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ACRONYMS
ACOE – Army Corps of Engineers
ADEC – Alaska Department of Environmental Conservation
ADOT – Alaska Department of Transportation
ANTHC – Alaska Native Tribal Health Consortium
AVCP – Alaska Village Council of Presidents
BEA – Baseline Erosion Assessment
bgs – below ground surface
BIA – Bureau of Indian Affairs
CATEX – Categorical Exclusion
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HUD – Housing and Urban Development
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NOAA – National Oceanic and Atmospheric Administration
NRCS – National Resources Conservation Service
NSF – National Science Foundation
ROM – Rough Order of Magnitude
RUBA – Rural Utility Business Advisor
USACE – United States Army Corps of Engineers
USCG – United States Coast Guard
USGS – United States Geological Survey
VSW – Village Safe Water
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Living Document Updates
This Managed Retreat Plan is intended to provide a framework and decision making tool for community
members in the coming years. It is suggested that the workplan, funding opportunities, key concerns,
and progress be reviewed by the Managed Retreat Coordinator, the City of Napakiak, the Native Village
of Napakiak, and the Napakiak Corporation annually. Updates can be noted in the hard copy, appended,
or updated in an electronic copy.

Reviewer
For example…
Managed Retreat Coordinator
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Date
June 2021

Summary of Updates / Location of Updates
Appended results of River Morphology Study
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Executive Summary
The mission of the Napakiak Managed Retreat Plan is to document the efforts of the community to
protect their resources, the coordination between community members and agencies, define the extent
of the threat, and to provide the framework for an orderly retreat of the community to a safe and
sustainable location.
The village of Napakiak is a traditional, Yupik community of 344 residents located on the banks of the
lower Kuskokwim River within the Yukon-Kuskokwim Delta. The Kuskokwim River provides life,
subsistence, and travel for the residents of the area as it has for thousands of years of nomadic
existence. Today, Napakiak and other communities have settled in more permanent villages that are
tied to modern infrastructure such as schools, sanitation, and health facilities while still supporting a
culture that is closely tied to the river. These villages are subject to the river’s natural forces of erosion
and flooding—both increasingly unpredictable and destructive due to climate change.
Napakiak has been losing land to the river for decades and residents have consistently worked to care
for their own by moving homes away from danger and protecting the river banks. These efforts are
quickly reaching a point of minimal return as several factors combine. Erosion is now imminently
threatening costly and immobile infrastructure: the school where children receive a safe space for
education and the airstrip that provides a life line to the outside are only two examples. To make
matters more urgent, the threat of flooding is projected to increase in coming years. Erosion that used
to occur primarily in the spring and fall now appears to be accelerating and occurring over more of the
ice-free months. Napakiak has been designated a Priority Action community by the U.S. Army Corps of
Engineers meaning that erosion issues warrant immediate and substantial Federal, State, or other
intervention. This designation means that “erosion is threatening the viability of the community,
significant resources are being expended to minimize such threats, or both conditions are present.” As
this plan is being published (September 28, 2020), the river has moved to within 100 feet of the school.
Sixty feet of land was lost in the first half of summer 2020. The recent study, Environmental Risk
Assessment to Increase Napakiak Community and Infrastructure Resilience, completed in September
2019, found that the majority of the current critical community infrastructure in Napakiak is expected to
be eliminated by 2030. The community’s water source and their only general store are next in line.
With these advancing threats it is clear that portions of the community between the airstrip and the
river are imminently threatened and retreat must proceed without further delay.
In previous planning efforts, the City and Tribal Councils identified relocation of the village to the nearby
bluff as its primary objective. However, the Councils and the local Corporation are currently in
agreement that while this is a long-term goal and likely a necessity, time has run out. The short-term
objective now is the retreat to the western end of the island while planning for and obtaining funding to
retreat to the bluff. This work has led to the development of a plan that includes immediately vacating
the area between the airstrip and the river to the western side of the island while monitoring and
studying the erosion and flooding threats. But this is not enough. The river will continue advancing.
Work must also begin to plan for the long-term retreat to the bluff.

Revision Date: September 25, 2020

Page | 4

Napakiak Managed Retreat and Land Use Plan
This process is expected to continue over the next several years and into the coming decades. It is
important for the community and their partners to continue diligently working towards the goals as
defined in this plan and as they are updated in coming years. Throughout this process, the community’s
guiding principles include:
Remain a distinct, unique community (“our own
place”).
Plan for the long term, but move quickly to respond to
near term environmental change.
Lead the response process and be self-reliant to the
maximum extent possible.
Make decisions openly and as a community.
Be realistic about the opportunities and challenges of
partner support, as well as the time required to secure
funding, permits, and other steps necessary for action.
This requires planning and coordination.

Napakiak’s Vision:
“The citizens of Napakiak envision
our community as a modern,
culturally-rooted, sustainable
environment. We seek to manage
and strengthen our village’s longrange benefits for present and future
generations. Our community aspires
to be a safe environment for its
members, to have quality housing,
education, a reliable and efficient
health care system, opportunities for
training and a healthy economy.”

A Project Charter has been drafted outlining the goals and
responsibilities of the team with the goal of improving this
coordination. The Project Charter is included in the appendices of this plan.
Residents of Napakiak appreciate the support of our Federal and State partners as our team works to
build a better future for the people of this village. We understand that Napakiak is not the only
threatened community and we hope that this work will help to set a precedent for sustainable and
responsible reactions to environmental hazards.
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Community Overview
Napakiak is a traditional Yup’ik community with an emphasis on a subsistence lifestyle. It is located on
the right bank of the Kuskokwim River, approximately 12 miles downriver from Bethel and eight miles by
air. The community is situated on an island surrounded by the Kuskokwim River on the eastern and
southern sides, and by Johnson Slough on the northern and western sides. It lies 407 miles west of
Anchorage at approximately 60° 41' N Latitude, 162° 07' W Longitude (Sec. 17, T007N, R072W, Seward
Meridian) within the Bethel Recording District.
Napakiak is located on the alluvial plain of the Kuskokwim River, the Yukon-Kuskokwim coastal lowlands,
in southwestern Alaska. The area is characterized by a transitional climate zone where maritime
conditions prevail during the summer (short and cool) and continental conditions (long and cold)
dominate during the winter. The community is located within the Yukon Delta National Wildlife Refuge,
which is the second largest National Wildlife Refuge in the country. The Yukon-Kuskokwim Delta
supports one of the largest populations of water birds in the world. According to an estimate from the
Alaska Department of Fish and Game, over 2 million salmon swim directly in front of Napakiak annually.
The 702-mile Kuskokwim River is the primary water body in the area draining a vast area of Alaska on
the north and west sides of the Alaska Range. River levels at Napakiak are influenced by diurnal tidal
back-water effects with significant changes in flow from summer to winter due to runoff. Peak flows
occur during spring break-up and fall rains1.
Yup'ik Eskimos have lived in this region since 1,000 A.D. The village was first reported in 1878 by E.W.
Nelson, although it was downriver, at the mouth of the Johnson River. In 1884, Moravian explorers
mention Napakiak as being close to Napaskiak, which suggests that the new village site may have been
occupied by that time. By 1910, the village had a population of 166. In 1926, the Moravian Church had a
lay worker in the village that began constructing a chapel; funds were raised for construction by the
Ohio Moravian Association. It took three years to complete the work, and in August 1929, people came
from many villages in the area to attend the dedication ceremony. In 1939, a BIA school began
operating, and in 1946 a Native-owned village cooperative store was opened. A post office was
established in 1951, the National Guard Armory was built in 1960, and the first airstrip was completed in
19732.
Access to the village is primarily by air and water with daily flights to and from Bethel. The community
also receives summertime barge service, providing bulk fuel and heavy equipment deliveries. In
addition, the community receives a large percentage of goods via a hovercraft service from Bethel yearround. There is also a marked winter trail overland to Bethel for travel by snowmachine and all terrain
vehicles.
The City of Napakiak operates a hauled water distribution and wastewater collection system serving the
majority of homes. This system was constructed in the 1990’s and includes a 100 gallon tank in the

1

Overview of Environmental and Hydrogeologic Conditions at Bethel, Alaska. Joseph M. Dorava and Eppie V.
Hogan. USGS, Open File Report 95-173. 1995.
2
Alaska DCCED Community Database Online. Web accessed 2019.
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home for water and a 100 gallon, insulated tank outside of the home for wastewater storage. The City
offers water and sewer hauling service with specially designed haul trailers pulled by ATVs. Water is
hauled from the watering point near the school and wastewater is hauled to the lagoon. Many
residents choose to haul their own water from the watering point in small containers. The water and
sewer system has been well maintained but is aging and in need of repairs.
The City also operates the washeteria, located at the city building, which houses the City office and two
rental rooms for visitor lodging. Napakiak Ircinraq Power Company, a subsidiary of the Napakiak
Corporation, generates electricity from diesel fuel and also purchases power from Alaska Village Electric
Cooperative in Bethel. A general store is owned and operated by the Napakiak Corporation as well as a
70,000-gallon tank farm for both fuel sales and power generation. The William N. Miller Memorial
School is a Kindergarten through 12th Grade school, operated by the Lower Kuskokwim School District.
Associated with the school are seven teacher housing units and a tank farm for diesel fuel utilized by the
school for heat. The Yukon-Kuskokwim Health Corporation operates the Ella Willie Memorial Clinic in
Napakiak providing both medical and dental care.

Erosion Threat
The village of Napakiak, the infrastructure described here, and the homes of the 344 current residents
are threatened by severe erosion from the Kuskokwim River. The erosion threat requires rapid response
and strategic planning to sustain the community’s health, safety, and long-term survival. In 2009, the
U.S. Army Corps of Engineers’ (USACE) Alaska Baseline Erosion Assessment (BEA) identified Napakiak as
a Priority Action Community due to the high likelihood and consequence of impacts to infrastructure,
stating that “erosion issues in these communities warrant immediate and substantial Federal, State, or
other intervention.” The designation of a Priority Action Community means that “erosion is threatening
the viability of the community, significant resources are being expended to minimize such threats, or
both conditions are present.” The 2012 USACE Section 14 Fact Sheet found the long-term average
erosion rate to be 40 feet per year. However, according to the 2018 Napakiak Hazard Mitigation Plan,
Napakiak lost up to 75 feet of shoreline in one year. The most recent study, Environmental Risk
Assessment to Increase Napakiak Community and Infrastructure Resilience, completed in September
2019, found that the majority of the current critical community infrastructure in Napakiak is expected
to be eliminated by 2030.
The rate of erosion has accelerated in recent years. When eddies form along the bank, land can collapse
at a very rapid rate. Storms that come from the Bering Sea exacerbate the erosion, often bringing
southerly storm-driven winds that generate erosive waves and surges. With a rising tide, waves can be
three feet high. With a falling tide, waves can be as high as eight feet3. There is also increasing evidence
that the river depth at the Napakiak shoreline is increasing as the thalweg moves closer to the
community.

3

Army Corps of Engineers. Section 14 Preliminary CAP Fact Sheet. Napakiak Streambank Erosion Protection. July
2012.

Revision Date: September 25, 2020

Page | 7

Napakiak Managed Retreat and Land Use Plan
Though the majority of critical infrastructure is estimated to be impacted by 2030, the most imminently
threatened structure is the school which expects to be impacted in one to three years. Addressing
impacts to the school by replacing the facility in a new location is the most urgent need in the
community. In August 2019, the Napakiak School’s fuel tank farm, which had 36,000 gallons of diesel
fuel, sat only 76 feet from the river. Due to the “immediate and substantial threat” of an environmental
disaster, the U.S. Coast Guard used their authority to order the Lower Kuskokwim School District (LKSD)
to immediately relocate the fuel tank farm away from the river at a cost of $300,000. This emergency
measure was covered in at least five news articles by KYUK, KTOO, Anchorage Daily News, and other
media outlets.
The City of Napakiak, the Native Village of Napakiak, and the Napakiak Corporation have long worked
closely and cooperatively. Residents have, over the years, adapted to the changing river and retreated
to the best of their abilities while bringing attention to the imminent threats to critical infrastructure.
These imminent threats must now be dealt with immediately to avoid substantial losses and the loss of
the community.
In addition to the economic effects of erosion threats, there are substantial negative impacts on the
mental and physical health impacts to residents due to inaction. Safety of all residents is of highest
priority. Fast moving erosion and severe flooding pose a serious safety threat. Residents have been
evacuated from the island on two occasions due to flooding and the potential flooding threat appears to
only increase in coming years. Erosion at Napakiak has been known to occur quickly—removing large
areas of land and structures overnight. The community’s school children are now attending classes in a
building that is coming closer by the day to the swift moving waters of the Kuskokwim River. Mental
health is detrimentally impacted by the acute trauma of flood events and the loss of homes as well as
the ongoing anxiety associated with an uncertain future.
In 2006, a Memorandum of Agreement was established between the City of Napakiak, the Native Village
of Napakiak, and the Napakiak Corporation. This agreement defines how each entity works together
and meets at quarterly meetings to discuss what has been accomplished and what may be needed in the
future in support of the community. There is also an annual, public meeting in November where all
entities report on completed and upcoming projects. This tri-party coalition has been instrumental in
the development of this managed retreat plan and in carrying out local projects to protect residents
from erosion and flooding.

Retreat Background
Residents of Napakiak have been aware of and been coping with erosion by the Kuskokwim River since
at least the 1960s. Using their own resources, community members have steadily moved homes and
structures out of harm’s way. Residents have effectively used their limited heavy equipment to
gradually move homes and structures as they are threatened. In the early years, a wooden beam sled
was constructed and used to drag homes with a tractor. A custom trailer was purchased more recently
and used with the City’s dozer and local manpower to continue their efforts including buildings such as
the City garage and fire station (moved in 2019). Most of the homes in the original settled area have
Revision Date: September 25, 2020
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been moved in this manner since the 1960s. Larger, community infrastructure is more challenging. The
original school was lost to the river in a matter of days during a fall storm. The community is using their
third runway, their second water source well, and has moved the cemetery once already.

In the 1960’s a wooden beam sled was used to move homes
during the winter.

A local Napakiak crew works to move a structure away from the
eroding riverbank.

Historical Erosion and Flooding
Erosion of the bank at Napakiak generally occurs in a steady progression through the ice-free months
with greater acceleration during times of high water and especially during storm events that bring high
water and wave action. The situation has grown critical at multiple points in the community’s history:
·
·
·
·
·
·

·

·

A flood event in 1965 required the entire population to be evacuated to the bluff on the other
side of Johnson’s Slough by the Army National Guard.
A similar event in 1973 required the entire population to be evacuated to Bethel by the Army
National Guard.
A May of 1986 a Governor’s disaster declaration provided funds to move seven houses in danger
by the river to a safe location.
An October 1986 storm caused severe flooding and damage to roads (State Disaster Declaration
#782).
A May 1988 storm caused severe flooding and damage to roads and an additional State Disaster
Declaration in the amount of $200,000.
The flood of record occurred in August 1990. Most of the community was inundated with at
least 2 feet of water and up to 4 feet in some areas. This event was due to a severe storm
combined with high tides. Twelve homes were flooded and insulation was damaged on 30
homes.
In May 1991 record snowfalls in the interior of the State combined with a sudden spring thaw
event caused flood levels as deep as 3 feet and 12 homes were flooded (Presidential Declaration
of Major Disaster combined with other communities, FEMA-0900-AK).
In January 1999 a storm surge combined with a tide event caused $20,000 in damage.
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·

·

A fall storm occurring September 22nd through the 26th, 2005 brought high winds combined with
wind driven tidal surges creating widespread flooding and a loss of 75 feet of riverbank. This
event was a Federally declared disaster (DR-1618).
A May 12th through the 13th, 2018 event destroyed the community’s hovercraft landing and boat
launch.

State of Alaska, Rural Utility Business Advisor (RUBA) personnel visited the community December 10th,
2019 to assist the City with practices and procedures. While there, the shoreline was measured at 201
feet from the water plant. RUBA documented previous measurements as; “June 24, 2019 the shoreline
was measured at 242 feet, January 30, 2018 the shoreline was measured at 299 feet, November 15, 2016
the shoreline was measured at 332 feet, and April 6, 2016 the shoreline was measured at 365. This
equals a loss of 164 feet in three years eight months. This water treatment plant is the only treatment
plant in the community. Without this plant the town will not have treated water”4.
The rate of erosion measured by RUBA equates to 45 feet per year between 2016 and 2019 at the water
plant. Note that erosion proceeds at different rates along the shore. As of publishing of this report in
summer 2020, the community well, water plant, and watering point are approximately 140 feet from
the river.

4

RUBA report 12/10/19 Trip report Memorandum, State of Alaska DCCED
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Army Corps of Engineers Projections
The ACOE completed an erosion
assessment of Napakiak in 2009 based
on measurements taken during a site
visit in 2007. At that time, the
estimated rate of erosion was 35 feet
per year. Follow up measurements in
2012 estimated a rate of 40 feet per
year. An island upstream of the
village splits the main flow of the river
into two channels (the North and the
South channel). The ACOE estimated
in 2011 that the North channel was
approximately 100 feet from the bank
and migrating westward over a length
Overview of Napakiak and surrounding area. Google Earth imagery with
of 12,000 feet. This investigation
USACE annotations.
notes that river flow may be shifting the
South channel which could cause erosion of a sand bar that would direct the majority of the river’s flow
at Napakiak and possibly increase the rate of erosion. Three alternatives were investigated by the ACOE
in the 2012 CAP study:
·

·

·

“Seawall or Revetment: Seawalls and revetments are hard structural solutions which potentially
could eliminate erosion at Napakiak. At Napakiak, the eroding bank is approximately 12,000
feet long and 50 feet deep [more recent anecdotal measurements are 60 to 80 feet in depth]
requiring massive structures of this type to have any long term effect. To protect Napakiak, this
entire length would need to be armored; to armor only a portion of this length would allow
erosion to unravel the structure as material behind the structure is lost.
Diversion Channel: Creating a diversion channel at Napakiak would impact navigation to Bethel
which is the only deep water port within 150 miles and serves as the main freight distribution
hub for the Yukon-Kuskokwim Delta region. A navigation channel could direct flow away from
the community, but this would create a maintenance dredging situation with associated annual
costs to maintain navigation to Bethel.
Relocation [Retreat]: The community has a detailed plan in place to relocate to a site on the
north bank of Johnson Slough. They are prepared to enact this plan upon construction of a
crossing of Johnson Slough.”

Two Bears Environmental Consulting Projections
The goal of the work completed by Two Bears Environmental Consulting, LLC (Two Bears) was to “work
with Alaskan communities to identify the future environmental sensitivities and potential adaptive
capacities of the villages to provide actionable data on the probable effects of climate change, such as
future risks of storm surge, sea-level rise, erosion, flooding, permafrost thaw, and other environmental

Revision Date: September 25, 2020

Page | 11

Napakiak Managed Retreat and Land Use Plan
hazards”.5 Climate change factors based on future climates6 were applied to the baseline climate for
each decade between 2010 and 2100, to represent both slow-onset effects of climate change and
extreme events. Outcomes of this analysis include a projected increase in average annual mean,
minimum, and maximum temperatures; an increase in annual precipitation (from 16 inches to 20
inches); a decrease in snow accumulation, no apparent change in wind projections; and slight decreases
in humidity and solar radiation. These changes in climate conditions are projected to increase the
impact of flooding and erosion.
Future Science
During 2020 and 2021, State of Alaska Coastal Hazards Program, Division of Geological and Geophysical
Surveys (DGGS) will collect LiDAR data of Napakiak and the surrounding area, bathymetric cross-sections
of the river, synchronous water levels at Napakiak and Fowler Island, and develop a community based
erosion monitoring site. This research will identify which portions of the community may be subject to
flooding and the impacts of this flooding aside from erosion. Further study that integrates local
conditions into a river morphology model is being carried out through 2020 (Phase 1) and funding has
been secured for Phase 2 which will use this model to better predict erosion and flooding in the future.
The objective of Phase 1 is to improve understanding of past and present changes in the river channel as
a basis to improve future quantitative predictions of bank erosion and flooding at the village and will
include performing a morphological analysis and creating a conceptual model of river erosion of the
Kuskokwim River channel near Napakiak. The study area will include the channel and floodplain,
extending approximately 10 miles upstream and downstream of Napakiak. This scale of perspective is
important because Napakiak is located at the point where the Kuskokwim changes from a low gradient
sinuous meandering river to a broad, funnel shaped macro tidal estuary that transects the YukonKuskokwim Delta plain before entering Kuskokwim Bay on the Bering Sea, approximately 50 miles to the
southwest.
The key task for Phase 1 includes gathering available data and literature, conducting a changing ice
regime and impact analysis, and coordination with ACOE and other river dynamics professionals. This
data will be combined with field measurements collected by DGGS during the summer of 2020 and 2021
to compile a conceptual model of riverbank erosion processes. The Phase 1 effort will provide the
baseline for Phase 2.
Phase 2 of the morphology study is essential for interpretation of the results of Phase 1 and will be
carried out in late 2020 and into 2021. The key elements for the Phase 2 scope of work would include a
data-driven hybrid GIS/process model of river channel change at Napakiak developed from the
conceptual model produced in Phase 1. The objective of the modeling will be to simulate selected past
and present variations and trends in channel position in the study area as a basis for future projections
incorporating climate change and sea level variation.

5

(Two Bears, 2019) Environmental Risk Assessment to Increase Napakiak Community and Infrastructure Resilience.
Two Bears Environmental Consulting, LLC. September, 2019.
6
RCP 8.5 from the IPCC’s global climate models.
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Use and Interpretation of the Projections
The timing of retreat is dependent on the rate of erosion of the Kuskokwim River, and as such,
understanding this variable is important to the community’s efforts in obtaining funding and in making
decisions about how quickly (or if) retreat should proceed to the bluff. Existing information sources
include historical observation, ACOE investigations, and the Two Bears projections.
In order to visualize the current projections, the graphic below shows the rate of erosion in the coming
decades. A range is provided for each time period. This range represents the difference between the
linear projections provided by ACOE Baseline Assessment and the aggressive projections using
assumptions about how climate change would increase erosion rates provided by Two Bears
Environmental Consulting. For example, by the year 2023, the river bank is estimated to be somewhere
within the red hatched area that includes the school and the edge of the store but not yet at the
washeteria or airstrip. This graphic has two purposes: 1.) provide a visual representation of the current
erosion projections over time, and 2.) demonstrate the level of uncertainty about the rate of erosion.

2023

2030

2050

2070

This series of graphics is intended to show the uncertainty in the range of projections for rate of erosion.
As time progresses, the uncertainty increases. Future science, such as the activities described on Page
12, may help to reduce this uncertainty.
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The following table summarizes a range of quantified erosion projections and data points (this list may
not be all inclusive). The Two Bears and the 2012 ACOE data were used to build the graphic on the
preceding page.
Erosion Estimate
35 ft/yr
40 ft/yr
45 ft/yr

Source
ACOE, 2009
ACOE, 2012
DCCED, RUBA Program, 2019

~75 ft

Measured by the community

100 ft/yr (2017 to 2030)
112 ft/yr (2030 to 2050)
150 ft/yr (2050 to 2070)

Two Bears, 2019

Summer 2020

60 feet lost between May and
mid-July

Notes
Linear Projection
Linear Projection
Calculated from measured rates over a
3-year period.
Localized erosion near the school that
occurred in one storm over Memorial
Day, 2019.
Calculated based on graphics provided
by Two Bears. The time ranges indicate
the projected increase in erosion
concurrent with climate changes.
Measured by the community.

These studies provide a range of expectations but lead to the same general conclusion: portions of the
community between the airstrip and the river are imminently threatened, and retreat must proceed
without further delay. Estimates of the rate of erosion and the observed rates of erosion continue to
increase. After review of the data available, the community has decided to plan for the worst until
better science provides direction. A rate of 100 feet per year through 2030 is assumed.
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Managed Retreat Team and Stakeholders
The City of Napakiak, the Native Village of Napakiak, the Napakiak Corporation and residents have come
together as one body to plan for and execute retreat efforts. For much of the history of the community
this work has been done independently by residents. Today the threat has become increasingly urgent
and the stakes are higher. The community does not have the capability to move or re-build much of the
infrastructure that is threatened—primarily the school, the water treatment plant, the watering point,
the store, and numerous homes that are larger than the local skid can handle. A number of state
agencies, federal agencies, regional organizations, and private organizations have joined in the effort to
provide assistance. Team members look forward to building a cohesive network of stakeholders that
can bring together the experience and resources necessary to plan for, fund, and execute the retreat of
a community faced with environmental threats.
Primary stakeholders outside of the community are included in the table below with their present role in
these efforts. This list is not inclusive of all stakeholders.
Stakeholder
Army Corps of Engineers (ACOE)
ANTHC Center for Environmentally
Threatened Communities
Alaska Village Council of Presidents (AVCP)

Calista Corporation
Denali Commission
Federal Emergency Management Agency
(FEMA)
Lower Kuskokwim School District (LKSD)
State of Alaska Department of
Transportation and Public Facilities
(ADOT&PF)
State of Alaska Department of Community
and Regional Affairs (DCRA)
State of Alaska Department of Natural
Resources, Division of Geological and
Geophysical Surveys (DGGS)
State of Alaska Department of
Environmental Conservation (ADEC) Village
Safe Water (VSW) Program
U.S. Coast Guard (USCG)

Role
Erosion projections, flood of record designation,
technical support
Funding and planning support
Transportation support for road construction.
Community partner for heavy equipment use
(depending upon availability)
Regional corporation and owner of the subsurface
Planning and funding support; currently subdivision
design, survey, and house assessments
Planning and funding support; primarily the
relocation of structures
Construction of a new school
Assessment and planning for future transportation
alternatives
Provide planning assistance to environmentally
threatened communities
Coastal Hazards Program; data collection and flood
analysis
Planning and funding support; primarily water and
sewer related infrastructure
2019 emergency support for bulk fuel transfer

The State of Alaska Department of Community and Regional Affairs (DCRA) conducted two Interagency
Meetings intended to update stakeholders and bring together resources and ideas (on August 1, 2018
Revision Date: September 25, 2020

Page | 15

Napakiak Managed Retreat and Land Use Plan
and November 13, 2019). These meetings have been instrumental in updating stakeholders and
increasing communication and coordination.

Moving Forward
Residents of Napakiak have watched the river for many years and worked continuously to protect their
homes, frequently moving further and further back from the river. With the support of funding
agencies, service organizations such as ANTHC and other professionals, a more efficient method of
collaboration can be developed. This includes establishing a local point person to manage the retreat
project and developing relationships with the stakeholders to plan for, fund, and execute projects.
Planning will allow retreat to be established for accessible locations with provisions for utilities, such as
electricity and a new water source. Executing these plans will prevent the catastrophic losses that have
occurred in the past and maintain a level of sanitation to residents over the coming decades.
Regardless of uncertainty in existing projections or future science, it is clear that the river will take the
existing school, the community’s water source, the City
washeteria/offices, homes, and then the airstrip in the near
future. Residents desire to work towards the long-term future
MOVING FORWARD
while dealing with the immediately threatened structures. This
Plan
and
execute a short-term plan
will require a detailed plan for ensuring all decisions are made
to deal with immediately
with consideration of future moves. For example, modular
threatened structures while
structures should be used when possible and foundations should
planning for the final retreat
be designed for simple movement.
location of the community.
Concerted planning and preparations began in 2019 after a May
2018 storm eroded up to 50 feet of bank and destroyed the community hovercraft landing and boat
launch. Using funds secured through the US Department of Housing and Urban Development (HUD), an
Indefinite Deliverables Indefinite Quantities (IDIQ) contract was secured to design and construct a
replacement and then proceed to additional activities associated with the protection of Napakiak from
acute environmental threats, relocation of infrastructure, and community development. An additional
grant was received from the State of Alaska, Community Development Block Grant (CDBG) program in
2019. This grant provided for the terrain analysis and geotechnical screenings and investigation of
potential retreat areas. Planning work executed for this analysis led to the development of a hybrid
approach: plan and execute a short-term plan to deal with immediately threatened structures while
planning for the final retreat location of the community. Goals and timelines of the short-term plan
have been coordinated with stakeholders. Long term plans include three alternatives: phased/ flexible
retreat to the bluff, phased/direct retreat to the bluff, or remain on the island. The following diagrams
highlight the major retreat steps in each of these three approaches. Detailed discussions of each
approach begin on page 33. A discussion of short-term activities (2020-2023) begins on page 27.
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Phased / Flexible retreat to the bluff. This
alternative includes Retreat Step 1: moving
the imminently threatened structures to the
western side of the island, Retreat Step 2:
moving the majority of middle town to the
bluff, and then Retreat Step 3: moving the
remaining structures to the bluff. This
alternative allows the community to avoid
moving immediately to the bluff (for which
there is not funding available) and provides
more years for planning and funding the
final move. The disadvantage of this
alternative is that many of the structures
will be moved twice.

Phased / Direct retreat to the bluff. This
alternative includes Retreat Step 1: moving
the imminently threatened structures to the
bluff, and then Retreat Step 2: moving the
remaining structures to the bluff. This
alternative would be the most direct, and
ultimately could be the most cost effective,
but it is likely that funding is not available to
move the imminently threatened structures
to the bluff before the river erodes them.

Remain on the Island. This alternative
includes Retreat Step 1: moving the
imminently threated structures to the
western side of the island, and then Retreat
Step 2: moving the remaining structures
further west on the island. Retreat Step 2
may not be necessary. This alternative
would only be viable if future science
indicates the river will change course and
the threat of erosion ceases. Based on
currently available data, the island is
projected to continue eroding in the coming
decades making this alternative unlikely.
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In the 2018 Hazard Mitigation Plan the City and Tribal Councils identified relocation of the village to the
bluff as its primary objective. However, the Councils and the Corporation are currently in agreement
that while this is a long-term goal and likely a necessity, the short-term objective is the retreat to the
western end of the island while planning for and obtaining funding to retreat to the bluff7. This decision
is the first Retreat Step of the Phased / Flexible retreat to the bluff.
2019 Status, Accomplishments, and Ongoing Work

A focused effort to begin planning and securing funding for retreat began with assistance from the
ANTHC Environmentally Threatened Communities Program and the Denali Commission in 2018.
Through these programs, the City of Napakiak and the Native Village of Napakiak were able to secure
funding for several initiatives and put into place an IDIQ contract with Summit Consulting Services to
provide technical assistance, design, and construction management services.
These initiatives kicked off in 2019 beginning with the design and construction of a new hovercraft
landing and boat launch. The old hovercraft landing was destroyed by erosion in 2018 creating a
challenging issue for an essential service to the community that delivers goods from Bethel. Residents
also require a safe location to launch and retrieve boats for subsistence and travel purposes. The
existing launch points on the Kuskokwim River are growing more dangerous as the beach erodes—
presenting deep, swift water. Launch points on the Johnson Slough are unimproved and accelerate
erosion by damaging existing banks and vegetation. Through a grant provided by ICDBG, a new
hovercraft landing and boat launch has been designed upstream in Johnson Slough. Construction began
towards the end of the 2019 season and was completed during the 2020 season.
A grant through the CDBG program funded terrain analysis, geotechnical screening, and high level
geotechnical exploration of three areas of retreat for the community to relocate and master planning
services. The geotechnical investigations were conducted in August 2019; they included four holes
drilled across two regions of the bluff and three holes drilled on the western side of the island.
Geotechnical investigation was performed by Golder and is appended to this report. The goal of this
investigation was to determine the suitability of the three areas for retreat, provide a summary of
geotechnical concerns within each area, and recommend conceptual road and foundation
methodologies. Master planning services carried out under this grant include this Managed Retreat and
Land Use Plan and associated community interaction.
As these activities were being carried out, erosion continued through 2019 and 2020. The Napakiak
School’s bulk fuel storage tanks (operated by LKSD) were less than 150 feet from the shore when the
U.S. Coast Guard sent representatives in August. The Coast Guard consulted with the State geologist,
professionals from the U.S. Geological Survey (USGS) and the National Oceanic and Atmospheric
Administration (NOAA), who determined the ‘rate of erosion of the remaining river bank is extremely

7

Napakiak, Alaska, Local Hazard Mitigation Plan, 2018. Revised April 2018.
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unpredictable and rapid erosion may continue at [the] current rate, retard, or increase due to seasonal
storm activity this fall’8. A Coast Guard appointed contractor transferred existing fuel storage to a
temporary tank further from the bank, then disassembled and moved the tanks. This effort will likely
protect the school’s fuel storage from erosion in 2020.
A storm that occurred November 9 and 10, 2019 pushed the bank further toward the school, as depicted
in the images below. Areas of vegetation provide a buffer to the erosion, which proceeds more quickly
in cleared areas of roads and living spaces where there are no living root systems to hold the land/soils.

Increasing rates of erosion have been observed in recent years.
The photo on the top was taken July 2, 2019. The photo on the
bottom was taken November 10, 2019. Note that the school’s
bulk fuel storage tanks were dismantled and removed during
this time period.

LKSD also accelerated planning and design
activities in 2019 to construct a new school
including assembling the design team and
pursuing funding. Present work is being selffunded as the Napakiak School has not yet
scored high enough to obtain State funding.
This plan assumes that design activities will be
carried out in two phases. The first is underway
and provides for a conceptual layout of the
school and infrastructure, geotechnical
investigation, and design of the foundation
system. Procurement of the foundation piling
was to occur during the summer of 2020 with
installation in the winter. The second phase of
planning would complete the design and
procure a general contractor with the
expectation of completing the school in time
for classes August 2023. However, State
funding was not received for 2021 and the
impacts to the schedule are not fully known.
State funding in 2021 is critical to avoid loss of
the present school before the new school is
complete under the aggressive plan developed
by LKSD. Should funding not be obtained, or
should the river exceed erosion projections,
LKSD will be required to mobilize temporary
school structures at an additional cost of
approximately $6 million.

Also critical to LKSD’s timeline is road access. The new school will be constructed at the farthest end of
the island where erosion should take the longest to encroach. Approximately 1,700 LF of new road
construction is required to reach the site. In the collaborative spirit of the Napakiak Managed Retreat
8

Alaska Division of Homeland Security and Emergency Management. Situation Report 19-227. August 15, 2019.
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Project, AVCP Transportation has elected to fund, design, and construct this road. This effort is beyond
the normal funding expenditures that Napakiak would receive for road improvements and a great
benefit to the community. AVCP is completing design and procurement through the winter of
2019/2020 and intends to complete construction by the end of the 2020 season.
In addition to providing access to the school, the new road will serve as the primary thoroughfare to the
new Napakiak 2020 Subdivision created through a grant from the Denali Commission to provide a
retreat for imminently threatened structures. The community worked diligently through 2019 to define
the new subdivision and the preliminary plat has been developed. Survey, monumentation, and platting
are scheduled for the fall of 2020. This grant also includes civil design of roads, pads, grading, and
drainage.

By summer 2019, much of the community’s critical infrastructure and homes have become threatened, including the watering
point/water treatment plant, the school, and the City Offices/washeteria. The updated measurements as of September 28, 2020
are 95 feet to the closest home, 100 feet to the school, and 138 feet to the water plant/watering point/well.

The community has received several grants through the BIA Tribal Resilience Program, including:
·

·

BIA Tribal Resilience Program Category 4. This grant to the Native Village of Napakiak has two
objectives: 1) complete Phase 1 of a river morphology study of the Kuskokwim River; and 2)
provide engineering technical assistance and managed retreat services to produce a retreat
work plan.
BIA Tribal Resilience Program Category 2. This grant to the Native Village of Napakiak has
several objectives: 1) increase field data by contracting the State of Alaska DGGS to provide
LiDAR of Napakiak and the surrounding area, collect bathymetric cross-sections and
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·

synchronous water levels, establish community based erosion monitoring sites, train a
community representative to continue monitoring, conduct coastal storm and river flood
monitoring, and seek out historical flood documentation; 2) hire a local Managed Retreat
Coordinator (MRC) to increase the Tribe’s capacity to monitor erosion and flooding, plan and
secure funding, and implement the managed retreat plan; and 3) provide engineering technical
assistance for collaboration with the MRC, stakeholders, partners, and the community.
BIA Tribal Resilience Program Categories 3 and 5. This grant to the Native Village of Napakiak
was used to provide travel support for community leadership to attend the Alaska Forum on the
Environment and the November 2019 Interagency Meeting in Anchorage, Alaska.

Retreat Sites
Three sites have been investigated for retreat of the community: the island, the western bluff area, and
the eastern bluff area. These sites were selected by the community for investigation based upon their
proximity to the existing community and the potential for long term habitation.
Terrain Analysis
Island Site: Napakiak is currently located on a large island in the Kuskokwim River that is separated
from the main land by the Johnson Slough. The entire island is low lying and fairly level with elevations
between 2 and 18 feet. Refer to Appendix B for topographic map of the island. Small drainages are
spread across the island. Vegetation consists primarily of thick stands of alder, willow and grasses. The
island is patterned with relic river channels vegetated primarily by grasses.

A view of the island terrain which includes thick stands of alder and willow on most of the island. The photo on the left
was taken during mobilization of drilling equipment for geotechnical screening. The right photo illustrates typical grass
and sedge vegetation that is dominant in relic stream channels.

Western Bluff Area: The western bluff area is accessible by crossing the Johnson Slough and ascending a
heavily vegetated 40 to 50-foot bluff. The top of the bluff differs in terrain and vegetation from the
island. It can be characterized as subarctic tundra, underlain by permafrost with a variety of scrub,
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peatland, heath meadow, marsh, and bog habitats. Specific vegetation includes sedges, sphagnum
moss, Labrador tea, dwarf birch, and other low-growing tundra shrubs. Numerous small lakes and
ponds can be found across the upland areas. This type of terrain and habitat extends to Bethel.
Elevations in the western bluff area vary between 50 and 110 feet with gently rolling hills (refer to
Appendix B for detailed topographic map).
Eastern Bluff Area: The eastern bluff area is similar to the western area in habitat and terrain. The
eastern area would likely be accessed via the same Johnson Slough crossing as the western bluff area.

A view of the bluff area showing tundra conditions including low growing shrubs, grasses, and sedges. The area is
interspersed with small lakes and ponds that are likely perched on frozen materials.

Both bluff retreat areas would be positioned to avoid native allotments and the community designated
area. There are five native allotments on the bluff: Certifications 50-2002-0200, 50-2002-033-, 50-20050542, 50-2002-0339, and 50-2005-0474. Through the community planning process, two additional areas
have been designated. A historic area is located directly across the Johnson Slough where the bluff
grades to the elevation of the slough. There are multiple graves in this vicinity. The second area has
been designated for development and a wind farm was envisioned for this location. The existing power
line inter-tie to Bethel is located on the bluff and passes through the development area before crossing
the slough to the community. This powerline avoids the native allotments. The conceptual road to
Bethel would follow an alignment similar to the powerline alignment.
Geotechnical Screening and Exploration
Geotechnical screening and exploration of the retreat areas was carried out by Golder Associates, Inc.
beginning with a review of historic geotechnical data, discussions with stakeholders, and the
development of a baseline geotechnical exploration program. The goal was to define subsurface soil,
groundwater, and ground thermal states at the retreat alternatives. Golder’s final geotechnical report is
included in Appendix A. Timing of geotechnical investigation was scheduled for August in order to
observe relatively maximum active layer depths. Exploration included mobilization of a skid mounted
Geoprobe drill rig fitted with a continuous Macrocore soil sampling unit. The drill rig was mobilized by
helicopter to each drill site given the undeveloped and undisturbed nature of the terrain. Target depths
were 30 to 40 feet below ground surface (bgs). After completing the boring, 1-inch PVC standpipes were
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installed for measurement of ground temperatures on the bluff and groundwater levels on the island.
Soil samples at select intervals were retained at every boring for laboratory analysis including moisture
content, pore water salinity, Atterberg limits, hydrometers, and grain-size distribution.
Island Site: Geotechnical investigations on the island closely followed the historical reports. Soils were
predominantly mineral fine grained sands with varying fines content and relatively shallow
groundwater. Historical logs reported groundwater at typically less than 8 feet below grade.
Permafrost was not encountered aside from isolated test pits in undisturbed areas.
Three borings were completed on the island: TH-1 and TH-3 were located in heavy vegetation areas and
TH-2 was located in a grassy relict oxbow. There was not standing water at any of the boring locations
during the investigation. All island borings encountered similar conditions. Static groundwater levels
were between 5 and 7 feet below grade; none of the borings encountered permafrost or signs of
permafrost; materials were fine sandy silt to silty fine sand; and, below 25 feet bgs the fine sand was
heaving. Depth to groundwater was measured during a follow up visit on September 11, 2019 and
varied between 1.8 feet bgs and 4.2 feet bgs. Neither the historical research nor the field investigations
in 2019 support the presence of continuous permafrost on the island.
Western and Eastern Bluff Area: The bluff area (both west and east) is undisturbed and is characterized
by “…eolian or dune deposits of fine grained sand/coarse grained silt, generally similar to the nearby
Bethel area. Shallow depth surface drainages are present, generally incised into the near surface soils. A
relatively thin organic tundra mat is present with increased brush vegetation in the lower lying
drainages. Surface terrain features including patterned ground features indicate the Upland area is
underlain by continuous permafrost.9”
Four borings were completed on the bluff to characterize both the east and west areas (TH-4, TH-5, TH7, and TH-8). Borings TH-5, TH-7, and TH-8 were located in elevated areas that appeared to represent
dry tundra. Boring TH-4 was located in an area with wetter surface organics with including more grass
and hummock features. This boring encountered a 1 foot thick surface organic mat underlain by
massive ice extending to approximately nine feet below grade. All borings encountered similar
conditions of permafrost below the seasonal thaw depth of about one foot below the ground
surface/tundra mat; low plasticity fine grained sandy silt to silty fine sand; and varying levels of visible
ice generally grading to non-visible ice. Ground temperatures were measured at all upland borings on
September 12, 2019 and were between 31.5° F at 4 feet bgs to approximately 30.5° F below 30 feet bgs.
Using data obtained from the University of Alaska Fairbanks, Scenarios Network for Alaska & Arctic
Planning (SNAP) group, Golder completed a forecast of air temperature trends for the decade 2060 –
2069 based on the Representative Concentration Pathways (RCP) forecast 8.5 (watts/m2) to estimate
average monthly temperatures.

9

Napakiak Geotechnical Findings and Conceptual Engineering Considerations. Golder and Associates. June 17,
2020. Full report is included in Appendix A.
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Forecasted air temperature trends for the Napakiak area in the decade 2060-2069. Refer to Appendix A for the full
geotechnical evaluation.

Continued air temperature warming is anticipated in the Napakiak area. The average air temperature
between 1961-1990 was 29° F warming to 38.7° F in the decade 2060-2069 (using the 5 model mean). If
warming temperatures follow these trends, the permafrost on the bluff will continue to degrade.
Surface thaw depth and permafrost temperatures will increase.
Construction Considerations
Conceptual level construction considerations have been development for pads, roadways, and utilities
to advise long term planning.
Island Site: The island site is characterized by fine grained material, relatively thin surface organics
(possibly thicker in oxbows), rare or absent permafrost, and shallow groundwater. Recommended
foundation systems depend upon building size and weight. Larger structures and critical infrastructure
(i.e., the school) should consider driven closed-end or helical pile supported foundations. Lighter
structures, such as homes, can use post and pad, sill-type, or space frame (such as Triodetic)
foundations. Site preparation should include removing organics under load bearing structures to
minimize structure movement. Local mineral materials can be used for pad construction but will likely
be sensitive to moisture and subject to erosion and instability for traffic. It is recommended that local
materials be blended with imported materials to the extent possible.
Low use roads with light traffic could be constructed of local materials but will be subject to erosion and
rutting due to the fine grained materials. A surface course of imported material, geogrid materials,
and/or blending of local materials with imported materials is recommended. Roads in Napakiak
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constructed by AVCP Transportation are built entirely of imported materials and hold up well. An
affordable alternative would be to construct the road base with a blended local/import material and
placing a surface course of imported material.
Buried utilities are possible with consideration for shallow groundwater. Above grade water and sewer
could also be designed on sleepers, piles, or helical piers. Lagoons or other structures requiring
embankments can be constructed of local materials but may require containing the soils with
geosynthetic products, soil containment systems, or blending with imported materials.
Flood elevation is an important consideration for construction on the island. Flooding can be caused by
spring snowmelt, ice jam flooding, late summer and fall storms, and wind driven tides. Flood events
have the potential to seriously damage many structures in the home and restrict travel within the
community. These events often happen with little to no warning. In at least one event, residents woke
to find water throughout the community and many homes with an inch of water. Based on records
between 1985 and 2010, floods occur on average every 5 years10. The historical flood elevation as
estimated by the Army Corps of Engineers is 8.65 feet corresponding to an elevation of between 14 and
15 feet (NAD83). At this time, the recommended finish floor elevation of new construction is between
19 and 20 feet. Newer structures have been constructed with a finish floor elevation above the
historical flood level. Many of the older structures are not above flood level and it is recommended
these structures be raised as they are moved. Flooding is projected to become more severe as sea
levels rise and, storm events increase, and watershed contribution to the Kuskokwim River potentially
increases. Care should be taken by future projects to adjust finish floor elevations as necessary.
Western and Eastern Bluff Area: As described in the geotechnical report (see Appendix A), “The Upland
site is predominately ‘warm’ permafrost with varying ice content. Massive ice sequences can be
encountered in this area, but the majority of the near surface Upland site permafrost is expected to be
eolian sandy material without extensive sequences of massive ice. However, we do not consider the
Upland eolian permafrost deposits as thaw stable material for preliminary site planning purposes. For
planning purposes, all Upland site permafrost soils should be considered ice-rich and subject to creep
behavior unless site specific geotechnical data indicate otherwise.” Note that site and project specific
geotechnical investigations will still be required as infrastructure is constructed on the bluff.
Foundation recommendations are broken into those for lighter structures and those for larger, critical
structures. Light structures can be founded with helical or adfreeze type piles. Space frame foundations
can be considered as long as a thermal break is provided between the structure and soils. Insulated
pads are recommended. Larger structures should consider deep driven adfreeze piles or passively
cooled adfreeze piles with means for active cooling. All structures should be capable of being releveled.
Roads and embankments considerations are the same as for the island with the added recommendation
of a thermal break (such as insulation) or other means of protecting permafrost. Specific design
investigations will be required to balance the long term operations and maintenance costs with capital

10

2018 Local Hazard Mitigation Plan.
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costs. Utilities are more likely to be above grade unless “careful geotechnical, civil and mechanical
engineering designs are employed”.
All development on the bluff should consider a setback from the edge of the bluff and other steep
slopes. As the active layer depth increases, the risk of solifuction and slope instability will increase.
Retreat Site Selection
The island site is the preferred alternative for community retreat. Residents have lived on the island at
this location for several generations and have convenient access to the subsistence and travel
opportunities on the river. With the absence of permafrost, construction challenges are minimized.
However, due to erosion, it is not clear that the island will be habitable beyond the year 2050 and
planning must begin now to retreat to the bluff. The two bluff sites are similar in terrain and
geotechnical considerations. However, the eastern bluff site has been selected for future long-term
retreat. The eastern site is not restricted from the river by native allotments and provides slightly more
presently dry tundra ground (less surface water). As described in the remainder of this report, Napakiak
has developed a short-term plan to retreat imminently threatened structures to the western side of the
island while planning for the long-term retreat to the eastern bluff site.
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Short Term Plan – Imminently Threatened Areas – 2020 through 2023

The community has defined imminently threatened as those portions of the community that are east of
the airstrip. This area is projected to be threatened within approximately 10 years, a timeline in which
funding could reasonably be assembled to relocate the imminently threatened structures and
infrastructure. This list does not include the airport or airport maintenance buildings. The City of
Napakiak estimates a cost of $25,000 to move small structures with local equipment and employees; a
cost far below the replacement value of the homes. Not all structures can be moved by the community
and this relocation cost does not include connection of utilities or construction of a pad at their new
location.
Structure
School and Associated
Structures

City Washeteria / Water Plant

Multi-Purpose Building

Existing Well / Watering Point
Cemetery
Corporation Fuel Farm

Bingo Hall

Coastal Villages Region Fund
Building
Corporation Store and
Associated Buildings
Residential Homes. Assuming
38 homes currently inhabited
between the airstrip and the
river.
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Estimated Replacement Value Source / Notes
$36,000,000
This includes the estimated replacement
value of the school, teacher housing,
utilities, school fuel storage, etc. Value is
based upon LKSD estimated costs for the
new school.
$12,900,000
Value is based upon VSW estimated costs
for a new well, washeteria, and water
plant.
$800,000
Former National Guard Armory.
Replacement value based upon similar
construction in other communities.
$0
Replacement value included with new
water plant item.
$150,000
Estimated relocation costs.
$2,500,000
Estimated value from 2018 Hazard
Mitigation Plan is $1.5 million.
Replacement value based upon similar
tank farms.
$800,000
Estimated value from 2018 Hazard
Mitigation Plan is $350,000. Replacement
value based upon similar construction in
other communities.
$700,000
Estimated value from 2018 Hazard
Mitigation Plan.
$550,000 Estimated value based upon similar
$650,000
construction in other communities.
$14,250,000
Replacement value for a single-family
home in a barge in community is between
$325,000 and $375,000 per 2018 HMP.
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The following plan has been developed to address the imminently threatened area:
·

·

·

·

·
·
·
·
·
·
·

·

Design, survey, and plat a new subdivision on the western side of the island that is capable of
accommodating the structures and infrastructure located in the imminently threatened area. This
process is underway. Draft subdivision designs have been presented to community members. A
final plan, survey, and plat recording is expected to occur during 2020.
Construct a road to provide access to the new school property and subdivision area. AVCP
Transportation is funding the design, permitting, and construction of the first 1,700 LF that will
access the school property (construction is scheduled for completion in October 2020). Funding is
being pursued to construct the remainder of the road, approximately 2,000 feet long, which will
allow access to the subdivision for future construction of house pads. The access road is a critical
first step to the success of the Short-Term plan.
Build a new school on the western side of the island. A location for the school that provides a 50year life with the most conservative of the current erosion projections was chosen. Design of the
school is underway. The LKSD has developed an ambitious plan meant to hold the first classes by
the start of the 2023 academic year. This work will also include the abatement and demolition of
the existing school.
Procure heavy equipment that will be owned by either the Tribe or the City. Having locally available
equipment will provide an enormous advantage when it comes to planning for future construction
and relocation of structures because it will allow these activities to be carried out within the
anticipated funding windows. At a minimum, this equipment should include an excavator, a loader,
and two dump trucks. Additionally, locally owned heavy equipment will increase the chances of
obtaining funding that is tied to high levels of constructability and shovel ready projects.
Procure and Construct a public works building that can be used to protect and secure the heavy
equipment and that will also provide a location out of the weather to maintain the equipment.
Drill a new water well to develop a water source on the west side of the island. This will be closely
followed by the design and construction of a water treatment plant and washeteria.
Identify a new location for bulk fuel storage and begin the design and permitting process to relocate
the community’s bulk fuel facilities.
Design and construct house and building pads within the new subdivision.
Move or demolish all homes and public buildings (approximately 38 residences and 11 public
buildings) structures east of the airstrip. Refer to Appendix G for a summary of these structures.
Design and construct the power grid expansion to the new school and subdivision. This work will
also include the responsible, phased demolition of the power grid east of the airstrip.
Initiate discussions with the ADOT&PF early to address impacts to the existing airstrip. The options
provided by ADOT&PF include: armoring the existing airstrip against erosion, building a new airstrip
on the bluff, or building a road to Bethel. ADOT&PF has indicated a new airstrip will not be
constructed on the island. Stakeholders expect this process to take several years. Because
conservative erosion projects indicate the airstrip could be impacted within 10 years, it is essential
to continue planning for future transportation facilities.
Design and construct a bridge across Johnson Slough to provide access to the bluff. A bridge would
provide two major benefits: emergency retreat during floods and future transportation. Residents
of Napakiak have been evacuated by air on an emergency basis twice due to catastrophic flooding.
Providing an emergency escape route is fundamental to the future protection of residents,

Revision Date: September 25, 2020

Page | 28

Napakiak Managed Retreat and Land Use Plan
especially as the frequency and intensity of flood events is projected to increase. Additionally, a
bridge is the first step in providing access to the bluff for long term retreat and potentially by road to
Bethel. ADOT&PF will consider construction of a road from Bethel to Napakiak; but, ADOT&PF
planners have maintained the department will not construct a bridge. Alternate funding must be
pursued.
The following design and construction graphic provides a visual timeline of the goals and improvements
described for this Short-Term plan.
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Short Term Plan Rough Order of Magnitude Costs
The following table summarizes the individual work activities projected for the short term plan, the estimated costs, potential or secured funding
sources, and status of funding. The short term plan is to be carried out by the end of 2023 and is intended to protect the imminently threatened
infrastructure that is between the airstrip and the river.

Item

Projected
Cost

Short-Term Plan Work Tasks

Funding Source

Status as of
June 2020

Funding Secured
1

2
3

Natural Resources Conservation Service (NRCS) provided funding for the
relocation of the City garage and fire station.
Housing and Urban Development (HUD ICDBG Imminent Threat and CDBG)
provided funding for the replacement of the boat and hovercraft landing,
geotechnical exploration activities, and land use planning for the managed
retreat effort.
Bureau of Indian Affairs (BIA) Programs provided funding to relocate 6
structures closest to the river.

5

Bureau of Indian Affairs (BIA) Programs provided funding for an
environmental risk assessment, hire a Managed Retreat Coordinator position,
collect erosion and flood data, provide technical assistance, travel to
conferences and interagency meetings, a river morphology study Phase 1, and
a managed retreat work plan.
Denali Commission provided funding for layout of a new subdivision, survey,
platting, and civil design of roads and pads.

6

Construct access road to new school site. This is the first 1,700 feet of road
needed for the new subdivision.

4

7
8

Rehab the existing washeteria to accommodate a watering point and
treatment system.
Construct 8 house pads for homes/structures closest to the river.
Subtotal of Work Tasks With Funding Secured
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$37,507

NRCS

Secured

$986,200

ICDBG / CDBG

Secured

$50,000

BIA Tribal Resilience

Secured

$495,333

BIA Tribal Resilience

Secured

$248,592

Denali Commission

Secured

$2,500,000

AVCP Transportation

Secured

$1,000,000
$800,000

Village Safe Water
ICDBG FY20

Secured
Secured

$6,117,633
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Funding Not Secured
9
10
11

12
13
14
15
16
17
18
19
20

21
22
23

Construct 12 house pads and relocate 20 structures. Procure and mobilize
heavy equipment (at a minimum an excavator, loader, and two dump trucks).
Drill a new water well to serve the community.
River Morphology Study Phase 2
Home Relocation Planning to include structural assessments, preparation of
FEMA buyout and relocation project applications, and NEPA processes
specific to the structure relocation effort.
Design of electrical distribution system to serve the new subdivision.
Extend the power distribution system to the new subdivision and
decommission the system near the river.
Construct a new water plant/washeteria.
Construct a new school and demo the old school (cost does not include
temporary classrooms estimated at $6 million).
Construct the remaining 2,200 LF of road for the new subdivision.
Public Works Building (a mobile, quonset hut style shop for equipment
maintenance and storage).
Complete a Feasibility Study, Design and Permitting for a bridge across
Johnson Slough.
Relocate the cemetery.
Construct House Pads and relocate homes for remaining homes and
structures east of the airstrip (approximately 35, house survey is necessary to
determine number and cost to relocate)
Ongoing Managed Retreat Coordinator Position through 2023
Planning and Management (2021 through 2023)

$3,000,000
$300,000
$150,000

NFWF
Village Safe Water
BIA Tribal Resilience

Award Pending
Award Pending
Award Pending

FEMA
Unknown

Application
Pending
Unknown

$2,500,000
$12,900,000

Unknown
Village Safe Water

Unknown
Award Pending

$36,000,000
$2,000,000

LKSD (St of Alaska)
Unknown

Award Pending
Unknown

$250,000

Unknown

Unknown

$350,000
$300,000

Unknown
Unknown

Unknown
Unknown

$4,000,000
$100,000
$280,500

Unknown
Unknown
Unknown

Unknown
Unknown
Unknown

$145,000
$70,000

Subtotal of Work Tasks Without Funding Secured

$62,345,500

Total ROM for Project Activities 2019 through 2023

$68,463,133
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Moving to the Bluff– Phased/Flexible Retreat (Long Term Plan 1)

The phased, flexible retreat alternative includes first implementing the short term plan to ensure that critical
infrastructure and homes are not lost to the river while preparing to move to the bluff by 2070. The community
and stakeholders recognize that retreat to a final
location will take many years to fund and accomplish.
The river will not allow that many years before
imminently threatened structures are lost. This
alternative allows for a period of observation of up to
several decades, depending on the rate of erosion.
While retreating to the western end of the island, the
community will continue pursuing funding for and
constructing a bridge across Johnson Slough. New
construction will be designed for flexibility and
portability to the extent possible. The new school,
View of the school and former location of bulk fuel storage from
washeteria, water treatment plant and water source
the edge of the eroding river bank.
will all be constructed on the western end of the island.
Over the observation period until 2030, the community will be able to better define how quickly they must
retreat to the bluff. Should the river continue to erode as projected, residences and structures directly west of
the airstrip would be the first to retreat to the bluff. Using the bridge, the community would be split between
the bluff and the island during transition. Larger infrastructure (the school, washeteria, etc.) would be nearing
the end of its design life by the time the river is projected to reach them. This infrastructure would then be rebuilt on the bluff. This alternative assumes that ADOT&PF either builds a new airstrip on the western end of the
island or a road to Bethel.
Schedule for Planning
The anticipated schedule would include:
·
·
·
·
·
·
·

Follow the short term plan through 2023.
Construct a bridge across Johnson Slough by 2030.
Obtain a determination from ADOT&PF and complete construction of a road to Bethel or an airstrip by
approximately 2030.
Develop a new subdivision with utility infrastructure on the bluff by approximately 2040.
Develop a new wastewater system on the island (perhaps combined with the system serving the bluff)
by approximately 2040.
Continue moving homes and structures in a phased fashion from the west side of the airstrip to the bluff
as dictated by the river between approximately 2040 and 2060.
In approximately 2070, major infrastructure such as the school would be re-built on the bluff.
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Long Term Plan 1 Rough Order of Magnitude Costs
The work tasks necessary to carry out this alternative have been further broken down in the following table and
include an ROM cost. Tasks occurring after 2023 include a calculation for an assumed 2% annual inflation rate.

By 2040

By 2030

2019 to
2023

Moving to the Bluff - Long Term Plan 1 - Phased/Flexible Retreat to the Bluff
2020 Dollars

Inflation
Adjusted(1)

Short Term Plan. Retreating to the western end of the island: houses east
of the airstrip and road extension.

$68,463,133

$68,463,133

Johnson Slough Bridge Construction

$3,000,000

$3,664,208

Construction of a road to Bethel ~8-10 miles or new airstrip

$35,000,000

$42,749,097

--

--

$650,000

$793,912

Develop a new wastewater system on the island (perhaps combined with
the system serving the bluff for future planning)

$6,000,000

$7,328,417

Construct roads for a new subdivision 10,400 LF of road 20 ft driving
surface, acess road to the bluff + access to Parcels 1-23

$15,200,000

$22,675,735

Develop parcels 1-23

$4,600,000

$6,862,394

Develop a new wastewater system on the bluff

$9,000,000

$13,426,422

Extend the power distribution system to the new subdivision

$5,000,000

$7,459,123

$600,000

$895,095

Construction of new WTP / washeteria on the bluff

$16,000,000

$23,869,195

Develop Parcels 24-48
Construct roads for a new subdivision 2,500 LF of road 20 ft driving
surface, Parcels 24-48

$4,800,000

$8,746,170

$3,650,000

$6,650,734

Extend the power distribution system to the new lots

$1,000,000

$1,822,119

Develop parcels 49-70
Construct roads for a new subdivision 1,800 LF of road 20 ft driving
surface, Parcels 49-70

$4,200,000

$9,347,272

$2,625,000

$5,842,045

Extend the power distribution system to the new lots
Construct roads for a new subdivision 4,000 LF of road 20 ft driving
surface, Parcels 71-130

$1,200,000

$2,670,649

$5,833,333

$12,982,322

Develop parcels 71-130

$11,800,000

$26,261,383

Construct access roads for a new school and other new infrastructure
3,200 LF of road 20 ft driving surface

$4,700,000

$12,775,925

Construction of new school on the bluff

$39,600,000

$107,643,960

$500,000

$1,359,141

$243,421,466

$394,288,450

Relocate the cemetery (costs included in Short-Term Plan)
Develop plans, permit, and plat new bluff subdivision

By 2070

By 2060

By 2050

Develop new water source on the bluff

Extend the power distribution system to the new school
Total ROM for Entire Projected Project Activities

(1) An inflation rate of 2% is assumed between 2030 and 2070 based upon the Federal Reserve's target rate. The end
of the decade is used.
(2) Subdivision parcels have not been proposed. Parcel numbering and road lengths are conceptual for ROM planning
purposes.
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Advantages/Disadvantages
The advantages of the Long-Term Plan 1, Phased/Flexible Retreat to the Bluff include:
·
·
·

The built-in flexibility allows residents to watch and observe the river for several years before fully
committing to a retreat to the bluff.
Additional time will allow future studies on the rate of erosion and flooding to be completed.
The school district can proceed with their present plan to construct the new school on the western side
of the island.

Disadvantages of this alternative include:
·
·

It will take longer for the community to develop a firm path forward. This could impact some sources of
funding that would prefer to see that a decision has been made.
The overall cost will be higher due to the longer duration and the duplication of some facilities.

Moving to the Bluff– Phased/Direct Retreat (Long Term Plan 2)

A phased, direct retreat assumes that immediate action is necessary to retreat to the bluff by approximately
2050. The short term plan described previously would be modified to accommodate a temporary retreat of
structures near the river. The community would aggressively pursue funding for the bridge across Johnson
Slough, material sources, subdivisions, roads, and utilities on the bluff. The school district would provide
modular classrooms for the interim and begin the design and construction of a new school on the bluff. This
alternative assumes that interim improvements at the washeteria would be sufficient to provide water until a
new source and treatment plant could be constructed on the bluff. Planning and design of all infrastructure
required on the bluff would start immediately. This alternative assumes that ADOT&PF will construct a road to
Bethel, possibly before the existing airstrip is lost, to facilitate construction on the bluff.
Schedule for Planning
A summary of the anticipated schedule would include:
·

·
·
·
·
·
·

Complete the new subdivision and temporarily move homes and structures nearest the river by 2023 to
the new Subdivision. This would include the six homes to be moved by the community with BIA funding,
and approximately 21 additional homes.
Demolish the existing school and place modular school structures by 2023.
Rehabilitate the existing City Offices/washeteria to accommodate a water treatment plant and watering
point on an interim basis.
Construct a bridge across Johnson Slough by 2023.
Develop a new subdivision focusing first on utility infrastructure (including a new water source,
treatment system, and wastewater system) on the bluff by 2025.
Construct a road to Bethel (or an airstrip as determined by AKDOT&PF) by 2030.
Construct a new school on the bluff by approximately 2030.
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·

Continue moving homes and structures in a phased fashion to the bluff between approximately 2030
and 2050 with road and pad development phased accordingly.

Rough Order of Magnitude Costs
The work tasks necessary to carry out this alternative have been further broken down in the following table and
include an ROM cost. Tasks occurring after 2023 include a calculation for an assumed 2% annual inflation rate.

Moving to the Bluff - Long Term Plan 2 - Phased/Direct Retreat to the Bluff
2020 Dollars

Inflation
Adjusted(1)

Natural Resources Conservation Service (NRCS) provided funding for the
relocation of the City garage and fire station.

$37,507

$37,507

Housing and Urban Development (HUD ICDBG and CDBG) provided funding
for the replacement of the boat and hovercraft landing, goetechnical
exploration activities, and land use planning for the managed retreat effort.

$986,200

$986,200

$495,333

$495,333

$248,592

$248,592

$2,500,000

$2,500,000

Design of electrical distribution system for Napakiak 2020 Subdivision.

$70,000

$70,000

River Morphology Study Phase 2.

$150,000

$150,000

Procure and mobilize heavy equipment.

$600,000

$600,000

Home Relocation Planning to include structural assessments, preparation of
FEMA buyout and relocation project applications, and NEPA processes
specific to the structure relocation effort.

$145,000

$145,000

$10,000,000

$10,000,000

$225,000

$225,000

$1,000,000

$1,000,000

$2,500,000

$2,500,000

Construct 17 house pads and relocate 11 challenging structures (+ 6
structures to be moved under the BIA Grant).

$5,000,000

$5,000,000

Construct 10 house pads for homes/structures closest to the river.

$800,000

$800,000

Relocate approximately 10 additional homes so that all structures east of
the City Offices have been moved.

$150,000

$150,000

Bureau of Indian Affairs (BIA) provided funding for an environmental risk
assessment, to relocate six buildings, hire a Managed Retreat Coordinator
position, collect erosion and flood data, provide technical assistance, travel
to conferences and interagency meetings, a river morphology study Phase
1, and a managed retreat work plan.
Denali Commission provided funding for layout of a new Napakiak 2020
subdivision, survey, platting, and civil design of roads and pads.
Between 2019 and 2023

Construct access road first 1,700 LF.

Demolish the existing school and place modular school structures
Public Works Building (a mobile, quonset hut style shop for equipment
maintenance and storage).
Rehab the existing washeteria to accommodate a watering point and
treatment system.
Extend the power distribution system to the new subdivision and
decommission the system near the river.
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Moving to the Bluff - Long Term Plan 2 - Phased/Direct Retreat to the Bluff
2020 Dollars
$2,000,000

Inflation
Adjusted(1)
$2,000,000

$350,000

$350,000

Construct a bridge across Johnson Slough

$3,000,000

$3,000,000

Construction of a road to Bethel ~8-10 miles or new airstrip

$35,000,000

$35,000,000

Develop plans, permit, and plat new bluff subdivision

$650,000

$650,000

Relocate the cemetery
Ongoing Managed Retreat Coordinator Position through 2023

$300,000

$300,000

$100,000

$100,000

Planning and Management (2021 through 2023)

$280,500

$280,500

Develop a new wastewater system on the bluff

$9,000,000

$9,946,538

Construct lagoon access road 5,300 LF , 20 ft driving surface

$7,729,167

$8,542,050

$600,000

$663,103

Construction of new WTP/washeteria on the bluff
Construct roads for a new subdivision 12,000 LF of road 20 ft driving
surface, Parcels 1-43

$16,000,000

$17,682,735

$17,500,000

$21,374,548

Develop Parcels 1-43

$8,600,000

$10,504,064

Extend the power distribution system to the new subdivision

$6,000,000

$7,328,417

Construct access roads for a new school and other new infrastructure 1,100
LF of road 20 ft driving surface

$1,604,167

$1,959,334

Construction of new school on the bluff

$39,600,000

$48,367,549

$500,000

$610,701

$1,895,833

$2,828,251

Develop Parcels 44-86

$8,400,000

$12,531,327

Extend the power distribution system to the new lots
Construct roads for a new subdivision 3,400 LF of road 20 ft driving surface,
Parcels 87-130

$1,200,000

$1,790,190

$4,958,333

$9,034,672

Develop Parcels 87-130

$8,600,000

$15,670,222

Extend the power distribution system to the new lots

$1,500,000

$2,733,178

$200,275,633

$238,155,011

Construct the remaining ~2,200 LF of Subdivision Road

By 2050

By 2040

Between 2025
and 2030

Between 2023
and 2025

Complete a Feasibility Study, Design and Permitting for a bridge across
Johnson Slough.

Develop new water source on the bluff

Extend the power distribution system to the new school
Construct school access roads for parcels 44-86, 1,300 LF, 20 ft driving
surface

Total ROM for Project Activities 2019 through 2050

(1) An inflation rate of 2% is assumed between 2030 and 2070 based upon the Federal Reserve's target rate. The end
of the decade is used.
(2) Subdivision parcels have not been proposed. Parcel numbering and road lengths are conceptual for ROM planning
purposes.
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Advantages/Disadvantages
The advantages of the Long-Term Plan 2, Phased/Direct Retreat to the Bluff include:
·
·

This alternative represents a firm path forward that may be more appealing to funding agencies.
The overall cost will be less than the Phased/Flexible approach due to a shorter duration and less
duplication of infrastructure.

Disadvantages of this alternative include:
·

·

·

There is not as much flexibility to allow residents to watch and observe the river before fully committing
to a retreat to the bluff. Should the river change course between 2020 and 2030, a significant
investment will already have been made on the bluff.
The costs to the school district will be higher because temporary school infrastructure will be required
on the island for several years. The district’s planning process thus far will also have to be modified to a
new location on the bluff—increasing their design costs.
A larger portion of funding will be required on a shorter timeline. This is a more challenging position for
funding agencies.

Remain on the Island - Long Term Plan 3
The alternative to remain on the island is possible only if the river will change course or significantly slow its rate
of erosion. This alternative assumes that the short-term plan described previously is still implemented to
protect infrastructure east of the airstrip, but that the existing airstrip is not threatened or that erosion
protection constructed by ADOT&PF is sufficient. Construction of a bridge across Johnson Slough is still
recommended as an emergency route in the case of flooding or other natural disaster events.
Schedule for Planning
The anticipated schedule would include:
·
·

Follow the short term plan through 2023.
Construct a bridge across Johnson Slough by 2030.

ROM Costs
ROM costs for Long Term Plan 2 – Remain on the Island would be the same as for the Short-Term Plan through
2023 with the addition of the Johnson River bridge construction for a total of approximately $71,470,000 (Short
Term costs of $68,470,000 + $3,000,000 for the bridge). These costs assume that only the structures east of the
airstrip need to be moved.
Advantages/Disadvantages
Remaining on the island is the preferred alternative for residents should the river allow it. This alternative is not
directly comparable to the Phased/Flexible or Phased/Direct alternatives.
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Key Concerns Moving Forward
Residents of Napakiak are moving forward to do the work necessary to complete Short Term goals with the
understanding that over the next few years, chances are high that the river will continue to erode in the same
manner it has for the past few years (2016-2019). All participants agree that mitigating the loss of infrastructure
within the imminently threatened areas is of critical importance. Residents will simultaneously be pursuing the
answers to several key questions that will guide actions taken in the decades between 2030 and 2070. The
questions and the answers to these questions will change as this document evolves.
What will future funding scenarios be?
The pace and efficiency of retreat is defined by the availability of funding. The quality of funding is characterized
by the award amount, the conditions attached to receipt of funds, and the timing. Current funding scenarios
rely primarily upon the existing state and federal cycles including Legislative appropriation, Denali Commission,
FEMA, CDBG, and ICDBG applications, none of which are designed to address managed retreat. These sources
are carefully scoped to work within set dollar amounts and contain conditions that prohibit an efficient, effective
managed retreat, such as HUD excluding heavy equipment procurement in CDBG programs and FEMA excluding
the construction of new roads and utilities for the retreat. By working diligently with partners, the community
has been successful in acquiring sufficient funding to begin the risk assessment and planning phase of the
immediate retreat. However, implementing the short term goals (2019 to 2023) will require multiple funding
sources that arrive at the appropriate times. This is a precarious position for the community. Furthermore, the
ability to secure funding for the long term retreat is highly uncertain.
Will the ADOT&PF choose to build a road or an airport?
Transportation in and out of Napakiak is of critical importance. This includes transportation for both passengers
and freight. Current erosion projections indicate that the existing airstrip could be impacted as soon as 2030.
This leaves approximately 10 years to plan, fund, design, and construct alternative transportation facilities. Both
the Native Village of Napakiak and the City of Napakiak have passed resolutions (refer to Appendix E) that
request assistance from ADOT&PF. As of the end of 2019, the ADOT&PF has reviewed the erosion projections
currently available (ACOE and Two Bears) and determined that it is unlikely that a new airstrip will be
constructed on the island and unlikely that the ADOT&PF will construct a bridge across Johnson Slough. More
likely outcomes include erosion protection on the existing airstrip, a new airstrip constructed on the bluff, or the
construction of a road to Bethel11. Residents will continue working with ADOT&PF to mitigate the loss of the
airstrip and reach a consensus on future transportation alternatives.
Will the erosion projections change?
The two currently-available erosion projections offer different perspectives: 1) a linear projection by the ACOE
based upon historical erosion rates, and 2) a modification of the historical erosion rates to account for climate
change factors provided by Two Bears Environmental Consulting. The ACOE projections have been surpassed in
recent years and could continue to be surpassed if erosion further accelerates. The modified projection is a
desktop study that may not fully take into account river morphology and local geotechnical considerations; this
estimate could be considered aggressive. Future studies that account for local conditions may offer more insight
and could change the trajectory of the managed retreat. The work being carried out by State of Alaska, DGGS
11

Responses provided by AKDOT&PF representatives at the November 13, 2019 Inter-Agency meeting held in Anchorage.
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and Golder are scheduled for completion in 2021. Ongoing community-led observations will also be
informative.
Where will the cemetery be located?
Relocation of the cemetery will likely occur within the next 10 years. Alternatives include moving it further back
onto the island or up onto the bluff. If it is located on the island, it will be more accessible (particularly until a
bridge across the slough can be constructed); however, it may need to be relocated again. If the cemetery is
located on the bluff, it will be more difficult to access, and graves will need to be placed in permafrost. The bluff
location will be safer from erosion than the island. Residents will consider the alternatives before reaching a
decision about where the cemetery should be located in the future.
Would it be advantageous to do a comprehensive Environmental Impact Statement?
A programmatic Environmental Impact Statement (EIS) evaluates the environmental effects of a broad range of
planning level decisions covering a wide range of individual projects that could be implemented over a long
timeframe or large area. This approach could be applicable to the development of community wide impacts on
the bluff and for which a road to Bethel or a new airstrip is planned. An agency, such as the ACOE, could be
petitioned to conduct a programmatic review covering the anticipated environmental impacts of development
on the bluff. This comprehensive analysis would include historical and cultural resources, soils, water quality
impacts, air quality, and threatened and endangered species among other concerns. This approach could be
advantageous as development of planning becomes more imminent and as future funding becomes foreseeable.
Current activities involving development of the Napakiak 2020 Subdivision have been permitted under a caseby-case basis. Moving forward with a programmatic EIS or EA could reduce permitting workloads should
activities begin on the bluff.
How will construction on the bluff differ from the island?
The island is heavily vegetated with alders, willows, and grasses and does not appear to contain permafrost. In
contrast, the bluff has no brush and is vegetated with low growing grasses/sedges and tundra woody plants such
as blueberry. Permafrost is widespread with areas
of massive ice.
Foundations on the island are predominantly post
and pad which has served well. This technology is
straight forward and inexpensive. Foundations on
the bluff will likely require piling, insulated pad
systems with post/pad foundations, or less
substantial pads with a flexible, supportive
foundation such as Triodetic systems. Triodetic
systems should be considered for long term
planning. Although they are more expensive than
The process of moving a home on Triodetic foundations.
post and pad, they offer several advantages. These
systems are better able to transfer and support loads across degrading subsurfaces. Triodetic systems can also
be installed with ski attachments that allow for simple movement of the structure with minimal heavy
equipment.
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Thawed, silty sand material is available for fill on the island. Imported material is still required to blend with the
local material, but a local source to offset costs is advantageous. Construction on the bluff would likely require a
substantially higher percentage of imported material at a higher cost. Consideration should be given to the
extraction of local material from the island, as well as to the transport of material from Bethel sources if a road
is constructed.
Bridge Considerations
A bridge across Johnson Slough is an integral part of the planning process to provide both emergency escape
from flooding and a future route to the bluff subdivision. Should the community retreat to the bluff as outlined
in Long Term Plans 1 and 2, a bridge will be necessary during transition. A bridge could also serve as access back
to the river once the transition is complete. In this case, the bridge must be suitable for normal traffic and
movement of goods as well as pedestrian use. In Napakiak this means trucks, small vehicles, and ATVs. During
transition there will be years when some homes are on the opposite side of the slough from the school. It is
likely the bridge will need to accommodate use of a school bus to transport students. Design of the bridge
should include adequate guard rails, fencing, and a pedestrian path to allow for safe day-to-day use.
Alternatively, a temporary bridge designed to facilitate construction of the bluff subdivision could be used. This
approach would require limiting access for the safety of residents and an alternative methodology would be
needed to accommodate the transition period when the community is split between the bluff and the island.
Future Energy Resources
The managed retreat will require significant infrastructure development, the expansion of the existing electrical
distribution system for the new subdivision, and expansion for future development on the bluff. It would be
advantageous to also take into consideration future renewable energy resources and modernization of
equipment at the same time. An analysis completed by V3 Energy in 2012 found the bluff site to have good
potential (Class 4) low turbulence and probability of extreme wind events12. A further analysis that considers
the cost and reliability of power from Bethel with the addition of wind and solar should be considered. The
requirements and design of back-up power should also be designed.
Community Layout Planning
The Napakiak 2020 Subdivision to accommodate structures between the airstrip and the river is underway and
scheduled for completion of platting in 2020. As the retreat project progresses, new subdivisions will be
required either on the island or the bluff. A concerted effort will be required to layout the new subdivisions with
thought given to placement of homes, businesses, the school, etc. Other considerations may include access to
the river, transportation to Bethel or surrounding communities, wind direction and snow drifting, permafrost
considerations, etc.
Future Wastewater Planning
There are two wastewater lagoons currently in use. One, east of the airstrip, serves the school and the City
Offices/Washeteria (projected to be impacted by erosion by 2030). The second is west of the airstrip and serves
the community haul system (projected to be impacted by erosion between 2030 and 2050). The LKSD is
currently including design and construction of a new lagoon on the school lot to serve the future school. The
12

Napakiak, Alaska Wind Resource Report. V3 Energy, LLC. March 5, 2012.
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existing school lagoon will then be decommissioned. Planning should be initiated immediately to determine if
the school can be served by the existing community lagoon. Although it is likely an expansion of the lagoon
would be necessary, there are several advantages: it will lower the capital costs and O&M costs for the school
district, it will increase revenue to the City, and it will reduce environmental impacts. This solution would
provide for approximately 10 additional years of life for the wastewater systems.
Additional planning is required for the next step when the community lagoon is threatened by erosion.
Alternatives will be influenced by the pace of erosion and may include construction of a new lagoon on the
western end of the island, construction of a lagoon on the bluff, or construction of a lagoon across the Johnson
Slough (below the bluff).

Managed Retreat Objectives
The following objectives have been developed to consolidate action items the community will continue working
towards.
Objective #1: Conduct communications to increase the accessibility of federal funding
programs for the managed retreat.
Rationale:
· Most government funding programs are not designed to address the problem our community faces (e.g.
moving infrastructure and building new infrastructure in response to environmental hazards).
· Match funding requirements and benefit-cost analysis methodologies can disadvantage or effectively
exclude small and impoverished communities.
Activities:
· Provide consistent feedback to funding organizations and decision-makers regarding barriers for
communities and areas for improvement.
· Increase the American public’s awareness of challenges and solutions in our community.
Partners:
ANTHC Center for Environmentally Threatened Communities, City of Napakiak, Native Village of
Napakiak
Timeline:
Continuous
Priority:
High
Objective #2: Facilitate Construction of the New School.
Rationale:
· The existing school is imminently threatened by erosion. Portions of the building could become
unusable in the next few years. If erosion accelerates in the area where the school faces the river, the
building could become unusable in a single season.
· The community and stakeholders must work collaboratively to support LKSD’s project to construct the
new school on the aggressive schedule of completion by fall of 2023.
· The community and stakeholders must be prepared should the erosion proceed faster.
Activities:
· Support the completion of the Napakiak 2020 Subdivision including platting, design, and necessary site
control transfers.
· Support AVCP Transportation’s efforts to construct the road to the school site.
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·

Accelerate funding for design and construction of a new water source and water treatment plant
located adjacent to the school to provide water.
· Support efforts to provide wastewater service to the school by the City. This will require expanding the
existing lagoon or construction of another lagoon.
Partners:
ANTHC Center for Environmentally Threatened Communities, City of Napakiak, Native Village of
Napakiak, Napakiak Corporation, LKSD, and VSW
Timeline:
2020 to 2023
Priority:
High
Objective #3: Continue Efforts to Understand Flooding & Erosion.
Rationale:
· Multiple flooding and erosion projections have been made. Given the influence of climate change and
the inherent uncertainty in making flooding and erosion projections, there is not a high degree of
confidence in the current projections.
· Refining the flood and erosion projections could give residents better information for long term planning
and influence how quickly the transition to the bluff must be made.
Activities:
· Support the completion of field investigations and studies by the State of Alaska, DGGS and the
completion of the presently funded River Morphology Study Phase 1.
· Continue pursuing and support the completion of the River Morphology Study Phase 2.
· Support continuous observations of flooding and erosion by a trained, local agent.
· Update the river morphology study approximately every 10 years.
Partners:
ANTHC Center for Environmentally Threatened Communities, Napakiak Managed Retreat
Coordinator, State of Alaska DGGS Coastal Hazards Program, private entities conducting the
morphology study
Timeline:
2020 to 2022 / Ongoing for continuous observations by local agent
Priority:
High
Objective #4: Procure Heavy Equipment & Public Works Building.
Rationale:
· The community’s existing heavy equipment fleet is aged and not appropriate for construction activities.
Projects in the community have relied on contractors or agencies that import heavy equipment.
· Most funding opportunities allow only for the rental of heavy equipment, not for the procurement of
heavy equipment. These grants often assume that equipment is supplied by a contractor. These
approaches are more costly and make force account projects more challenging.
· If the community had heavy equipment available, this resource could be used as leverage in obtaining
funding.
· Projects could be initiated and completed more quickly.
· Onsite equipment would help to provide local crews with operator experience adding to the
community’s skillsets.
· A public works building would provide secure storage of equipment and a place to maintain equipment
out of the weather.
Activities:
· Continue to research and pursue funding opportunities that allow the procurement of heavy equipment.
Partners:
ANTHC Center for Environmentally Threatened Communities, Napakiak Managed Retreat
Coordinator
Timeline:
2020 to 2021
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Priority:

High

Objective #5: Evaluate and Complete Land Transfer Methodologies.
Rationale:
· The Napakiak Corporation owns most of the lands surrounding the existing community and all of the
lands included within the proposed Napakiak 2020 Subdivision. The Calista Corporation owns the
subsurface.
· There are several alternatives for transfer of land ownership within the new subdivision, including: a
14(c)3 transfer to the City, transfer of individual lots with management maintained by the Napakiak
Corporation, or a combination of methods.
· Consideration will need to be given to the management capabilities of the land owner as well as the
advantages/disadvantages of each method.
· An interim agreement is being developed to allow construction activities to continue in 2020.
Activities:
· Request assistance from land professionals (i.e., ANTHC staff and DCRA staff) to identify
advantages/disadvantages.
· Pursue a consensus from the community and partners.
· Complete the land transfer process.
Partners:
ANTHC Center for Environmentally Threatened Communities, Napakiak Managed Retreat
Coordinator, Napakiak Corporation, City of Napakiak, Native Village of Napakiak.
Timeline:
December 2020
Priority:
High
Objective #6: Increase Community Capacity.
Rationale:
· The City of Napakiak, the Native Village of Napakiak, and the Napakiak Corporation have invested a
great deal of time to the Managed Retreat Project that is not supported by their revenue streams.
· Future efforts will require a sustained effort by the community to continue pursuing and managing
grants and the pursuant projects.
· The timeline that the community must remain focused on the retreat efforts will extend for decades.
The younger generation must be prepared to continue these efforts.
Activities:
· Actively pursue members of the younger generation to become involved in community work through
mentorships, part-time work, or volunteer programs.
· Pursue consistent revenue stream to fund a permanent Managed Retreat Coordinator position.
· Continue building a network of team members who can provide outside, technical assistance on an asneeded basis.
· Seek training and education opportunities that will benefit the capacity of individuals and the
community as a whole.
Partners:
ANTHC Center for Environmentally Threatened Communities, Napakiak Managed Retreat
Coordinator, Napakiak Corporation, City of Napakiak, Native Village of Napakiak.
Timeline:
Ongoing
Priority:
High
Objective #7: Determine Future Transportation.
Rationale:
· The community’s primary transportation is provided by air with the AKDOT&PF airstrip. This service
includes transport for residents and visitors, emergency transport, and every day goods.
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· The airstrip is threatened by erosion and could be impacted by 2030.
Activities:
· The community has approached AKDOT&PF with the issue via passing resolutions and including
AKDOT&PF in the planning process.
· Continue communicating with AKDOT&PF to plan for, fund, and construct transportation solutions
before the existing airstrip is destroyed.
· Continue pursuing funding for the planning, design, and construction of the bridge across Johnson
Slough. This bridge will provide for emergency escape from flooding as well as future transportation to
Bethel.
Partners:
AKDOT&PF, Napakiak Managed Retreat Coordinator, Napakiak Corporation, City of Napakiak,
Native Village of Napakiak.
Timeline:
2030
Priority:
High
Objective #8: Fund and Construct Future Water and Sewer Infrastructure.
Rationale:
· The community’s current water plant and watering point is imminently threatened and may be lost by
2022.
· VSW currently has funding to rehabilitate the City Offices and washeteria to provide an interim water
plant and watering point.
· The City offices are also imminently threatened and scheduled for relocation to the new subdivision by
2023 (this schedule is dependent upon funding).
· VSW is pursuing funding for a new well, water plant, and watering point. This funding is not yet secured.
· The existing wastewater lagoon will be threatened between approximately 2040 and 2050.
Activities:
· Continue pursuing funding for the planning, design, and construction of the new well, water plant, and
watering point.
· Continue to plan for a new wastewater lagoon and where it should be located: on the island or on the
bluff.
Partners:
VSW, Napakiak Managed Retreat Coordinator, Napakiak Corporation, City of Napakiak, Native
Village of Napakiak.
Timeline:
2023 for the water plant/watering point. 2040 for the wastewater lagoon.
Priority:
High
Objective #9: Relocate the Cemetery.
Rationale:
· The cemetery with approximately 100 graves is located between the airstrip and the river and is
considered imminently threatened.
Activities:
· Continue local discussions to determine where the new cemetery should be located (on the island or on
the bluff).
· Pursue funding to relocate the cemetery.
Partners:
ANTHC Center for Environmentally Threatened Communities, Napakiak Managed Retreat
Coordinator, Napakiak Corporation, City of Napakiak, Native Village of Napakiak.
Timeline:
2023
Priority:
High
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APPENDIX A
NAPAKIAK GEOTECHNICAL FINDINGS AND CONCEPTUAL
ENGINEERING CONSIDERATIONS
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Heather Gross, PE
Summit Consulting Services, Inc.
HC 72 Box 850
Tok, Alaska 99780
NAPAKIAK GEOTECHNICAL FINDINGS AND CONCEPTUAL ENGINEERING CONSIDERATIONS
Heather:
This letter summarizes our geotechnical field, laboratory testing, and conceptual-level geotechnical
recommendations to support the initial phase of the village retreat program planning. The scope of services for
this submittal included a site reconnaissance with members of the Summit Consulting Services, Inc. (Summit) for
the Upland and Island sites, advancing a series of geotechnical test borings at both sites, conducting geotechnical
laboratory analysis on recovered soil samples, and developing concept-level geotechnical design considerations
for community developments in both locations. Our services were provided in general accordance with our
professional services agreement with Summit dated 25 June 2019 and our project related discussions.

1.0

BACKGROUND

The city of Napakiak is experiencing continued erosion primarily due to the encroaching Kuskokwim River. The
city has contracted with Summit to provide planning and development assistance to address the continued
erosion risks. This may include relocating all or select portions of the existing local infrastructure. We understand
two primary areas have been identified for potential village retreat/relocation areas:



Westerly along the existing island (Island site)



Upland northerly of the Johnson River slough (Upland site)

Ongoing assessments by Two Bears Environmental Consulting (Two Bears) under contract to others have
modeled potential erosion rates and potential storm surge levels for the existing village. Other entities are also
providing erosion threat monitoring and forecasting. Initial findings by the monitoring and modeling efforts to date
support a continued erosion threat to portions of the existing local infrastructure near the Kuskokwim River.
As part of the initial planning effort response to the continued erosion threat, Summit requested Golder Associates
Inc. (Golder) provide geotechnical services to support Summit’s engineering and planning approaches for the
village retreat effort. The initial geotechnical efforts included a review of historic geotechnical data, discussions
with key stakeholders – including representatives from Napakiak, Alaska Native Tribal Health Consortium
(ANTHC), Denali Commission, and Summit. Based on the background geotechnical data review and key
stakeholder discussions, a baseline geotechnical exploration program was developed to determine fundamental
Golder Associates Inc.
2121 Abbott Road, Suite 100 Anchorage, Alaska, USA 99507
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subsurface soil, groundwater, and ground thermal states at both proposed village retreat locations; Island and
Upland sites.

2.0

SUMMARY HISTORIC GEOTECHNICAL AND RECONNAISSANCE FINDINGS

Historic geotechnical data for select infrastructure projects in the existing village were reviewed. We also
reviewed select geotechnical data for the upgraded Bethel to Napakiak Powerline Intertie. Aside from limited
geotechnical data related to the intertie upgrade, no reliable historic geotechnical data was found specific to the
proposed Upland and Island site areas.
Historic baseline geotechnical data for select current village infrastructure projects indicated relatively similar
subsurface conditions in the existing village area. Geotechnical borings and test pits within the existing village
area encountered primarily mineral fine grained sands with varying fines content (material passing the US
Number 200 standard sieve size). Relatively shallow groundwater, typically less than 8 feet below existing grade,
was reported in the reviewed soils logs. The reviewed soils logs did not indicate the presence of permafrost
conditions within the village but some limited zones of discontinuous permafrost were reported in isolated test pits
advanced in undisturbed areas. There is no evidence in the reviewed documents that would support extensive or
continuous bonded permafrost sequences in the developed portions of the existing village.
As part of our historic data review, publicly available water well logs advanced in 1964, 1969 and 1985 in the
village were reviewed. In general, the shallower depth portions of the reviewed water well logs indicated sandy
soil with varying fines content, similar to the geotechnical soil logs. Indications of permafrost were not noted on
any of the reviewed water well logs.
A short field reconnaissance was performed by Summit and Golder representatives in mid-June 2019. The
purpose of the reconnaissance was to discuss the field investigation phase with local representatives, identify
target geotechnical exploration sites, and conduct a limited visual assessment of surface terrain features at both
proposed sites. The reconnaissance findings supported the aerial imagery terrain interpretation at both sites.
Geomorphic terrain features within the planned Island site area indicated a primary depositional environment
consisting of reworked river deposits with relict oxbow surface features. Near the Johnson River slough, tidal
influence has developed isolated river morphology features including river channel meanders and bar
developments near the confluence with the Kuskokwim River and along portions of the slough. The river bank at
and downstream of the village along the Kuskokwim River is actively eroding with significant soil loss during storm
and tidal surge events. Surface vegetation within the planned Island site is characterized by dense, alder-type
brush vegetation with grassy zones were relict oxbow features are present. Along the slough, grass vegetation is
present, due, primarily to tide flux within this zone.
The Upland area geomorphic features are typical for subarctic permafrost conditions. This area is relatively
undisturbed with a tundra-type vegetation. Regionally, the Upland area is characterized with eolian or dune
deposits of fine grained sand/coarse grained silt, generally similar to the nearby Bethel area. Shallow depth
surface drainages are present, generally incised into the near surface soils. A relatively thin organic tundra mat is
present with increased brush vegetation in the lower lying drainages. Surface terrain features including patterned
ground features indicate the Upland area is underlain by continuous permafrost.
The Bethel-Napakiak powerline intertie is located within the Upland terrain area. An overland ATV/snowmachine
trail parallels the intertie. The intertie is supported on timber poles attached to driven Hpiles. The reconnaissance

2

Heather Gross, PE
Summit Consulting Services, Inc.

19126820
June 17, 2020

findings indicated overland ATV/snowmachine trail is experiencing some ground thermal distress due to tundra
mat damage. More pronounced ground thermal disturbances are present where the trail crosses surface
drainages or swales. Along increased ground slopes, particularly along south facing slopes near the slough
powerline crossing, some limited solifuction processes were noted along the Hpiles and guy anchor piles.
Powerline Hpiles located in relatively level or flat topography did not indicate similar solifuction features.

3.0

PRELIMINARY TWO BEARS MODELING GEOTECHNICAL DISCUSSION

A brief review of the Two Bears draft modeling report indicated generally similar baseline geotechnical properties
as summarized above. The draft modeling report also provided an approximation of storm surge water levels and
an average river bank loss rate based on longer-term aerial imagery interpretation. Their findings and report
should be reviewed for additional discussion and detail.

4.0

GEOTECHNICAL EXPLORATION

The geotechnical exploration phase scope of services with Summit was developed to aid the city, Summit’s team,
and other key stakeholders with baseline geotechnical data to assist with evaluating potential geotechnical
conditions and hazards at the identified target areas for potential infrastructure relocation. Summit’s team, in
coordination with local representatives and other key stakeholders, identified eight target locations for the
geotechnical characterization explorations: five along the Upland site and three along the Island site. The
geotechnical exploration sites were determined based, in part, on current land use, ownership, geomorphic
terrains, and other features considered for the preliminary geotechnical assessment. The preferred test boring
locations were field located by Summit prior to our mobilization. A site plan showing the approximate geotechnical
exploration locations and general land use status has been developed by Summit and is incorporated by
reference to this submittal as Figure 1.

4.1

Exploration Phase Field Procedures

Access to the geotechnical exploration sites was over undisturbed tundra (Upland site) and undeveloped, dense
vegetation areas (Island site). The exploration phase field work schedule was desired prior to freeze-up 2019 to
determine active layer conditions in the Upland site. Due to site remoteness and the need to limit tundra
disturbance for a pre-winter schedule, the Upland site required helicopter access for geotechnical exploration
drilling equipment and field crew mobilization. For the Island site, brush clearing and ATV accessways to the
three exploration locations were completed by Summit personnel prior to our mobilization.
A Bell UN-1 (“Huey”) helicopter was used to sling mobilize the geotechnical drilling equipment to all exploration
sites. A Robinson R44 helicopter was used for crew transport to the Upland geotechnical exploration sites. Field
personnel relied on ATVs to access the three Island geotechnical exploration sites.
Geotechnical explorations were conducted by GeoTek Alaska, Inc. using a skid mounted Geoprobe drill rig and
continuous Macrocore soil sampling for all explorations. Geotechnical borings were visually logged in the field by
a Golder geotechnical engineer. Representatives of Summit were present at all of the geotechnical exploration
sites to confirm final locations, coordinate field logistics, and assist with soil sampling and logging. At all sites the
target exploration depths were 30 to 40 feet below ground surface at the time of the field effort (bgs). Upon
completion of each geotechnical borings, 1-inch diameter flush threaded PVC standpipes were installed for either
ground temperature measurements (Upland sites) or groundwater levels (Island sites).
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Geotechnical drilling equipment and crews were mobilized to Bethel from Anchorage. Helicopters were mobilized
to Bethel on July 23, 2019. Site Health and Safety Planning, logistics coordination, and equipment final
preparation was completed by the morning of July 24. Geotechnical exploration commenced July 24 at the Upland
site. Severe weather prohibited helicopter flying July 25. Due to the weather delay and project constraints,
primarily the need for the R44 helicopter to demobe from Bethel to Anchorage early evening on July 26, the
Upland site geotechnical explorations were revised to four borings from the initially planned five. The Upland site
exploration drilling program was completed July 26 and the drilling equipment was sling mobilized to the Island
site that same day. The Island site geotechnical explorations were completed July 27 and the drilling equipment
and the Bell UH-1 helicopter mobilized to Bethel for demobe to Anchorage.

4.2

Geotechnical Laboratory Analysis

Disturbed but representative soil samples were retained at select intervals from each test boring. The recovered
soil samples were re-examined in our Anchorage geotechnical laboratory. Laboratory tests were performed on
select soil samples to determine soil index properties. Tests performed included moisture content, pore water
salinity, Atterberg limits, hydrometers, and grain-size distribution by mechanical methods. Laboratory testing was
conducted in general accordance with ASTM International (ASTM) procedures except pore water salinity which
was determined using conductivity methods. Laboratory test results are summarized in Appendix B. Select
laboratory test results are also presented on the borehole logs in Appendix A.

5.0

PRELIMINARY GEOTECHNICAL FINDINGS

5.1

Upland Site

Four geotechnical borings were advanced in the Upland site, designated as TH-4, TH-5, TH-7 and TH-8 per
Summit’s field identifications. Borings TH-5, TH-7 and TH-8 were located in topographically elevated, relatively
dry tundra geomorphic terrain features. Localized surface water was not present at the exploration sites although
established isolated tundra ponds and small lakes were present throughout the area. All four geotechnical borings
encountered generally similar conditions including bonded permafrost below the seasonal thaw depth. However,
TH-4 encountered differing shallow depth subsurface conditions, as noted below. Seasonal surface thaw
penetration was about one foot below the ground surface/tundra mat at the time of our field explorations.
Summary subsurface conditions for geotechnical borings TH-5, TH-7 and TH-8 are provided below. Preliminary
geotechnical borehole logs for all eight test borings are provided in Appendix A. The approximate locations of the
geotechnical borings are provided on Figure 1.
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Tundra mat, dry tundra vegetation, relatively well
drained surface. Seasonal surface thaw confined to
the tundra mat at the time of the field work

Ground surface to 1-1.5 feet bgs

Brown to grey mineral Silt (ML), non to low plasticity.
Trace organics generally near the tundra mat contract.
Noted ½ to 1-inch thick ice lenses to about 10 feet bgs
grading lower visible ice content as Vr, Vc estimated
at 20-percent grading to 5-percent by volume with
depth becoming non-visible ice (Nb) below
approximately 15 feet bgs. Increasing fine sand
content toward 18 to 20 feet bgs.

1-1.5 to 18-20 feet bgs

Gradational contact to grey Silty Fine Sand (SM) to
non-plastic Fine Sandy Silt (ML). Frozen, bonded as
non-visible ice (Nb).

18-20 to 25-27.5 feet bgs

Brown organic/peat layer with visible ice

25-27.5 to 29-31 feet bgs

Grey mineral Silt (ML) generally with visible ice

29-31 feet to boring termination depth, 32.5 to 35 feet
bgs

Upland site geotechnical boring TH-4 was located nearest the Johnson River slough in an area with wetter
surface organics, some standing surface water, increased hummocky terrain features, and increased grassy
vegetation indicating potential ground thermal impacts relative to the other Upland site geotechnical boring
locations. The subsurface conditions encountered at TH-4 included a nominal 1 foot thick surface organic mat
with a distinct contact with massive ice that extended to approximately 9 feet bgs. A contact between the
overlying massive ice and the underlying icy mineral Silt (ML) was noted with the silt having numerous ¼-inch to
1-inch thick ice lenses. Similar to the other three geotechnical borings, the icy silt graded to a non-visible ice (Nb),
low plasticity, fine grained sandy Silt (ML) to silty Fine Sand (SM) from about 20 feet to the boring termination
depth of 32.5 feet bgs. The organic zone at depth encountered in the other three Upland site geotechnical
borings was not encountered in TH-04.

5.2

Island Site

Three geotechnical test borings were advanced along the Island site, designated as TH-1, TH-2 and TH-3 in
accordance with Summit’s field identifications. Geotechnical borings TH-1 and TH-3 were located in heavily
brush/tree vegetation areas. Geotechnical boring TH-2 was located in a relict grassy oxbow terrain feature that
did not have standing water at the time of the field work.
All three Island site geotechnical borings encountered generally similar subsurface conditions. None of the Island
site geotechnical borings encountered permafrost or indications of permafrost soils. All three geotechnical borings
encountered relatively shallow groundwater with static groundwater levels within 5 to 7 feet bgs at the completion
of the field effort. Summary subsurface conditions encountered at the Island site include:
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Vegetative mat, either woody shrubs/brush/small trees
(TH-1 and TH-3) or grass (TH-2)

Ground surface to 0.5 feet bgs

Brown to grey mineral fine sandy Silt (ML) to silty Fine
Sand (SM), wet to saturated below water table.

0.5 to approximately 10 bgs (TH-2 and TH-3) and 20
feet bgs (TH-1)

Grey poorly graded Fine Sand (SP), saturated. The
fine sand layer was considered sufficiently loose to
result in ‘heave’ below 25 feet bgs in all borings with
significantly greater heave issues encountered in TH1.

Below the ML/SM layer to the boring termination
depth, 33 (TH-1) to 40 feet bgs (TH-2 and TH-3).

Upland Site Ground Temperature Measurements
Ground temperatures were measured in all four geotechnical test boring standpipes installed within the Upland
site on September 12, 2019. Ground temperatures were measured with BeadedStream Digital Temperature
Cables (DTC). The DTC were ice-bath calibrated within one year of use at this site. At each standpipe location,
the DTC was installed in the PVC annular space and allowed to equilibrate for at least one hour prior to recording
temperature measurements. At all four standpipe locations, no obstructions were encountered to the initially
installed PVC standpipe depths. Ground temperatures are summarized below.
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Island Site Depth to Groundwater
Concurrent with the ground temperature measurements, the depth to groundwater was measured in the three
Island Site PVC standpipes on September 11, 2019. The depths to groundwater in the Island site test borings are
summarized below.
Borehole
ID
TH-1

Date

Time

11-Sep-19

11:35

Depth to
Groundwater*
1.9-ft

TH-2

11-Sep-19

11:54

1.8-ft

TH-3

6.0

11-Sep-19
12:04
4.2-ft
Groundwater
depths
relative
to
ground
surface
*
adjacent to the PVC standpipe

GEOTECHNICAL CLIMATE CONSIDERATIONS

Forecast air temperature trends were developed for the 2060-2069 period based on publicly available data
developed by the University of Alaska Fairbanks, Scenarios Network for Alaska & Arctic Planning (SNAP) group.
The SNAP group uses five Intergovernmental Panel on Climate Change (IPCC) General Circulation Models
(GCM) they consider most applicable for Alaska. SNAP includes several Representative Concentration Pathways
(RCP) for their climate forecasts. For our analysis, we used an RCP of 8.5 (watts/m2) to estimate monthly average
air temperatures for select forecast periods.
The forecast climate model analysis results have variability. SNAP forecast data include the five GCM model
average as well as a two standard deviation spread for the selected forecast period.
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Period

Average Air
Temperature

Freeze
Index

Thaw
Index

1961-1990

Mean

29.0 F

3,580 F-days

2,600 F-days

2060-2069

5 Model Mean

38.7 F

1,280 F-days

3,790 F-days

2060-2069

Mean +2σ

48.7 F

0 F-days

6,120 F-days

2060-2069

Mean -2σ

28.8 F

3,630 F-days

2,510 F-days

As noted above, continued air temperature warming is anticipated for the Napakiak area through at least the
2060-2069 forecast period used for our analysis. For the 2060-2069 forecast period the mean annual air
temperature is forecast to warm with the colder range (two standard deviations below the forecast period mean)
roughly similar to historic air temperature trends. If correct, these data indicate continued degradation of the
Upland site permafrost can occur with deepening surface thaw and warming of the permafrost at depth throughout
the Upland area. Additional ground thermal impacts may occur due to localized drainage impacts, snow drifts,
and surface disturbance from site or nearby development. Vegetation changes are also anticipated in response
to the increasing warming trends.

7.0

CONCEPTUAL-LEVEL GEOTECHNICAL CONSIDERATIONS

Conceptual-level geotechnical considerations for site developments, roadways, and utilities are provided for each
site in the following sections. The preliminary geotechnical considerations are provided for initial planning and are
not considered suitable for engineering design. As the planning phase advances, additional geotechnical
assessment and engineering will be required for site-specific developments.

7.1

Island Site

The Island site is expected to consist of finer grained sand and coarse grained silt material with a relatively
shallow depth to groundwater. The saturated mineral soils are considered medium dense to loose. Based on our
preliminary geotechnical findings, relatively thin surface organics are expected, but thicker organics can be
expected in the oxbow terrain features and in isolated zones depending on relict river morphology and
depositional environments.
Foundation systems for the Island site can be developed for differing design loads and building movement
tolerances. For lightly load structures that can accept wider foundation movement ranges, simple post and pad or
sill-type foundations are considered a viable, low cost option. Similar structures can also be supported on spaceframe-type foundation system (Triodetic or similar). Both of the above foundation options should include site
preparation to remove surface organics under load bearing elements. Local mineral soil can be used for
structural fill under load bearing elements, but local mineral fill will most likely be fine grained sandy soil with
variable fines content. This material will be subject to soil moisture sensitivity for compaction and wheel loadings
and will be subject to water erosion. This material may also have an elevated erosion risk.
Larger loaded structures, critical infrastructure, or the demand for elevated finish floor grades should consider pile
supported foundations. Piles can be driven closed-end displacement or helical piles; both are considered viable
options for building foundations.
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The looser saturated fine grained sandy soils should be expected throughout the Island area. These soils may
have an elevated soil liquefaction risk during seismic events. Soil liquefaction risk should be evaluated as part of
a project specific geotechnical assessment.
Roadways will warrant careful attention to design, use and maintenance demands. Lower capital cost roadways
for lighter vehicle traffic loads (ATV, etc) can be constructed of local mineral sands but these materials may easily
erode and rut under larger wheel loads (truck, etc.). A wearing surface of crushed gravel can be used to provide
a more durable roadway embankment. Heavier access or use roadways can considered geosynthetic
reinforcement (grids) or thicker crushed gravel embankments sections. Detailed civil and geotechnical
engineering evaluation is advised for roadway and embankment design as project planning advances.
Geotechnically, utility flowlines can be direct buried but shallow groundwater depths may warrant consideration for
use of non-gravity systems. If desired, above grade utilities flowlines can also be founded on timber sleepers
(lower capital cost), driven piles or helical piers. For lagoons and other embankments associated with utilities,
local mineral soil with geosynthetic stabilization or processed aggregate cap can be considered. Another option
for embankments may include use of HESCO or similar granular soil containment systems to reduce the quantity
of local borrow material and reduced risk of erosion.

7.2

Upland Site

The Upland site is predominately ‘warm’ permafrost with varying ice content. Massive ice sequences can be
encountered in this area, but the majority of the near surface Upland site permafrost is expected to be eolian
sandy material without extensive sequences of massive ice. However, we do not consider the Upland eolian
permafrost deposits as thaw stable material for preliminary site planning purposes. For planning purposes, all
Upland site permafrost soils should be considered ice-rich and subject to creep behavior unless site specific
geotechnical data indicate otherwise.
Foundations for lighter loads, movement tolerant structures may include helical piles and adfreeze-type
foundations. Space frame type foundation systems can also be considered. These structures must provide for a
thermal break between the heated envelope and the permafrost soils. Typically, a clear blow-through area is
suitable for a thermal break. Rigid insulated pad fill is advised under load bearing elements for these lower cost
foundation options to reduce the rate of permafrost degradation around the foundation members. Fill material and
insulated pad geometries will require site and project specific evaluation.
Larger loaded structures, critical structures, and movement intolerant foundations should consider deep driven
adfreeze piles or passively cooled adfreeze piles. If passively cooled foundation piles are used, they should be
provided with a means for periodic augmented cooling using refrigeration units. These foundation systems should
also use pad fill with rigid insulation and clear blow through areas under structures. If may be feasible to use slabon-grade-type foundations but detailed engineering and ground thermal analysis will be required. All foundation
systems in the Upland site should be provided with a means for structure releveling. Site and project specific
geotechnical data is advised for all planned Upland area development.
As the permafrost degrades along the Upland site, deeper pile founded structures may experience additional
downdrag forces. Site and project specific geotechnical analysis for potential downdrag risk on pile foundations is
recommended.
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As with the Island site, roadways in the Upland area will require consideration for design loads as well as capital
and maintenance cost balance. The roadways within the Upland area will be constructed over thaw unstable
permafrost thus considerations for use of rigid insulation thermal barriers within the roadway embankment
sections as well as drainage control along the embankment and adjacent undisturbed ground should be
considered during the siting and design phase. Embankments for lagoons will require similar geotechnical and
ground thermal considerations.
Utility flowlines will probably have reduced maintenance costs if they are installed above grade on helical piers or
adfreeze-type piles. Timber sleepers or similar lower cost foundation systems can be considered for vacuum or
pressure flowlines that can accept larger differential movements. Due to the extensive presence of ‘warm’
permafrost and the trend for warming air temperatures, buried utility flowlines should be approached with caution
at the planning, design and construction phases. Larger differential movements and accelerated permafrost
degradation should be expected if buried utility flowlines are used, unless careful geotechnical, civil and
mechanical engineering designs are employed.
Portions of the Upland site have relatively steeper slopes that maybe prone to solifuction processes, particularly
as the active layer depth increases. Careful attention for civil improvements along slopes is considered a critical
engineering and construction phase criteria in order to reduce the risk for accelerated solifuction and slope
instability risks.

8.0

GEOTECHNICAL SEISMIC DESIGN CRITERIA

For geotechnical seismic purposes, we have used the 2015 International Building Code (IBC). Based on our
interpretation of the subsurface conditions encountered at this site and the general geology of the project area, we
have applied seismic soil Site Class “D” for the Island site. While the Upland site is underlain with continuous,
bonded permafrost, a Site Class “D” is advised for the Upland site for preliminary planning. Seismic ground
motion parameters for this site were developed based, in part, on the 2015 IBC, are summarized below.
Short Period Spectral Acceleration (SS)

0.271g

1-second Period Spectral Acceleration (S1)

0.117g

Site Amplification Coefficient (Fa) for Soil Site Class “D”

1.574

Site Amplification Coefficient (Fv) for Soil Site Class “D”

2.333

Short Period Spectral Response Acceleration (SMS)

0.428g

1-second Period Spectral Response Acceleration (SM1)

0.272g

Site Modified Peak Ground Acceleration (PGCM)

0.178g

Determined for coordinates 60.69505°N, 161.98143°W
Class I/II/III Risk Category
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At the design phase, the design team should determine the appropriate use/occupancy classification to develop
the appropriate seismic response parameters for the planned development. Based on our site findings and our
general knowledge of the area geology, the risk of soil liquefaction should be addressed as part of the Island site
development, as appropriate for the desired development. Due to the expected presence of bonded permafrost at
the Upland site, the risk of soil liquefaction is considered low in this area but degraded, saturated permafrost may
exhibit soil liquefaction risks.

9.0

CLOSURE

This submittal is provided as a preliminary geotechnical findings and design consideration phase to assist Summit
and other key stakeholders with initial site planning discussions. The preliminary findings presented herein will
require additional review and analysis and as such are not recommended for engineering design or detailed, final
planning. Detailed, site and project specific geotechnical and civil engineering investigation, analysis and
engineering design will be needed as the project planning advances.
This submittal is prepared for the use by Summit for preliminary planning discussions related to the Napakiak
village retreat project. We understand there will be significant changes in the nature, design, or location of the
facilities as the planning advances and as such we should be notified so that we may review our preliminary
geotechnical findings summarized in this submittal in light of the proposed changes and provide a written
modification or verification of the changes.
The work program followed the standard of care expected of professionals undertaking similar work in the State of
Alaska under similar conditions. No warranty expressed or implied is made.
Golder Associates Inc.

Richard Mitchells, PE
Principal

Attachments: Figure 1, Site and Geotechnical Boring Location Plan (Summit provided)
Appendix A, Geotechnical Borehole Logs
Appendix B, Summary Geotechnical Laboratory Analysis Results
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Borehole Logs

UNIFIED SOIL CLASSIFICATION (adapted from ASTM D2487)

GM

SILTY GRAVEL

FINES CLASSIFY AS CL OR CH

GC

CLAYEY GRAVEL

CU

SW

WELL-GRADED SAND

CU < 6 AND/OR [CC < 1 OR CC > 3]

SP

POORLY GRADED SAND

FINES CLASSIFY AS ML OR MH

SM

SILTY SAND

FINES CLASSIFY AS CL OR CH

SC

CLAYEY SAND

CL

LEAN CLAY

ML

SILT

OL

ORGANIC CLAY OR SILT

CH

FAT CLAY

MH

ELASTIC SILT

100

OH

ORGANIC CLAY OR SILT

HIGHLY ORGANIC SOILS

PRIMARILY ORGANIC MATTER, DARK IN COLOR, AND ORGANIC ODOR

PT

PEAT

30

CL

20
(PI > 7)
(4 PI 7) CL-ML
(PI < 4)

7
4

0

10

20

30

40
50
60
LIQUID LIMIT (LL)

CU =
CC =
D 10
D 10 x D60
NOTES:
Gravels or sands with 5% to 12% fines require dual symbols (GW-GM,
GW-GC, GP-GM, GP-GC, SW-SM, SW-SC, SP-SM, SP-SC) and add "with
clay" or "with silt" to group name. If fines classify as CL-ML for GM or SM, use
dual symbol GC-GM or SC-SM. The coefficient of uniformity, C U , and
coefficient of curvature, C C equations are given above where D (X%) is soil
particle diameter where X% is % finer. Optional Abbeviations: Lower case "s"
after USCS group symbol denotes either "sandy" or "with sand" while "g"
denotes either "gravelly" or "with gravel"

CRITERIA FOR DESCRIBING MOISTURE CONDITION
(adapted from ASTM D2488)
DRY

ABSENCE OF MOISTURE, DUSTY, DRY TO THE TOUCH

MOIST

DAMP BUT NO VISIBLE WATER

WET

VISIBLE FREE WATER, USUALLY SOIL IS BELOW
WATER TABLE

COMPONENT DEFINITIONS BY GRADATION
SIZE RANGE

LIBRARY-ANC(6-17-19).GLB [ANC_SOIL_LEGEND]

10/4/19

COMPONENT

BOULDERS
COBBLES
GRAVEL
COARSE GRAVEL
FINE GRAVEL
SAND
COARSE SAND
MEDIUM SAND
FINE SAND
SILT & CLAY (FINES)

GREATER THAN 12 in.
12 in. to 3 in.
3 in. to #4 Sieve (4.76 mm)
3 in. to 3/4 in.
3/4 in. to #4 (4.76 mm)
#4 (4.76 mm) to #200 (0.074 mm)
#4 (4.76 mm) to #10 (2.0 mm)
#10 (2.0 mm) to #40 (0.42 mm)
#40 (0.42 mm) to #200 (0.074 mm)
SMALLER THAN #200 (0.074 mm)

DESCRIPTIVE TERMINOLOGY FOR
PERCENTAGES (ASTM D2488)
DESCRIPTIVE
RANGE OF
TERMS
PROPORTION
TRACE
FEW
LITTLE
SOME
MOSTLY

0 - 5%
5 - 10%
10 - 25%
30 - 45%
50 - 100%

E

IN

"L
"A

ML

( D 30 ) 2

D 60

)
ne
" li
"A )
e
ne
ov
li
b
"
ra
"A
to
w
(a
elo
(b

MH

10
0

CH

70

80

90

30%, add "sandy" or "gravelly"

40

ORGANIC CLAY OR SILT
(OH, OL) if:
LL (oven dried) < 0.75
LL (not dried)

3

or for

50

50

CC

15% to 29%, add "with sand" or "with

SILTS AND CLAYS

60

(LL < 50)

LIQUID LIMIT <50

SANDS AND FINES
>12% FINES

6 AND 1

If soil contains
15% sand, add
"with sand"

FINES CLASSIFY AS ML OR MH

GRAVELS WITH
FINES
>12% FINES

3

If soil contains
15% gravel, add
"with gravel"

POORLY GRADED GRAVEL

PLASTICITY INDEX (PI)

SILTS AND CLAYS

FINE-GRAINED SOILS
>50% PASSES
NO. 200 SIEVE

GP

CLEAN SANDS
<5% FINES

50% OF COARSE
FRACTION PASSES
ON NO 4. SIEVE

LIQUID LIMIT

CU < 4 AND/OR [CC < 1 OR CC > 3]

CC

If soil contains coarse-grained soil from

SANDS

WELL-GRADED GRAVEL

4 AND 1

(LL 50)

>50% OF COARSE
FRACTION RETAINED
ON NO 4. SIEVE

SOIL GROUP NAMES & LEGEND

GW

CU

CLEAN GRAVELS
<5% FINES

PLASTICITY CHART

COARSE-GRAINED SOILS
>50% RETAINED ON
NO. 200 SIEVE

GRAVELS

GROUP
SYMBOL

gravel" for whichever type is prominent,

CRITERIA FOR ASSIGNING SOIL GROUP NAMES
AND GROUP SYMBOLS USING LABORATORY TESTS

MATERIAL
TYPES

RELATIVE DENSITY / CONSISTENCY ESTIMATE
USING STANDARD PENETRATION TEST (SPT) VALUES
(adapted from Terzaghi and Peck 1967 and NAVFAC DM 7.1)
COHESIONLESS SOILS
RELATIVE DENSITY
VERY LOOSE
LOOSE
COMPACT
(MEDIUM DENSE)
DENSE
VERY DENSE

(a)

(b)

COHESIVE SOILS

(N1)60
(c)
(blows/ft)
0-4
4 - 10
10 - 30
30 - 50
OVER 50

CONSISTENCY

(N1)60
(c)
(blows/ft)

UNCONFINED
COMPRESSIVE
(d)
STRENGTH (TSF)

VERY SOFT
SOFT
FIRM
STIFF
VERY STIFF
HARD

0-2
2-4
4-8
8 - 15
15 - 30
OVER 30

0 - 0.25
0.25 - 0.50
0.50 - 1.0
1.0 - 2.0
2.0 - 4.0
OVER 4.0

(a) Soils consisting of gravel, sand, and silt, either separately or in combination possessing no characteristics of
plasticity, and exhibiting drained behavior.
(b) Soils possessing the characteristics of plasticity, and exhibiting undrained behavior.
(c) Refer to ASTM D1586 for a definition of N value. (N1)60 is the N value corrected for hammer energy and
overburden pressure, and is detailed in ASTM D6066. N values may be affected by a number of factors
including: material size, sampler size, hammer weight and type, depth, drilling method, and borehole
disturbance. N values are only an approximate guide for cohesive soil and do not apply to frozen soil.
(d) Undrained shear strength, su= 1/2 unconfined compression strength, Uc. Note that Torvane (TV) measures
su and pocket penetrometer (PP) measures Uc

SAMPLER ABBREVIATIONS
AR Air Rotary cuttings
AS Auger Sample, cuttings
CS Chunk/block sample
(undisturbed from
surface/test pit)
DO Drive Open (split spoon
other than SS or MC)
DP Direct Push (Geoprobe)

GB Grab sample (disturbed
from surface/test pit)
LS LPT sampler (3-in. OD split
spoon, 300 or 340-lb
hammer)
MS Modified Shelby tube
R Refusal when driving
RC Rock core

SC Soil core (continuous
sampler)
SS SPT sampler (2-in. OD,
140-lb hammer)
TO Thin-walled, open
(Shelby tube)
TP Thin-walled, piston
WS Wash sample

LABORATORY TEST AND NOTES ABBREVIATIONS / SYMBOLS
Con
Dd
K
MA
NP
OLI
P200
pH
PI

Consolidation
PID
Dry Density
PM
Thermal Conductivity
PP
Sieve and Hydrometer
PTLD
Non-plastic
SA
Organic Loss
SpG
Passing #200 Sieve (D1140) TC
Soil pH
TV
Plasticity Index (D4318)

TXCD
Photoionization Detector
TXCU
Modified Proctor (D1557)
Pocket Penetrometer (Field) TXUU
WL
Point Load
WP
Sieve Analysis
Specific Gravity
Thaw Consolidation/Strain
Torvane (Field)

SOIL CLASSIFICATION / LEGEND

Triaxial, Consolidated Drained
Triaxial, Consolidated Undrained
Triaxial, Unconsolidated Undrained
Liquid Limit (LL)
Plastic Limit (PL)
Soil Resistivity (Res.)
Water Level
Water Level at time of drilling

Figure
A-1

FROZEN SOIL CLASSIFICATION (ASTM D4083)
1. DESCRIBE SOIL
INDEPENDENT
OF FROZEN STATE

ICE BONDING SYMBOLS

CLASSIFY SOIL BY THE UNIFIED SOIL CLASSIFICATION SYSTEM
MAJOR GROUP

No ice-bonded soil observed

SUBGROUP
Poorly bonded or friable

DESCRIPTION DESIGNATION

Segregated
ice not
visible by eye

2. MODIFY SOIL
DESCRIPTION BY
DESCRIPTION OF
FROZEN SOIL

Ice greater
than 25 mm
thick

DESIGNATION

Poorly bonded
of friable

Nf

N

Well
bonded

Segregated
ice visible by
eye (ice less
than 25 mm
thick)

3. MODIFY SOIL
DESCRIPTION BY
DESCRIPTION OF
SUBSTANTIAL
ICE STRATA

DESCRIPTION

V

No excess
ice

Nbn

Excess
ice

Nbe
Vx

Ice coatings
on particles

Vc

Random or irregularly
oriented ice formations

Vr

Stratified or distinctly
oriented ice formations

Vs

Uniformly
distributed ice

Vu

Ice with soil
inclusions

ICE+soil type

Ice without
soil inclusions

ICE

FROST DESIGN SOIL CLASSIFICATION
FROST
GROUP

NFS
(non-frost
suceptable)
NFS
(3) (2)
[PFS ]

% FINER
THAN 0.02
mm BY
WEIGHT

GENERAL SOIL TYPE

(a) Gravels
Crushed stone
Crushed rock
(b) Sands
(a) Gravels
Crushed stone
Crushed rock

TYPICAL USCS SOIL CLASS

0 to 1.5

GW, GP

0 to 3

SW, SP

1.5 to 3

Clear Ice is transparent and contains only a
moderate number of air bubbles.
Cloudy Ice is translucent, but essentially
sound and non-pervious
Friable denotes a condition in which material
is easily broken up under light to moderate
pressure.
Granular Ice is composed of coarse, more or
less equidimensional, ice crystals weakly
bonded together.
Ice Coatings on particles are discernible
layers of ice found on or below the larger soil
particles in a frozen soil mass. They are
sometimes associated with hoarfrost crystals,
which have grown into voids produced by the
freezing action.
Ice Crystal is a very small individual ice
particle visible in the face of a soil mass.
Crystals may be present alone or in a
combination with other ice formations.
Ice Inclusions are individual ice masses
visible in the face of a soil mass. Inclusions
may be present alone or in a combination
with other ice formations.
Ice Lenses are lenticular ice formations in
soil occurring essentially parallel to each
other, generally normal to the direction of
heat loss and commonly in repeated layers.

GW, GP

Ice Segregation is the growth of ice as
distinct lenses, layers, veins and masses in
soils, commonly but not always oriented
normal to direction of heat loss.

Gravelly soils

3 to 6

GW, GP, GW-GM, GP-GM,
GW-GC, GP-GC

Massive Ice is a large mass of ice, typically
nearly pure and relatively homogeneous.

F1

Gravelly soils

6 to 10

GM, GC, GM-GC, GW-GM,
GP-GM, GW-GC, GP-GC

Sandy soils

3 to 6

SW, SP, SW-SM, SP-SM,
SW-SC, SP-SC

Poorly-bonded signifies that the soil particles
are weakly held together by the ice and that
the frozen soil consequently has poor
resistance to chipping or breaking.

(a) Gravelly soils

10 to 20

(b) Sands

6 to 15

(a) Gravelly soils
(b) Sands, except very fine silty sands
(c) Clays, PI>12
(a) Silts
(b) Very fine silty sands
(c) Clays, PI<12
(d) Varved clays or other finegrained banded sediments

Over 20
Over 15
--Over 15
--

F2
10/4/19

(1)

Candled Ice is ice which has rotted or
otherwise formed into long columnar crystals,
very loosely bonded together.

F1
(2)
[S1]

F2
(3)
(2)
[PFS /S2]

LIBRARY-ANC(6-17-19).GLB [ANC_ICE_LEGEND]

DEFINITIONS

Individual ice crystals
or inclusions

ICE

Well bonded

F3

F4

--

GW, GP, GW-GM, GP-GM,
GW-GC, GP-GC
SM, SW-SM, SP-SM, SC,
SW-SC, SP-SC, SM-SC
GM, GC, GM-GC
SM, SC, SM-SC
CL, CH
ML, MH, CL-ML
SM, SC, SM-SC
CL, CL-ML
CL or CH layered with ML, MH,
CL-ML, SM, SC, or SM-SC

(1) From Municipality of Anchorage (MOA) Design Criteria Manual (DCM), 2007 and 2014; Federal Aviation Administration (FAA) Advisory
Circular (AC) 150/5320-6E; U.S. Army Corps of Engineers (USACE) "Arctic and Subarctic Construction, Runway and Road Design,"
Technical Manual TM 5-852-3, 1965; and USACE "Military Soils Engineering" Field Manual FM 5-410, 1997
(2) PFS, S1, and S2 frost groups from USACE, EM 1110-3-138, "Pavement Criteria for Seasonal Frost Conditions," April 1984
(3) Possibly frost susceptible, requires lab test for void ratio to determine frost design soil classification. Gravel with void ratio > 0.25 would
be NFS; Gravel with void ratio < 0.25 would be S1; Sands with void ratio > 0.30 would be NFS; Sands with void ratio < 0.30 would be S2
or F2

Porous Ice contains numerous voids, usually
interconnected and usually resulting from
melting at air bubbles or along crystal
interfaces from presence of salt or other
materials in the water, or from the freezing of
saturated snow. Though porous, the mass
retains its structural unity.
Thaw-Stable frozen soils do not, on thawing,
show loss of strength below normal, long-time
thawed values nor produce detrimental
settlement.
Thaw-Unstable frozen soils show on thawing,
significant loss of strength below normal,
long-time thawed values and/or significant
settlement, as a direct result of the melting of
the excess ice in the soil.
Well-Bonded signifies that the soil particles
are strongly held together by the ice and that
the frozen soil possesses relatively high
resistance to chipping or breaking.

FROZEN SOIL CLASSIFICATION / LEGEND

Figure
A-2

RECORD OF BOREHOLE TH-01
CLIENT: Summit Consulting Services, Inc.
DRILLING DATE: 7/27/2019
EQUIPMENT: Geoprobe

Organic
Mat
OL

1

GB

BLOWS
PER FT

DEPTH
(ft)

TYPE

0.0 - 0.5
ORGANIC MAT
(Organic Mat)
0.5 - 1.5
ORGANIC SILT; organic material
(OL)
1.5 - 13.0
Loose, wet, gray, SILT with sand; little to
some fine-grained sand
(ML)

GRAPHIC
LOG

VEGETATION: Island site, grassy area with
surrounding brush and trees

ELEV.

162.00740° W

UNCORRECTED
BLOWS / FT
10

USCS

DESCRIPTION

SHEET 1 of 1

DATUM: WGS 84
ELEVATION: n/a
COORDS: 60.69376° N

SAMPLES
ICE BOND

SOIL PROFILE
NUMBER

0

BORING METHOD

DEPTH
(ft)

PROJECT: Napakiak Land Use Plan
PROJECT NUMBER: 19126820
LOCATION: Napakiak, Alaska

20

30

40

SALINITY (ppt)
REC
ATT WATER CONTENT (PERCENT)
(inch) WP

W

10

20

30

40

NOTES
TESTS
WATER LEVELS

WL

0.5
1.5

5

5 ft
08/02/2019

ML

2

GB

3

GB

4

GB

5

GB

6

GB

7

GB

Gravel = 0%, Sand = 11%,
Fines = 89.1%, MA

10

13.0 - 20.0
Loose to medium dense, wet, SILTY SAND;
fine-grained sand
(SM)

Geoprobe

15

SM

20.0 - 33.0
Loose to medium dense, medium to dark
gray, poorly graded SAND; fine-grained sand
(SP)

LIBRARY-ANC(11-22-19).GLB [ANC BOREHOLE]

25

19126820 NAPAKIAK LAND USE PLAN.GPJ

35

Gravel = 0%, Sand = 55%,
Fines = 45.0%, SA

20.0

ttrosper

11/25/19

20

13.0

SP

30

Borehole completed at 33.0 ft.
Notes:
1) Groundwater observed at 5 feet below ground
surface while drilling.
2) 1-inch hand-slotted schedule 40 PVC standpipe
installed to 13.5 feet below ground surface.
3) Borehole backfilled with cuttings to ground
surface.

40

DEPTH SCALE: 1 inch to 5 feet

LOGGED: R. Mitchells

DRILLING CONTRACTOR: GeoTek Alaska, Inc.

CHECKED: T. Voeller

DRILLER: S. Votja

CHECK DATE: 10/3/2019

Figure
A-3

RECORD OF BOREHOLE TH-02
CLIENT: Summit Consulting Services, Inc.
DRILLING DATE: 7/27/2019
EQUIPMENT: Geoprobe

Organic
Mat
OL

1

GB

BLOWS
PER FT

DEPTH
(ft)

TYPE

0.0 - 0.5
ORGANIC MAT
(Organic Mat)
0.5 - 2.0
ORGANIC SILT; organic material
(OL)
2.0 - 9.0
Loose, wet at 5 feet, medium gray, SILT; trace
fine-grained sand
(ML)

GRAPHIC
LOG

VEGETATION: Island site, grass

ELEV.

20

30

40

SALINITY (ppt)
REC
ATT WATER CONTENT (PERCENT)
(inch) WP

W

10

20

30

40

NOTES
TESTS
WATER LEVELS

WL

0.5
2.0

5

5 ft
07/27/2019

ML

9.0 - 18.0
Medium dense, wet, medium gray, SILTY
SAND; little fine-grained sand, nonplastic,
trace organic material
(SM)

10

162.01065° W

UNCORRECTED
BLOWS / FT
10

USCS

DESCRIPTION

SHEET 1 of 2

DATUM: WGS 84
ELEVATION: n/a
COORDS: 60.68799° N

SAMPLES
ICE BOND

SOIL PROFILE
NUMBER

0

BORING METHOD

DEPTH
(ft)

PROJECT: Napakiak Land Use Plan
PROJECT NUMBER: 19126820
LOCATION: Napakiak, Alaska

9.0

2

GB

3

GB

4

GB

5

GB

6

GB

7

GB

8

GB

9

GB

Gravel = 0%, Sand = 74%,
Fines = 26.4%, MA

SM

18.0 - 37.0
Medium dense, wet, medium to dark gray,
poorly graded SAND; fine-grained sand, trace
silt
(SP)

18.0

LIBRARY-ANC(11-22-19).GLB [ANC BOREHOLE]

25

19126820 NAPAKIAK LAND USE PLAN.GPJ

ttrosper

11/25/19

20

Geoprobe

15

35

Gravel = 0%, Sand = 95%,
Fines = 4.8%, SA

SP

30

37.0 - 39.5
Medium dense, medium to dark gray, SILTY
SAND; fine-grained sand
(SM)

40

39.5 - 40.0

37.0
SM
SP

39.5

DEPTH SCALE: 1 inch to 5 feet

LOGGED: R. Mitchells

DRILLING CONTRACTOR: GeoTek Alaska, Inc.

CHECKED: T. Voeller

DRILLER: S. Votja

CHECK DATE: 10/3/2019

Figure
A-4

RECORD OF BOREHOLE TH-02

40

45

CLIENT: Summit Consulting Services, Inc.
DRILLING DATE: 7/27/2019
EQUIPMENT: Geoprobe
SOIL PROFILE

BLOWS
PER FT

TYPE

DEPTH
(ft)

NUMBER

GRAPHIC
LOG

VEGETATION: Island site, grass

ELEV.

162.01065° W

UNCORRECTED
BLOWS / FT
10

USCS

DESCRIPTION

SHEET 2 of 2

DATUM: WGS 84
ELEVATION: n/a
COORDS: 60.68799° N

SAMPLES
ICE BOND

BORING METHOD

DEPTH
(ft)

PROJECT: Napakiak Land Use Plan
PROJECT NUMBER: 19126820
LOCATION: Napakiak, Alaska

20

30

40

SALINITY (ppt)
REC
ATT WATER CONTENT (PERCENT)
(inch) WP

W

10

20

30

40

NOTES
TESTS
WATER LEVELS

WL

Medium dense, medium to dark gray, poorly
graded SAND; fine-grained sand
(SP)
Borehole completed at 40.0 ft.
Notes:
1) Groundwater observed at 5 feet below ground
surface while drilling.
2) 1-inch hand-slotted schedule 40 PVC standpipe
installed to 8.5 feet below ground surface.
3) Borehole backfilled with cuttings to ground
surface.

50

55

LIBRARY-ANC(11-22-19).GLB [ANC BOREHOLE]

65

19126820 NAPAKIAK LAND USE PLAN.GPJ

ttrosper

11/25/19

60

75

70

80

DEPTH SCALE: 1 inch to 5 feet

LOGGED: R. Mitchells

DRILLING CONTRACTOR: GeoTek Alaska, Inc.

CHECKED: T. Voeller

DRILLER: S. Votja

CHECK DATE: 10/3/2019

Figure
A-4

RECORD OF BOREHOLE TH-03
CLIENT: Summit Consulting Services, Inc.
DRILLING DATE: 7/26/2019
EQUIPMENT: Geoprobe

Organic
Mat

1

GB

2

GB

3

GB

4

GB

5

GB

6

GB

7

GB

8

GB

9

GB

BLOWS
PER FT

DEPTH
(ft)

TYPE

0.0 - 0.5
ORGANIC MAT
(Organic Mat)
0.5 - 6.0
Moist to wet, medium brown, mottled, SILT
(ML)

GRAPHIC
LOG

VEGETATION: Island site, grass

ELEV.

162.02246° W

UNCORRECTED
BLOWS / FT
10

USCS

DESCRIPTION

SHEET 1 of 1

DATUM: WGS 84
ELEVATION: n/a
COORDS: 60.68536° N

SAMPLES
ICE BOND

SOIL PROFILE
NUMBER

0

BORING METHOD

DEPTH
(ft)

PROJECT: Napakiak Land Use Plan
PROJECT NUMBER: 19126820
LOCATION: Napakiak, Alaska

20

30

40

SALINITY (ppt)
REC
ATT WATER CONTENT (PERCENT)
(inch) WP

W

10

20

30

40

NOTES
TESTS
WATER LEVELS

WL

0.5

ML

5
6.0 - 11.0
Loose to medium dense, wet, medium gray,
SILTY SAND; fine-grained sand
(SM)

5 ft
07/26/2019

6.0

SM
10
11.0 - 23.5
Medium dense, wet, medium to dark gray,
poorly graded SAND with silt; fine-grained
sand, few silt
(SP-SM)

11.0

Gravel = 0%, Sand = 93%,
Fines = 7.3%, MA

15

Gravel = 0%, Sand = 95%,
Fines = 4.8%

25

19126820 NAPAKIAK LAND USE PLAN.GPJ

LIBRARY-ANC(11-22-19).GLB [ANC BOREHOLE]

ttrosper

11/25/19

20

Geoprobe

SP-SM

23.5 - 24.5
SILTY SAND
(SM)
24.5 - 32.0
Medium dense, wet, medium to dark gray,
poorly graded SAND; fine-grained sand
(SP)

SM

23.5
24.5

SP

30

35

32.0 - 33.5
Dark gray, SILT; trace fine-grained sand, trace
organic material
(ML)
33.5 - 39.0
Loose to medium dense, wet, dark gray,
poorly graded SAND; fine-grained sand
(SP)

ML

32.0
33.5

SP

Borehole completed at 39.0 ft.

40
Notes:
1) Groundwater observed at 5 feet below ground
surface while drilling.
2) 1-inch hand-slotted schedule 40 PVC standpipe
installed to 13.5 feet below ground surface.
3) Borehole backfilled with cuttings to ground
surface.

45

DEPTH SCALE: 1 inch to 5.65 feet

LOGGED: R. Mitchells

DRILLING CONTRACTOR: GeoTek Alaska, Inc.

CHECKED: T. Voeller

DRILLER: S. Votja

CHECK DATE: 10/3/2019

Figure
A-5

RECORD OF BOREHOLE TH-04
CLIENT: Summit Consulting Services, Inc.
DRILLING DATE: 7/26/2019
EQUIPMENT: Geoprobe

1

GB

2

GB

3

GB

4

GB

5

GB

6

GB

7A

GB

7B

GB

8

GB

9

GB

BLOWS
PER FT

DEPTH
(ft)

TYPE

0.0 - 1.0
Wet, ORGANIC MAT; standing water at
ground surface
(Organic Mat)
1.0 - 9.0
Frozen, massive ICE; well bonded as
colorless ice
(Massive ICE)

GRAPHIC
LOG

VEGETATION: Upland site, grass

ELEV.

162.00655° W

UNCORRECTED
BLOWS / FT
10

USCS

DESCRIPTION

SHEET 1 of 1

DATUM: WGS 84
ELEVATION: n/a
COORDS: 60.70736° N

SAMPLES
ICE BOND

SOIL PROFILE
NUMBER

0

BORING METHOD

DEPTH
(ft)

PROJECT: Napakiak Land Use Plan
PROJECT NUMBER: 19126820
LOCATION: Napakiak, Alaska

20

30

40

SALINITY (ppt)
REC
ATT WATER CONTENT (PERCENT)
(inch) WP

W

10

20

30

40

NOTES
TESTS
WATER LEVELS

WL

Organic
Mat

1.0

Massive
ICE

5

9.0 - 32.5
Frozen, medium to dark gray, SILT; trace finegrained sand, well bonded with excess ice to
visible ice as irregularly oriented formations
(ML, Nbe-Vr)

10

9.0

Gravel = 0%, Sand = 4%,
Fines = 95.8%, PI = 4, SA,

Geoprobe

15

20

LIBRARY-ANC(11-22-19).GLB [ANC BOREHOLE]

25

19126820 NAPAKIAK LAND USE PLAN.GPJ

ttrosper

11/25/19

ML

35

Gravel = 0%, Sand = 3%,
Fines = 97.1%

30

Borehole completed at 32.5 ft.
Notes:
1) No groundwater observed while drilling.
2) 1-inch sealed schedule 40 PVC standpipe
installed to 32.5 feet below ground surface.
3) Borehole backfilled with cuttings to ground
surface.

40

DEPTH SCALE: 1 inch to 5 feet

LOGGED: R. Mitchells

DRILLING CONTRACTOR: GeoTek Alaska, Inc.

CHECKED: T. Voeller

DRILLER: S. Votja

CHECK DATE: 10/3/2019

Figure
A-6

RECORD OF BOREHOLE TH-05
CLIENT: Summit Consulting Services, Inc.
DRILLING DATE: 7/24/2019
EQUIPMENT: Geoprobe
SOIL PROFILE

1

GB

2

GB

3

GB

4

GB

5

GB

6

GB

7

GB

8

GB

9

GB

10

GB

11

GB

12

GB

BLOWS
PER FT

DEPTH
(ft)

TYPE

0.0 - 1.5
ORGANIC MAT
(Organic Mat)
1.5 - 6.0
Frozen, medium brown to gray, SILT; few finegrained sand, well bonded
(ML)

GRAPHIC
LOG

VEGETATION: Upland site, grass

ELEV.

162.00470° W

UNCORRECTED
BLOWS / FT
10

USCS

ICE BOND

DESCRIPTION

SHEET 1 of 1

DATUM: WGS 84
ELEVATION: n/a
COORDS: 60.71580° N

SAMPLES
NUMBER

0

BORING METHOD

DEPTH
(ft)

PROJECT: Napakiak Land Use Plan
PROJECT NUMBER: 19126820
LOCATION: Napakiak, Alaska

20

30

40

SALINITY (ppt)
REC
ATT WATER CONTENT (PERCENT)
(inch) WP

W

10

20

30

40

WL

Organic
Mat

1.5

ML

Gravel = 0%, Sand = 6%,
Fines = 94.4%, SA

5
6.0 - 7.5
Frozen, medium brown, ORGANIC SILT +
ICE; well bonded
(ICE+OL)
7.5 - 28.0
Frozen, medium gray, SILT; trace fine-grained
sand, well bonded with excess ice to
approximately 5-15% visible ice by volume as
inclusions
(ML, Nbe-Vx)

10

NOTES
TESTS
WATER LEVELS

ICE+
OL

6.0
7.5

195

Gravel = 0%, Sand = 10%,
Fines = 90.4%

Geoprobe

15

ML

LIBRARY-ANC(11-22-19).GLB [ANC BOREHOLE]

25

19126820 NAPAKIAK LAND USE PLAN.GPJ

ttrosper

11/25/19

20

35

30

28.0 - 31.0
Frozen, medium brown, ORGANIC SILT;
organic material, well bonded
(PT-OL)

28.0
PT-OL

31.0 - 32.5
Frozen, medium gray, SILT; trace fine-grained
sand, well bonded, 0.5-inch ice lense at OLML contact
(ML)
Borehole completed at 32.5 ft.

75

31.0
ML

Notes:
1) No groundwater observed while drilling.
2) 1-inch sealed schedule 40 PVC standpipe
installed to 32.5 feet below ground surface.
3) Borehole backfilled with cuttings to ground
surface.

40

DEPTH SCALE: 1 inch to 5 feet

LOGGED: R. Mitchells

DRILLING CONTRACTOR: GeoTek Alaska, Inc.

CHECKED: T. Voeller

DRILLER: S. Votja

CHECK DATE: 10/3/2019

Figure
A-7

RECORD OF BOREHOLE TH-07
CLIENT: Summit Consulting Services, Inc.
DRILLING DATE: 7/26/2019
EQUIPMENT: Geoprobe
SOIL PROFILE

30

40

NOTES
TESTS
WATER LEVELS

1

GB

Gravel = 0%, Sand = 6%,
Fines = 94.0%

2

GB

Gravel = 0%, Sand = 3%,
Fines = 96.7%, PI = 3, SA,

3

GB

4

GB

5

GB

6

GB

7

GB

8

GB

9

GB

10

GB

11

GB

BLOWS
PER FT

GRAPHIC
LOG

DEPTH
(ft)

20

TYPE

0.0 - 1.0
Dry, ORGANIC MAT
(Organic Mat)
1.0 - 26.5
Frozen, medium to dark gray, SILT; trace finegrained sand, low plasticity, well bonded with
excess ice to approximately <5% visible ice by
volume
(ML, Nbe)

USCS

VEGETATION: Upland site, grass

10

ELEV.

161.99223° W

UNCORRECTED
BLOWS / FT

SAMPLES
ICE BOND

DESCRIPTION

SHEET 1 of 1

DATUM: WGS 84
ELEVATION: n/a
COORDS: 60.71012° N

NUMBER

0

BORING METHOD

DEPTH
(ft)

PROJECT: Napakiak Land Use Plan
PROJECT NUMBER: 19126820
LOCATION: Napakiak, Alaska

SALINITY (ppt)
REC
ATT WATER CONTENT (PERCENT)
(inch) WP

W

10

20

30

40

WL

Organic
Mat

1.0

5

10

ML

Geoprobe

15

LIBRARY-ANC(11-22-19).GLB [ANC BOREHOLE]

25

19126820 NAPAKIAK LAND USE PLAN.GPJ

ttrosper

11/25/19

20

35

26.5 - 31.0
Frozen, ORGANIC SILT; organic material as
root debris, well bonded with excess ice to
approximately 10-15% visible ice by volume
as inclusions, isolated 0.25-0.5-inch ice lense
(OL, Nbe-Vx)

26.5

SA

OL

70

30
31.0 - 32.5
Frozen, medium to dark gray, SILT; trace finegrained sand, well bonded with excess ice
(ML, Nbe)
Borehole completed at 32.5 ft.

31.0
ML

Notes:
1) No groundwater observed while drilling.
2) 1-inch sealed schedule 40 PVC standpipe
installed to 32.5 feet below ground surface.
3) Borehole backfilled with cuttings to ground
surface.

40

DEPTH SCALE: 1 inch to 5 feet

LOGGED: R. Mitchells

DRILLING CONTRACTOR: GeoTek Alaska, Inc.

CHECKED: T. Voeller

DRILLER: S. Votja

CHECK DATE: 10/3/2019

Figure
A-8

RECORD OF BOREHOLE TH-08
CLIENT: Summit Consulting Services, Inc.
DRILLING DATE: 7/24/2019
EQUIPMENT: Geoprobe
SOIL PROFILE

5

5.0 - 6.0
Frozen, medium to dark brown, PEAT; well
bonded visible ice as inclusions, 0.5-inch ice
lens
(PT, Vx)
6.0 - 26.0
Frozen, medium to dark gray, SILT; trace finegrained sand, well bonded with excess ice to
approximately 5-20% visible ice by volume as
inclusions, 0.5-1-inch ice lenses from 23 to 25
feet
(ML, Nbe-Vx)

10

30

40

1

GB

2

GB

3

GB

4

GB

5

GB

6

GB

7

GB

8

GB

93

9

GB

53

10

GB

BLOWS
PER FT

GRAPHIC
LOG

DEPTH
(ft)

20

TYPE

0.0 - 1.5
Dry, ORGANIC MAT
(Organic Mat)
1.5 - 5.0
Frozen, medium brown, ORGANIC SILT;
grades to silt with depth, well bonded, 0.5-inch
ice lenses from 3 to 5 feet
(OL)

USCS

VEGETATION: Upland site, grass

10

ELEV.

161.97536° W

UNCORRECTED
BLOWS / FT

SAMPLES
ICE BOND

DESCRIPTION

SHEET 1 of 1

DATUM: WGS 84
ELEVATION: n/a
COORDS: 60.70657° N

NUMBER

0

BORING METHOD

DEPTH
(ft)

PROJECT: Napakiak Land Use Plan
PROJECT NUMBER: 19126820
LOCATION: Napakiak, Alaska

SALINITY (ppt)
REC
ATT WATER CONTENT (PERCENT)
(inch) WP

W

10

20

30

40

NOTES
TESTS
WATER LEVELS

WL

Organic
Mat

1.5
OL

PT

5.0
6.0

Gravel = 0%, Sand = 5%,
Fines = 95.4%

Geoprobe

15
ML

LIBRARY-ANC(11-22-19).GLB [ANC BOREHOLE]

25

19126820 NAPAKIAK LAND USE PLAN.GPJ

ttrosper

11/25/19

20

35

26.0 - 28.5
Frozen, medium brown, ORGANIC SILT; well
bonded with excess ice
(OL, Nbe)

30

28.5 - 32.5
Frozen, medium gray, SILT; trace fine-grained
sand, well bonded with approximately 2530+% visible ice by volume as inclusions
(ML, Vx)

26.0
OL

28.5

ML

Borehole completed at 32.5 ft.
Notes:
1) No groundwater observed while drilling.
2) 1-inch sealed schedule 40 PVC standpipe
installed to 32.5 feet below ground surface.
3) Borehole backfilled with cuttings to ground
surface.

40

DEPTH SCALE: 1 inch to 5 feet

LOGGED: R. Mitchells

DRILLING CONTRACTOR: GeoTek Alaska, Inc.

CHECKED: T. Voeller

DRILLER: S. Votja

CHECK DATE: 10/3/2019

Figure
A-9

APPENDIX B

Laboratory Data

TABLE B-1: SAMPLE SUMMARY
Client:

Summit Consulting Services, Inc.

Project:

Napakiak Land Use Plan

Location:

Napakiak, Alaska

Project No.:

Reviewed By: T. Voeller

TH-01

3

13.0

15.0

GB

41

TH-01

4

18.0

20.0

GB

32

TH-01

5

23.0

25.0

GB

27

TH-01

6

29.0

30.0

GB

25

TH-01

7

32.0

33.0

GB

22

TH-02

1

4.0

5.0

GB

35

TH-02

2

9.0

10.0

GB

21

TH-02

3

13.0

15.0

GB

24

TH-02

4

18.0

20.0

GB

22

TH-02

5

23.0

25.0

GB

24

LIBRARY-ANC(11-22-19).GLB [ANC_SAMPLE_SUMMARY]

TH-02

6

27.0

30.0

GB

25

TH-02

7

33.0

35.0

GB

24

TH-02

8

37.0

39.5

GB

32

TH-02

9

39.5

40.0

GB

22

TH-03

1

4.0

5.0

GB

32

TH-03

2

9.0

10.0

GB

28

TH-03

3

12.0

13.0

GB

TH-03

4

17.0

18.0

TH-03

5

22.0

23.5

TH-03

6

23.5

TH-03

7

TH-03

8

TH-03
TH-04

GRAVEL

SAND

FINES
(SILT & CLAY)

11

89.1

0

55

45.0

0

74

26.4

0

95

4.8

28

0

93

7.3

GB

22

0

95

4.8

GB

27

25.0

GB

34

27.0

29.0

GB

28

32.0

33.0

GB

43

9

38.0

39.0

GB

32

1

9.0

10.0

GB

32

TH-04

2

12.0

12.5

GB

35

TH-04

3

14.0

15.0

GB

29

0

4

95.8

ML

TH-04

4

17.0

17.5

GB

32

TH-04

5

19.0

20.0

GB

31

TH-04

6

21.5

22.5

GB

33

TH-04

7A

24.0

25.0

GB

36

0

3

97.1

ML

LIQUID LIMIT
(LL) (%)

0

NP

30

NP

26

NP

4

30.3

11.8

4.0

Golder Associates Inc.
2121 Abbott Road, Suite 100, Anchorage, AK
Tel: (907) 344-6001 Fax: (907) 344-6011 www.golder.com
Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America

TESTS /
OTHER TESTS

34

DESCRIPTION
(USCS)

GB

SALINITY (ppt)
[ (d) is directly meas.]

10.0

FROST
CLASSIFICATION

8.0

AMOUNT FINER
THAN 0.02 mm (%)

2

GRADATION (%)
ORGANIC
CONTENT (%)

TH-01

PLASTICITY INDEX
(PI) (%)

37

PLASTIC LIMIT
(PL) (%)

BOTTOM

GB

BLOWS PER FOOT

TOP

5.0

SAMPLE TYPE

SAMPLE NUMBER

4.0

RECOVERY (%)

SAMPLE LOCATION

1

19126820 NAPAKIAK LAND USE PLAN.GPJ

DEPTH (ft)

TH-01

11/25/19

Date: 10/4/2019

CLASSIFICATION AND INDEX TEST RESULTS
NATURAL MOISTURE
CONTENT (%)

SAMPLING DATA

ttrosper

19126820

ML

MA

SM

SA

SM

MA

SP

SA

SP-SM

MA

SA, PI

Sheet 1 of 3

TABLE B-1: SAMPLE SUMMARY
Client:

Summit Consulting Services, Inc.

Project:

Napakiak Land Use Plan

Location:

Napakiak, Alaska

Project No.:

Reviewed By: T. Voeller

GB

33

5.0

GB

25

TH-05

2

7.0

8.0

GB

195

TH-05

3

8.0

9.0

GB

33

TH-05

4

9.0

10.0

GB

37

TH-05

5

11.5

12.5

GB

34

TH-05

6

14.0

15.0

GB

35

TH-05

7

16.5

17.5

GB

32

TH-05

8

20.0

21.5

GB

36

TH-05

9

22.0

22.5

GB

39

LIBRARY-ANC(11-22-19).GLB [ANC_SAMPLE_SUMMARY]

TH-05

10

24.0

25.0

GB

35

TH-05

11

26.5

27.5

GB

35

TH-05

12

29.0

30.0

GB

75

TH-07

1

4.0

5.0

GB

42

TH-07

2

9.0

10.0

GB

32

TH-07

3

11.5

12.5

GB

32

TH-07

4

14.0

15.0

GB

30

TH-07

5

16.5

17.5

GB

32

TH-07

6

19.0

20.0

GB

36

TH-07

7

21.5

22.5

GB

32

TH-07

8

24.0

25.0

GB

43

TH-07

9

26.5

27.5

GB

50

TH-07

10

29.0

30.0

GB

70

TH-07

11

31.5

32.5

GB

31

TH-08

1

6.5

7.5

GB

26

TH-08

2

9.0

10.0

GB

36

TH-08

3

11.5

12.5

GB

33

TH-08

4

14.0

15.0

GB

35

TH-08

5

16.0

17.0

GB

34

TH-08

6

19.0

20.0

GB

39

26

23

3

TESTS /
OTHER TESTS

32.5

4.0

DESCRIPTION
(USCS)

31.5

1

SALINITY (ppt)
[ (d) is directly meas.]

9

TH-05

FROST
CLASSIFICATION

TH-04

AMOUNT FINER
THAN 0.02 mm (%)

34

ORGANIC
CONTENT (%)

GB

FINES
(SILT & CLAY)

30.0

SAND

29.0

GRADATION (%)

GRAVEL

8

PLASTICITY INDEX
(PI) (%)

TH-04

PLASTIC LIMIT
(PL) (%)

33

LIQUID LIMIT
(LL) (%)

BOTTOM

GB

BLOWS PER FOOT

TOP

27.5

SAMPLE TYPE

SAMPLE NUMBER

26.5

RECOVERY (%)

SAMPLE LOCATION

7B

19126820 NAPAKIAK LAND USE PLAN.GPJ

DEPTH (ft)

TH-04

11/25/19

Date: 10/4/2019

CLASSIFICATION AND INDEX TEST RESULTS
NATURAL MOISTURE
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Napakiak
Increasing Community and Infrastructure Resilience

EXECUTIVE SUMMARY
Climate change is likely to affect the livability of the Village of Napakiak, with
projected flooding and erosion impacting critical infrastructure and warmer,
wetter climates influencing traditional lifestyles. This assessment provides
data on the magnitude and timing of these impacts, enabling community
members to be proactive in developing mitigation options that will shape a
resilient community for future generations.
Alaskan Native villages are vulnerable to
climate change, experiencing escalating rates
of erosion, flooding, and failing infrastructures,
with a cumulative cost in the millions of dollars.
There is a critical need to develop short and
long‐term solutions that address the impacts of
climate change while supporting Alaskans
residing in environmentally threatened
communities. Predicting the effects of climate
change is challenging as most of the climate
risks and impacts currently documented are
based on historical climate events and

patterns; these are no longer reliable for
predicting future climate risks.
The Village of Napakiak is very aware and
concerned about the ‘new’ climates they are
experiencing and the impacts to their village,
culture, and livelihoods. Villagers are
concerned about the escalation of erosion
rates in the last 5 years that significantly exceed
those predicted in 2008 based on historical
rates. Community members want to know
what the climate might look like in 20, 50, or
100 years, so they can prepare for the future.

The objective of this Environmental Risk Assessment is to provide the Village of
Napakiak with projections of the timing and magnitude of potential climate change
and the potential risks to their community. The data will assist them in developing
adaptation and mitigation plans for increasing community resilience.

Adaptation for Resilience

Two Bears Environmental Consulting, LLC.,
completed an Environmental Risk Assessment
for Napakiak. Climate sensitivities were
projected based on future climates (RCP 8.5)
for each decade from baseline through 2100 as
predicted from the IPCC, capturing both
gradual onset climate change and extreme
events at the village scale using accepted
forward‐thinking climate practices.
The assessment projected significant changes
in slow onset climate variables. Annual mean,
minimum, and maximum temperatures are
projected to increase, as are the extreme
maximum temperatures. The increase in

temperatures will cause an increase in soil
temperatures; the days of frozen tundra is
projected to decrease. Although the annual
average precipitation is projected to increase,
snowpack is projected to decrease due to the
higher temperatures. Projected increases in
extreme rainfall events, combined with
increases in extreme wind speeds, suggest the
potential of higher intensity storms. On the
other hand, with increased temperature and
precipitation, the vegetation is expected to
increase with longer growing seasons,
extending the time available for gathering
food. Also, fuel for heating needs will decrease.

Percent Change (%)
Baseline

Variable

2010

2030

2050

2070

2100

Annual Minimum Temperature (oF)

23.38

13.22

23.57

35.63

56.42

Annual Maximum Temperature (oF)

37.08

7.23

12.86

19.50

30.85

Annual Mean Temperature (oF)

30.25

9.59

17.09

25.85

40.89

Extreme Max Temperature (ARI 50) (oF)

77.90

2.08

5.08

7.86

10.63

Days of Frozen Tundra (days/year)

214.00

‐13.55

‐32.71

‐57.48

‐100.00

Soil Temperature (13‐33 ft. depth) (oF)

31.00

6.77

14.10

22.65

37.35

Annual Precipitation (inches)

17.91

5.42

9.88

14.63

23.39

Extreme Rainfall (ARI 50 ‐ 12 hour)
(inches)

1.93

7.25

12.95

19.69

31.61

Cumulative Monthly Snow Depth (inches)

48.65

‐33.73

‐60.14

‐91.02

‐100.00

Annual Windspeed (mph)

11.72

0.00

0.00

0.00

0.00

Extreme Windspeed (ARI 50) (mph)

59.06

20.83

25.38

24.25

28.78

Increased Vegetation Growth (Kg C/m2/yr.)

0.56

14.29

23.21

32.14

35.71

Adaptation for Resilience

The Village of Napakiak is projected to have
increased flooding, with 50‐year flood events
(ARI 50) of over 7 feet. Erosion is predicted to
continue at an accelerated rate with loss of
critical infrastructure by 2030, including the
school and its fuel tanks, homes, commercial
buildings, and the south part of the airport. By
2050, it is projected that 80% of the Village of
Napakiak will be lost to erosion, including the
entire airport; 100% of the Village is projected
to be lost by 2070, including the site of the new
hovercraft. and barge landing.

The Village of Napakiak is already facing some
climate change impacts to food security and
winter travel; fish and game populations
appear to be declining and ice fishing is getting
particularly dangerous due to a reduction in
the ice thickness. Also, winter travel is
becoming unreliable due to a reduction in the
number of days the tundra is frozen, making it
more difficult and expensive to obtain food,
fuel, and supplies. These conditions may
become worse in the immediate future, before
improving. With time, river travel will likely

“Better to be prepared than not be prepared” – Walter, Elder
The combined flooding and erosion risks
suggest that ‘protect‐in‐place’ may not be a
viable option for Napakiak; at least not without
significant intervention such as building a
protective sea wall. Napakiak may need to
consider moving buildings away from the
erosion risk zone or moving the entire village to
a new site. Extending the road and services and
moving threatened buildings away from the
erosion risk areas may be a logical and cost‐
effective option. However, most of the area
available to relocate the threatened buildings
is projected to erode by 2100. The bluff area
across Johnson Slough is not projected to flood
or erode; but this area may have soil stability
issues depending on the permafrost in the soil.
Napakiak will need to carefully evaluate their
options before selecting a path forward. It
should be noted that the projections are just an
estimate; the timing of the erosion could be
later than projected, or earlier, depending on
the actual weather that occurs.

occur year‐round providing a cost‐effective
route to supply goods and services. villagers
will likely need to adapt their lifestyles to
accommodate projected changes in the timing
and availability of foods, along with their
methods for harvesting and gathering foods.
The data in this assessment offers a snapshot
of what Napakiak’s future may look like,
including the timing and magnitude of
predicted environmental risks. It delivers the
information community members need to
adapt their lifestyles to a new future, while also
providing data to inform decisions for selecting
and developing adaptation plans to increase
community resilience. Additionally, projected
future climate variables that can be used to
develop building criteria for resilient
infrastructure are provided. The assessment
provides tools to allow the Village of Napakiak
to be proactive instead of reactive, enabling
them to adapt to, and plan for, their future.

Adaptation for Resilience
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Forward Looking Statement –
Certain statements other than statements of historical facts set forth in this assessment may constitute ‘forwardlooking statements”, including but not limited to, statements using forward-looking terminology such as “projected”,
“predicted”, “impacts”, “expected”, “result”, “potential”, “projections”, “feasibility”, “accelerate”, “approximately”,
“attributed”, “possibly”, or variations of these terms. These statements are not a guarantee of future performance
and should not be treated as absolute; they are meant to be a guide as to what might happen in the future.
This report was prepared by Two Bears Environmental Consulting (TBEC) in accordance with the scope of work as
outlined by Village of Napakiak and subsequent communications. The conclusions presented in this report represent
TBEC’s professional judgment based on information made available during this assessment and are true and correct to
the best of TBEC’s knowledge at the date of the assessment. This report is based on conditions encountered at the
assessment site of climate data at the time of the report, and TBEC disclaims responsibility for any changes that may
have subsequently occurred.
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Problem Statement
With Alaska warming twice as fast as the rest of the globe, record
temperatures are not yearly anomalies, they are daily occurrences.
The IPCC Special Report on the Impacts of
Global Warming (Allen et al., 2018) projected
that the immediate consequences of climate
change are much worse than initially predicted,
with severe food shortages, wildfires, and
catastrophic weather events intensifying by
2040. Communities need to adapt to the ‘new’
current conditions while preparing for
escalating future changes. The 2018 National
Oceanic and Atmospheric Administration
(NOAA) Arctic Report Card reports that the
Arctic is warming at twice the rate of the rest
of the globe, while the Third National Climate
Assessment (Chapin et al., 2014), states that
the Arctic annual air temperature has
increased by 3 oF (1.67 °C) and average winter
temperature has increased by 6 °F (3.33 °C).

Defining Terms
The Intergovernmental Panel on Climate
Change (IPCC) (2011) defines

Vulnerability as:
"The degree to which a system is susceptible
to, and unable to cope with, adverse effects
of climate change, including climate
variability and extremes. Vulnerability is a
function of the character, magnitude, and
rate of climate change and variation to
which a system is exposed, its sensitivity,
and its adaptive capacity."

Sensitivity as:

The changes in climate, as well as the increased
occurrence of extreme weather‐related
events, are becoming a threat to Alaska and
Alaskans. The U.S. Government (GAO 2003)
reported that 86% of Alaska Native villages are
vulnerable to climate change. There is a critical
need to develop short and long‐term solutions
that address the impacts of climate change on
environmentally threatened communities,
while supporting Alaskans and protecting their
traditional way of life.

“The degree to which a natural, economic or
social system is directly or indirectly
affected, either adversely or beneficially, by
climate‐related
stimuli,
such
as
temperature, precipitation, wind, waves, or
specific climate change impacts, such as
sea‐level rise, reductions in sea ice, melting
permafrost and changes to hydrology.”

Adaptative Capacity as:
"Adjustment in natural or human systems in
response to actual or expected climatic
stimuli or their effects, which moderates
harm or exploits beneficial opportunities."
Adaptive capacity represents the system's
ability to moderate potential damages, to
take advantage of opportunities, or to cope
ih h
2

To quantify vulnerability, both a systems'
sensitivity to climate change and its capacity to
adapt to a changing climate must be
considered. For example, a sea‐level rise
prediction of 1.6 foot (0.5 m) may be deemed
acceptable (e.g., ability to adapt) for the
coastline near Anchorage, Alaska, an area with
tidal ranges up to 39 feet (ft.) (12 m); the
highest in the United States. However, 1.6 foot
(0.5 m) of sea‐level rise may be deemed
unacceptable (e.g., inability to adapt or having
an adverse impact) for Nuvuk (Point Barrow),
Alaska, an area with historical tidal ranges of
only 1.6 foot (0.5 m). Similarly, sensitivity to
change in a single environmental variable may
or may not represent a vulnerability to climate
change; however, sensitivities are often
cumulative. Locations in Alaska where one or
more environmental variables are sensitive to
climate change will likely represent areas that
are most vulnerable overall.

X
Problem

Predicting the effects of a changing
environment on social, ecological, and
economic systems is challenging. Most of the
climate risks and impacts currently
documented are based on historical climate
events and patterns, which are becoming less
indicative of future climates; historical data is
no longer adequate for assessing risk. Whereas
federal and state funded research continues to
advance
our
understanding
of
the
environmental, social, and economic systems
that may be vulnerable to climate change,
translating this science into actionable data to
inform village decisions remains a challenge.

Climate‐related vulnerabilities are significant
challenges facing Environmentally Threatened
Communities.
Climate‐related stimuli encompass all the
elements of climate change, including mean
climate characteristics, climate variability, and
the frequency and magnitude of extremes. The
effect may be direct (e.g., a change in crop yield
in response to a change in the mean, range, or
variability of temperature) or indirect (e.g.,
damages caused by an increase in the
frequency of coastal flooding due to sea‐level
rise).

The assessment provides a critical nexus between the environmental impacts
resulting from climate change and how people are affected by, and respond to, these
impacts and their associated risks. The goal is to increase environmental, economic,
social, and cultural climate resilience, empowering communities to move from
reactive to proactive climate resilient strategies.
3

Assessment Goals
The purpose of this assessment is to work with Alaskan communities to
identify the future environmental sensitivities and potential adaptive
capacities of the villages to provide:

Actionable data on the probable effects of climate change, such
as future risks of:
 Flooding
 Storm surge
 Permafrost thaw
 Sea‐level rise
 Other environmental
 Erosion
hazards

The timing of such future events in terms of the sustainability
of critical infrastructure, including the airstrip, water, waste and
fuel farm and other assets identified as a high priority for
maintaining livability in the current site.

Information that can be used to advise community decision‐
makers and increase capacity to develop effective adaptation
strategies, while also providing data that is useful in obtaining
funding/grants to implement these strategies.

4

Management Agency and United States
Department of Agriculture – Rural
Development grants.

Assessment Benefits
Information on what Alaska may look like in 25,
50, or 100 years is valuable in preparing
communities for the future. The data obtained
from this assessment assists in ‘climate‐
proofing' the community by identifying the
types and onset of environmental risks and
changes to infrastructure and ecosystems
services; this data was used to identify
priorities and can be used to inform
community decisions. Future climate scenarios
are also valuable for assessing community risk
over time and thus inform the planning for, and
building of, climate‐resilient infrastructure,
while identifying risks to the built environment,
including whether it is more cost‐effective to
either adapt or replace existing infrastructure
or move to another location. Specific
information gaps for many villages are:

 Unknown changes in extreme events,
such as precipitation, wind, and
maximum temperature. How might the
timing and magnitude of extreme
events change?
 Rainfall, snowfall, temperature, and
seasonal pattern changes in climate,
which is necessary to adapt current
infrastructure, and to inform future
infrastructure design such as buildings,
fuel tanks, road design, and culverts.

 Determining how a community may
safely protect in place and how much
time the village may need before
considering relocation, if necessary.
 Understanding future climate risks will
be valuable in obtaining money to fund
adaptations to protect current
infrastructure or for building new
infrastructure that will be resilient to
future climates.
If relocating the village to a new site becomes
a priority, then there are specific engineering
information gaps, such as:
 No flood plain analysis, which is
required for Federal Emergency

Benefits to Environmentally Threatened Alaskan Communities include working with
the community to provide data that can be used to advise decision‐makers and
increase capacity for developing effective adaptation strategies to manage climate‐
related risks, thereby increasing community resilience
5

Napakiak Assessment
The projected climate data and potential environmental impacts developed as
part of this assessment apply to the Village of Napakiak.

The Village of Napakiak is located in the Yukon Kuskokwim Delta in southwest Alaska at
60°41′36″N 161°58′25″W (60.693282, ‐161.973491), on an island between the north bank of
the Kuskokwim River and the Johnson’s Slough, approximately 10 miles (16 km) downriver
(southwest) of Bethel. Napakiak covers about 5.0 square miles, of which 4.4 square miles is
land and 0.62 square miles (12.26%) is water.
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Napakiak Community Summary

lagoon and powerplant, was developed to
service the school. Napakiak also has a
corporation tank farm and sewage lagoon.

Traditionally, families were semi‐nomadic,
spending spring and summers in small fish
camps near the rivers and oceans and joining
other families at village sites inland during the
winter months. This semi‐nomadic life changed
in the 1930s when Bureau of Indian Affairs
(BIA) schools were established. Communities
sprang up around the schools becoming
permanent year‐round towns.

Napakiak’s residents live in approximately 110
homes that use a flush/haul system for sewage
and electrical power from Bethel. In 1981,
Napakiak started to receive power from Bethel
using a prototype single‐wire earth return
power line supported by lightweight fiberglass
A‐frames. The A‐frames were later replaced
with standard wood power poles. Napakiak
also has a landfill for waste and refuse.
Napakiak has a road system that is primarily
gravel road system, which is maintained by the
City; many of the villagers rely on four‐
wheelers for their transportation.

The Village of Napakiak (as Napahaiagamute)
first appeared on the U.S. Census in 1880;
Napakiak was not formally incorporated as a
second‐class city until 1970. Napakiak is part of
the Kusilvak Census Area. There are 181 males
(48.8%) and 191 females (51.2%), with an
average age of 25.2 years; most residents
(96%) are Yup'ik Eskimos. Napakiak's primary
employers include the school staff, local
entities under the tribe, Napakiak Corporation,
Coastal Villages Regional Fund, and the City of
Napakiak; some residents are self‐employed
with commercial fishing permits or by selling
arts and crafts. It is estimated that 16.2% of
families and 20.2% of the population live below
the poverty line, including 20.7% of those
under age 18 and 9.1% of those aged 65 or
over.

There are several commercial buildings in
Napakiak. In 1946, a Native‐village cooperation
store was opened. The National Guard Armory
was built in 1960, and a post office was
established a year later in 1961. The first gravel
airstrip was completed in 1973 with year‐round
access. The Ellie Memorial Health Clinic was
completed in 2013. A hovercraft was used to
provide vital services to the community, such
as cargo and mail, and to medivac residents,
but the hovercraft landing was destroyed
during a 2018 spring flooding event. The
Kuskokwim River does provide a water
transportation route to Bethel in the summer
months and an ice road in the winter months.
Travel to Bethel for supplies also occurs along
the power line trail when the tundra is frozen.

Infrastructure
The BIA school established the William Miller
Memorial School in 1939 for the community
that would become Napakiak. Currently the
school has 158 students from pre‐K through
high school. Overtime, a tank farm, sewage

8

A Lifestyle Steeped
in Tradition
The Yup’ik Eskimos are believed to
have migrated to the Yukon‐
Kuskokwim Delta around 1400 AD;
however, their culture may be over
10,000 years old. Napakiak honors
its cultural traditions and history
with deep respect for their village
Elders. Salmon fish camps remain a
vital aspect of community life.
People also harvest white fish,
moose, ptarmigan, seals, and
seasonal berries/plants. It is
estimated that 50% of the local diet
is fishing, hunting, and gathering
plants from the surrounding area.
Community members keep their
lifestyles, cultures, traditions, and
language active by passing on
knowledge to their youth.

Speaking Yup’ik
Oosh – Hey
Kid do Zeat? – Who are you?
Chum meow Zeat? – Where are
you from?
Oosh took – Erosion
Nut moon – Where to?
Don’t do walk – Moose
Yeah cool leak – Bird
9

Ah sea pack – Real good

reduce the erosion. Many homes have already
been lost and several buildings have been
moved, some two to three times; the school
was previously moved in 1970, and the
cemetery has been moved twice.

Napakiak Community Concerns
Although there has always been flooding and
erosion in Napakiak, community members
have been noticing a large increase in the
flooding and erosion within the last five
years. In late 1960’s‐early 1970’s, the
town was evacuated by helicopter to The
Bethel due to flooding, and Jacob Black
(Elder) remembers flash floods occurring,
eroding the ‘valley‘ between the school, store,
and airport. However, since 2016, the erosion
has really accelerated. The Napakiak
Community Erosion Assessment (USACE 2008)
predicted erosion at approximately 25 to 50 ft.
annually. Recently, erosion has been occurring
much more rapidly, and in spring of 2018 about
200 ft. of land was lost to erosion, requiring the
emergency relocation of several buildings.
According to Jacob Black, “The water came in
and lifted the sidewalk out in just two or three
hours”. The school and adjacent tank farm
were only 139 ft. from the riverbank in 2018. In
spring 2019, another 75 ft. was lost in one
weekend and emergency actions were taken to

water came in and lifted the sidewalk
out in just two or three hours.
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Not only is Napakiak contending with
aggressive erosion and shore bank stability
issues, there are concerns regarding flooding
and the vulnerability of structures due to
permafrost thaw or otherwise unstable
ground. New building techniques that allow the
structures to be re‐levelled each year have
been incorporated into the foundations of
some homes and commercial buildings, such as
the Medical Clinic. Residents also build ditches
to drain standing water from away from their
homes in an effort to mitigate the impacts of
unstable ground.
Food security is also a concern. In winters past,
the ice thickness on the Johnson Slough was 6‐
to‐7 ft. thick, recently it has only been 3 ft.
thick. Jacob Black was quoted saying, “The
sloughs around our island are getting deeper
and wider. Since 2016 up to this year 2019, its
been getting very hard for the people of
Napakiak to subsist on the fish because it gets
a lot warmer and the ice melts faster and every
year, we get less and less white fish to gather.”
Ice fishing is getting more dangerous, with the
water in the ice holes rising with vehicle
weight. From 2016–2019, it has been very hard
to subsistence ice fish. Historically, the nets
would be set before the fish runs, but recently
the nets are removed from the mouth of the
Johnson Slough before the fish runs occur, due
to dangerous ice conditions. In addition, there
appears to be a significant decline in the white
fish population, a highly prized food caught
year‐round, impacting winter food supplies.
There also appears to be a reduction in the
moose, caribou, and ptarmigan; “these were
once abundant but not now”. Travel to hunting
grounds is becoming more dangerous. Overall,
fishing, hunting, and gathering foods has
become more difficult, and more dangerous,
making it harder to subsist.

“I’m concerned for the younger generation;
we need to do something here and
11
now before we have a disaster.” Jacob, Village Elder

The warmer winter temperatures are also
impacting the ability to use ice roads. A lot of
winter travel would normally occur between
villages. Additionally, a large box van would
travel over the power route on ice roads to
bring food from Bethel to Napakiak and other
villages. The season for traveling on ice roads
has been reduced by 2‐3 months; last year
there was no ice road until January, resulting in
higher food, oil, and living costs, and less
cultural interactions with other villages. “Every
year it is getting later” says Jacob Black.

2. What is the timing of the erosion risk
to the school and adjacent tank farm?
3. Where to locate new hovercraft barge
landing to have minimal risk from
future climates?
4. Will drier and hotter temperatures
increase health issues due to dust from
the roads?
5. How should the buildings be built to
mitigate future floods?
6. Is it better to keep moving buildings
out of the path of erosion or move the
whole town to an entirely new village
site, such as across Johnson Slough to
the bluff area?
7. How much will the cost of fuel, food,
and supplies increase if ice road travel
is no longer reliable?
8. How will the subsistence foods change
in the future?
9. What type of evacuation plan would be
the most effective?

Furthermore, the changing climate is causing
an increase in bugs, such as ticks, which can kill
the moose, spruce beetle, which can cause an
increase in fires, and termites, which can infest
homes and buildings. These are all concerns
voiced by the people of Napakiak. “I think that
what I have been observing is due to change of
weather or climate change. Our wind velocity is
going to increase, and our weather has been
worsening into storms in the mid‐winter and
that winter didn’t seem like a winter at all. We
had mostly storms.”
In summary, the primary concerns of the
Village of Napakiak is to determine the
liveability of the current location given the
recent and future changes in climate, followed
by food security. Specific concerns were:

The community members are very aware of the
rapid changes in climate and are concerned
about the impacts on their infrastructure,
economy, lifestyle, and culture.

1. Does the airport need to be realigned
or relocated as riverbank erosion is
starting to impact the southern edge of
the airport?

Specific Assessment Objective
The objective of this Environmental Risk Assessment is to provide the Village of
Napakiak with projections of the timing and magnitude of potential climate
change. The goal of this information is to increase their understanding of the
potential risks and vulnerabilities, and to aid community members in developing
adaptation strategies.
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In order to represent the full range of the
inputs possible to Global Climate Models
(GCM) in IPCC AR5, the IPCC introduced a series
of Representative Concentration Pathways
(RCPs) that help define the future levels of
radiative forcing of the atmosphere due to the
Green House Gas (GHG) emissions. The IPCC
identifies four scenarios. The pathways are
named after the radiative forcing projected to
occur by 2100 due to GHG. These four RCPs
have been described more fully by van Vuuren
and others (2011) and have been summarized
in Table 1. Table 2 and Figure 1 summarize the
IPCC AR5 temperature projections for the four
RCPs.

Methods
Data from the Coupled Model Intercomparison
Project Phase 5 (CMIP5) was used to develop
the future predictions of the climate variables.
CHIP5 is the most ambitious coordinated multi‐
model climate change experiment ever
attempted; it includes over 40 global climate
change modeling groups from around the
World. The results of CMIP5 were the primary
source of information used to support the 2013
IPCC 5th Assessment Report (AR5) (IPCC AR5).
CMIP5 data includes gridded monthly model
output of the key environmental variables that
drive climate change (e.g., air temperature,
precipitation).
Description
RCP8.5

Rising radiative forcing
pathway leading to 8.5
W/m2 in 2100.
Stabilization without
overshoot pathway to 6
W/m2 at 2100

CO2
Equivalent

SRES
Equivalent

Publication – IA Model

1370

A1FI

Raiahi et al. 2007 –
MESSAGE

Fujino et al. 2006;
Hijioka et al. 2008 –
AIM
Clarke et al. 2007;
Stabilization without
Smith and Wigley
RCP4.5 overshoot pathway to 4.5
650
B1
2006; Wise et al. 2009
W/m2 2100
– GCAM
Peak in radiative forcing
van Vuuren et al.,
RCP2.6 at ~ 3 W/m2 before 2100
490
None
2007; van Vuuren et al.
and decline
2006 ‐ IMAGE
Table 1: Characterization of Representative Concentration Pathways (van Vuuren et al.
2011; Moss et al.2010; Rojeli et al. 2012).
RCP6.0

850

B2

Years 2046‐2065 Global Mean
Years 2081‐2100 Global Mean
Temperature Change oC
Temperature change oC
(likely range)
(likely range)
RCP2.6
1.0 ± 0.3 (0.4 ‐ 1.6)
1.0 ± 0.4 (0.3 ‐ 1.7)
RCP4.5
1.4 ± 0.3 (0.9 ‐ 2.0)
1.8 ± 0.5 (1.1 ‐ 2.6)
RCP6.0
1.3 ± 0.3 (0.8 ‐ 1.8)
2.2 ± 0.5 (1.4 ‐ 3.1)
RCP8.5
2.0 ± 0.4 (1.4 ‐ 2.6)
3.7 ± 0.7 (2.6 ‐ 4.8)
Table 2: Summary of future increase in temperature based on the IPCC AR5
representative concentration pathway for future climate.
Scenarios
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Arctic Exceeding Projected
Air Temperature Change

In addition to modeling the gradual onset of
climate change, it is necessary to capture
extreme climate events, which tend to have
significant and possibly devastating impacts on
both the environment and people. Losses from
extreme weather events tend to be higher than
those from a gradual onset of climate change.
For example, an extreme sea‐level rise event
may potentially exceed, by three or four‐fold,
the sea level rise expected by 2100 for some
coastal areas of Alaska. Extreme drought
events will likely become more frequent and of
longer duration with associated impacts on
forest ecosystems and dependent ecological
and human systems. Extreme heat
and cold events could also have
profound impacts on increasingly
less resilient ecological systems. In
order to do a meaningful
vulnerability assessment for Alaska,
it is necessary to include the
vulnerabilities associated with
extreme weather events and apply
daily rather than monthly GCM data.

The NOAA Arctic Report for 2015 states that
extensive Arctic regions are already exceeding
+1.67°C (3oF) in average air temperature relative to
a 1981‐2010 baseline; an increase that is already
greater than the RCP 4.5 projection (Table 2).
Average winter temperature has increased by 6°F
(3.33°C). Table 3 illustrates the changes in
temperature that may occur by the year 2100 for
selected Alaskan cities. Estimating projected future
climate vulnerability in Alaska may not be an
effective strategy using the RCP 4.5 projection;
therefore, the RCP 8.5 projection was used in this
assessment.

A summary of the methods is
provided in this section. Detailed
methods are included in Appendix A.
Climate sensitivities based on future
climates (RCP 8.5) for each decade
page from baseline through 2100, capturing
impacts of both slow‐onset climate change,
and extreme events were projected using a
three‐step approach.

Figure 1: Time series of global annual mean surface
air temperature anomalies (relative to 1986–2005)
from CMIP5 concentration‐driven experiments
(Collins et al. 2013).

City

1995 T (oC)

RCP 4.5 T
(oC)
(change) to
2100

RCP 8.5 T
(oC)
(change) to
2100

Anchorage

3.53

6.00 (2.47)

9.38 (4.17)

Juneau

5.25

7.26 (2.01)

8.5 (3.25)

Bethel

‐0.15

6.26 (6.41)

7.08 (7.23)

Allakaket

‐5.56

0.25 (5.81)

1.46 (7.02)

Table 3: Mean annual temperatures and changes
in °C to 2100 from a baseline of 1995 for RCPs 4.5
and 8.5 medium sensitivity using 40 CMIP5 GCM
ensemble median (Warrick 2013).
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Sources of this information include discussions
with tribal Elders and members of the
community (i.e., traditional knowledge), and
data from state and federal agencies,
geographic information systems, and remotely
sensed data products (e.g., NASA satellite
retrievals). Appendix A lists the data sources
used in this assessment.

Step 1 ‐ Defining Historical
Conditions
The
current
baseline
climate
and
environmental conditions were developed by
downscaling and reanalysis of recent historical
conditions. This provides valuable insight into
sensitive areas of the community where waves
and/or storm surge or other climate
parameters may be particularly extreme and
impactful on the broader community and its
functioning. The analysis was targeted for
Napakiak and their concerns, particularly
regarding infrastructure, food security, and
possible relocation sites.

Step 2 ‐ Downscaling GCM
Projections
Hindcasts were used to derive a localized
downscaling of climate variables from co‐
temporal GCM runs, which were then be
applied to the GCM predictions. Statistical and
dynamical techniques were used to produce a
time series of climate variables for each decade
while climate impacts, such as erosion and
flooding were projected for selected future
periods, including baseline (2010), 2030, 2050,
2070, and 2100 for the RCP8.5 scenario.
Change factors of wind speed, sea level
pressure, and mean sea‐level rise derived from
the CMIP5 GCM ensemble were applied in the
downscaling of climate change projections. The
process for downscaling shoreline climate
projections involved aggregating the results
from scenarios to provide probability
distributions of the summary parameters.

The analysis was targeted for
Napakiak and their concerns…
infrastructure, food security, and
possible relocation sites.

”

Baseline conditions were determined from:
1. Historical weather observations;
2. Digital Elevation Model (DEM) for the
state of Alaska;
3. Maps of surficial geology (e.g., areas of
discontinuous
permafrost
versus
continuous permafrost);
4. Hydrological and hydrogeological maps of
Alaskan water resources;
5. Maps of land cover types and the
distribution of flora and fauna in Alaska;
6. Demographic maps and maps of existing
Alaskan infrastructure;
7. Existing subsistence and cultural area
maps;
8. Historical marine weather observations
and hindcasts; and
9. Maps of coastal erosion rates and mean
sea level superimposed on DEMs of the
Alaskan coastline;

Step 3 ‐ Develop Change Factors
In keeping with accepted climate practices, the
description of future climate is presented in
the context of change from the current or
baseline climate period. Change factor is a
climate change projection method that directly
uses the difference between a future value and
a historical or baseline value of a climate
variable simulated by either a GCM/Regional
Climate Model or multiple models. According
to the variable's nature and simulation
16

accuracy, some variables use percentage
changes, such as precipitation and wind, while
some variables use absolute changes, such as
temperature and pressure.

processes that control the fluxes of energy and
mass. As weather is the most important control
on vegetation processes, BGC depends
strongly on daily weather conditions. Projected
daily climate variables were used as drivers in
these processes – drivers change the outcome
in a predictable manner. For example,
decreasing rainfall causes water stress in
plants;
coupling
it
with
increasing
temperatures accelerates the process and can
increase fire risks. Biome‐BGCMUSO ver 6.0.1
(Zoltán BARCZA) was used to simulate:

Change detection from baseline and for each
decade until 2100 was completed for basic
climate variables. More complicated variables,
such as erosion and flooding, were done for the
baseline year and for the years 2030, 2050,
2070, and 2100. These timeframes enabled
comparisons between shorter‐ and longer‐
term climate effects and changes over time.
The projections for Napakiak and its coastal
environment include the direction (e.g.,
increase or decrease), magnitude and timing of
projected climate change.

1. Carbon Balance: Vegetation growth,
including net primary production, and
growth and maintenance respiration.
2. Water Flux: Evapotranspiration and soil
water content at various depths, runoff,
and outflow.

The projected change for each model was
calculated by comparison to the selected
model baseline (50‐year average) and then
normalized using the observed current climate
normal (30‐year average of climate
observations). Once all the future climate
projections for each model were normalized,
the climate projections were analyzed for the
desired period (e.g., daily, monthly, annual,
seasonal). The analysis was summarized
graphically for both the mean of all model
projections for the desired period, as well as
the full range of projections for the same
period.

3. Energy Flux: As daily temperature is used
in the model, and the model predicts soil
temperature at various depths down to
1000 m (33 ft.), permafrost thaw risks can
be identified.
The BGC input and output files from the model
simulations are in Appendix B.
BGC Flow Chart

BioGeoChemical Modelling

H,:D(s..ttnatoo)

CO2
(loss)

Biome‐BGC (BioGeoChemical) (Thornton et al.,
2002) is an ecosystem process model that
estimates storage and flux of the vegetation
and soil components of terrestrial ecosystems:
BGC has been used in several studies of the
Arctic, including in Alaska (Yi et al., 2019, 2018,
Pan et al., 2018, McGuire et al., 2012, Boelman
et al., 2019). It is a process model because its
algorithms represent physical and biological
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Uncertainties
associated
with
the
representation of various physical processes in
GCMs mean that when projections from GCMs
are used in climate change impact studies, the
uncertainty propagates through to the impact
estimates. A complete treatment of this
"climate model structural uncertainty" is
necessary so that decision‐makers are
presented with an uncertainty range around
the impact estimates.

Uncertainty Analysis
Uncertainties in climate modeling arise from
uncertainties in initial conditions, boundary
conditions (e.g., a radiative forcing scenario),
observational uncertainties, uncertainties in
model
parameters,
and
structural
uncertainties resulting from the fact that some
processes in the climate system are not fully
understood or are impossible to resolve due to
computational constraints. The spread of a
multiple model ensemble is therefore rarely a
direct measure of uncertainty, particularly
given that models are unlikely to be
independent, but the spread can help to
characterize uncertainty. This involves
understanding how the variation across an
ensemble was generated, making assumptions
about the appropriate statistical framework,
and choosing appropriate model quality
metrics (e.g., Pierce et al., 2009; Santer et al.,
2009; Annan and Hargreaves, 2010; Knutti,
2010; Knutti 2008; Knutti et al., 2010).
When analyzing results from multi‐model
ensembles, the following points should be
considered:
1. Forming and interpreting ensembles for a
particular
purpose
requires
an
understanding of the variations between
model simulations and model set‐up and
clarity about the assumptions.
2. The distinction between ‘best effort'
simulations (i.e., the results from the
default version of a model submitted to a
multi‐model database) and perturbed
physics ensembles is essential and must
be recognized. Perturbed physics
ensembles can provide useful information
about the spread of possible future
climate change and can address model
diversity in ways that best effort runs are
unable to do.
18

95 percentiles (upper projected values) were
used to illustrate the projected value range of
each slow‐onset climate variable, e.g.,
temperature has a mean value of 36 oF, ranging
from 34 oF to 38 oF (shown with range bars);
variable ranges increased with time. All data
sets, including projections for the mean, and 5,
50 (median), and 95 percentiles, are provided
in Appendix C.

Projected Climates
Two types of changes in projected climate are
discussed: slow onset and extreme events.
Slow onset events evolve gradually from
incremental changes occurring over many
years or from an increased frequency or
intensity of recurring events, such as a gradual
increase in temperature or sea level. They tend
to be perceived as less destructive at first, but
impacts may become more harmful over time,
such as causing repeated droughts or increases
in permafrost thaw. Extreme events are usually
associated with climate disasters such as
flooding and intense storms that have an
immediate impact; for example, significant
erosion, or storm surge with higher than
average wave heights.

Air Temperature
Monthly and annual minimum, maximum, and
mean air temperatures were determined for
the baseline year (2010) and for each decade
from 2020 through 2100.

Slow Onset
Napakiak's average annual mean, minimum,
and maximum temperature is projected to
increase. Average mean annual temperature is
projected to increase from 30 oF in 2010 to 43
o
F by 2100; the incremental change increases
each decade with an increase of 0.97 oF in the
decade 2020‐2030 to 1.6 oF during the decade
from 2090‐2100. January will have the lowest
mean temperatures with a temperature in
2010 of 7.5 oF increasing to 25 oF by 2100, while
July will have the highest mean temperatures,
rising from 55 oF in 2010 to 65 oF in 2100
(Figure 2). The variation in mean monthly
temperature is projected to be higher in the
winter months and less in the summer months.
The overall projected variation increases with
each decade from baseline (2010).

This assessment projected slow‐onset climate
changes to a) air temperature, b) precipitation
including snow depth, c) wind, d) relative
humidity, and e) solar radiation. Extreme
climate events were projected for a) maximum
temperature, b) windstorms, and c)
precipitation for Annual Return Intervals (ARI)
between 2 and 300 years. The ARI is a measure
of the probability of an extreme event
occurring. For example, an ARI of 2 years would
indicate that the event would occur once every
2 years or having a probability of occurrence of
about 50% in any given year, while an ARI of
100 would occur every 100 years or having a
1% probability of occurring in any given year. It
should be noted that having a 100‐year storm
(ARI 100) in one year does not change the
probability of having another 100‐year storm in
the following year; the ARI is still 100, and the
probability is still 1% for each year.

By 2060, mean monthly temperature is
projected to be greater than freezing in April
(average of 33 oF, ranging from 29‐36 oF).
Average mean monthly temperatures greater
than freezing (32 oF) are projected to occur
from April through October.

The assessment includes a presentation of the
median climate projections in empirical units.
The 5 percentile (lower projected values) and
20

Figure 2
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is only predicted to increase by 9 oF from 2010
to 2100, or 63 oF to 72 oF, respectfully (Figure
4). The variability of the projected maximum
temperature is much lower than for the
projected mean or minimum temperatures.

Average minimum monthly temperatures will
also continue to increase, with the most
substantial increases occurring in the winter;
December
and
January
minimum
temperatures are projected to increase
approximately 20 oF by 2100; July minimum
temperatures are only projected to increase by
9 oF (Figure 3). Overall the annual minimum
projected temperature will increase from 23 oF
in 2010 to 37 oF in 2100, or 14 oF. Even given
the variability of the projections, the winters
will tend to be milder than in the past.

Extreme Events
The extreme maximum temperature was
predicted each decade for a range of ARI from
2 to 300 years. Extreme maximum
temperatures increased from 2010 to 2100,
with the largest increases occurring at the
lower ARI. For example, the maximum
temperature at ARI 5 increased 10 oF from 73
o
F in 2010 to 83 oF in 2100, while at an ARI of
100, it increased 7 oF from 80 oF in 2010 to 87
o
F in 2100 (Figure 5). The baseline is shown as
a line; values above the baseline indicate
projected increases.

Average maximum monthly temperatures are
projected to have much smaller increases than
those predicted for the average minimum
temperatures. December and January will have
the highest increase in minimum monthly
temperature, increasing from 17 oF and 14 oF
in 2010 to 30 oF and 28 oF in 2100, respectfully.
July's monthly average maximum temperature
Figure 5
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Precipitation
Monthly and annual slow onset precipitation
was projected as well as extreme precipitation
events.

Slow Onset
Annual precipitation is projected to increase
from 16 inches (ins.) in 2010 to 20 ins. by 2100.
The largest increases are projected to occur
from June through December. February is
projected to increase from 0.5 ins. to 0.66 ins.,
while August is projected to increase from 3
ins. to 3.61 ins. by 2100. The range in the
projections increases with each decade past
2010 (Figure 6), ranging from approximately
00.14 ins. in 2030 to 0.64 ins. in 2100.

Figure 6
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Extreme Events
Extreme precipitation events were projected for ARI ranging from 2 to 300 years, and rainfall
duration ranging from 5 minutes to 3 days. There were much larger increases in extreme rainfall
as the ARI increased. For example, in 2010 a rainfall event with an ARI of 2 was only 0.12 ins.,
increasing to 0.14 ins. in 2100, while a rainfall event with an ARI of 200 in 2010 was 0.35 ins.
increasing to 0.47 ins. 2100. Figures 7‐10 show the projected extreme rainfalls for 2030, 2050,
2070, and 2100, while Figures 11‐12 show the projected 50‐year (ARI 50) and 100‐year (ARI 100)
storm events for different rainfall durations.
Figure 11

50 Year Storm Extreme Precipitation
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Figure 12

100 Year Storm Extreme Precipitation
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Figure 13

Slow Onset

Monthly Snow Depth Projection

Monthly
mean
wind
projections do not appear to
change significantly from 2010
to 2100, with changes (both
increasing and decreasing)
averaging less than 0.5 mph.
Winter winds are projected to
average approximately 13
mph, while summer winds are
projected to average 10.5 mph
(see Appendix C).
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Precipitation in the form of snow is projected
to decrease significantly, particularly in January
through April. Historically, January has had the
highest snow depths averaging 10.73 ins. By
2080, January snow depths are projected to
range 0‐6.59 ins. with a median value of 0 ins.
June through September has historically had
very little snow depth; by 2100, January
through
December
is
Figure 14
projected to have median
snow depths of 0 ins.;
however, the maximum snow
80.00
depths are projected to range
70.00
from approximately 0 to 4.5
60.00
ins. (Figure 13). Overall, future
50.00
""
snow depths are projected to
40.00
decrease significantly from
30.00
historical ranges.

Wind
Both monthly and annual wind
speeds projected as were
extreme wind events.

Extreme Events
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Extreme wind events were
projected for ARI from 2 to 300 years. Extreme
wind events are projected to increase. The
windspeed with an ARI of 2 was 44.96 mph in
2010 and projected to increase to 55.93 mph
in 2100, while an ARI of 50 is 59.06 mph in
2010, increasing to 76.06 mph in 2100 (Figure
14). Extreme wind speeds increase from 10.96
mph (ARI 2) to 17.45 mph (ARI 100) in 2100.
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Relative Humidity
Relative Humidity (RH) is projected to decrease slightly. In 2010, the average annual RH was 84%;
it is predicted to decrease to 82.48% in 2100 (Figure 15). December through February have the
highest RH, while May has the lowest RH (see Appendix C).
Figure 15

Relative Humidity (%) Monthly Mean Projection
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Solar Radiation
Solar Radiation (SR) is projected to decrease from an average annual of 9.15 MJ/m2/day in 2010
to 8.47 MJ/m2/day in 2100 (Figure 16). The largest decreases occur in May, April, and May; these
decreases are probably due to increased cloudiness during these months relative to historical
cloudiness (see Appendix C).

Figure 16

Solar Radiation Monthly Mean Projection
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temperature
above
freezing),
further
exacerbating the risk of future flooding and
erosion.

Projected Impacts
Projected climate impacts are the changes in
climate variables either singularly (e.g.,
temperature) or in combination (e.g.,
temperature and precipitation) that result in
adverse
or
beneficial
environmental
sensitivities. This assessment evaluated the
impacts of a changing climate on a) flooding
and erosion, b) permafrost thaw risk, c) tundra
travel, and d) vegetation growth. Flooding,
erosion, and permafrost thaw risk impact
infrastructure, while tundra travel and
vegetation impact food security; all affect the
livability of the community.

Flooding
Potential flooding in Napakiak was projected
for ARI 50 and ARI 100 and for the decades
2030, 2050, 2070, and 2100. As the Village of
Napakiak is in an area with an elevational range
from sea level to approximately 18 ft., flooding
will occur with relatively low rises in the river.
By 2030, flooding events of less than a foot are
projected to occur at both the ARI 50 and ARI
100; although the ARI 100 flood will be
somewhat deeper than the ARI 50 flood, there
is very little actual difference in flooding level
(Figures 18 and 19). Most, if not all, homes will
be flooded. By 2050, there are some areas with
projected flood depths between 8.5‐15 ft., but
these are mostly located near existing waters
and wetlands (Figures 20 and 21). Increased
water depths will increase by 2070 with much
of Napakiak having flooded water depths
between 12‐14 ft. or over 14 ft. near existing
water and wetlands by 2100 (Figures 22‐25). It
should be noted that the probability of 50‐ year
(ARI 50) flood event is only 2% and a 100‐year
(ARI 100) flood event is 1% in any given year.

Flooding and Erosion
The increase in precipitation intensity is
expected to have a correlated increase in both
site runoff and soil water outflow (Figure 17);
both will have a negative impact on site
flooding and erosion, especially when
combined with the expected rise in sea level
(~0.041 inch/year or 1.03 ft. in 100 years based
on the sea level trend at the Nome station).
Also, increased temperature will result in a
corresponding increase in melting days (mean
Figure 17
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Figure 18
Napakiak Potential Flooding 2030 ARI 50
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Figure 19
Napakiak Potential Flooding 2030 ARI 100
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Figure 20
Napakiak Potential Flooding 2050 ARI 50
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Figure 21
Napakiak Potential Flooding 2050 ARI 100
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Figure 22
Napakiak Potential Flooding 2070 ARI 50
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Figure 23
Napakiak Potential Flooding 2070 ARI 100
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Figure 24
Napakiak Potential Flooding 2100 ARI 50
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Figure 25
Napakiak Potential Flooding 2100 ARI 100
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vegetation, the airstrip would have been
projected to be below the flood level in all the
figures. These flood projection maps show
reasonable estimates of flood depth above
actual ground level.

These flood projections are based on a DEM
from U.S. Geological Survey, with a resolution
of 1/3 arc‐second. According to the DEM, the
Napakiak Airport has a mean elevation of 17.70
ft., ranging from 13.11‐21.09 ft.; the Federal
Aviation Administration reports that the
elevation of the Napakiak Airport is 17. 5 ft.
above mean sea level. Although it is possible
for a DEM to incorrectly classify ground
elevation has occurring from the top of the
vegetation layer and not the actual ground
level, it is unlikely that this occurred with these
estimates. First, the vegetation is higher than
the elevation of the runway, often exceeding
20 ft. Second, the flood maps show that the
airstrip is above the flood level until flood levels
reach higher than 14 ft.; if the DEM
represented ‘ground' level as the top of the

Erosion
Erosion was predicted for 2030, 2050, 2070,
and 2100 based on changes in melting degree
days and flood levels. Melting degree days,
which is calculated from the projected days
above freezing, account for approximately 55%
of the projected erosion risk, while increased
flooding due to higher rainfall (both extreme
and slow onset), snowmelt, and sea‐level rise
account for approximately 45% of the
projected erosion risk. Significant erosion is
projected to occur by 2030, with the loss of
several homes, buildings, and the southern
part of the airstrip (Figures 26‐27). The entire
Village of Napakiak is projected to have an
extreme erosion risk by 2070.

Flooding and Erosion Combined
The risks of flooding and erosion are combined
to determine the feasibility of a “protect‐in‐
place” option; areas with a low projected risk
for either flooding or erosion are projected to
be good options for protect‐in‐place. Figures
31‐38 illustrate areas that have a flood risk (ARI
50 and ARI 100), regardless of the actual flood
depth, overlaid with erosion risk. Napakiak has
a high risk of flooding, combined with a
significant erosion risk by 2030. By 2070, the
erosion risk becomes extreme. Risk ratings of
‘significant’ or ‘extreme’ are based on the
projected erosion risk to critical infrastructure.
Whereas protecting against a 50‐yr. or 100‐yr.
flood event may be a viable option in some
instances, protecting from erosion can be
considerably more challenging.
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Figure 26
Napakiak Potential Erosion 2030 - 2100
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Figure 27
Napakiak Potential Erosion 2030 - 2100
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Figure 28
Napakiak Potential Erosion and Flooding 2030 ARI 50
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Figure 29
Napakiak Potential Erosion and Flooding 2030 ARI 100
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Figure 30
Napakiak Potential Erosion and Flooding 2050 ARI 50
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Figure 31
Napakiak Potential Erosion and Flooding 2050 ARI 1 00
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Figure 32
Napakiak Potential Erosion and Flooding 2070 ARI 50
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Figure 33
Napakiak Potential Erosion and Flooding 2070 ARI 100
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Figure 34
Napakiak Potential Erosion and Flooding 2100 ARI 50
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Figure 35
Napakiak Potential Erosion and Flooding 2100 ARI 100
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Figure 36

Annual Soil Temperature

43.0

Soil Temperature
As soil temperatures are strongly correlated
with air temperatures, it is not surprising that
soil temperature is also expected to increase,
with temperatures increasing at lower
depths much slower than at the higher
depths. Annual soil temperatures at depths
between 8‐20 ins. and 13‐33 ft. are projected
to increase above 32 oF by 2030 (Figure 36).
Although soil temperatures for depths
between 8‐20 ins. have historically been
above freezing between June through
October, the summer temperatures are
projected to increase by 10 oF by 2100, with
no freezing temperature from April through
October (Figure 37). Soil temperatures have
historically been higher at soil depths
between 13‐33 ft.; these temperatures are
projected to increase above freezing by
2030, while July will increase to almost 37 oF
by 2050, and over 43 oF by 2100 (Figure 38).
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Monthly Soil Temperature (8‐20 in)
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Permafrost is the layer of soil that remains
permanently frozen (32 oF or lower) for at
least two years. Although it is generally
accepted that air temperature can have a
significant impact on permafrost thaw risk,
the soil water content can have a major
influence on the distribution of permafrost
(Yi et al., 2018). Albedo and vegetation can
also impact permafrost thaw risk. Albedo,
especially of snow, will reflect heat from the
sun, while darker colored ground will absorb
more heat. Vegetation can also reduce the
heat from air that is absorbed by the soil.
Permafrost thaw is very complicated and not
necessarily well understood. This assessment
addresses projected changes in soil and
water content as an indicator of potential
permafrost thaw risk.
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Monthly Soil Temperature (13‐30 ft)
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Annual Soil Water Content
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Water held in the soil can accelerate the
thaw of permafrost faster than in drier
soils. Whereas the year‐to‐year
variability of the soil water in the 8‐20
ins. depth decreases with each decade,
the projected soil water content remains
approximately the same. The soil water
content at the 6.5‐13 ft. depth is
projected to decline slightly (Figure 39).
The reduction in the soil water with
depth may be partly attributed to a
projected increase in soil outflow (Figure
20). As soil reaches field capacity, soil
water outflow increases. Monthly soil
water is projected to increase at both
the 8‐20 ins. and 6.5 to 33 ft. depths in
April through July, possibly due to
increased rainfall during this these
months (Figure 40 and 41). By August,
only small changes in soil water content
are projected for the 6.5‐13 ft. depth.
However, the 8‐20 ins. depth does show
some projected increase with each
decade.

Soil Temperature and Water
Overall, the average soil temperature (0‐
33 ft.) is projected to increase from 34 oF
to 46 oF by 2100. The average soil water
content will also increase by 2100;
however, much of the available soil
water will be lost due to runoff and
outflow. Both soil water and
temperature have considerable year‐to‐
year variability. Water historically held in
permafrost may also account for the
increased outflow and soil water
content as soil temperature rises above
freezing, particularly in the summer
months.

2070 -+- 2100

Figure 41

149.0

Soil Water

Frozen Tundra
To reduce the impacts from day‐to‐day variability, the 5‐day running average
of the ground temperature for the 0‐12 inch soil depth is used to project the
length of time that frozen tundra will occur. In 2010, there were approximately
214 days of frozen tundra or days in which the preceding 5‐days had an average
temperature of below freezing. The length of time the tundra is frozen
decreases by an average of 14% in 2030, 33% in 2050, 57% in 2070. By 2100, it
is projected that there will be no days of frozen tundra based on the average
5‐day soil temperature (Figure 42).
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quantitative measure of a site's vegetation.
Historically, the LAI of the vegetation
surrounding the Village of Napakiak is
approximately 3.8. Given the projected
climates, it is estimated that the LAI will
increase to 4.7 by 2050 and 5.2 by 2100 (Figure
43).

Vegetation Growth
An increase in precipitation and temperature is
projected to impact vegetation; plant growth
will increase. The climate impacts on
vegetation were projected for the Village of
Napakiak, including changes in vegetation
growth
(site
biomass)
and
water
(Evapotranspiration [ET]), and carbon
balances.

As LAI increases, so will the projected ET, which
is the amount of water lost through
evaporation from the soil and other surfaces,
and transpiration, which is the process of water
movement through plants from the roots to
the leaves to the air. The ET is 197 kg H2O/m2
in 2010, increasing to 206 kg H2O/m2 in 2050
and 216 kg H2O/m2 in 2100 (Figure 47). The
variability in LAI in higher than ET, however,
both ranges remain roughly constant from
2010 through 2100. Higher ET is correlated to
drier conditions increasing the risk of drought
and dust.

Leaf Area Index and Evapotranspiration
Leaf Area Index (LAI), is a method of
quantifying plant canopies. LAI is a
dimensionless quantity defined as the leaf area
per ground surface area. For example, a LAI of
1 would indicate that if all the leaves in the
canopy were laid directly on the ground, they
would cover the ground exactly once. A LAI of
3 would cover the ground three times. LAI is a
Figure 43
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Although plants are generally considered a
‘sink’ for atmospheric C, the C used in all
respiration processes, e.g., soil, autotrophic,
growth, maintenance, etc., are lost to the
atmosphere, or a C source. Net Ecosystem
Production (NEP) is the difference between
GPP and total ecosystem respiration and
represents the total amount of C available for
storage. Net Ecosystem Exchange (NEE) is a
measure of the net exchange of C between an
ecosystem and the atmosphere (per unit
ground area) and is a primary gauge of
ecosystem C sink strength (Kramer et al.,
2002), and generally expressed as a flux
(negative number). Both NEP and NEE is
projected to decrease from 2010 to 2100
(Figure 46). With the projected increases in
plant growth, as indicated by the increases ET,
GPP and NPP, the reductions in NEP and NEE
could be due to an increase in autotrophic and
heterotrophic activity, such as from bacteria or
decomposers. As soil temperature and
moisture content increases, so will
decomposition, which can decrease NEP.

Biomass
Changes in LAI and ET are generally correlated
with changes in the carbon (C) or biomass held
in the vegetation. Biomass is the amount of
living matter in a given habitat. There is a
projected increase in the total C contained in
the biomass (Figure 44). More C is
belowground than aboveground, which is
often the case in areas with low soil
temperatures,
and
consequently
low
decomposition rates. A benefit of belowground
biomass is that it often helps to stabilize soils
during flooding events.
Gross Primary Production (GPP) is the rate at
which vegetation converts solar energy into
chemical energy. GPP is projected to increase
each decade, increasing over 60% by 2100
(Figure 45). GPP includes Maintenance
Respiration (MR), or the energy (in C) that a
plant requires to maintain healthy living state,
and growth respiration, or the energy (in C)
required for a plant to add new root, stem, leaf,
or other tissue. Net Primary Productivity is the
rate at which producers use photosynthesis to
store energy minus the rate at which they use
some of this stored energy through aerobic
respiration, or GPP less the cost of respiration.
NPP is projected to increase from 2010 to 2100
by a little less than 50%, indicating that the
respiration costs are increasing proportionally
more than NPP; in fact, MR increases 2.5 times
from 2010 to 2100. The ratio of NPP to MR is
an indicator of the plant resilience; plants with
a low ratio (increased MR relative to NPP) are
more susceptible to disease, and consequently
death which can increase fuel loading and fire
risk, especially when combined with hotter
summers. Also, the proportionately larger
projected increases in MR may indicate that
the vegetation will shift from a tundra shrub
habitat to a more woody or boreal habitat with
changing climate.
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Figure 44
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Annual Carbon Balance
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climate. While the projected changes in
minimum, mean, and maximum temperatures
will increase approximately 12 oF, the increase
in extreme maximum temperature will only
increase about 8 oF. Warmer temperatures are
projected to increase permafrost thaw
resulting in damage to infrastructure and
increased standing water, while storm
intensities will result in more torrential rains
and higher winds, which may increase flooding
and water action (e.g., churning or eddies),
further exacerbating soil erosion.

Management Implications
The changes in future climate are already
having significant impacts on the Village of
Napakiak; in the last five years, there has been
an increase in winter temperatures causing a
reduction in the length of time for tundra
travel, and changes in the availability and
duration of ice fishing, along with changes in
fish populations. Furthermore, climate change
has accelerated the normal process of erosion
along the Kuskokwim River and Johnson
Slough. Increases in erosion along the Johnson
Slough is also exacerbated by the rise in river
travel (observed by community members). Risk
analysis for this assessment indicates that
Napakiak will continue to have significant to
extreme climate impacts from a changing

It is projected that Napakiak will be at an
extreme risk for erosion and flooding, which
will adversely impact critical infrastructure.
Also, the projected future climates will have
socioeconomic impacts, particularly regarding
food security.
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Infrastructure
Napakiak is expected to have increased flood
risks. Flood water depths over land are
projected to increase from about 7 ft. in 2030
to greater than 14 ft. by 2100. There’s some
flooding risk to the runway projected as early
as 2030, with significant risk by 2050 (ARI 50).
The flooded areas may be small enough to
mitigate by building up the runway elevation
above 19 ft.; the average elevation of the
runway is currently 17.5 ft. The flooding risk to
homes may possibly be mitigated by increasing
the height at which the houses are off the
ground. As part of raising the home/building
heights, it might be possible to increase the use
of adjustable pilings so that buildings can be
leveled as the ground shifts; for example, in the
case of permafrost thaw. The tank farms and
other structures that may be at risk for
releasing pollutants can potentially be
reinforced to withstand floodwaters, e.g., with
an impermeable wall or ‘kill‐switches’ that will
stop the flow of fuel through any piping that
might be susceptible to breakage or leaking
during a flood event.
In other words, it is possible to plan for and
mitigate against the projected flooding; the
costs of such mitigation, however, may be a
limiting factor in developing feasible
adaptation strategies to protect against future
flooding.
Mitigating against potential erosion will be
much more challenging. Approximately one‐
third of the Village is projected to be lost to
erosion by 2030, including the school, its fuel
tanks, homes, commercial buildings, and the
south part of the airport. By 2050 it is projected
that 80% of the Village of Napakiak will be lost
to erosion, including the entire airport; 100% of
the Village is projected to be lost by 2070,
including the site of the new hovercraft and
barge landing. The predicted increase in
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place. Extending the road and services and
moving threatened buildings away from the
erosion risk areas may be a logical and cost‐
effective option. However, most of the area
available to relocate the threatened buildings
is projected to erode by 2100. The bluff area
across Johnson Slough is not projected to flood
or erode, but this area may have soil stability
issues depending on the permafrost in the soil.

vegetation, particularly in belowground
biomass, may help to increase soil stability
naturally. However, the new growth will take
time to establish. Planting appropriate
vegetation to mitigate erosion, which will also
help flooding, will have results sooner than
waiting for a natural biome shift; but it is
doubtful that the impacts will occur before
2030. It is highly unlikely, given the projected
climates, to protect‐in‐place without taking
significant measures.
The Village of Napakiak is
located on an outside
bend in the river; the
water tends to create
eddies in the bend which
have been a major
contributor
to
the
accelerated erosion rates
within the last five years
(community
members’
observations). One option
for protect‐in‐place is to
build a sea wall to act as a
buffer from the churning
water.
Community
members
have noticed that the Kuskokwim River has
changed channels in the last five years. It may
be possible to bring in rock to build a sea wall
without harming the fishery or interfering with
the new channel. This option, of course, will
require the appropriate studies, planning, and
permits to ensure whether it is an
environmentally
viable,
cost‐effective
management option that will result in
increasing village resilience.

The risk of permafrost thaw is high in the
Napakiak area with significant thaw projected
to occur by 2030, based on changes in soil
water and soil temperature. Nevertheless,
Bethel, Alaska is constructed on approximately
the same soil type as found on the bluffs.
Building methods that have been resilient in
Bethel may also prove resilient in the bluff
area.
The various options – protect‐in‐place with a
sea wall, moving buildings away from the
erosion risk zone, or moving the entire village
to a new site ‐– will need additional
information, particularly a cost‐benefit analysis
or a feasibility study for each option, or any

If a protect‐in‐place option is not a viable
choice, then the only option for Napakiak to
reduce the future climate risks is to relocate to
another site. Napakiak has a road system,
power lines, and a sewer system currently in
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other alternative option that is acceptable to
the community. Any study should also consider
the flooding risks discussed previously. This
assessment only provides a guide as to when
the threats to infrastructure may occur, based
on projected future climates. It should be
noted that the projections are just an estimate;
the timing of the erosion could be later than
projected, or earlier, depending on the actual
weather that occurs.

is also projected. There is an 14% decline
projected by 2030 and a 57% decline by 2050;
by 2100 it is projected that the tundra will not
freeze enough to allow for travel. The cost‐
effective options of bringing food, fuel, and
supplies into Napakiak from Bethel using ice
roads in the winter will become increasingly
difficult and may not be possible in some years.
If supplies need to be flown in, costs will
increase significantly. The increase in
temperatures and ET will cause an increase in
road dust, which may be a health hazard to the
villagers; the increase in precipitation may or
may not mitigate the dust levels. There may
also be an increase in fire risks.

This assessment also provides projected future
climates, such as changes in a) monthly
precipitation, b) minimum, mean, and
maximum temperatures, c) soil temperatures,
d) soil water content, and e) snow depths, that
can be used to develop building criteria for
resilient infrastructure. Extreme wind and
precipitation storm events and extreme
temperatures are also provided for a range of
ARI; this data can be used to build or adapt
infrastructure according to its expected
lifespan. For example, a structure with an
anticipated lifespan of 25 years would ideally
be constructed to meet or exceed a projected
future 25‐year ARI event.

Overall, future climates will have a
socioeconomic impact on the Village of
Napakiak. Impacts on food security, travel
routes, and the ability to secure fuel and
supplies will occur. The timing of food
availability, food type, and travel options will
have to change in response to the projected
future climate impacts on these resources, as
will harvesting techniques. The villagers have
already seen some changes; these changes will
continue through the rest of the century
affecting their traditional lifestyle.

Socioeconomic
There are projected socioeconomic impacts
due to climate change, including shifts in food
security, vegetation, tundra travel, and costs of
services. While the community members have
noticed a reduced number of fish and game
available for harvest, the biggest impact to
food security is the ability to use traditional
fishing methods. In particular, ice fishing, which
is an important winter food source, has
become more difficult and dangerous; by 2030,
it is likely that ice thickness will not be deep
enough to support ice fishing.
A sharp reduction in the days in which the
tundra is frozen enough to allow tundra travel
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The Silver Lining

As the tundra stays warmer and the ice depths
decrease, barge travel will become possible year‐
round, providing a cost‐effective method to bring in
supplies. Precautions should be taken such that the
increased river travel does not result in an increase in
riverbank erosion from boat travel, e.g., post and
enforce ‘no‐wake zones’ in critical erosion risk areas.
There will be a transition period when the availability
of ice roads is unreliable, and year‐round river travel
is not yet available; it will be critical for Napakiak to
plan and mitigate for this transition period. For
example, maintaining the viability of the runway
should be a major priority, as well as investigating
other winter food sources to replace the food
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historically obtained through ice fishing.

As projected temperatures and precipitations
increase, the growing season will also increase; food
gathering, such as berry season, will become longer
and potentially more productive. Agriculture and
gardening will be an option for increasing food
supplies. The shifts in vegetation will also impact
wildlife habitats. Although the projected future
habitats will still be suitable for moose, other wildlife
(e.g., birds, mammals) may migrate into the area,
which could increase harvesting options. Summer
fishing and harvesting techniques, which do not rely
on frozen tundra or ice depths, may be used year‐
round. Also, with warmer temperatures, fuel usage,
and consequently costs, will decrease.
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Increases in air temperatures will cause
increases in soil temperatures. Days of frozen
tundra is projected to decrease by 91 days by
2050, based on 5‐day running soil
temperatures (1‐12 inch depth); no days of
frozen tundra are predicted to occur by 2100.
Cumulative monthly snowpack will decrease 44
ins. in 2050; average monthly snow depth is
projected to decline to 0 ins. by 2100, ranging
from 0‐4 ins. Whereas annual mean
windspeeds are not projected to change
significantly, average wind gusts are projected
to increase 75 mph in 2050 and 77 mph in
2100. The increases in precipitation and winds
gusts will likely result in an increase in the
intensity of extreme storm events (Table 4).

Conclusions
The Environmental Risk Assessment projected
significant and extreme risks from future
climates for the Village of Napakiak. By 2050,
mean annual precipitation is projected to
increase 2.6 ins. with outflow and runoff
increasing 34%. The increase in outflow is due
to both the increase in precipitation and soil
water loss from permafrost thaw. Mean annual
temperature is projected to increase by 12 oF;
temperature increases are highest for the
winter months and lowest during the summer.
Overall air temperatures will increase by
approximately 40%.

Variable
Annual Minimum Temperature
Annual Maximum Temperature
Annual Mean Temperature
Extreme Max Temperature (ARI 50)
Days of Frozen Tundra
Soil Temp (13‐33 ft. depth)
Annual Precipitation
Extreme Rainfall (ARI 50 ‐ 12 hour)
Cumulative Monthly Snow Depth
Soil Water Outflow + Runoff
Annual Windspeed
Extreme Windspeed (ARI 50)
Annual Relative Humidity
Solar Radiation
Above Ground Vegetation
Evapotranspiration
Leaf Area Index

Unit
o

F
F
o
F
o
F
Days
o
F
in/year
Inches/12‐hour
event
Inches
Kg H20/m2
mph
mph/event
%
MJ/m2/year
Kg C/m2
o

Kg H20/m2
m2/m2

Baseline
2010
23.38
37.08
30.25
77.9
214
31
17.91
1.93

Change from baseline (+ or ‐)
2030
2050
2070
2100
+3.09
+5.51 +8.33 +13.19
+2.68
+4.77 +7.23 +11.44
+2.9
+5.17 +7.82 +12.37
+1.62
+3.96 +6.12
+8.28
‐29
‐70
‐123
‐214
+2.1
+4.37 +7.02 +11.58
+0.97
+1.77 +2.62
+4.19
+0.14
+0.25 +0.38
+0.61

48.65 ‐16.41
257.63 +20.11
11.72
0
59.06 +12.3
84.03
‐0.37
109.81
‐1.96
0.56 +0.08

‐29.26 ‐44.28
+36.31 +55.65
0
0
+14.99 +14.32
‐0.65
‐0.98
‐3.44
‐5.21
+0.13 +0.18

‐48.65
+88.34
0
+17
‐1.55
‐8.22
+0.2
+17.99

197.71

+4.43

+7.87 +11.34

2.9

+0.42

+0.71

+1.01

Table 4: The change from baseline, either positive or negative, for several climate variables by decade.
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+1.16

projected future climates, these conditions
may become worse in the immediate future,
before conditions improve. With time, river
travel will likely occur year‐round, providing a
cost‐effective supply route. Villagers will likely
need to adapt their lifestyles to accommodate
projected changes in the timing and availability
of foods and their methods for harvesting and
gathering foods. For example, traditional ice
fishing may not be viable in the future, but
villagers may be able to fish using other
methods. Also, the berry season will probably
last longer, as will the season for gathering
other foods. Finally, increases in temperatures
should result in lower fuel costs for heating
homes.

RH and SR will decrease slightly due to an
increase in temperature and cloudiness. LAI
and GPP, measures of vegetative growth, are
predicted to increase under a changing
climate. It is likely that the area will shift from
predominantly shrubs to a shrub/tree mix. As
vegetation shifts, and consequently, the
wildlife habitats, there may be a migration of
new animals and birds usually found
historically in the area.
Significant flooding risks are predicted as early
as 2030. The entire Village will have flooding
risks of depths of up 7 ft. in 2030, and over 14
ft. by 2070 (ARI 50 and ARI 100). Extreme
erosion risks are projected by 2030, with one‐
third of the infrastructure lost by 2030,
including critical infrastructures such as the
school, tank farm, and part of the airport. By
2050, the entire airport is predicted to be lost
to erosion. By 2070, the whole village is
predicted to be impacted by erosion, unless
measures are taken to slow the rate of erosion.
Three possible management scenarios were
discussed as possible mitigation options. These
included 1) a project‐in‐place strategy using a
seawall, 2) keeping ahead of the erosion area
by moving homes and building away from the
extreme erosion risk zone, and 3) relocating
the Village across the Johnson Slough to the
higher elevation bluffs.

The data in this assessment will be used to
inform the community of what the future may
look like, including the timing and magnitude of
predicted environmental risks. It provides the
information villagers need to adapt their
lifestyles to a new future, while also providing
data to inform decisions for selecting and
developing adaptation plans to increase
community resilience. Additionally, projected
future climate variables that can be used to
develop building criteria for resilient
infrastructure is provided. Extreme events are
given for a range of ARI; this data can be used
to build or adapt infrastructure according to
their expected lifespan. For example, a
structure with an expected lifespan of 25 years
would ideally be constructed to meet or
exceed a projected future 25‐year ARI event.
The assessment provides tools to allow the
Village of Napakiak to be proactive instead of
reactive, enabling them to adapt to, and plan
for, their future.

In addition to the severe and rather immediate
risks to critical infrastructure, Napakiak is also
predicted to experience socioeconomic risks.
Villagers are already facing some climate
change impacts to food security and winter
travel; white fish numbers appear to be
declining, and ice fishing is getting particularly
dangerous due to a reduction in the ice
thickness. Also, winter travel is becoming more
irregular due to a reduction in the number of
days the tundra is frozen, which makes it more
difficult and expensive to obtain food, fuel, and
supplies from Bethel. Unfortunately, given the
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climate risks, it would cost US $54 trillion, and
be politically unlikely, if not impossible.
Furthermore, reducing future C emissions may
not reverse the change in climate that has
already occurred; increases in Carbon Dioxide
concentration may be largely irreversible for
up to 1000 years after C emissions end (Ekholm
and Lindroos, 2015). Given the fact that the
values used in the assessment were projected
at the medium sensitivity for the global mean
temperature changes and that climate change
impacts are likely underestimated, combined
with the fact that Alaska is warming at twice
the global rate, the climate projections in this
assessment and the predicted magnitude and
timing of their impacts, may also be
underestimated. Data tables provided in
Appendix C include the ranges in projected
climate variables using the 5 and 95
percentiles. When evaluating, planning, and
developing resilient strategies to mitigate the
risks to critical infrastructure or environmental
services, it might be desirable to use the higher
end of the projections (e.g., 95 percentile). In
all cases, both high and low values should be
considered. Monitoring of simple climate
variables can also be done to determine which
climate trajectory Napakiak is on over time. For
example, are the temperatures falling at the
low or the high end of the projected range?

Uncertainty in Projected Climates
The climates projections were based on the
IPCC AR5 report (IPCC 2013) using RCP 8.5,
which projects global mean temperature
changes using a medium sensitivity level
(Warrick et al. 2013). However, Alaska is
warming at twice the global rate; the Third
National Climate Assessment (Chapin et al.,
2014), states that the Arctic annual air
temperature has increased by 3 oF (1.67 °C)
and average winter temperature has increased
by 6 °F (3.33 °C). In 2018, the IPCC Special
Report on the Impacts of Global Warming
(Allen et al., 2018) projected that the
immediate consequences of climate change
are much worse than initially predicted,
suggesting that projections using the IPCC AR5
were underestimating the impacts of climate
change. Also, the goal was to keep the upper
limit of anthropogenic global temperature
change below 1.5 oC, with a possible secondary
target of 2.0 oC. According to the IPCC report
released
August
8,
2019,
(https://www.ipcc.ch/report/srccl/) is doubtful
that the first goal is attainable as the earth’s
land has already warmed to 2.6 °F (1.5 oC); the
earth as a whole has warmed by 1.5 °F (0.87
°C). While it is technically possible to reduce C
emissions to meet the secondary goal, which is
necessary to reduce the predicted future
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Soil Temperature Monthly Mean Projection
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Napakiak Managed Retreat and Land Use Plan

APPENDIX D
COMMUNITY MEETING SIGN‐IN AND MEETING NOTES

Revision Date: September 25, 2020

Napakiak Managed Retreat Project
Agenda for February 14 Check‐In Meeting
See end of meeting minutes for action items.
1. Update from Walter on community activities and the recent conferences.
a. Update on the quarterly reporting for existing grants.
2. Update from Max on recent grant applications (CDBG, ICDBG, and BIA grants).
3. Arrangements and preparation activities for the Anchorage March 10th April 14th (?) meeting.
4. Update from Summit on activities:
a. Subdivision Project (status of surveyors, schedule, issues regarding site control, help
from Diane Sam, assistance the surveyors need).
b. Update on the Managed Retreat Plan project.
c. Update on the boat launch and hovercraft landing project.
d. Update on the AVCP Road Construction Project.
5. What can we do to help Walter as much as possible?

Walter Nelson, David Andrew, Max Neale, Steven, Heather Gross:

10 am – 11:45.

1. Update from Walter on community activities and the recent conferences.
Did attend the conference with David Andrew and a board member. Break‐out sessions with Sally Cox.
Went over some of the important sessions relating to the MRP. Chatted with Jaci and the new
employee (Robert). Went into the coastal hazard and monitoring for decision making sessions. For the
next 5 year plan it will be important to put in all the studies done so far to make the plan stronger.
Made a presentation, went well. Lot of questions that they were able to answer. This is new in the area
– working with their partners. Most communities in the area don’t even have a 5 year plan. Shelly
Wade will be coming out to region to do a workshop (5 year plans and other information). Also been
invited for AVCP housing conference to do more informational plans to put into place to help other
communities. Very valuable experience.
Past month’s work for MRC: review and approval of documents. Trying not to leave anything out. As
far as WN knows the corp has not reviewed the new subdivision portions. Lloyd is still out and likely will
be out for a while. HG: summary of what we need authorization for from the corporation. Send info
and he will make phone calls – see if anyone else can act in his place. SL: he will look up who signed the
3 party agreements last year. HG: send a summary email.
Some of Walter’s office equipment came in yesterday. Not everything, but most of it. Walter’s office is
going to be next door to David’s office.

a. Update on the quarterly reporting for existing grants.
For Denali grant: he talked with Judy and Jocelyn. The third quarter reports will be in in March. He is
ready and knows what he needs to do. He emailed Jocelyn to make sure they are doing everything right
– so far so good. MN: set up with the online login? WN: Yes, they do their online reports. For the
CDBG, he talked with Judy Haymaker and they are up to date. Closeout of CDBG is scheduled for March
or April (2020). MN: David, have you closed out the 2018 BIA tribal resilience grant for 2 bears
assessment? Needed to be closed out last October. Work is completed. 9 different grants have come
into the community, need to closeout that one. DA: I have to look. Did the HUD grants quarterly
report. MN: Who did quarterly reports for the last two BIA grants? The ones awarded June 7 (river
study, walter’s job, etc.). DA: Haven’t done those yet. MN: So you are 2 maybe one quarter behind. It
would be useful to make a table of all the awarded grants and figure out who is going to do what and
put it on the calendar. Lot to keep track of. WN: Under HUD grant to move residential houses. He will
talk to Harold. Thinks he asked for an extension? MN: Don’t think they asked for one, maybe don’t
need to because it was a special project whenever the equipment gets up and running. This was a BIA
grant (non competitive project, $50,000 grant left over discretionary money). HG: for NRCS? MN/WN:
Been closed out. WN: He did get some information from DaWayne on the land use application. This
has been taken care of. MN/HG: using a table in the check in meetings will make it easier. DA: just has
a table for the HUD grant right now. MN: He will send a table for the next meeting.
2. Update from Max on recent grant applications (CDBG, ICDBG, and BIA grants).
CDBG and ICDBG went in. Right now working on 2 BIA tribal resilience grants. Met with DA and WN and
went through the budgets. They selected the houses they can’t move on their own. SCS drafted map
with structures highlighted – will go in with the grant. Can be updated. Emily Kloc will come in 2 weeks.
She will become the lead on the ANTHC side. DA went to an erosion event and met Emily – she will be
on next call. Can the river study benefit multiple communities ‐ there will be more points. Large study
area includes Napaskiak. Possible to go meet with them and see if they are interested in writing a letter
in support of the project? It will benefit them and could save them ~$150,000. Can you do that? WN:
Looked at the letter. Would it hurt to add Oscarville? MN: good idea. Not sure if it will be part of the
study area? Can’t guarantee that it will be included. On a different channel, maybe will make a
difference. Probably leave it at just Napaskiak for this effort. Should be sufficient to make the points.
WN: He would like to do that. They will set up a date/time and go talk to them. Maybe MN can be on
the line with them if they have questions. MN: ok. There is a time crunch. It would be good to have a
signed letter next week. Following week is ok, but better next week. Due 3/2. Would like to submit 2
weeks from today. All ready except for this item. Capsys is due today at 5 pm. DaWayne is working on
it. DWC: next step is to contact all representatives (42) follow up with phone call with reps from
surrounding areas. As far as going to Juneau, Darryl Togiak goes every year and sits down with his
representative – always a benefit. WN: CVRF who serves WNA, they do have a lobbyist who can help
out. Richard Jung sits on their board as chairman. WN will talk to Richard about it. Talk to corp to see if
they can send someone along for the CAPSYS. HG: DWC to help with organizing all of this? DWC: Yes…
travel for Walter and maybe a corporation board member. DWC: better to represent city and tribe.
MN: RJ very good spokesperson. WN: current board member of corp and chairperson of CVRF. MN:

travel funding in the BIA grant that they could use. WN: he will talk with David. Doesn’t think they’ve
used that portion for workshops yet. Fortunate to go to conferences that were taken care of. Thinks
they will be able to use BIA grant for lobbying portion.

3. Arrangements and preparation activities for the Anchorage March 10th April 14th (?) meeting.
HG: summary of meeting goals – planning and activities, draft schedule. A chance to get to know Emily
and bring her up to speed. MN: also could have meeting with Don Antrobus and Metarvik lead person.
We could collaborate with them and get their feedback. DA/WN: Good idea. Any other attendees, let
us know. Date: Week of April 14th. MN: that works. Works for the WN/DA. April 16th is the day.
4. Update from Summit on activities:
a. Subdivision Project (status of surveyors, schedule, issues regarding site control, help
from Diane Sam, assistance the surveyors need).
Walter is going to help get everything the surveyor needs.








NTP 2/14
Preliminary Plat submittal 3/2 (This is contingent on obtaining names, mailing addresses and signatures from all
landowners within 500’ of replat and utility company comments!!!)
DNR Review comments (survey instructions) Received 4/10 Per the statutory 45 day period DNR has to review
preliminary plat, might happen faster if DNR reviews faster.
1st field trip 4/11-4/17 As soon as possible after survey instructions are received
Final plat submittal 5/1
DNR final plat review comments received 6/1
2nd field trip 6/8-6/17 To set 130 monuments (needs to happen prior to plat recordation)

WN: Currently the corp does not have a land planner. WN: has been working with Diane Sam. 14c3
transfer ‐ he can see some barriers. DWC: it would be an advantage to the corp. WN: he will contact
Diane – this is a high priority task. HG: She would like to come, needs a plane ticket and lodging. WN:
He will arrange it. HG: I will try to be there. Max, is there any advantage/disadvantage for residents to
have their own lots for future FEMA funding purposes? MN: Don’t know for sure, but feels like it
wouldn’t be a major factor in decision making process. WN: Would it be better to invite Ryan Butte?
HG: wouldn’t hurt. They plan to do a 50 year lease with the corporation. WN: He will invite Ryan. HG:
Any questions? MN: Rescoping of Denali grant? HG: Not yet, we need to decide best path forward and
then rescope. Probably just go ahead with the pads design and permitting.
b. Update on the Managed Retreat Plan project.
WN: He is taking notes. Let him know what he needs to do – send a list of priority needs. HG:
summary of geotech work. Draft has been distributed. We asked Golder to do a better summary of
foundation requirements on the bluff and the island – we should see that soon. Summary of the MRP
plan. Good to have a beefy section on the background. MN: agreed. WN: they can pull out some
documents to demonstrate how WNA has been doing these projects for decades. HG: adding some
stories would be good. WN: They can include some information from their elders from their past
experience. HG: I will send a word doc they can add to.

c. Update on the boat launch and hovercraft landing project.
HG: Plan A is to use the excavator from the LKSD test pits in March. Plan B is to use the AVCP
equipment when it gets there in the spring. Construction completion this summer. DWC: Current
schedule – project complete by end of September, grant closeout by end of December. Quarterly
reports were complete and turned in on time. It was the ASER that was late, but it is turned in now and
accepted. Next ASER is 45 days after September 30 – or after project completion.
d. Update on the AVCP Road Construction Project.
HG: We need to get a better update from Clarence. We had a teleconference with Brian, the lawyer,
and Mike Shanty. We think they intend to design, permit, and build the road this summer. May have
already ordered the material. Need to get a better update from Clarence when he returns. MN:
thoughts: Unfortunate that we didn’t know sooner because so much effort was put into the ICDBG and
CDBG and we may or may not be able to rescope. Also we could have leveraged their funding. Good
that AVCP is supporting Napakiak, but it would have been better if they could have provided
better/more proactive cooperation. DWC: Should they be a part of this group so that they are aware?
MN: Clarence Daniel was at the interagency meeting and was asked specifically about the road. He said
the next time funding would be available was in 10 years. So he was a part of the planning committee.
But it may be good to have them on these calls also maybe LKSD. DWC: Thinks it would be good if they
participate. HG: we hope to have even more regular communication with them in the
design/permitting process. WN: AVCP is hard to get a hold of and get responses. We can get them up
to date and what the needs are especially with road project that is coming quick. He saw Clarence when
he was returning on Wednesday. He had to go through other channels to get documents they needed.
5. What can we do to help Walter as much as possible?
What can we do better? WN: Likes to be busy and ahead of things. Having a priority list would be
good. He has made a list as well. He also has some things that he jotted down from Jaci that would
make the 5 year plan better for funders. Max, HMP they still need? They would really like to get it
done. MN: will know in a couple months if they get that funding and then it can be expedited. MN:
likes the idea of having a table of current projects, he will tackle that. Also wondering if Walter needs
any other training? There is some money. Let us know and we can look for it. Grants, spreadsheets,
etc. DWC: right now there is a training in ANC for RUBA that would apply to the City. ~$1,000
reimbursable for travel. Financial management and quickbooks. WN: He will take a look at it for Leo.
LGS is Eli Jacobson. DWC: I know Eli, he can email him. Announcements 4 weeks ago, what they have
for reimbursement will cover travel and will benefit the RUBA score. WN: he will have Leo take a look
at it. MN: one concern is the tribe’s ability to do the financial management for grants. Eventually with
all of these, is Janice able to track all of this? Do you think everything is on track or could there be more
training? WN: I work closely with Katrina on reports – he will bring this to the members so the City can
provide training to the bookkeeper. DWC: ask Eli if it would be okay to send a tribal member to
financial management training. MN: that could be really useful.

Next meeting? WN: If everybody is ok, every second Wednesday of each month. March 11th at 10 am.
This can be changed if necessary.

Action Items
Walter:











Visit Napaskiak and ask them to write a letter of support for the BIA grant for River Morphology
Phase 2.
Contact Diane Sam and invite her to Napakiak. It would be good to do this meeting when all the
appropriate people from the Corporation, Tribe, and City can be there.
Follow up with the Corporation and talk to them about finishing the agreement or we may need
to request a different authorization for each activity as we go forward.
Talk with Richard Jung about going to Juneau and lobbying for the CAPSYS funding.
Be ready to help gather signatures/addresses/comments in support of the subdivision platting
process.
Work with community members to beef up the background section of the Managed Retreat
Plan (include stories from elders, more information about actions they have taken, big events
like the loss of the first school).
Check on the status of the houses to be moved under the BIA non‐competitive grant. Is an
extension needed?
Look at status of BIA grants for travel funding and see if this can be used to go to Juneau.
Arrange for travel to Anchorage for our meeting with Emily at ANTHC.

Heather:





Summary of reasons we need to complete the agreement letter from Corporation. Email to all
and copy Lloyd and the Corporation’s lawyer.
Send Walter the word document for the background section of the Managed Retreat Plan.
Work with surveyor to prepare materials that are needed for platting the new subdivision.
Transmit to Walter.
Prepare materials for the meeting with Emily in Anchorage.

Max:



Prepare a chart/spreadsheet for all of the grants.
Invite Don Antrobus and the Mertarvik lead to the Anchorage meeting with Emily.

David:



Look into the closeout of the 2018 BIA Tribal Resilience Grant for the 2 Bears assessment.
Do the quarterly reports for the 2019 BIA Tribal Resilience Grants.

DaWayne:





Complete and submit CAPSYS application today.
Email Eli Jacobson to get specifics on the RUBA training. Can someone from the tribe attend?
Find out the specifics of how and when to lobby for the CAPSYS.
Be available to help with reporting requirements.

Steven:


Look into who signed the 3 party agreement last year and who is authorized to sign in Lloyd’s
absence.



Organize the effort to lobby for the CAPSYS funding.

All:

Walter speaking…we got to work on the school. Who’s going to do it? We have to get started.
We all agreed we want the road. We need to make it a priority.
Yupik Discussion
HG: to demonstrate that everyone is working together ….also working with other organizations…show
how we can do that for organizations not providing funding. An example is LKSD. We are working with
LKSD to figure out what they need to get the road to them. Also the City of Napakiak since this is an
ICDBG project application. The City and the Tribe is in constant contact, all meeting together, making
decisions together. Other entities are Calista. We would like to work with Calista to develop material
sources for the roads and the pads which could help augment. Also Napakiak Corporation very
important part. All of this land owned by corp. They have been working with us a lot to figure out how
it can be done to do the agreements and transfer property.
Richard: Right now we are starting to discuss the 14c and that might get done soon.
DC: That transfer, however it happens, is essential. To go forward with any work, we have to have site
control.
?: NC: want the records to be recorded at their office so they can show people that have questions or
complaints to be safe.
HG: Yes. There will be a big site control effort over the next year. Already started with subdivision
drawing. Next month finalize. Then go to the DNR. Long process with the state. The surveyors will
come out – maybe 2 trips. Over the next year, the state will complete the process to end up with a plat.
Then all land transfers will go to you it needs to go – city, tribe, corporation, residents. All recorded.
Probably by the city because of 14c. But the effort for the plat, we will make sure all 3 entities get
copies and they will be on the state recorders website.
Lloyd: 14c to the city has been going on quite a while. We do have the agreement in draft. 20 pages.
Corporation will review for changes. Will meet with city to make it official to do the transfer to the city.
Then it belongs to the city. Then everything should go smoothly for management of the property
Minnie: work for LKSD. Works on impact aid applications for district. Based on ANSCA and restricted. If
we go through the City. Are homes going to still be ANSCA land?
HG: I don’t know…DAC: probably the attorney needs to weigh in. Unique situation. Not an individual
parcel for particular purpose. It is a block of land to enable everything needs to happen to happen.
Different ownerships...same blend you have now but new. To restore that, the first step is to make the
block transfer then after that individual nuances will take time to work out.
HG: are you concerned about the need to be restricted?
Minnie: OR stay ANSCA. I check DNR. IF they transfer to the City, it becomes ineligible…students who
reside on lots that are ANSCA or restricted.

HG: I do not know. WE can talk to Bob. We do not want to make it more difficult for the school.
Dan?: Yupik discussion…no way around it. Have to go through the corporation.
Walter: Yupik discussion. The island that is following Napakiak discussion. Yupik discussion explaining
14c. there is going to be no more city boundary according to the documents.
Yupik discussions regarding what happens when they erode past the city boundary – no more city?
HG: Item 6. Encouraged to bring up any other projects or comments during this time before the
consensus vote.
?: Will the road have a sidewalk?
Community response – no sidewalk.
Richard: For people who live in Napakiak, it is normal for us to keep moving. For people that don’t live
in Napakiak it is strange. You can see we already know the road needs to go in, I don’t know what else
we need to do.
HG: Need to vote to use the funding for the road by the tribal council and look at the 3 resolutions.
?: $800,000 we are applying for, how many feet of road are there?
HG: the way we are preparing this is the ICDBG will be combined with the CDBG. Combined and working
with AVCP for heavy equipment and working with Calista for material, corporation for site control, and
the Denali commission for design plat work. All of that work combined will pay for the 1700 feet.
?: After the road is built, the next thing?
HG: Power line…we are also going to talk about other grants, BIA for river morphology, FEMA for
structural analysis, then for actual movement. Lots of little things that haven’t been figured out yet like
bulk fuel. There is a square on the map, far in the future, but we should think about it.
?: New cemetery site?
HG: We put squares on the map to remind us to talk about. During the last meeting, community
thought they would like to think about it. It is really up to the community.
Richard: Yes we need to think about.
?: Are we going to go over resolutions?
HG: Yes
Richard: Next step someone to make a motion to accept and then tribal to make a vote. As long as we
have agreement.

Walter?: Before we get into the resolutions, because ICDBG is federal grant, I would like to get first
motion on tribal side. Would like motion to come from tribal body.
Joaan: Motion has to be approved by the tribe.
Tribal discussion – made the motion to the chairmen. Tribal discussions in Yupik, seconding of motion.
Request for discussion. Discussions in Yupik. Roll call. 4 yays, 1 abstain, 2 excused. Motion carried and
passes.
Yupik discussion.
Is that it?
HG: We also have the 3 resolutions in support of the grant prepared by ANTHC and grant writer. They
all need to be reviewed. I can read?
Joaan: Yes.
HG: Read Resolution 2020‐04…means everybody agrees on first immediate. Long term plan will see
what the river does, if it continues to erode, continue to plan for going to the bluff. This can be voted
on?
Tribe: made motion to the chairmain. Tribal discussions in yupik, seconding of motion. Yupik
discussions. Request for discussions. Roll call. 4 yays, 1 abstain, 2 excused. Motion carried and passes.
HG: Read Resolution 2020‐05.
Tribe: made motion to the chairman. Tribal discussions in Yupik. Second the motion. Yupik discussions.
Request for discussions. Yupik discussions. Roll call. 4 yays, 1 abstain, 2 excused. Motion carries and
passes.
HG: Read Resolution 2020‐06.
Tribe: Made motion to the chairman. Second the motion. Request for discussions. Yupik discussions.
Roll call. 4 yays, 1 abstain, 2 excused. Motion carries and passes.
Continuation of agenda…next meeting announcement
Yupik discussions
Motion to adjourn the meeting.
Yupik discussions.
Meeting adjourned 4:10.
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Structure Summary
Based upon a site visit made August 2020 to evaluate structures east of the airstrip.
Building #
Occupant
84
Teddy Wassalie
83
James Wassalie

Description Summary
Owner built, 1960s
ASHA built, 1970s

79
P

Travis Billy
Multi‐Purpose Building

Owner built, 1960s
Old National Armory Building (1980s)

94
98

Johnathon Nelson
David Andrew

ASHA built, 1970s
ASHA built, 1970s

82
81
80
76
78
79
73
72
70
69

Alexie Michael
James Nokowallera
Laurence Black
Jessica Ayagalaria
Susan Aluskaka
John Aluskaka
James Billy
Nick Jenkins
Denise Brink
Mykel Kameroff

Owner built, 1960s
ASHA built, 1970s
ASHA built, 1970s
Owner built, 1960s
ASHA built, 1970s
BIA built, 1980s
Owner built, 1970s
ASHA built, 1970s
ASHA built, 1970s
Owner built, 1960s

71
74
75
87
88
86
85
68
95

Robert Ayagalria Jr.
Peter Hinz
Joanne Black
Caryn Dull
Valentine Jimmy
Daniel Nelson
Michael Black
Oscar William
John T. Willie

Owner built, 1950s
ASHA built, 1970s
BIA built, 1980s
ASHA built, 1970s
ASHA built, 1970s
Owner built, 1975
Owner built, 1975
BIA built, 1970s
Owner built, unknown age

65
66
67
63
97
64
91

George Berry
Kevin Smart
Gertrude Lake
Vacant
Olga Johnson
Julie Egoak
Thomas Andrew, Sr.

Owner built, 1972
BIA built, 1970s
ASHA built, 1970s
BIA built, 1970s
ASHA built, 1970s, Addition is HIP Project
Owner built, 1980s
ASHA built, 1970s

S
R
108
109
92
100
90
112
93
Q
I

Napakiak Corporation Store
CVRF
Richard Jung
Henry Jung Rental
Joanne Slats
Moses Jenkins
James Evan Rental
James Evan
Gregory Evan
Multi‐Purpose Building
City Offices/Washeteria

Owner built
Owner built, unknown age
Owner built, unknown age
Owner built, unknown age
Owner built, unknown age
Unknown construction, unknown age
AVCP
Owner built, unknown age (old)
VSW, 2001

Relocation Summary
Aging structure. Moveable with City equipment.
Aging structure. Moveable with City equipment.
Aging structure. Moveable with City equipment. Separate addition before
moving.
Moveable with City equipment.
Do not recommend moving. Building may sustain substantial damage
beyond value of structure.
Aging structure. Moveable with City equipment.
Do not recommend moving. Building may sustain substantial damage
beyond value of structure.
Aging structure. Moveable with City equipment.
Aging structure. Moveable with City equipment.
Moveable with City equipment.
Aging structure. Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment.
Do not recommend moving. Building may sustain substantial damage
beyond value of structure.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment. Building may sustain substantial damage
beyond value of structure.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment. Separate addition before moving.
Same configuration as BIA homes. Moveable with City equipment.
Moveable with City equipment.
Warehouses are separate buildings and likely moveable with City
equipment. The store will require extensive work to break the structure
down for moving and re‐assembling.
Moveable with City equipment.
Moveable with City equipment. Separate addition before moving.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment.
Moveable with City equipment. Extra care should be taken.
Known as the Bingo Hall. Not moveable with City equipment.
Old PHS building associated with this structure

Assessment did not include the school, structures associated with the school, or airport maintenance buildings.
Total Residential

38

