of Market Rent   49 

Overview          49 
Land Rent Rate Analysis        49 
Reconciliation and Conclusion of Rent Rate Analysis    50 
Conclusion of Annual Market Rent for Appraised Right-of-Way Lands  51 

 
Addenda 

Comparable Land Data Sheets 
Copy of DNR Special Appraisal Instructions 
Appraiser Qualifications 

 

 



 

173070: Endicott and Milne Point Pipeline ROWs 

MacSwain Associates LLC

1 

Summary of Important Facts and Conclusions 

Property Type: Vacant right-of-way land consisting of upland and 
submerged tidelands 

Location/Neighborhood: Prudhoe Bay oil production area; Milne Point and Duck 
Island production units 

Type of Appraisal: Estimate market value and annual market rent of right-
of-way land 

Property Rights Appraised: Fee simple estate less mineral rights reserved by the 
State under AS 38.05.125(a) 

ADL Numbers: Endicott - 410562 
Milne Point - 410221 

Legal Description: See Table 1 on page 5 

Land Lessor: State of Alaska 

Land Lessee: Endicott Pipeline Co. – Endicott Pipeline 
Milne Point Pipeline LLC – Milne Point Pipeline 

Right-of-Way Land Area: Endicott – 1,069.121± acres 
Milne Point – 186.92± acres 

Submerged Land Area: Endicott – 285.32± acres 
Milne Point – none 

Right-of-Way Length: Endicott – 24.84± miles 
Milne Point – 10.15± miles 

Right-of-Way Width: Endicott – 10.26± miles @ 150± feet wide and 14.58± 
miles @ 500± feet wide 
Milne Point – 150± feet wide 

Road Access: Endicott –Spine Road and Endicott Road 
Milne Point – Milne Point Road 

Topography and Geology: Undulating terrain with tundra and poorly drained soils 

Utility Service: None 

Zoning: Resource Development (RD) District 

Endicott MPI 
Milne Point CFP 

Dan
Typewritten Text

Dan
Typewritten Text
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Highest and Best Use:  Special purpose industrial 

Effective Date of Appraisal:  September 22, 2017 (date of value) 

Date of Report:  October 5, 2017 

Land Rental Rate:  Eight (8) percent 

Opinions of Market Value 
and Annual Market Rent: 

  

Market Value Estimates   

   Endicott ROW, ADL 410562  $29,302,464 

   Milne Point ROW, ADL 410221  $6,513,788 

Market Rent Estimates   

   Endicott ROW, ADL 410562  $2,344,197 

   Milne Point ROW, ADL 410221  $521,103 
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Chapter 1: Premise of the Appraisal 

This appraisal report analyzes two common carrier pipeline right-of-
ways that are part of the Prudhoe Bay oil production area.  The 
analyses conclude with our opinions of market value and annual 
market rent for each right-of-way.  Inserted aerial images that follow 
show the beginning of each pipeline right-of-way from the production 
facility.   

 

 

 

Overview 

N 

AERIAL IMAGERY 

Endicott MPI 

Endicott Pipeline ROW 

N 
Milne Point Pipeline ROW 
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A majority of the right-of-way land is vacant tundra, although a 
portion of the Endicott right-of-way crosses submerged tidelands.  
While the entire Milne Point right-of-way parallels the Prudhoe Bay 
road system, road access to the Endicott right-of-way stops at the 
tideland boundary.  

As instructed by DNR, we employ the ATF methodology to value to 
the right-of-way lands.  ATF is a comparative-based analysis that 
presumes right-of-way land is as valuable as the land it crosses.  We 
consider this an appropriate methodology because the highest and best 
use of the appraised land is pipeline right-of-way, i.e., special purpose 
industrial.  Since the right-of-ways cross lands with similar physical 
and legal character, we use the key-parcel valuation technique in the 
comparative analysis.  After estimating value by the ATF method, we 
determine whether a corridor factor applies to reflect the value 
enhancement of assemblage.   

We prepare a self-contained appraisal report that complies with DNR 
and USPAP requirements.  DNR instructs the appraisers to disregard 
the market-effect of non-exclusive use and shared right-of-ways on the 
estimates of market value and annual rent.  Although this instruction 
departs from USPAP, it represents a permitted jurisdictional exception 
that facilitates compliance with AS 38.35.140.   

 

Harvest Alaska LLC (Harvest) 

 

Harvest intends to submit the appraisal report to DNR for review and 
approval.  After approval, DNR forwards the appraisal to the State 
Pipeline Coordinator’s Office at which time the appraisal becomes a 
public document.  However, we do not consider the public domain a 
user of this report and public use violates the intended use.  Thus, the 
intended users of the report are Harvest and DNR.   

 

Harvest will use the appraisal as the basis for determining rent 
adjustments as a condition of the lease agreements pertaining to ADL 
410562 and 410221.   

 

Client 

Intended Users of the 
Appraisal Report 

Intended Use of the 
Appraisal Report 
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The pipeline right-of-ways connect production facilities to other 
common carrier lines and Pump Station 1, which represents the 
beginning of the Trans Alaska Pipeline System (TAPS).  The table that 
follows identifies each pipeline right-of-way by ADL number, legal 
description, and lessee.   

Table 1: Identification of Appraised Lands 

Pipeline ROW ADL No. Legal Description Lessee 

Endicott 410562 Tracts A-M, ASLS 84-96, Plat 86-
4 and EPF 2008-40, Plat 2009-2 

Endicott Pipeline Co. - 
Endicott Pipeline 

Milne Point 410221 ASLS 84-114, Plat 86-2 Milne Point Pipeline LLC - 
Milne Point Pipeline 

 
Notably, the Milne Point Pipeline occupies the same right-of-way as 
the Milne Point Products Pipeline.  Furthermore, a portion the Badami 
Utility right-of-way located northeast of the Endicott Pipeline tie-in 
sets within the Endicott right-of-way.   

 

The purpose of the appraisal is to estimate market value and annual 
market rent for the Endicott and Milne Point right-of-way land.   

 

Market Value 
The most probable price, as of a specified date, in cash, or in terms 
equivalent to cash, or in other precisely revealed terms for which the 
specified property rights should sell after reasonable exposure in a 
competitive market under all conditions requisite to a fair sale, with 
the buyer and seller each acting prudently and knowledgeably, and for 
self-interest, and assuming that neither is under undue duress. 0F

2 

Market Rent 
The most probable rent that a property should bring in a competitive 
and open market. 1F

3
 

 

Rental Rate 

                                                 
2 General Appraisal Instructions, State of Alaska Department of Natural Resources, 
2014, p. 2. 

3 Ibid. 
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The percentage of market value that a comparable class of private 
property would bring in the open market with the same conditions of 
lease offered by the state. 2F

4 

We appraise the fee simple estate less mineral rights reserved by the 
State under AS 38.05.125(a) with no allocation made for rights 
granted or retained.5  As stated, the property rights appraised are the 
State’s entitlements rather than the rights granted in the lease 
agreement.   

 

State of Alaska 

 

ADL 410562 Endicott Pipeline Company – Endicott Pipeline 

ADL 410221 Milne Point Pipeline LLC – Milne Point Pipeline 

 

Dan Shantz inspected the appraised right-of-way land on September 
22, 2017, accompanied by Harvest representative Danny Spicer.   

 

September 22, 2017 

 

October 5, 2017 

 

Harvest Alaska, LLC acquired interest in Endicott and Milne Point 
Pipelines from BP Transportation (Alaska) Inc. (BP) as part of 
business acquisition that involved several common carrier pipelines, 
operation facilities, production pads, drill sites, etc.  This conveyance 
transpired December 30, 2014, with DNR approval of the transfer of 
interest dated November 17, 2014.  Recording of the conveyance 
document Acknowledgement of Transfer of Interest of Right-of-Way 
Lease was October 5, 2015.  Terms and conditions of the transfer of 
lease interest have no bearing on the scope of work.   

                                                 
4 Ibid. 

5 Ibid. 
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A reasonable exposure time is a function of price, time, and 
anticipated use.  We estimate that a reasonable exposure time to 
consummate a sale of the appraised land, as of the effective valuation 
date, is six to 18 months.  

 

We rely upon the ATF methodology to estimate the market value of 
the appraised lands.  The premise of this methodology is the right-of-
way land is as valuable as the land through which it passes.  Because 
this methodology is a variation of the sales comparison approach, we 
made a comprehensive search of land transactions within the subject 
market area.  We found a scarcity of sale data, but adequate land lease 
data with similar highest and best use to prepare a reliable comparative 
analysis.  We convert land lease data into a price indicator by direct 
capitalization.  Establishing a key-parcel value by comparative 
analysis provides the framework for our conclusions.  The final step of 
the analysis is the corridor factor, which determines whether 
assemblage of land segments enhances value. 

Analysis indicates the market-accepted method of estimating land rent 
is to apply a rent rate to the land’s market value.  Therefore, we 
perform a rent rate analysis to develop our conclusion of market rent 
for each pipeline right-of-way.  Research indicates the public sector is 
the dominate land lessor and that most agencies base their rent rate on 
market behavior.  Thus, we rely upon public sector data in reconciling 
an estimate of annual market rent.   

Regarding comparable land transactions, we analyze leases of State-
owned land managed by DNR and State Department of Transportation 
and Public Facilities (DOT&PF) as well as land owned by the North 
Slope Borough (NSB) and Federal government.  Dan Shantz 
performed the verification process with the parties involved in the 
transaction or a knowledgeable third party.  The scope of work that 
facilitated the appraisal process follows. 

 Contacted Kevin Hindmarch, DNR review appraiser to discuss 
appraisal problem and verify date of value; 

 Inspected the appraised right-of-way land September 22, 2017; 

 Reviewed DNR General Appraisal Instructions dated 2014; 

 Reviewed DNR Special Appraisal Instructions dated September 
2017; 

 Reviewed right-of-way lease agreements and amendments; 

Exposure Time 

Scope of Work 
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 Reviewed Case File Abstract pertaining to ADL 410562 and ADL 
410221; 

 Reviewed recorded surveys and plats approved by the North Slope 
Borough (NSB) pertaining to right-of-way lands; 

 Reviewed Alaska Statutes; 

 Reviewed data pertaining to the pipeline right-of-way from the 
State Pipeline Coordinator’s Office; 

 Reviewed NSB comprehensive plan and land use ordinance;  

 Reviewed land use requirements (permit process) of DNR; 

 Collected and analyzed NSB economic data; 

 Performed a land use analysis; 

 Reviewed changes to the Alaska Administrative Code (AAC), 
Title 17 pertaining to the Deadhorse Airport land rent rates; 

 Contacted Margaret Moody, and Penny Adler with the Northern 
Region Department of Aviation pertaining to changes in 
Deadhorse Airport and land lease rates; 

 Collected and analyzed sales and leases of land located in the 
Deadhorse industrial district, Prudhoe Bay oil production area, 
National Petroleum Reserve Alaska (NPR-A), and communities of 
the Arctic Coastal Plain; 

 Contacted DNR Northern Region office regarding land lease 
auctions, subleases in NSLT, approved development plans, 
proposed development plans, and long-term management plans; 

 Discussed recent land lease auctions with Margie Smith, NSB 
Land Service Specialist; 

 Collected and analyzed land lease data pertaining to other types of 
right-of-ways located in various Alaska markets; 

 Collected and analyzed land rent data of industrial-type properties 
located in various Alaska markets; 

 Inspected the comparable transactions employed in the analysis of 
the subject right-of-way;  

 Relied upon the ATF methodology (sales comparison approach) 
and the key-parcel technique to estimate the value of the appraised 
right-of-way land; 

 Determined whether a corridor factor applies to reflect the value 
enhancement of assemblage; and 

 Performed a rent rate analysis to develop an estimate of annual 
market rent. 
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Chapter 2: Deadhorse and North Slope Area Analysis 

We develop a concise area analysis, often referred to as the oil 
production area, because of a one-dimensional economy as well as 
client familiarity with the neighborhood.  Because the price of crude 
oil had a sharp decline three years ago, economic change has 
transpired throughout the oil production area.  While the economic 
change has not caused any measurable decline in the price of real 
property, market factors are in place to produce such a transformation.  
We discuss these market dynamics in Chapter 5, which provides an 
overview of the various districts and participants that comprise the 
Prudhoe Bay real estate market.   

 

Deadhorse is the hub for employee transport, air cargo, and the flow of 
goods and services from the Dalton Highway that serve Prudhoe Bay.  
Moreover, most companies providing oil industry support are located 
in the Deadhorse industrial district.  Spine Road links Deadhorse to a 
majority of oil production facilities extending from Kuparuk on the 
west to Endicott on the east.  Alpine and Point Thomson facilities, 
which represent the west and east perimeters of the oil production 
area, are not road-accessible.  Further, Northstar is an offshore 
production facility that requires boat, ice road, or helicopter access. 

 

The Prudhoe Bay discovery in 1968 led to construction of the Trans-
Alaska Pipeline and development of several major fields that comprise 
the network of oil production infrastructure.  BP, ConocoPhillips 
Alaska (CPA), Hilcorp, and ExxonMobil operate the oil production 
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facilities, pipelines, transit lines, and common carrier lines that 
transport oil and gas from processing facilities to PS 1.   

 

Hilcorp acquired interest in four BP-operated oil fields in December 
2014, assuming control of Northstar, Endicott, Milne Point, and 
Liberty (proposed development) fields.  Northstar started operations in 
2001, ranking it as one of newest oil fields on the North Slope.  The 
Alpine field, which is located west of the Colville River and operated 
by CPA, is near National Petroleum Reserve (NPR) boundaries owned 
by the Federal government.  CPA has prospected in NPR boundaries 
and is developing several satellites facilities that has and will continue 
to increase production and oil flow through TAPS.  CPA capital 
investment in these projects is several billion dollars 

 

The BP-developed Badami field started production in 1998, 
temporarily ceased operations because of disappointing oil flow before 
resuming in 2005, and then postponing production again in 2007.  
Subsequently, BP sold the interest in the Badami field to Savant in 
2011.  In 2014, Miller Energy Resources purchased Savant Alaska, 
taking over Badami operations.  Importantly, Badami is the carrier link 
for transporting production from Point Thomson to TAPS 

After 12 years of work and several delays of BP’s proposed Liberty 
Project, which is a 100-million-barrel reservoir, Hilcorp will take over 
operational control and file a new development plan.  However, the 
development timeline is unknown at this time.   

Summary Analysis of 
BP, CPA, and 
Hilcorp Oil 
Production Facilities 
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While the legacy Prudhoe Bay oil fields continue to produce, their 
total annual volume is declining.  Moreover, proven and potential 
reserves are declining and cost of exploration is increasing.  Yet, 
technological innovation and improved efficiency have increased oil 
flow in several BP, CPA, and Hilcorp-operated fields.  Further, 
planned production of new oil fields will help offset the current 
decline of oil flow through TAPS.  The inserted graph prepared by the 
Energy Information Administration illustrates projected Alaska North 
Slope (ANS) oil production. 

 

 

U.S. dependency on foreign oil and the political uncertainty of many 
oil-rich countries prompted oil companies to re-analyze their 
exploration and production opportunities in the Prudhoe Bay oil 
production area.  As crude oil prices began their upward trend, the 
economic viability of Prudhoe Bay exploration improved.  
Importantly, the rising price of crude oil in late 2008 helped stimulate 
investment in exploration and renewed plans to construct a natural gas 
pipeline.   

Planned exploration in 2015 and 2016 in the Prudhoe Bay oil 
production area was on the rise.  However, the drastic decline of the 
price of crude oil in the second half of 2014 caused cancellation of 
several projects.  For example, Repsol intended to develop a 
production facility between Alpine and Kuparuk near the Colville 
River, but cancelled their plans.  In addition, Eni has delayed plans to 
expand their offshore operations near Oliktok Point.  Moreover, Royal 
Dutch Shell has abandoned offshore Arctic drilling and relinquished 
their leases after spending $7.6 billion on planning, permitting, and 
exploration.  Further, Statoil and CPA announced relinquishment of 

Summary Analysis of 
Prudhoe Bay Oil 
Production Area 
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their offshore leases in the Chukchi Sea.  Despite increased spending 
on exploration and production in 2015, the 2016 and 2017 budgets 
declined significantly and the outlook is far from promising through 
2022.   

Although exploration and production are suffering from low crude oil 
prices, recent announcements of potential discoveries of large pools of 
reserves are positive signs for increases in future production.  Yet, the 
uncertainty of State taxes and royalties in conjunction will low oil 
prices represent a black cloud that will affect the financial feasibility 
of bringing these potential reserves to market.   

As the tables on page 13 and 14 illustrate, crude oil prices rose sharply 
in 2007 before peaking at $145± per barrel in July 2008, then 
declining to $45± per barrel before rebounding to the $110± barrel 
range through mid-2014.  Thereafter, the price plummeted to nearly 
$30 per barrel before recovering to its current level of $56± per barrel.   

 

Despite dominance by BP, CPA, and now Hilcorp, several 
independent operators or newcomers have drilled exploratory wells in 
the Prudhoe Bay oil production area in the past few years.  
ExxonMobil completed drilling near Point Thomson in October 2010 
as a feasibility test for natural gas production.  This exploration 
resulted in development of production facility and pipeline to bring the 
product to market.  In addition, Pioneer Natural Resources, Inc.’s 
offshore project known as Oooguruk started production in 2009 with 
the recovery of oil exceeding initial expectations.  Moreover, Eni 
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began production in their Nikaichug facility (near Oliktok Point) in 
early 2011.   

 

Summarily, we expect continued exploration and production by 
independent operators when the price of crude oil rebounds and if the 
current State tax incentive remains intact.  Although we do not foresee 
the independent operators causing a major increase in the future flow 
of North Slope crude, they present an economic opportunity to oil 
industry companies once exploration and production ensue.   

 

Oil industry support, which is located primarily in Deadhorse, is 
reeling from the drastic decline of crude oil prices.  Several companies 
have consolidated and evaluating what to do with excess facilities.  
Sale of assets, shutdown of facilities, and relinquishment of lease 
entitlements are realistic financial options under evaluation.  We 
expect industry fallout from the economic impacts of low crude oil 
prices, which may cause a change of market conditions in Deadhorse.   

Summarily, Prudhoe Bay oil production will continue to play a vital 
role in the Alaska economy.  Although oil company belt-tightening 
consumed the preceding decade, renewed exploration by BP, CPA, 
and a contingent of newcomers characterize the four years through 
2014.  However, the rapid rise of crude oil prices that helped fuel 
capital investment reversed itself in late 2014 and caused cancellation 
or postponement of many projects.   

Conclusion of Area 
Analysis 
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While the State tax structure (royalty rates) for crude oil production 
has stimulated exploration and production, the price decline of crude 
oil is likely to reduce the effect of this incentive.  Although the long-
term outlook has both pessimistic and optimistic viewpoints, oil 
production will remain economically feasible as long as the price of 
North Slope crude oil exceeds the cost of exploration, production, and 
transport.  The question is whether $50 per barrel provides sufficient 
financial reward relative to the risk and uncertainty of the Alaska 
market compared to alternative oil producing basins.   
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Chapter 3: Land Description and Analysis 

We prepare separate land descriptions for each appraised right-of-way.  
The 25-mile Endicott right-of-way, which connects the Main 
Production Island (MPI) to Pump Station 1 (PS 1), varies from 150± to 
500± feet in width.  Moreover, approximately 27-percent of this right-
of-way is submerged tidelands that extend offshore 4.7± miles.  
Extending 10.15± miles from the Central Facilities Pad (CFP) to the 
Kuparuk Pipeline tie-in, the Milne Point right-of-way has a width of 
150± feet.   

 

We discuss zoning and other land use regulations after our descriptive 
analysis.  Although located in the NSB, the appraised lands are not 
subject to real property assessment and taxation.  Inserted exhibits as 
well as photographs that follow help illustrate the descriptive analysis.   

 

Physical, legal, and environmental factors affecting the Endicott right-
of-way land follow.  The right-of-way segments consist of uplands 
paralleling Spine Road and Endicott Road as well as submerged 
tidelands that protrude into the west end of Foggy Island Bay.  Their 
path extends westward from the MPI to PS 1.   

Endicott Right-of-Way ADL 410562 

Total Land Area: 1,069.121± acres 

Overview 
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Upland Area: 783.80± acres 

Tideland Area: 285.32± acres 

 

Right-of-Way Length: Approximately 24.84± miles 

Right-of-Way Width: 10.26± miles @ 150± feet wide; 14.58± miles 
@ 500± feet wide 

Topography: Level to undulating dotted with shallow lakes; elevation 
30± to 40± feet above sea level 

Soil Geology: Tundra underlain with thick permafrost; poorly drained 
soils 

Road Access: Spine Road and Endicott Road lie within or parallel to 
20± miles of the right-of-way land (stops at tidelands); two-lane gravel 
roadbed; access requires security clearance 

Utility Service: No public utilities 

Easements: Several easements noted on Plat 86-4 

Restrictions: None known affecting State’s entitlements 

Zoning: Resource Development (RD) District 

N 

TAPS 

Endicott Pipeline ROW 

ENDICOTT ROW 

Main Production Island 
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Date: September 22, 2017   Taken By: Dan Shantz 

 
Northerly view of right-of-way taken from MPI 

 
Southerly view of right-of-way taken from MPI 

 
Southeasterly view of right-of-way taken from MPI 

Photographs of 
Endicott Right-of-
Way Land 
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Date: September 22, 2017   Taken By: Dan Shantz 

 
Northwest view of right-of-way taken near Big Skookum Bridge 

 
Southeast view of right-of-way taken near Big Skookum Bridge 

 
Northeasterly view of right-of-way taken near upland and tideland 

boundary 

Photographs of 
Endicott Right-of-
Way Land 



 

 
 
173070: Endicott and Milne Point Pipeline ROWs 

MacSwain Associates LLC 

19

 

Date: September 22, 2017   Taken By: Dan Shantz 

 
Northeasterly view of right-of-way 

 
Easterly view of right-of-way taken from Badami tie-in 

 
Westerly view of right-of-way taken from Badami tie-in 

Photographs of 
Endicott Right-of-
Way Land 



 

 
 
173070: Endicott and Milne Point Pipeline ROWs 

MacSwain Associates LLC 

20

Date: September 22, 2017   Taken By: Dan Shantz 

 
Northwest view of right-of-way taken from Sag River 

 
Southeast view of right-of-way taken near Sag River 

 
Northwesterly view of right-of-way toward FS 2 

 

Photographs of 
Endicott Right-of-
Way Land 
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Physical, legal, and environmental factors affecting the Milne Point 
right-of-way land follow.  The right-of-way segments parallel Milne 
Point Road extending southward from the Main Processing Unit to 
Spine Road and the Kuparuk Pipeline tie-in.   

 

Milne Point Right-of-Way ADL 410221 

Land Area: 186.92± acres 

Right-of-Way Length: Approximately 10.15± miles 

Right-of-Way Width: 150± feet 

Topography: Level to undulating dotted with shallow lakes; elevation 
40± to 50± feet above sea level 

Soil Geology: Tundra underlain with permafrost; poorly drained soils 

Road Access: Milne Point Road lies within or parallel to the right-of-
way land; two-lane gravel roadbed; access requires security clearance 

Utility Service: No public utilities 

Easements: Several easements noted on Plat 86-2 

Restrictions: None known affecting State’s entitlements 

Zoning: Resource Development (RD) District 
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Date: September 22, 2017   Taken By: Dan Shantz 

 
Northerly view of right-of-way taken from Milne CFP 

 
Northeasterly view of right-of-way toward Milne CFP 

 
Southerly view of right-of-way 

 

Photographs of Milne 
Point Right-of-Way 
Land 
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Date: September 22, 2017  Taken By: Dan Shantz 

 
Northeasterly view of right-of-way toward Milne CFP 

 
Southerly view of right-of-way taken near Mile 5 

 
Northerly view of right-of-way taken near Mile 5 

Photographs of Milne 
Point Right-of-Way 
Land 
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Date: September 22, 2017  Taken By: Dan Shantz 

 
Southerly view of right-of-way taken near Mile 9 

 
Northerly view of right-of-way taken near Mile 9 

 
Southerly view of right-of-way at Kuparuk tie-in 

 

Photographs of Milne 
Point Right-of-Way 
Land 
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The appraised parcel is in the Resource Development (RD) District, 
which the NSB Title 19: Zoning ordinance defines as follows.  

The Resource Development District is designed and intended to 
address the cumulative impacts of large scale development, and to 
offer developers quick, inexpensive, predictable permit approvals.  
The purpose of the Resource Development District is to accommodate 
large scale resource extraction and related activities which: 

(1) Do not permanently and seriously impair the capacity of the 
surrounding ecosystem to support the plants and animals upon 
which Borough residents depend for subsistence; 

(2) Are planned, phased and developed as a unit, or series of 
interrelated units under an approved Master Plan, with provisions 
made for all necessary public and private facilities; and  

(3) Meet the policies of the Comprehensive Plan and Coastal 
Management Program as well as the conditions of approval and 
special policies imposed on each individual Resource 
Development District at the time of designation.6 

The adopted Master Plan approved by the Division of Oil and Gas that 
applies to appraised right-of-way lands pertains to the Prudhoe Bay, 
Milne Point, and Duck Island Units.  While the Master Plan preceded 
the zoning ordinance, approved development is consistent with NSB 
land use regulations.  Specifically, the RD-zoning district allows most 
types of oil production and support facilities, including development 
of docks, cargo facilities, utility infrastructure, gravel pads, gravel 
roads, and ice roads.  

 

Development requires review and recommendations by the North 
Slope Borough, although the Master Plan incorporates their goals and 
objectives for acceptable land use.  DNR must also grant a permit for 
development that requires multi-agency review.  Essentially, Federal 
and State agencies have oversight of development and the right to 
reject permits if proposals conflict with environment, habitat, and 
subsistence goals. 

 

                                                 
6 Title 19: Zoning, North Slope Borough Comprehensive Plan, Department of 
Planning and Community Service, October 1991, p. 30. 

North Slope Borough 
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Chapter 4: Highest and Best Use Analysis 

The highest and best use analysis of the appraised lands hinges on the 
test of legal permissibility because of zoning regulations and the 
Master Plan approved by DNR.  Our analysis determined legal use of 
the lands is physically possible as well as financially feasible.  The 
following highest and best use analysis pertains to the right-of-way 
lands, but the conclusion also applies to the key-parcel analysis 
contained in Chapter 6.  After analysis, we conclude the highest and 
best use is special purpose industrial.   

 

Legally Permissible: The principal legal constraint is zoning 
regulations.  Specifically, the RD-zoning district restricts potential use 
to natural resource exploration, extraction, production, and related 
activities.  Yet, development must receive approval from DNR.  Thus, 
production facilities, drill pads, pipelines, gravel roads, ice roads, 
employee housing, and logistical support are legal uses of the land.  
Moreover, they represent industrial-type uses considered special 
purpose properties.   

Physically Possible: Despite poor soil geology and no road access, the 
appraised right-of-way land is physically suitable for natural resource 
exploration, extraction, production, and support infrastructure.  
However, development requires a wetland permit from the U.S. Army 
Corps of Engineers.  Moreover, development of wetlands entails a 
mitigation process that tends to increase cost.  Furthermore, the right-
of way land’s narrow width (150± feet to 500± feet) compliments 
pipeline or other corridor-type use development, which we consider a 
special purpose industrial use.  

Financially Feasible: While the price of North Slope crude oil 
declined significantly from the 2014 peak, profit incentive continues to 
override the cost of exploration, production, and transport.  Industry 
rationale is the price of crude fluctuates, including dramatic swings, 
over the term of planned development that often extends 10 years.  In 
addition, technological innovation and improved efficiency have 
increased oil flow in several fields.  Even though the oil industry has 
canceled several exploration and drilling projects, or in the case of 
offshore exploration withdrawn from the market altogether, the long-
term prognosis is cautiously optimistic.   

These market influences create demand for oil production and support 
facilities, but the number of participants and the labor needed is 
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declining.  Although the oil industry has tremendous concern about 
future market conditions, production and exploration continue to 
expand outward from TAPS.  Although depletion of oil and gas 
reserves or significant decline in their market price may diminish 
feasibility, we do not foresee this market scenario in the near future.  
Therefore, we consider pipeline development a financially feasible 
land use because of the need to transport and refine oil and natural gas 
products.   

Maximally Productive: Use of appraised land for oil production, 
transport, and support infrastructure maximizes its productivity.  
Because the appraised land is a right-of-way, pipeline, communication 
infrastructure, and/or service road are the most probable industrial use.  
As stated, either represents an industrial-type use that qualifies as a 
special purpose property. 

Highest and Best Use:   Special Purpose Industrial 
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Chapter 5: Analysis of Prudhoe Bay Market 

Before performing the land valuation and rent analysis, we provide an 
overview of the Prudhoe Bay market comprised of the Deadhorse 
industrial district and oil production area.  Since a majority of market 
activity transpires in Deadhorse, the analysis that follows concentrates 
on this relatively small industrial district contiguous to the State-
operated airport.  Importantly, this market district serves as the 
transport hub and primary location of companies providing oil and gas 
industry support.   

Excluding a few Native allotments in the oil production area, the State 
and NSB are the principal landowners.  Moreover, the State and NSB 
lease rather than sell land to those involved in the oil and gas industry.  
Thus, the greater Prudhoe Bay market interacts on a land rent basis.   

Oil industry and support companies are the primary source of market 
demand.  A major decline in the price of crude oil has triggered 
cancellation of many exploration and production projects.  While the 
market-effect on the Deadhorse industrial district and the oil 
production area is inconclusive as of the effective appraisal date, there 
certainly is financial concern.  The question is whether oil industry 
economics will cause a change in market demand that effects price 
behavior.  Since the answer is time will tell, we do not adjust for 
change in market conditions.  However, we acknowledge the 
Deadhorse industrial district is experiencing consolidation with several 
companies considering selling their properties, closing operations, or 
relinquishing their lease entitlements.  Importantly, there are economic 
factors in place that may change the market environment in Deadhorse 
and oil production area.  

 

This district consists of land within Deadhorse Airport boundaries and 
the NSLT subdivision that contains 2,000± acres served by road and 
utility infrastructure.  Essentially, the companies that provide oil and 
gas industry support are located in this market district.  A summary 
analysis of each submarket follows. 

Deadhorse Airport: DOT&PF manages the airport and delineates their 
land for aeronautical and non- aeronautical use as well as undeveloped 
(tundra) versus developed (gravel pad).  A comprehensive review of 
airport land occupancy determined private party leases encumber 94± 
lots that total 220± acres.  However, there is ample vacant land within 
airport boundaries to facilitate additional development.   

Overview 

Deadhorse Industrial 
Market District 
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A review of airport leasing activity for the past three years indicates 
seven new leases totaling 41± acres transpired.  Table 1 lists 
Deadhorse Airport land rent effective July 1, 2017 through 2022 for 
aeronautical and non-aeronautical use.  The purpose of the stepped-up 
annual increase is to gradually-raise land rent to market.  Presuming an 
eight-percent capitalization rate, the indicated price range for tundra-
laden land in 2017 is $1.85 to $2.68 per square foot, while gravel filled 
land ranges from $4.03 to $5.28 per square foot.   

Table 1: Land Rent Rates Deadhorse Airport Boundaries 2009-2015 

Date Aviation Use - U Aviation Use - D Non-Aviation -U Non-Aviation - D 

7/1/17-12/31/18 $0.148/SF/Yr. $0.322/SF/Yr. $0.214/SF/Yr. $0.422/SF/Yr. 

1/01/19-12/31/19 $0.163/SF/Yr. $0.354/SF/Yr. $0.235/SF/Yr. $0.464/SF/Yr. 

1/01/20-12/31/20 $0.179/SF/Yr. $0.389/SF/Yr. $0.259/SF/Yr. $0.510/SF/Yr. 

1/01/21-12/31/21 $0.197/SF/Yr. $0.428/SF/Yr. $0.285/SF/Yr. $0.561/SF/Yr. 

1/01/22 $0.217/SF/Yr. $0.471/SF/Yr. $0.314/SF/Yr. $0.617/SF/Yr. 

 

North Slope Lease Tracts: This 1977 survey is located 1.5± miles 
northwest of the Deadhorse Airport terminal and consists of 95± 
industrial lots subdivided for oil industry support.  Initially, DNR 
owned and managed the land, but in 2006 conveyed about half of the 
tracts to the NSB as part of their Municipal entitlements.  The NSB 
offered 13 parcels for lease (includes Crazy Horse pad divided into 
five tracts) in August 2007, but they received no bids.  Thereafter, the 
NSB received inquiries from potential users that resulted in auctions 
for all but two parcels that facilitated lease agreements.  The two 
remaining NSB parcels, which are tundra-laden, are available for 
lease.   

Prior to the NSB lease auctions, market activity was scarce from 1980 
through late 2005 for NSLT land.  In 2006, DNR processed three 
competitive lease applications for sealed bid auctions (see Table 2).  
As required by Alaska Statutes, market-based appraisals set the 
minimum bid price.  The first involved a 30.95-acre vacant parcel 
absent of road access that generated one bid at the minimum price.  
Next, an 8.88-acre gravel-filled parcel enticed two bids, one near the 
minimum and the other 74-percent higher.  Lastly, DNR received two 
competing bids for a 13.70-acre tundra-laden parcel, one being 32-
percent greater than the minimum and the successful bid at 57-percent 
higher.   

The following aerial map shows NSLT ownership with NSB parcels 
highlighted in green and DNR-managed parcels in brown. 
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While the 2006-transactions represented the first evidence of demand 
after nearly two decades of stagnation, several extraneous market 
forces elevated the level of demand for Deadhorse land.  Specifically, 
increasing crude oil prices coincided with an oil spill from a common 
carrier pipeline that required major corrective action as well as revised 
labor-intensive maintenance programs.  Further, CPA, BP, and 
independent producers were implementing exploration activity after 
nearly five years of planning.  Thus, demand for oil industry services, 
particularly housing, was at an all-time high.  These market forces 
created an environment of pent-up demand that caused bid prices to 
increase substantially from 2006 to 2009.  In fact, the increase of crude 
oil prices from $55± per barrel in early 2007 to $145± per barrel by 
June 2008 caused a major price surge in the second half of 2008.   

In January 2010, DNR offered two parcels for lease at sealed bid 
auction.  One was vacant tundra land that generated three bids, 
although one was withdrawn, with the successful bid being 20-percent 
higher than the minimum set by a market value appraisal.  The other 
offered parcel had a permit holder, which was the successful bidder 
(two bids total) at double the minimum price.  The last DNR auction 
occurred in December 2010 involving three contiguous tracts occupied 
by Nabors Alaska Drilling, Inc. on a permit basis.  Nabors, the only 

N 

NORTH SLOPE LEASE TRACTS 



 

 
 
173070: Endicott and Milne Point Pipeline ROWs 

MacSwain Associates LLC 

31

bidder at the public outcry auction, offered the minimum bid price set 
by an appraisal for all three parcels.  The most recent lease activity 
occurred in 2014 with the NSB offering a 55-acre parcel at a public 
auction.  While the successful bidder initiated the public offering, they 
were the only participant.  The bid price was the minimum rent set by 
a market value appraisal.   

Table 2 provides an overview of rent rates for parcels leased by DNR 
or the NSB through their respective auctions or regulations regarding a 
change in land use.   

Table 2: Summary of North Slope Lease Tracts Land Rent Rates 

Lessor &Lessee Tract Land Area Gravel Date Annual Rent Rent/SF 

DNR & CH2MHill 
Alaska Inc. 

Tract 46B 8.88 Ac. 
386,813 SF 

7.54 Ac. 
328,442 SF 

6/06 $101,000 $0.26 

DNR & Schlumberger 
Technology Corp. 

Tracts 43A, 43B, 
44A, & 44B 

30.95 Ac. 
1,348,182 SF 

None 8/06 $24,000 $0.02 

DNR & Alaska Frontier 
Constructors 

Tract 26 11.77 Ac 
512,622 SF 

None 12/06 $50,501 $0.10 

DNR & Peak Oilfield 
Services 

Tract 9 8.29 Ac 
361,112 SF 

None 10/07 $36,100 $0.10 

NSB & Ice Services Inc. Tracts 67A-1, 
67A-2 & 67A-3 

13.62 Ac 
593,287 SF 

5.57 Ac. 
242,629 SF 

3/08 $121,000 $0.20 

NSB & Delta Real Estate 
Holdings 

Tract 69 7.60 Ac. 
331,056 SF 

4.86 Ac. 
211,876 SF 

7/08 $215,000 $0.65 

NSB & Alyeska 
Development LLC 

Tract 75 5.93 Ac. 
258,311 SF 

5.93 Ac. 
258,311 SF 

8/08 $230,000 $0.89 

NSB & CH2MHill 
Alaska Inc. 

Crazy Horse Pad 45 Ac. 
1,960,000 SF 

20 Ac. 
871,200 SF 

7/08 $386,000 $0.20 

DNR & Crowley Marine 
Services Inc. 

Tracts 59 & 60 11.74 Ac. 
511,394 SF 

None 12/08 $102,000 $0.20 

NSB & Airport 
Equipment Rentals 

Tracts 45A-1 & 
45A-2 

7.00 Ac. 
304,920 SF 

None 1/09 $14,560 $0.05 

DNR & Stallion Rockies 
Ltd. 

Tract 52 3.88 Ac. 
169,013 SF 

None 2/09 $40,600 $0.24 

DNR & NC Machinery 
Co. 

Tract 46A 7.00 Ac. 
304,920 SF 

None 1/10 $79,311 $0.26 

DNR & DigitalGlobe, 
Inc. 

Tract 53 6.10 Ac. 
265,716 SF 

0.61 Ac. 
26,572 SF 

1/10 $145,000 $0.55 

DNR & Nabors Alaska 
Drilling, Inc. 

Tract 14 10.96 Ac. 
477,418 SF 

5.12 Ac. 
223,027 SF 

1/11 $142,400 $0.30 

DNR & Nabors Alaska 
Drilling, Inc. 

Tract 15 9.75 Ac. 
424,710 SF 

4.22 Ac. 
183,823 SF 

1/11 $123,700 $0.29 

DNR & Nabors Alaska 
Drilling, Inc. 

Tract 16 8.24 Ac. 
358,934 SF 

2.23 Ac. 
97,139 SF 

1/11 $98,100 $0.27 

DNR & Northern 
Construction 

Tract 26 & 
portion of Sec 18 

15.08 Ac. 
656,885 SF 

None 10/11 $106,000 $0.16 

NSB & ASRC Energy 
Services, Inc. 

Portion Section 
19, T10N, R15E 

55.00 Ac. 
2,395,800 SF 

None 4/14 $209,120 $.09 
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As a whole, demand for industrial land in the NSLT has increased but 
the supply has declined.  Higher crude oil prices, increased 
exploration, greater drilling activity, pipeline replacement, revised 
maintenance plans, and speculation of a natural gas pipeline stimulated 
this market trend.  However, DNR and NSB land auctions show signs 
that unfulfilled demand has absorbed its needs.  More importantly, the 
plunge in the price of crude oil that led to cancellation of several 
exploration and production projects may reduce demand and produce 
relinquishment of leased lands.  These market dynamics may cause 
downward pressure on land rent.   

In summary, Table 2 indicates annual rent rates for tundra-laden 
parcels range from $0.02 to $0.26 per square foot, whereas, parcels 
improved with gravel pads range from $0.20 to $0.89 per square foot.  
Thus, capitalized land rent develops a tundra price range of $0.25± to 
$3.25± per square foot, while the price of gravel-improved parcels 
range from $2.50 to $11.13 per square foot.  Importantly, the two 
highest rates represent companies that operate man camps supporting 
oil field services.  Our analysis indicates their bids reflected business 
decisions to satisfy contractual housing obligations.  Therefore, we 
consider these two transactions outliers from typical market behavior.   

 

This market district encompasses 2,500± square miles divided into oil 
production units managed by the Division of Oil and Gas.  Excluding 
oil production infrastructure, i.e., central production facilities, drill 
sites, equipment pads, roads, etc., most land is vacant tundra.  We are 
aware of a few Native allotments scattered throughout this district as 
well as a couple of fee simple tracts acquired from the State by oil 
companies.  In addition, the State leases several parcels and the NSB 
intends to lease land near the Kuparuk Industrial Center (KIC) after 
conveyance from the State.  Although lease activity differs from 
Deadhorse, DNR’s resource manager indicates a level of unfulfilled 
demand from oil industry users pervades this market district.   

The most recent transaction in the oil production area is a March 2008 
lease of a 9.88-acre parcel south of Oliktok Point.  While the applicant 
was the only the bidder for this parcel, industry support companies are 
reluctant to bid against a producer in fear of alienating future business 
opportunities.   

In addition, DNR issues land use permits in the oil production area on 
a short-term basis.  Their monthly permit fee for improved pads with 
road access is 60-percent of the rate of gravel-filled parcels located 
within the Deadhorse industrial district.  Despite limited market 

Prudhoe Bay Oil 
Production Area 
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activity, industrial users in Deadhorse desire road-accessible land in 
the oil production area.   

 

The Prudhoe Bay market area has one principal owner (State) that 
leases land to oil industry companies.  Excluding oil production 
infrastructure, a majority of leasehold development is in the Deadhorse 
industrial district.  Although leases encumber most land in the NSLT, 
an abundant supply of contiguous land exists for growth and future 
development.  Moreover, the Deadhorse Airport has ample land to 
accommodate additional development.  Thus, potential supply exceeds 
past and current demand.   

Increased demand for land in the Deadhorse industrial district between 
2006 and 2008 caused land rent to increase significantly.  However, 
demand declined after 2009, creating a stabilized market with no 
measurable change in land rent through the first half of 2017.  
Regarding the oil production area, demand for land is present but 
untested because neither the State nor NSB has initiated offerings.  
Nevertheless, one or both landowners have indicated their intent to 
supply land for industrial use in the future.   

While plans to develop a natural gas pipeline have stalled, the 
economic evaluation continues, albeit, at a very cautious pace.  
However, the potential economic impact of the long-term project does 
not have a market-effect on demand in Deadhorse or oil production 
area.  Moreover, oil company relinquishment of offshore leases has 
caused a financial ripple through the Alaska oil industry.  Combined 
with the price decline of crude oil and cancellation of several 
exploration and production projects by BP, Repsol, Eni and others, 
there is concern about how these economic influences will affect the 
Prudhoe Bay market.  We do not foresee an increase in land rent, but a 
decline is possible.   

Conclusion of Market 
Analysis 
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Chapter 6: Land Valuation by ATF Methodology 

We use a variation of the sales comparison approach known as ATF 
methodology to value the appraised right-of-way land.  This 
methodology is a reliable technique of measuring land value for a 
corridor-type property such as a right-of-way.  Generally, a corridor 
property represents an assemblage of land that connects two 
destination points.  Often, this assemblage produces greater utility, 
particularly land with multiple ownership and diverse use.  Thus, the 
market value of the right-of-way may exceed the value indicated by 
the ATF methodology and require application of a market-derived 
enhancement or corridor factor.  Significantly, our analysis indicates 
an enhancement factor does not apply to the appraised land because 
the lessee created the corridor and demand from alternative users is 
scarce.   

 

Intrinsic to the ATF methodology is the premise that right-of-way land 
is as valuable as the land it crosses.  The first step of the ATF 
valuation process is to determine the typical parcel size of industrial 
land in the subject market area; then divide the right-of-way into 
segments of similar utility.  Next, we estimate the value of the typical 
parcel of land adjacent to each segment.  The sum of the segments 
provides a market value estimate for the right-of-way land.   

Because of similar physical, legal, and economic character of land 
adjacent to the subject right-of-ways, we use the “key-parcel” 
technique as that basis of valuing the various segments.  Significantly, 
the key-parcel analysis is the benchmark of the valuation process.  
Therefore, describing the key-parcel is a prerequisite to the sales 
comparison analysis that follows. 

 

The key-parcel represents typical-land located within the Prudhoe Bay 
Oil production area, which includes land adjacent to the appraised 
right-of-ways.  Described below is the physical, legal, and economic 
character of the key-parcel.   

Property Rights Conveyed: The key-parcel has fee simple entitlements 
less oil, gas, and mineral rights reserved by the State. 

Location: The key-parcel is located within the Prudhoe Bay oil 
production area, which requires security clearance to gain access.  It is 
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proximate to the east-west path of oil production infrastructure that 
extends from Alpine on the west to the easterly production facility of 
Point Thomson.  Importantly, this location differs from the Deadhorse 
industrial district clustered near the State-managed airport. 

Land Area: A primary factor affecting the key-parcel analysis is the 
typical size of land adjacent to the appraised right-of-ways.  We 
reviewed the land use pattern in the subject market area to establish 
user needs and requirements.  Platted land (NSLT) adjacent to the 
Deadhorse Airport as well as non-aviation land located within airport 
boundaries range from 1± to 45± acres.  However, many users 
assemble more than one parcel to serve their needs.  Table 3 
summarizes land area requirements of a majority of oil industry 
companies located within the Deadhorse industrial district.   

Table 3: Land Area Requirements of Industrial Users 

Lessee Land Area 

Baker Hughes, Inc. 17± acres 
Colville Inc. 25± acres 
Crowley Marine Services 114± acres 
Little Red Services 13± acres 
ExxonMobil 46± acres 
Halliburton Energy Services 48± acres 
Nabors Alaska Drilling 56± acres 
Alaska Interstate Construction 12± acres 
Alaska Frontier Construction 18± acres 
Alyeska Development 6± acres 
Delta Real Estate Holdings 8± acres 
I.C.E Services Inc. 14± acres 
Airport Equipment Rentals 11± acres 
K & K Recycling 12± acres 
Royce Roberts 20± acres 
Peak Oilfield Services 29± acres 
ConocoPhillips Company 20± acres 
Schlumberger Technology Corp. 85± acres 
CH2MHill Alaska Inc. 123± acres 
ASRC Energy Services 68± acres 
Marsh Creek Services LLC 19± acres 

 
As preceding table shows, land area requirements of 21 companies 
located in Deadhorse that support the oil and gas industry, including 
four used for employee housing, range from six to 123± acres.  
Analysis of this data indicates the mean parcel size of 36± acres.   

We also observed land area requirements of oil production and support 
facilities developed along the web of road infrastructure.  We found 
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these lands range from less than one to 160± acres with a 35 to 45-acre 
parcel representing the average size.  Based on this analysis, we 
determined the typical parcel size of land adjacent to the pipeline 
right-of-way is 40± acres.  Thus, the key-parcel analysis uses a 40-acre 
land area as a comparative base. 

Road Access: The key-parcel is road-accessible via the network of 
gravel roads that link oil production facilities to Pump Station 1 and 
the transport hub of Deadhorse.   

Other Physical Characteristics: The key-parcel has level to 
undulating terrain interspersed with small bodies of water common to 
the Arctic Coastal Plain.  Tundra underlain with thick permafrost and 
poorly drained soils characterize vegetation and geology.  Public 
utility infrastructure is not available to the key-parcel. 

Highest and Best Use: The key-parcel is in the RD-zoning district, 
which restricts potential use to natural resource exploration, 
extraction, production, and related activities.  Despite soil geology and 
wetland constraints, permitting and remedial mitigation allow legal 
use of the land.  While the price of crude oil has declined, production 
and transport of oil and gas products continue to flow to PS 1 for 
transshipment to TAPS.  Although this economic dynamic has raised 
market concerns, it continues to augment the financial feasibility of 
natural resource planning, development, exploration, and production.  
Because of prevailing economic forces that drive the oil and gas 
industry, natural resource use maximizes productivity of the key-
parcel.  Therefore, the highest best use of the key-parcel is special 
purpose industrial.  

 

We performed a comprehensive search for land transactions located in 
the greater Prudhoe Bay oil production area.  In addition, we collected 
and analyzed data from other neighborhoods that comprise the Arctic 
Coastal Plain.  We do not rely on this latter data because they have 
different economic character and, more importantly, highest and best 
use.  Despite a scarcity of data, limited demand, and a sole supply 
source, we analyze sufficient data to bracket value and develop a 
market-supported conclusion.   

Regarding the comparative sales analysis, conveyances of industrial 
land are by lease entitlement instead of fee simple purchase.  Thus, we 
must convert land rent into a price indicator to perform the 
comparative analysis.  We accomplish this by direct capitalization, 
which is common and acceptable appraisal tool.  After capitalizing 
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land rent, we make comparisons on a price per square foot basis.  An 
analysis of the elements of comparison follows.   

 

Analysis indicates the principal comparative elements that require 
adjustment are in-place gravel pad, market conditions, location, and 
physical character such as size and utility service.  We use quantitative 
analysis to measure the price-effect of each difference.  Regarding 
size, we employ a simple statistical analysis that provides the 
framework for adjustment.  We use a cost analysis to measure the 
superiority of one comparable improved with a gravel pad.  Despite 
limited market data, the quantitative analysis produces credible 
adjustments for differences in physical character.   

Gravel Pad Adjustment 

Because the subject is tundra-laden land, we adjust Land Comparable 
2 improved with a gravel pad.  We measure superiority by performing 
a cost analysis that quantifies the market-effect of 31,000± cubic yards 
of in-place gravel material.  Cost data collected from several 
contractors that build pads and roads indicates in-place gravel ranges 
from $14 to over $22 per cubic yard.  The most recent verified gravel 
pad contract involved 97,750± cubic yards placed on a 10.39-acre 
parcel located near the airport that develops a rate of $17.92 per cubic 
yard.  Dependent cost variables are size of pad, distance from pit, 
ongoing work, demand, and pit operator fees.   

Although most users agree gravel does not depreciate, it does 
represent a potential liability if contaminated.  An environmental 
assessment of the pad improving the comparable determined it is 
suitable for development.  Thus, we do not adjust the cost estimate of 
the gravel pad for environmental mitigation. 

However, the time necessary and the permits required to construct a 
gravel pad has affected price behavior.  Specifically, development of a 
gravel pad requires a wetland permit issued by the Corps as well as 
multi-agency review.  The time necessary for agency review and 
issuance of a permit has induced price premiums by bidders of NSB 
offerings.  We measure this market behavior by concluding with a cost 
estimate at the upper end of the range indicated by recent gravel 
contracts.  Therefore, we estimate the price contribution of the gravel 
pads improving Land Comparable 2 is $20 per cubic yard.  
Multiplying the volume of fill by this rate develops the total 
contribution of gravel, which we deduct from the indicated sale price.  
The comparative grid on page 46 shows the adjustment applied to 
Land Comparable 2 that quantifies gravel superiority.   

Analysis of Elements 
of Comparison 
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Market Conditions Adjustment 

Demand for industrial land in Deadhorse escalated in 2005 and 
continued through early 2014.  The State and NSB held public 
auctions of NSLT land during this interval to satisfy demand from 
industrial users that support oil production and exploration.  This 
market activity not only reduced available inventory, but also 
stimulated a substantial increase in price behavior.  In fact, the most 
significant price change occurred in the second half of 2008.  
However, since late 2008 rental rates have remained relatively stable 
despite limited availability of land.  We adjust Land Comparable 4, 
which transpired prior to the 2008-price surge, for change in market 
conditions.   

We measure change in market conditions by comparing 11.77-acre 
secondary Land Comparable 6 to similar-sized Land Comparable 1.  
This paired analysis indicates a 100-percent adjustment for change in 
price behavior.  Intuitively, this seems excessive, but paired analysis 
of Land Comparable 9 and 11 indicate an adjustment of 90-percent for 
change in market conditions (Land Comparable 11 adjusted for gravel 
pad).  Thus, we adjust Land Comparable 4 upward by 100-percent for 
market appreciation that occurred after March 2008.   

Location Adjustment 

Land in the Deadhorse industrial district generates greater demand and 
higher prices than land located in the Prudhoe Bay oil production area.  
We measure the market-effect of location difference by comparing 
Land Comparable 4, which is located 40± miles northwest of 
Deadhorse, to Land Comparable 1, 3, 11 and 12.  Before performing 
these paired analyses, we adjust the Deadhorse transactions for size 
differential and the contribution of gravel pads.  After paired analysis, 
the price of land in the Prudhoe Bay oil production area ranges from 
42± to 46± percent less than the Deadhorse industrial district.   

Secondly, we reviewed 2016 Fee Schedule No. 3455-03 prepared by 
DNR that sets short-term permit fees for State-owned land in 
Deadhorse and the oil production area.  We compared road-accessible 
tundra land located in the Prudhoe Bay oil production area versus 
similar land in Deadhorse.  Permit fees for land located in the Prudhoe 
Bay oil production area are 40-percent less than similar Deadhorse 
industrial district land.  Correlating the preceding analysis, we adjust 
the Deadhorse land transactions downward by 45-percent to reflect 
their location superiority.   

Physical Characteristics Adjustments 



 

 
 
173070: Endicott and Milne Point Pipeline ROWs 

MacSwain Associates LLC 

39

Size Adjustment: The comparable transactions range from 9.88± to 
55± acres, while the key-parcel contains 40 acres.  Thus, each 
comparable differs significantly in size to the key-parcel.  Market data 
indicates a non-linear inverse relationship between parcel size and 
price for industrial land located in Deadhorse as well as the Prudhoe 
Bay oil production area.  We measure this relationship by imputing 15 
transactions ranging from 0.13± to 55± acres that transpired between 
December 2008 and April 2014 to predict a price curve.  Before 
imputing price, we adjust the sales to reflect tundra-laden land located 
in Deadhorse.   

Table 4 depicts the price curve that enables quantification of size 
differential.  We make adjustments based on the percent change 
between the imputed price indicated for each comparable and the 40-
acre key-parcel.  In other words, we plot the comparable transactions 
and key-parcel on the price curve, and then perform paired analyses to 
estimate a size adjustment.  The comparative grid on page 46 shows 
the percent adjustment applied to each primary land transaction. 

 

Utility Service Adjustment: Each comparable located in Deadhorse 
has electricity and natural gas near or at-site.  By comparison, the key-
parcel parcel does not have electric and natural gas service.  However, 
analysis indicates this physical difference represents a location 
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influence.  Since the analysis has accounted for location difference, we 
do not make a compounding adjustment for utility service.  

Table 5 presents a summary analysis of five primary transactions 
compared directly to the key-parcel and seven secondary indicators 
used to develop market conditions and location adjustments.  
Importantly, the indicated sale price represents annual land rent 
capitalized by an eight-percent rate.  Maps on the next page depict the 
location of each comparable with additional factual data pertaining to 
the primary land sales enclosed in the addenda.  

Table 5: Summary Analysis of Primary Land Transactions 

No. ADL or NSB/Lessee Legal and Location Land Area Date Sale Price Price/SF 

 Primary Land Sales      

1 ADL 400085/Crowley 
Marine Services, Inc.  

Portion of Tracts 59 & 60, North 
Slope Lease Tracts, ASLS 89-147 

11.74 Ac. 
511,394 SF 

12/08 $1,280,000 $2.50 

2 ADL 418671/Nabors 
Alaska Drilling, Inc. 

Tract 14, North Slope Lease Tracts, 
ASLS 76-227, Deadhorse 

10.96 Ac. 
477,418 

1/11 $1,780,000 $3.73 

3 ADL 417727 & 419229/ 
Northern Construction and 

Maintenance 

Tract 26 North Slope Lease Tracts & 
Portion of Section 18, T10N, R15E, 
UM, Deadhorse 

15.08 Ac. 
656,885 SF 

10/11 $1,325,000 $2.02 

4 ADL 417910/ENI US 
Operation Co. Inc. 

Tract B, ASLS 2006-64, 40± NW of 
Deadhorse, oil production area 

9.88 Ac 
430,373 SF 

3/08 $310,000 $0.72 

5 NSB 2014-159/ASRC 
Energy Services, Inc. 

West portion of “Lease Tract South”, 
Section 19, T10, R15E, Deadhorse 

55.00 Ac. 
2,395,800 SF 

4/14 $2,614,000 $1.09 

 Appraised Key-Parcel Prudhoe Bay Oil Production Area 40.00 Ac. 
1,742,400 SF 

NA NA NA 

 Secondary Land Sales      

6 ADL 417727/Alaska 
Frontier Constructors 

Tract 26, North Slope Lease Tracts, 
ASLS 76-227, Deadhorse 

11.77 Ac. 
512,622 SF 

12/06 $631,263 $1.23 

7 NSB 2008-02/Ice Services 
Inc. 

Tracts 67A-1, A-2, & A-3, North 
Slope Lease Tracts, ASLS 90-226 

13.62 Ac. 
593,287 SF 

3/08 $1,512,500 $2.55 

8 NSB/CH2MHill Alaska Inc. Sections 19 & 20, T10N, R15E 
(Crazy Horse Pad) 

45 Ac. 
1,960,200 SF 

7/08 $4,825,000 $2.46 

9 ADL 417837/Peak Oilfield 
Service Company 

Tract 9, North Slope Lease Tracts, 
ASLS 76-227, Deadhorse 

8.29 Ac. 
361,112 SF 

10/07 $451,250 $1.25 

10 ADL 418675/NC 
Machinery Co. 

Tract 46A, North Slope Lease Tracts, 
ASLS 76-227, Deadhorse 

7.00 Ac. 
304,920 SF 

1/10 $991,387 $3.25 

11 ADL 418671/Nabors 
Alaska Drilling, Inc. 

Tract 15, North Slope Lease Tracts, 
ASLS 76-227, Deadhorse 

9.75 Ac. 
427,710 

1/11 $1,546,000 $3.61 

12 ADL 418671/Nabors 
Alaska Drilling, Inc. 

Tract 16, North Slope Lease Tracts, 
ASLS 76-227, Deadhorse 

8.24 Ac. 
358,934 

1/11 $1,226,000 $3.42 

 

Comparative 
Analysis of Primary 
Land Sales 
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Land Comparable 1 is an 11.74-acre parcel located about two miles 
northeast of the Deadhorse Airport.  A change in land use facilitated a 
re-appraisal causing a rent increase approved by DNR.  Leased as 
vacant tundra-type land, this transaction requires substantial 
downward adjustments for superior location and size differential.   

N 

COMPARABLE LOCATION MAP 

L-2 

L-3 

L-1 

L-5 

L-4 

Deadhorse 

Oil Production Area 

North Slope Lease Tracts 

COMPARABLE LOCATION MAP 
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Land Comparable 1 – Crowley Marine Services, Inc. 

After analysis, Land Comparable 1 indicates a unit value of $0.85 per 
square foot for the key-parcel. 

Land Comparable 2 is a 10.96-acre parcel located 1.75± miles 
northeast of the Deadhorse Airport, positioned in the northwest 
quadrant of the NSLT.   

 
Land Comparable 2 – Nabors Alaska Drilling Inc. 

A 5.12-acre gravel pad containing 31,000± cubic yards of fill 
improves the parcel.  The estimated value contribution of the gravel 
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pad is $620,000.  As stated, we deduct the contributory value of the 
gravel pad from the indicated sale price before performing the 
comparative analysis.   

By comparison, we make significant downward adjustments for 
superior location, size differential, and contribution of an in-place 
gravel pad.  After analysis, Land Comparable 2 indicates a unit value 
of $0.80 per square foot for the key-parcel.   

Land Comparable 3 is a lease negotiated with DNR in late 2011 that 
increased land area to 17.55± acres, although only 15.08± acres are 
usable because of a required setback from Pipeline 5 that encroaches 
onto the west boundary.  Despite only 142± feet of accessible frontage 
on Spine Road, ingress/egress is adequate for industrial use.   

 
Land Comparable 3 – Northern Construction & Maintenance 

Leased as vacant tundra-type land, this transaction requires large 
upward adjustments for superior location and size differential.  After 
analysis, Land Comparable 3 indicates a unit value of $0.76 per square 
foot for the key parcel.   

Land Comparable 4 is a 9.88-acre parcel located 13± miles north of 
Kuparuk Base Camp just south of Oliktok Point, approximately 10± 
miles west of the Milne Point Central Facilities Pad.  The transaction 
is the most recent land lease in the oil production area and offers the 
greatest location similarity to the key-parcel.  Fronting a gravel road 
that extends to DS 3Q, the parcel consists of tundra-laden land.  
Although a section line easement bisects the westerly parcel area, it 
does not adversely affect development potential.   
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Land Comparable 4 – ENI US Operation Co. Inc. 

By comparison, we make an upward adjustment for change in market 
conditions.  Conversely, size differential requires a large downward 
adjustment.  After analysis, Land Comparable 4 develops a unit value 
of $0.84 per square foot for the key-parcel. 

Land Comparable 5 is a 55-acre parcel that fronts the east side of 
Lake Colleen Drive just south of the Aurora Hotel, abutting the south 
boundary of the North Slope Lease Tracts.  This transaction is the 
most recent offering by the NSB in Deadhorse, which transpired at a 
public auction with the only bid being the minimum set by a market 
value appraisal.  Leased a vacant tundra laden land, the lessee is 
constructing a steel-frame maintenance/shop facility to support oil 
industry operations.   

Comparative analysis indicates a relatively large downward 
adjustment for location superiority.  In contrast, we make an upward 
adjustment for size differential.  After analysis of Land Comparable 5, 
the net adjustment is downward developing a unit value of $0.68 per 
square foot for the key-parcel. 
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Land Comparable 5 – ASRC Energy Services, Inc. 

 

We analyzed five primary land sales to estimate the market value of 
the 40-acre key-parcel.  Table 6 on the following page represents an 
adjustment grid that summarizes the comparative analysis.  We 
emphasize Land Comparables 4 and 5 because the latter is the most 
recent market offering, while the former is located in the oil 
production area.  These transactions support a unit value between 
$0.68 and $0.84 per acre.  Since the other three market transactions 
have a mean unit value of $0.80 per square foot, a key-parcel near the 
upper end of the indicated range is a reasonable expectation.  Thus, we 
reconcile with a unit value of $0.80 per square foot for the 40-acre 
key-parcel.   

Estimated Unit Value of 40-Acre Key-Parcel $0.80/SF 

 

By developing the key-parcel value, we are able to estimate the value 
contribution of the upland right-of-way segments served by the Spine 
Road network.  However, segments of the Endicott right-of-way differ 
from the key-parcel because they represent submerged land.  Thus, we 
perform comparative analysis to measures the market-effect of this 
physical differences on the key-parcel value.  This analysis follows on 
the next page. 

 

Reconciliation and 
Estimate of Key-
Parcel Value 

Estimate of Value by 
ATF Methodology 
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Table 6: Key-Parcel Comparative Adjustment Grid 

Comparative Element Key-Parcel Comp. No. 1 Comp. No. 2 Comp. No. 3 Comp. No. 4 Comp. No. 5 

Annual Rent NA $102,400 $142,400 $106,000 $24,800 $209,120 

Property Rights Fee simple less 
mineral rights 

Fee simple less 
mineral rights 

-similar- 

Fee simple less 
mineral rights 

-similar- 

Fee simple less 
mineral rights 

-similar- 

Fee simple less 
mineral rights 

-similar- 

Fee simple less 
mineral rights 

-similar- 

Cash Equivalent Price 
Capitalized @ 8% 

NA $1,280,000 $1,780,000 $1,325,000 $310,000 $2,614,000 

Adjustment for Gravel 
Improvements 

None None 31,000 C.Y.         
-620,00,000 

None None None 

Cash Equivalent Price 
Adjusted for Gravel 

NA $1,280,000 $1,160,000 $1,325,000 $310,000 $2,614,000 

Price/Square Foot NA $2.50 $2.43 $2.02 $0.72 $1.09 

Market Conditions 5/13 12/08 
+$0.00/SF 

1/11 
+$0.00/SF 

10/11 
+$0.00/SF 

3/08 
$+0.72/SF 

1.09 
$+0.00/SF 

Price/SF Adjusted for Market 
Conditions 

NA $2.50 $2.43 $2.02 $1.44 $1.09 

Location Oil Production 
Area (OPA) 

Deadhorse 
-45% 

Deadhorse 
-45% 

Deadhorse 
-45% 

OPA 
-similar- 

Deadhorse 
-45% 

Zoning RD District -similar- -similar- -similar- -similar- -similar- 

Physical Characteristics       

  Land Area 40± acres or 
1,742,400± SF 

11.74± acres 
511,394± SF 

-38% 

10.96± acres 
477,418± SF 

-40% 

15.08± acres 
656,885± SF 

-32% 

9.88± acres 
430,373± SF 

-42% 

55± acres 
2,395,800± SF 

+13% 

  Road Access Spine Road 
network, gravel-

surfaced 

Gravel road 
-similar- 

Gravel road 
-similar- 

Gravel road 
-similar- 

Gravel road 
-similar- 

Gravel road 
-similar- 

  Topography Level -similar- -similar- -similar- -similar- -similar- 

  Vegetation & Soils Tundra -similar- -similar- -similar- -similar- -similar- 

  Utility Service None E, NG 
-superior- 

E, NG 
-superior- 

E, NG 
-superior- 

None 
-similar- 

E, NG 
-superior- 

Price/SF Adjusted for 
Location & Physical 
Characteristics 

NA $0.85/SF $0.80/SF $0.76/SF $0.84/SF $0.68/SF 

 
Adjustment to Key-Parcel for Submerged Tidelands 

As stated, 285.32± acres or 27-percent of the Endicott right-of-way are 
submerged tidelands.  Since the key-parcel consists entirely of 
uplands, which differ in physical character, we collect and analyze 
tideland price ratios located in various statewide industrial markets.  
We found the price behavior of industrial tidelands is, typically, a ratio 
of the adjacent upland value.  As Table 7 on the next page illustrates, a 
price ratio of 15 to 30 percent of the adjacent upland value is the 
statewide trend for industrial tideland parcels.   

Tideland parcels with strategic importance that support dock facilities 
record the highest ratio.  In contrast, submerged land affected by 
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extended tidal mud flats or shallow offshore water establish the lower 
end of the range.  We do not consider the appraised tideland segments 
strategic, but they are functionally adequate for oil industry use.  
Therefore, a tideland ratio of 20-percent is a reasonable market 
expectation for the appraised right-of-way segments that extend into 
Foggy Island Bay.  Thus, the unit value indicated by comparative 
analysis is $0.16 per square foot ($0.80/SF @ 20%) for the tideland 
segments that comprise the Endicott right-of-way.   

Table 7: Industrial Tideland Price Ratio Data 

No. Tideland Location Tideland Price Ratio 

T-1 Kenai River, Kenai 25% 

T-2 Cook Inlet 20-25% 

T-3 Valdez Harbor, Valdez 20-30% 

T-4 Resurrection Bay, Seward 15% 

T-5 Iliuliuk Bay, Unalaska 25% 

T-6 Womens Bay, Kodiak 25% 

 
Estimated Unit Value of Tideland Segments  $0.16/SF 

 

We determined that an enhancement factor does not apply to the 
appraised right-of-way lands.  Thus, the final step of the ATF 
methodology is a mathematical process of multiplying land area by the 
appropriate unit value developed by comparative analysis.  
Summarily, we estimated the following unit values for road-accessible 
uplands, and submerged tidelands.   

Unit Value of Uplands with Road Access   $0.80/SF 
Unit Value of Submerged Tidelands    $0.16/SF 

Table 8 provides a summary analysis of the mathematical process that 
led to our opinions of market value.   

Table 8: Market Value of Endicott and Milne Point Right-of-Ways 

Pipeline Right-of-Way Acres Value/SF Market Value 

Endicott Right-of-Way 1069.121±   

   Uplands 783.801± $0.80 $27,313,898 
   Tidelands 285.32± $0.16 $1,988,566 

Total Endicott Right-of-Way 1069.121±  $29,302,464 

Total Milne Point Right-of-Way 186.92± $0.80 $6,513,788 

 

Analysis of Corridor 
Factor 
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Based on the preceding data and analysis, the market value of each 
appraised right-of-way by the ATF methodology is as follows. 

Endicott ROW – ADL 410562   $29,302,464 

Milne Point ROW – ADL 410221   $6,513,788 

 

 

 

Conclusion of Market 
Value for Endicott 
and Milne Point 
Right-of-Ways 
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Chapter 7: Rental Rate Analysis and Conclusion of Market Rent 

Regarding our rent analysis, we found most land leases involve public 
agencies such as the State, Federal, Borough, Municipal, or unified 
city.  Moreover, a majority of land leases establish rent by applying a 
market-derived rent or lease rate to their estimated market value.  This 
latter methodology is an acceptable valuation technique and one that 
we rely upon to estimate market rent for the appraised right-of-way 
lands.  The first step of this valuation process is to collect and analyze 
land lease data.   

 

Since the public sector is the principal lessor of vacant land, we use 
this data as well as private sector leases to establish market 
parameters.  Moreover, many public agencies mandate that land rent 
rates reflect market behavior and engage unbiased professionals to 
determine market rates and rent.  When analyzing long-term rates, it is 
important to discuss terms and conditions of the land lease.  Most 
leases stipulate to rent adjustments on a periodic basis.  Five-year 
adjustment intervals based on re-appraisal is the most common term of 
public sector leases; while annual change tied to a price index is a 
practice of several Native corporations.  Furthermore, typical lease 
terms require the lessee to pay property taxes, obtain lessor consent to 
subordinate, and lessor approval of a development plan. 

Long-term land rent rates, which are essentially capitalization rates, 
range from six to 12-percent.  However, rent rates of eight to 10-
percent are the market norm with eight-percent representing the 
predominate rate.  Table 9 on the following page provides a summary 
of public and private sector land rent rates.  Importantly, land in high 
demand but limited supply or leases with unusual terms and 
conditions, typically, have the highest rates.  In contrast, several public 
agencies offer below market rates to stimulate economic growth and 
development of their land.  Other factors affecting land rent rates are 
the cost of capital as well as capitalization rates indicated by improved 
property sales. 

Overview 

Land Rent Rate 
Analysis 
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Table 9: Summary of Land Rent Rates 

Land Owner Rent Rate 

Public Lands  

Alaska Railroad Corporation 8-9% 

Bureau of Indian Affairs 8-12% 

Bureau of Land Management – Alaska 8-10% 

City and Borough of Juneau 10% 

City of Cordova 9% 

City of Homer 8-9% 

City of Kenai 8% 

City of Kodiak 8% 

City of Seward 8% 

City of Skagway 8% 

City of Valdez 8-10% 

Department of Transportation and Public Facilities 8% 

Fairbanks North Star Borough 8% 

Kenai Peninsula Borough 8% 

Matanuska-Susitna Borough 8% 

Municipality of Anchorage 8-10% 

Port of Anchorage 9-12% 

University of Alaska 8-10% 

Private Lands  

Bethel Native Corporation 8-10% 

Bristol Bay Native Corporation 7-8% 

Calais Corporation 8-9% 

Eklutna, Inc. 8-10% 

Ounalashka Corporation 8-12% 

Various Remote Lodge Sites 8-12% 

 
 

Rent rates of various types of industrial land located throughout the 
State range from 8± to 12± percent.  Moreover, rent rates of 10± 
percent are primarily of land afforded a strategic location with demand 
exceeding supply.  Most lease rates of special purpose land, including 
pipeline right-of-ways located in the KPB, Municipality of Anchorage, 
and NSB, are at eight percent.  Importantly, we do not rate the location 
of appraised right-of-way land as strategic nor is demand greater than 
available supply.  Therefore, we estimate a land lease rate of eight 
percent for the appraised pipeline right-of-way.   

Market Rent Rate for ROW Lands  8% 

Reconciliation and 
Conclusion of Rent 
Rate Analysis 
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By applying an eight-percent rent rate to the market value of the each 
appraised right-of-way, develops the following annual rent estimates.   

Endicott ROW  $29,302,464 @ 8% =  $2,344,197 

Milne Point ROW  $6,513,788 @ 8% =  $521,103 

Based on the preceding data, reasoning and analysis, it is our opinion 
that annual market rent for the Endicott and Milne Point Pipeline 
right-of-ways, as of September 22, 2017, are as follows. 

Endicott ROW – ADL 410562   $2,344,197 

Milne Point ROW – ADL 410221   $521,103 

 

 

 

Conclusion of Market 
Rent for Endicott and 
Milne Point Right-of-
Ways 
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Comparable Land Transaction No. 1 
 

 
 

Location: Approximately 2 miles northeast of the Deadhorse Airport, Alaska 
Legal Description: Tracts 59 and 60, North Slope Lease Tracts, ASLS 76-227, Plat 77-3, Barrow 

Recording District 
    
Lessor: State of Alaska – DNR Instrument: ADL No. 400085 
Lessee: Crowley Marine Services, Inc. Document No.: NA 
Lease Date: February 2009 Data Source: DNR 
Lease Term: 40 years Confirmed By: Dan Shantz 
Annual Rent: $102,400/year Property Rights: Leased fee estate 
Rent Adjustments: Every 5-year interval 

Indicated Sale Price: $1,280,000 

    
Land Area: 11.74 acres or 511,394 SF Neighborhood: Deadhorse industrial area 
Zoning: RD District Use at Lease: Man camp 
Access:  Drill Site Road Intended Use: Oil industry support 
Easements/Restrictions: Restricted to industrial use Highest & Best Use: Industrial 
Land Description:    
This15.70-acre parcel has an encroachment from Drill Site 12 that reduces useable land area to 11.74± acres or 
511,394± square feet.  Located about 2 miles northeast of the airport terminal, the parcel represents undeveloped 
tundra that has road access and electricity.   
Property Analysis:    
The sale price developed by capitalizing annual rent by an 8-percent rate with the square foot indicator reflecting 
useable land area.  A sublease of the parcel by Crowley caused a change in land use, while facilitate a re-appraisal 
to establish current market value and market rent.  The appraisal set annual land rent at $102,400.   
    
Sales Analysis $1,280,000 ÷ 511,394 SF = $2.50/SF 

 

N 

Land Transaction No. 1 
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Comparable Land Transaction No. 2 
 

 
 

Location: Approximately 1.75± miles northwest of the Deadhorse Airport, Alaska 
Legal Description: Tract 14, North Slope Lease Tracts, ASLS 76-227, Plat 77-3, Barrow Recording District 
    
Lessor: State of Alaska – DNR Instrument: ADL 418671 
Lessee: Nabors Alaska Drilling, Inc. Document No.: 2011-000287-0 
Lease Date: December 2010 Data Source: DNR,  
Lease Term: 25 years Confirmed By: Dan Shantz 
Annual Rent: $142,400/year Property Rights: Leased fee estate 
Rent Adjustments: Every five-year interval 
Indicated Sale Price: $1,780,000 
    
Land Area: 10.96 acres or 477,418 SF Neighborhood: Deadhorse industrial area 
Zoning: RD District Use at Lease: Equipment storage 
Access:  Spine Road Intended Use: Oil industry support 
Easements/Restrictions: Restricted to industrial use Highest & Best Use: Industrial 
Land Description:    
This 10.96-acre parcel has a gravel pad that consists of 5.12± acres and 31,000± cubic yards of fill.  Analysis 
indicates the gravel fill has a contributory value of $620,000.  The parcel has electricity and natural gas available at-
site.   
Property Analysis:    
Parcel was offered for lease at a sealed bid auction by DNR in conjunction with the adjoining two tracts (Tracts 15 
and 16).  Nabors Alaska Drilling, which occupied the parcel for storage purposes on a short-term basis price to the 
auction, was the only bidder.  The offered price was minimum bid at set by a market value appraisal.   

    

Sales Analysis $1,780,000 ÷ 477,418 SF = $3.73/SF 

Land Transaction No. 2 

N 
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Comparable Land Transaction No. 3 
 

 
 

Location: Approximately 1.75± miles northwest of the Deadhorse Airport, Alaska 
Legal Description: Tract 26 and Portion of Section 18, T10N, R15E, Umiat Meridian, Barrow Recording 

District 
    
Lessor: State of Alaska – DNR Instrument: ADL 417727 & 419229 
Lessee: Northern Construction & 

Maintenance LLC 
Document No.: Not recorded 

Lease Date: October 2011 Data Source: DNR 
Lease Term: 25 years Confirmed By: Dan Shantz 
Annual Rent: $106,000/year Property Rights: Leased fee estate 
Rent Adjustments: Every 5-year interval 
Indicated Sale Price: $1,325,000 
    
Land Area: 17.55 acres or 764,478 SF Neighborhood: Deadhorse industrial area 
Zoning: RD District Use at Lease: Industrial 
Access:  Spine Road Intended Use: Oil industry support 
Easements/Restrictions: 25-foot setback from Pipeline 5 

standing rack 
Highest & Best Use: Industrial 

Land Description:    
This 17.55-acre parcel has 15.08 usable acres or 656,885± square feet because of encroachment of Pipeline 5 onto 
the west boundary that restricts use by lessee.  Although the parcel has only 142± feet of road accessible frontage, 
there is sufficient width to provide functional ingress/egress.  Natural gas and electricity are available at-site.   
Property Analysis:    
Parcel represents an expansion of an existing lease that required a re-appraisal to determine annual rent.  The 
application for expansion went through the adjudication process, including public comments.  This transaction was 
approved in April 2012, but a survey is pending that will combine into one ADL.   
    

Sales Analysis $1,325,000 ÷ 656,885 SF = $2.02/SF 

Land Transaction No. 3 

N 
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Comparable Land Transaction No. 4 
 

 
 

Location: Approximately two miles south of Oliktok Point and 40± miles northwest of the 
Deadhorse Airport, Alaska 

Legal Description: Tract B, Alaska State Land Survey (ASLS) 2006-64, Plat 2008-2, Barrow Recording 
District 

    
Lessor: State of Alaska - DNR Instrument: ADL No. 417910 
Lessee: Eni US Operation Co. Inc. Document No.: 2008-000600-0 
Lease Date: March 2008 Data Source: DNR, Eni 
Lease Term: 25 years Confirmed By: Dan Shantz 
Annual Rent: $24,800/year (effective 3/08) Property Rights: Leased Fee Estate 
Rent Adjustments: Every five-year interval 

Indicated Sale Price: $310,000 

    
Land Area: 9.88 acres or 430,373± SF Neighborhood: Oil production area 
Zoning: RD District Use at Lease: Vacant 
Access:  Gravel, two-lane road Intended Use: Oil industry support 
Easements/Restrictions: 100-foot section line easement Highest & Best Use: Industrial 
Land Description:    
This 9.88-acre parcel has a near-rectangular configuration with nearly 565± feet of gravel-road frontage along the 
south boundary.  Comprised of tundra-laden land, the parcel’s intended use is to support the Oooguruk offshore 
production facility.  Although a section easement bisects the west portion of the parcel, the influence on development 
potential is marginal.   
Property Analysis:    
Indicated sale price developed by capitalizing annual rent by an 8-percent rate.  DNR offered this transaction at a 
public outcry auction in March 2008 with the minimum bid set by an appraisal of $24,800.   
    
Sales Analysis $310,000 ÷ 430,373 SF = $0.72/SF 

N 

Land Transaction No. 4 
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Comparable Land Transaction No. 5 
 

 
 

Location: Approximately 1.5 miles northeast of the Deadhorse Airport, Alaska 
Legal Description: Western portion of “Lease Tract South: within Section 19, T10N, R15E, Umiat 

Meridian, Barrow Recording District 
    
Lessor: North Slope Borough Instrument: Memorandum of Lease 
Lessee: ASRC Energy Services, Inc. Document No.: 2014-000446-0 
Lease Date: April 1, 2014 Data Source: Margie Smith with NSB 

and Lease Agreement 
Lease Term: 20 years, with 2 10-year renewal 

options 
Confirmed By: Dan Shantz 

Annual Rent: $209,120 Property Rights: Leased fee estate 
Rent Adjustments: Every 5-year interval, rent adjustments based on “fair market rental value” set by an 

appraisal 
Indicated Sale Price: $2,614,000 
    
Land Area: 55.00 acres or 2,395,800 SF Neighborhood: Deadhorse industrial area 
Zoning: RD District Use at Lease: Vacant tundra 
Access:  Lake Colleen Road Intended Use: Oil industry support 
Easements/Restrictions: Restricted to industrial use Highest & Best Use: Industrial 
Land Description:    
This 55-acre parcel fronts the east side of Lake Colleen Road contiguous to the south west boundary of the North 
Slope Lease Tracts Subdivision, Plat 77-3.  Located about 1.5 miles northeast of the airport terminal, the parcel has 
road access and public utilities.   
Property Analysis:    
Parcel was offered for lease by the NSB at a public auction with a minimum bid price of $209,120, which represents 
annual market rent set by an appraisal.  The NSB indicated they received only one bid.   

    
Sales Analysis $2,614,000 ÷ 2.395,800 SF = $1.09/SF 

N 

Land Transaction No. 5 
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SPECIAL APPRAISAL INSTRUCTIONS 
for 

North Slope Oil Pipelines, 5-year Rent Adjustments 
 

1. Identification of the property, rights appraised, and intended use: 
 

ADL #  Pipeline Intended Use 
409027 Kuparuk Extension Five-year rent adjustment 
402294 Kuparuk Five-year rent adjustment 
411731 Oliktok Five-year rent adjustment 
416172 Milne Point Five-year rent adjustment 
410562 Endicott Five-year rent adjustment 
415472 Badami Oil Five-year rent adjustment 
415965 Badami Utility Five-year rent adjustment 
  
The appraisal will be used by DNR to establish annual rent for the rights granted under various 
lease documents.  The general public may use the appraisal for general information.   
 
As required by AS 38.35.140, market rent will be based on the appraised fair market value of 
the land (fee simple less mineral rights) with no allocation made for rights granted or retained. 
 
 DNR reserves the right to grant additional interests in the right-of-way that do not interfere with 
the tenant’s use.  In some cases, several of the subject rights-of-way involve lines that occupy 
the same land.  Because AS 38.35.140 requires that each tenant pay 100 percent of the market 
rental value of the land, the appraiser shall disregard the effect, if any, of the non-exclusive 
nature of the rights granted and any rights-of-way already being shared. 
 
2. The purpose of the appraisal is to estimate the “… annual fair market rental of the state land 

included in the right-of-way based on the appraised fair market value of the land.”  (AS 
38.35.140) 
 

3. The date of appraisal is the date of the appraiser’s inspection of the property. 
 
4. The land value will be based on an across-the-fence methodology.  A key lot approach is 

acceptable. 
 
5. Improvements constructed by the lessee within the right-of-way will not be included in the 

estimate of value. 
 
6. The appraisal must be a complete, self-contained report in accordance with these special 

instructions and DNR General Requirements.  Where there is a conflict between the General 
Requirements and these instructions, these instructions shall govern.  For a copy of the 
General Requirements, see the DNR appraisal website 
http://dnr.alaska.gov/mlw/appraise/pdf/genreq.pdf 

 
7. DNR requires one copy of the draft report and two copies of the final report. 



  

MacSwain Associates LLC 
4401 Business Park Boulevard, Suite 22, Anchorage, Alaska 99503 

Appraiser: Steve MacSwain, MAI 

Member of Appraisal Institute - No. 5700 

State of Alaska, Certified General Real Estate Appraiser - No. 42 

Professional Experience: 1986 to Present - MacSwain Associates LLC 

1976 to 1986 - Appraisal Company of Alaska - President 

1970 to 1975 - Real Estate Services Corporation – Appraiser 

1969 to 1970 - State of Alaska Department of Highways - Right of Way Agent 

Real estate appraiser and consultant of all property types throughout Alaska including commercial, industrial, 
subdivisions and special-purpose properties.  Appraisals have been performed for financing, leasing, insurance, 
condemnation, taxation, property damages, investment analysis, and buy-sell decisions.  Appraisals include 
valuation of both real property and business enterprises.  Professional experience totals 45 years. 

Education: Bachelor of Business Administration, Finance (1969), University of Alaska Fairbanks 

Appraisal Education: The following is a list of completed appraisal courses and seminars. 

2017 – Residential & Commercial Valuation of Solar by the Appraisal Institute  
2017 – Right of Way Acquisition for Pipeline Projects by the International Right of Way Association 

2016 – Uniform Standards of Professional Appraisal Practice – Update by the Appraisal Institute 

2015 – Litigation Appraising: Specialized Topics and Applications by the Appraisal Institute 

2015 – Business Practices and Ethics by the Appraisal Institute 
2013 – Complex Litigation Appraisal Case Studies by the Appraisal Institute 

2013 – Uniform Appraisal Standards for Federal Land Acquisitions (Yellow Book) by the Appraisal Institute 

2012 – Appraisal Curriculum Overview by the Appraisal Institute 

2010 – Reviewing Appraisals in Eminent Domain by the International Right of Way Association 

2010 – Commercial Appraisal Engagement and Review Seminar for Bankers and Appraisers by the Appraisal Institute 
2009 – The Appraiser as an Expert Witness: Preparation and Testimony by the Appraisal Institute 

2009 – Attacking and Defending an Appraisal in Litigation by Whitmer Education 

2008 – Uniform Standards of Professional Appraisal Practice by the Appraisal Institute 
2007 – Business Practices and Ethics by the Appraisal Institute 
2007 – Eminent Domain Law for Right of Way Professionals by the International Right of Way Association 
2007 – Appraisal Review for Federal Aid Programs by the International Right of Way Association 
2007 – Analyzing Operating Expenses by the Appraisal Institute 
2007 – Forecasting Revenue by the Appraisal Institute 
2007 – Case Studies in Highest and Best Use by the Appraisal Institute 
2002 – Uniform Standards for Federal Land Acquisitions: Practical Applications for Fee Appraisers by the Appraisal Institute 

2002 – Legal Aspects of Easements by the International Right of Way Association 
1969-2001: Numerous appraisal classes pertaining to principles, income capitalization, cost analysis, sale 
comparison approach, and highest and best use analysis by the Appraisal Institute, Society of Real Estate 
Appraisers, International Right-of-Way Association, International Association of Assessing Officers, and Marshall 
Valuation Service 



  

Membership and Organizations: Member of Appraisal Institute – No. 5700 

Member of International Right of Way Association 

Member of Building Owners and Managers Association (BOMA), Anchorage 

Public Service: Past Chairman of the State Board of Certified Appraisers 

Past member of Board of Equalization, Municipality of Anchorage  

Past member of National Experience Review Committee of the Appraisal Institute 

Past member of Regional Ethics and Counseling Panel of the Appraisal Institute 

Past president of Alaska Chapter 57 of the Appraisal Institute 

Significant Assignments:  
 Appraised the Trans-Alaska Pipeline System, an 800-mile common carrier crude oil pipeline from Prudhoe Bay 

to Valdez, operated by Alyeska Pipeline Service Company. 

 Appraised Calais Company, Inc., a real estate holding company consisting of 39 commercial parcels in 
Anchorage. 

 Principal real estate consultant and expert witness for all lands affected by the Exxon Valdez oil spill.  Project 
involved over 2,000,000 acres of remote land and nearly 2,000 private property owners. 

 Appointed as a representative of a three-member panel that analyzed and valued over 1,000,000 acres and 8,000 
parcels for the Mental Health Lands Settlement. 

 Contract assessor for the North Slope Borough, Kodiak Island Borough, City of Nome, and the City of Valdez. 

 Represented Seibu Alaska, Inc. (Alyeska Resort and Alyeska Prince Hotel) in preparing of their property tax 
appeal with the Municipality of Anchorage that resulted in a $65 million reduction in assessed value. 

 Appraised submerged tideland parcels and wetlands parcels located in Womens Bay on Kodiak Island for the 
purpose of an exchange between Koniag, Inc. and U.S. Fish and Wildlife Service 

 Appraised Common Carrier Pipeline right-of-ways leased and operated by BP Transportation Alaska and 
ConocoPhillips Alaska.   

 Appraised 3,600 acres consisting of the former Adak Naval Air Station and Submarine Base conveyed to the 
City of Adak and the State of Alaska. 

 Appraised and/or provided consulting services on properties throughout Alaska including numerous financial 
institutions, Native corporation lands, and real estate holding companies both public and private. 

Expert Witness Experience: Steve MacSwain is qualified as an expert witness in both the United States Federal 
Court and the State of Alaska Superior Court.  Steve has testified as an expert witness in State and Federal courts.  
In addition, Steve has testified as expert witness in numerous Alaskan municipal tax courts, public hearings, and 
depositions on matters related to real property. 

Arbitrator Experience: Appointed a Master by the Superior Court of Alaska and Municipality of Anchorage to 
serve as an arbitrator in determining just compensation. 

 



  

MacSwain Associates LLC 
4401 Business Park Boulevard, Suite 22, Anchorage, Alaska 99503 

Appraiser: Dan Shantz 

State of Alaska, Certified General Real Estate Appraiser - No. 47 

Professional Appraisal Experience: 1990 to Present - MacSwain Associates LLC 

1983 to 1990 - Appraisal Company of Alaska 

1981 to 1983 – Municipality of Anchorage 

Real estate appraiser and consultant analyzing all property types located throughout Alaska.  Intended use of 
appraisal includes financing, leasing, insurance, condemnation, taxation, property damages, investment analysis, 
litigation, and buy-sell decisions.  Professional experience analyzing and valuing real estate entitlements totals 36 
years.  Specialize in analyzing remote and rural properties, pipeline right-of-ways, corridor evaluations, 
conservation easements, partial interests, eminent domain, and litigation support. 

Education: Bachelor of Arts, Economics (1974), University of Washington, Seattle, Washington 

Appraisal Education: The following is a list of recently completed appraisal courses and seminars. 

2017 – Residential & Commercial Valuation of Solar by the Appraisal Institute 

2017 – Right of Way Acquisition for Pipeline Projects by International Right of Way Association 

2016 – Uniform Standards of Professional Appraisal Practice – Update by the Appraisal Institute 

2015 – Litigation Appraising: Specialized Topics and Applications by the Appraisal Institute 
2015 – Business Practices and Ethics by the Appraisal Institute 

2013 – Uniform Appraisal Standards for Federal Land Acquisitions by the Appraisal Institute 

2013 – Uniform Standards of Professional Appraisal Practice Update 2012-13 by the Appraisal Institute 

2013 – Real Estate Finance, Statistics, and Valuation Modeling by the Appraisal Institute 

2011 – The Lending World in Crisis by the Appraisal Institute 

2011 – National Uniform Standards for Professional Appraisal Practice by the Appraisal Institute 

2008 – Valuation of Conservation Easements by the Appraisal Institute 
2007 – Analyzing Operating Expenses by the Appraisal Institute 
2007 – Forecasting Revenue by the Appraisal Institute 
2007 – Case Studies in Highest and Best Use by the Appraisal Institute 
2005 – Business Practices and Ethics by the Appraisal Institute 
2002 – Uniform Standards for Federal Land Acquisitions: Practical Applications for Fee Appraisers by the AI 

2002 – Land Valuation Adjustment Procedures by the Appraisal Institute 
2001 – Partial Interest Valuation Undivided by the Appraisal Institute 
2001 – Partial Interest Valuation Divided by the Appraisal Institute 
1999 – Eminent Domain and Condemnation Appraising by the Appraisal Institute 
1999 - Valuation of Detrimental Conditions in Real Estate by the Appraisal Institute 
1999 - Special-Purpose Properties by the Appraisal Institute 
1996 – Dynamics of Office Building Valuation by the Appraisal Institute 
1996 – Appraisal of Retail Properties by the Appraisal Institute 
1981-1995 - Various appraisal classes pertaining to principles, income capitalization, cost analysis, sale 
comparison approach, and highest and best use analysis 
 



  

Professional Affiliation: Practicing Affiliate, Appraisal Institute 

Significant Assignments: Partial listing of representative assignments follows. 
 Principal real estate appraiser, consultant, and expert witness for all lands damaged by the Exxon Valdez oil 

spill.  Project involved over 2,000,000 acres of remote land and nearly 2,000 private property owners. 
 Represented Seibu Alaska, Inc. (Alyeska Resort and Alyeska Prince Hotel) in preparing their property tax 

appeal with the Municipality of Anchorage that resulted in a $65 million reduction in assessed value. 

 Appraised 35 properties acquired by the State of Alaska affected by the East 92nd Avenue Road Improvement 
Project pertaining to construction of New Seward Highway on and off-ramp to improve traffic circulation in the 
South Anchorage retail district.  The right-of-way project involved full and partial takings, including mitigating 
damages.   

 Appraised submerged tideland parcels and wetlands parcels located in Womens Bay on Kodiak Island for the 
purpose of an exchange between Koniag, Inc. and U.S. Fish and Wildlife Service 

 Appraised Common Carrier Pipeline right-of-ways leased and operated by BP Transportation Alaska and 
ConocoPhillips Alaska.  Appraised Nikiski Pipeline right-of-way operated by Tesoro that extends from the 
Tesoro Refinery in Nikiski to Anchorage International Airport.  Appraised KKPL natural gas pipeline right-of-
way operated by NORSTAR Pipeline Company right-of-way that extends from Soldotna to Ninilchik.   

 Appraised Kodiak Launch Complex located on Kodiak Island for Space and Missile Defense. 

 Appraised all lands, road right-of-ways, utility easements, watershed, airport, small boat harbor, conservation 
easement, and submerged tidelands that The Aleut Corporation conveyed to the State of Alaska and City of 
Adak.  Assignment totaled 3,600± acres encompassing the former Adak Naval Air Station and Submarine Base. 

 Appraised remote lands (65,000± acres) owned by three Native Corporations damaged by the Selendang Ayu 
grounding and subsequent oil spill. 

 Appraised fiber optic right-of-ways for various telecommunication companies crossing uplands and submerged 
lands located throughout the State of Alaska. 

 Review appraiser for proposed Doyon Land Exchange located within the Yukon Flats National Wildlife Refuge 
involving nearly 300,000± acres of fee simple entitlements and 95,000± acres of oil and gas rights. 

 Appraised 40,000± acres, including the contribution of merchantable timber, located on Afognak Island owned 
by four Native Corporations for potential acquisition by EVOSTC. 

 Appraised the Trans Alaska Pipeline System (TAPS), a FERC-regulated 800-mile pipeline that transports crude 
oil from Prudhoe Bay to Valdez, for TAPS ownership. 

 Appraised proposed LNG Pipeline, a FERC-regulated 860-mile pipeline that would transport liquefied natural 
gas from Point Thomson (North Slope) to Nikiski 

Expert Witness Experience: Dan Shantz has testified as an expert witness involving Federal, State, and 
Municipal jurisdictions.  Clients involved in the litigation include numerous law firms, oil companies, insurance 
companies, Native corporations, Alaska/Lower 48 corporations, as well as government agencies such as the 
Department of Justice and State Attorney General. 
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