
1.0 INTRODUCTION 
 
1.0 What is a Hazard Mitigation Plan? 
 
The Kodiak Island Borough Hazard Mitigation covers each of the major natural 
hazards and several human-caused hazards that pose significant threats to the 
buildings, infrastructure, communities, people and the economy of the Borough. 

The effects of potential future disaster events on Kodiak Island Borough may be minor 
- a few inches of water in a street - or may be major - with widespread damages, 
deaths and injuries, and economic losses reaching millions of dollars.  The effects of 
major disasters on communities can be devastating:  the total damages, economic 
losses, casualties, disruption, hardships and suffering are often far greater than the 
physical damages alone.  Furthermore, recovery from major disasters often takes 
many years and some heavily affected communities may never fully recover.   
 
The mission of the Kodiak Island Borough Hazard Mitigation Plan is to: 

Proactively facilitate and support borough-wide policies, practices and 
programs that make Kodiak Island Borough more disaster resistant and 
disaster resilient. 

Making Kodiak Island Borough more disaster resistant and disaster resilient means 
taking proactive steps and actions to protect life safety, reduce property damage, 
minimize economic losses and disruption, and shorten the recovery period from future 
disasters.   
 
The plan is an educational and planning document intended to raise awareness and 
understanding of the potential impacts of natural hazard disasters and to help the 
Borough deal with natural hazards in a pragmatic and cost-effective manner. It is 
important to recognize that the Hazard Mitigation Plan is not a regulatory document 
and does not change existing zoning, building codes or other ordinances. 
 
Kodiak Island Borough is subject to a wide range of natural hazards.  The entire 
Borough is subject to earthquakes, winter storms, and ash falls from volcanic 
eruptions.  The coastal areas of every community are subject to tsunamis.  The other 
natural hazards including: flooding, landslides, avalanches, erosion and others affect 
only some geographic locations.  
 
Kodiak Island Borough is also subject to a variety of anthropogenic (human-caused) 
hazards including dam failures, disruption of transportation, fuel supplies and utilities, 
hazardous material incidents, dam failures, and terrorism or other deliberate 
malevolent actions.  These human-caused hazards are also addressed in the Hazard 
Mitigation Plan. 
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Completely eliminating the risk of future disasters in Kodiak Island Borough is neither 
technologically possible nor economically feasible.  However, substantially reducing 
the negative consequences of future disasters is achievable with the implementation of 
a pragmatic Hazard Mitigation Plan. 
 
Mitigation simply means actions that reduce the potential for negative consequences 
from future disasters.  That is, mitigation actions reduce future damages, losses and 
casualties. 
 
The Kodiak Island Borough mitigation plan has several key elements.   
 

1. Each hazard that may significantly affect Kodiak Island Borough is 
reviewed to estimate the probability (frequency) and severity of likely 
hazard events. 

 
2. The vulnerability of Kodiak Island Borough to each hazard is 

evaluated to determine the likely extent of physical damages, 
casualties, and economic consequences.  

 
3. A range of mitigation alternatives are evaluated to identify those with 

the greatest potential to reduce future damages and losses in Kodiak 
Island Borough, to protect facilities deemed critical to the 
community’s well being, and that are desirable from the community’s 
political and economic perspectives. 

 
1.2 Why is Mitigation Planning Important for Kodiak Island Borough? 
 
Effective mitigation planning will help the residents of Kodiak Island Borough deal with 
natural and anthropogenic hazards realistically and rationally.  That is, to help identify 
specific locations in Kodiak Island Borough where the level of risk from one or more 
hazards may be unacceptably high and then to find cost effective ways to reduce such 
risk. Mitigation planning strikes a pragmatic middle ground between unwisely ignoring 
the potential for major hazard events on one hand and unnecessarily overreacting to 
the potential for disasters on the other hand. 
 
Furthermore, the Federal Emergency Management Agency (FEMA) now requires each 
local government entity to adopt a multi-hazard mitigation plan to remain eligible for 
future pre- or post-disaster FEMA mitigation funding.  Thus, an important objective in 
developing this plan is to maintain eligibility for FEMA funding and to enhance Kodiak 
Island Borough’s ability to attract future FEMA mitigation funding.   
 
After completion of the Borough’s initial Hazard Mitigation Plan in 2006, the Borough 
was extremely successful in obtaining several FEMA mitigation grants which provided 
funds for seismic retrofits for the schools that had been determined to pose the highest 
levels of risk in future earthquakes.  The Hazard Mitigation Plan is specifically 
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designed to help Kodiak Island Borough gather the data necessary to compete 
successfully for future FEMA funding of mitigation projects.   
 
Further information about FEMA mitigation grant programs is given in Appendix 1: 
FEMA Mitigation Grant Programs. 
 
FEMA requires that all FEMA-funded hazard mitigation projects must be “cost-
effective” (i.e., the benefits of a project must exceed the costs).   Benefit-cost analysis 
is thus an important component of mitigation planning, not only to meet FEMA 
requirements, but also to help evaluate and prioritize potential hazard mitigation 
projects in Kodiak Island Borough, regardless of whether funding is from FEMA, state 
or local government or from private sources. 
 
1.3 The Kodiak Island Borough Hazard Mitigation Plan 
 
This Kodiak Island Borough Mitigation Plan is built is upon a quantitative assessment 
of each of the major hazards that may significantly affect Kodiak Island Borough, 
including their frequency, severity, and geographic areas most likely to be affected.  
The hazards addressed include:  earthquakes, tsunamis, winter storms, landslides, 
avalanches, flooding, erosion, wildand/urban interface fires, and volcanic events.  The 
Kodiak Island Borough Mitigation Plan covers Kodiak City and surrounding areas, as 
well as the remote village communities.  
 
The Kodiak Island Borough Mitigation plan also includes estimates of the vulnerability 
of buildings, infrastructure, and people to each of these hazards.  That is, the plan 
includes an evaluation of the likely magnitude of the effects of future disasters on 
Kodiak Island Borough. 
 
These reviews of the hazards and the vulnerability of Kodiak Island Borough to these 
hazards are the foundation of the mitigation plan.  From these assessments, specific 
locations where buildings, infrastructure, and/or people may be at high risk are 
identified.  These high risk situations then become priorities for future mitigation 
actions to reduce the negative consequences of future disasters in Kodiak Island 
Borough. 
 
The Kodiak Island Borough Mitigation Plan deals with hazards realistically and 
rationally and also strikes a balance between suggested physical mitigation measures 
to eliminate or reduce the negative consequences of future of disasters and planning 
measures which better prepare the community to respond to and recover from 
disasters for which physical mitigation measures are not possible or not economically 
feasible. 
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1.4 Key Concepts and Definitions 
 
The central concept of mitigation planning is that mitigation reduces risk.  Risk is 
defined as the threat to people and the built environment posed by the hazards being 
considered.  That is, risk is the potential for damages, losses and casualties arising 
from the impact of hazards on the built environment.  The essence of mitigation 
planning is to identify high risk locations/situations in Kodiak Island Borough and to 
evaluate ways to mitigate (reduce) the effects of future disasters on these high risk 
locations/situations. 
 
The level of risk at a given location, building or facility depends on the combination of 
hazard and exposure as shown in Figure 1 below. 
 

Figure 1 
Hazard and Exposure Combine to Produce Risk 

 

 
 
Risk is generally expressed in dollars (estimates of potential damages and other 
economic losses) and in terms of casualties (numbers of deaths and injuries). 
 
There are three key concepts that govern hazard mitigation planning: hazard, 
exposure, risk and mitigation.  Each of these key concepts is addressed in turn. 
 
HAZARD refers to natural or anthropogenic events that may cause damages, losses 
or casualties (e.g., floods, winter storms, landslides, earthquakes, hazardous material 
spills, etc.).  Hazards are characterized by their frequency and severity and by the 
geographic area affected.  Each hazard is characterized differently, with appropriate 
parameters for the specific hazard.  For example, earthquakes are characterized by 
the severity and duration of ground motions while tsunamis are characterized by the 
areas inundated and by the depth and velocity of the tsunami inundations. 
 
A hazard event, by itself, may not result in any negative effects on a community.   For 
example, a flood-prone five-acre parcel may typically experience several shallow 
floods per year, with several feet of water expected in a 50-year flood event.  However, 
if the parcel is wetlands, with no structures or infrastructure, then there is no risk.  That 
is, there is no threat to people or the built environment and the frequent flooding of this 
parcel does not have any negative effects on the community.  Indeed, in this case, the 
very frequent flooding (i.e., the high hazard) may be beneficial environmentally by 
providing wildlife habitat, recreational opportunities, and so on. 
 

HAZARD EXPOSURE RISK

Frequency Value and Threat to the 
and Severity + Vulnerability of = Community:

of Hazard Events Inventory People, Buildings
and Infrastructure
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Figure 2 
Hazard Alone Does Not Produce Risk 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The important point here is that hazards do not necessarily produce risk to people and 
property, unless there is vulnerable inventory exposed to the hazard.  The risk to 
people, buildings or infrastructure results only when hazards are combined with a 
specific exposure. 
 
EXPOSURE is the quantity, value and vulnerability of the built environment (inventory 
of people, buildings and infrastructure) in a particular location subject to one or more 
hazards.  Inventory is described by the number, size, type, use, and occupancy of 
buildings and by the infrastructure present.  Infrastructure includes roads and other 
transportation systems, utilities (potable water, wastewater, natural gas, and electric 
power), telecommunications systems and so on. 
 
Inventory varies markedly in its importance to a community and thus varies markedly 
in its importance for hazard mitigation planning.  Some types of facilities, “critical 
facilities,” are especially important to a community, particularly during disaster 
situations.  Examples of critical facilities include police and fire stations, hospitals, 
schools, emergency shelters, 911 centers, and other important buildings.  Critical 
facilities may also include infrastructure elements that are important links or nodes in 
providing service to large numbers of people such as a potable water source, an 
electric power substation and so on.  “Links” are elements such as water pipes, 
electric power lines, telephone cables that connect portions of a utility or transportation 
system.  “Nodes” are locations with important functions, such as pumping plants, 
substations, or switching offices. 
 
For hazard mitigation planning, inventory must be characterized not only by the 
quantity and value of buildings or infrastructure present but also by its vulnerability to 
each hazard under evaluation.  For example, a given facility may or may not be 
particularly vulnerable to flood damages or earthquake damages, depending on the 

HAZARD . . .HAZARD . . .
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details of its design and construction.  Depending on the hazard, different engineering 
measures of the vulnerability of buildings and infrastructure are used. 
 

Figure 3 
Exposure (Quantity, Value and Vulnerability of Inventory) 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RISK is the threat to people and the built environment - the potential for damages, 
losses and casualties arising from hazards.  Risk results only from the combination of 
Hazard and Exposure as discussed above, as illustrated schematically in Figure 4 
below. 
 

Figure 4 
Risk Results from the Combination of Hazard and Exposure 

 

RISK . . .RISK . . .

EXPOSURE . . .EXPOSURE . . .
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Risk is the potential for future damages, losses or casualties.  A disaster event 
happens when a hazard event is combined with vulnerable inventory (that is when 
hazard event strikes vulnerable inventory exposed to the hazard).  The highest risk 
in a community occurs in high hazard areas (frequent and/or severe hazard 
events) with large inventories of vulnerable buildings or infrastructure. 
 
However, high risk can also occur with only moderately high hazard, if there is a 
large inventory of highly vulnerable inventory exposed to the hazard.  Conversely, 
a high hazard area can have relatively low risk if the inventory is resistant to 
damages (e.g., elevated to protect against flooding or strengthened to minimize 
earthquake damages). 
 
 
MITIGATION means actions to reduce the risk due to hazards.  Mitigation actions 
reduce the potential for damages, losses, and casualties in future disaster events.  
Repair of buildings or infrastructure damaged in a disaster is not mitigation Hazard 
mitigation projects may be initiated proactively - before a disaster, or after a 
disaster has already occurred.  In either case, the objective of mitigation is always 
is to reduce future damages, losses or casualties. 
 
A few common types of mitigation projects are shown below in Table 1.1 
 

Table 1.1 
Examples of Mitigation Projects  

 

 
 

Hazard Common Mitigation Projects
Earthquake Seismic retrofits for critical facilities

Seismic retrofits for public, residential and commercial 
buildings
Seismic retrofits for infrastructure

Tsunami Relocate critical facilities
Improve warning systems
Public education and awareness

Winter storms Emergency generators for critical facilities
Improve redundancy or harden utility systems
Enhance tree trimming to protect utility lines

Flooding Relocate, elevate or floodproof flood-prone structures
Improve storm water drainage

Erosion Add protective barriers
Relocate at risk buildings or infrastructure

Landslide/avalanche Remediate slide/avalanche conditions
Add protective barriers
Relocate at risk buildings or infrastructure

Wildland/urban interface fires Encourage fire safe construction practices
Vegetation (fuel load) reduction measures

Volcanic eruptions Enhance emergency planning
Public education and awareness

General and Multi-Hazard Enhance emergency planning and mutual aid
Expand public education programs
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The mitigation project list above is not comprehensive and mitigation projects can 
encompass a broad range of other actions to reduce future damages, losses, and 
casualties. 
 
1.5 The Mitigation Process 
 
The key element for all hazard mitigation projects is that they reduce risk.  The 
benefits of a mitigation project are the reduction in risk (i.e., the avoided damages, 
losses, and casualties attributable to the mitigation project).  In other words, 
benefits are simply the difference in expected damages, losses, and casualties 
before mitigation (as-is conditions) and after mitigation.  These important concepts 
are illustrated below in Figure 6. 
 

Figure 6 
Mitigation Projects Reduce Risk 

 

 
 
Quantifying the benefits of a proposed mitigation project is an essential step in 
hazard mitigation planning and implementation.  Only by quantifying benefits is it 
possible to compare the benefits and costs of mitigation to determine whether or 
not a particular project is worth doing (i.e., is economically feasible).  Real world 
mitigation planning almost always involves choosing between a range of possible 
alternatives, often with varying costs and varying effectiveness in reducing risk.   
 
Quantitative risk assessment is centrally important to hazard mitigation planning.   
When the level of risk is high, the expected levels of damages and losses are 
likely to be unacceptable and mitigation actions have a high priority:  the greater 
the risk, the greater the urgency of undertaking mitigation. 
 
Conversely, when risk is moderate both the urgency and the benefits of 
undertaking mitigation are reduced.  It is neither technologically possible nor 
economically feasible to eliminate risk completely.  Therefore, when levels of risk 
are low and/or the cost of mitigation is high relative to the level of risk, the risk may 

RISK
BEFORE

MITIGATION
BENEFITS
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MITIGATION
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be deemed acceptable (or at least tolerable).  Therefore, proposed mitigation 
projects that address low levels of risk or where the cost of the mitigation project is 
large relative to the level of risk are generally poor candidates for implementation. 
 
The overall mitigation planning process is outlined in Figure 7 below. 
 

Figure 7 
The Mitigation Planning Process 

 

 
 
 
The flow chart above outlines the major steps in Hazard Mitigation Planning and 
Implementation for Kodiak Island Borough. 
 
The first steps are quantitative evaluation of the hazards (frequency and severity) 
affecting Kodiak Island Borough and of the inventory (people, buildings, and 

Implement Mitigation Measures
Reduce Risk

Mitigation Planning Flowchart

Prioritize Mitigation Alternatives
Benefit-Cost Analysis

and related tools

Obtain Funding

Find Solutions to Risk
Identify Mitigation Alternatives

Risk Not Acceptable?
Mitigation Desired

Acceptable?

Risk Acceptable?
Mitigation Not Necessary

Risk Assessment
Quantify the Threat

to the Built Environment

Is Level of Risk
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infrastructure) exposed to these hazards.  Together these hazard and exposure 
data determine the level of risk for specific locations, buildings or facilities in 
Kodiak Island Borough. 
 
The next key step is to determine whether or not the level of risk posed by each of 
the hazards affecting Kodiak Island Borough is acceptable or tolerable.  Only the 
residents of Kodiak Island Borough can make this determination.  If the level of 
risk is deemed acceptable or at least tolerable, then mitigation actions are not 
necessary or at least not a high priority.   
 
On the other hand, if the level of risk is deemed not acceptable or tolerable, then 
mitigation actions are desired.  In this case, the mitigation planning process moves 
on to more detailed evaluation of specific mitigation alternatives, prioritization, 
funding and implementation of mitigation measures.  As with the determination of 
whether or not the level of risk posed by each hazard is acceptable or not, 
decisions about which mitigation projects to undertake can be made only by the 
residents of Kodiak Island Borough. 
 
 
1.6 The Role of Benefit-Cost Analysis in Mitigation Planning 
 
Communities, such as Kodiak Island Borough  that are considering whether or not 
to undertake mitigation projects must answer questions that don’t always have 
obvious answers, such as: 
 

What is the nature of the hazard problem? 
 
How frequent and how severe are hazard events? 
 
Do we want to undertake mitigation measures? 
 
What mitigation measures are feasible, appropriate, and affordable? 
 
How do we prioritize between competing mitigation projects? 
 
Are our mitigation projects likely to be eligible for FEMA funding? 

 
Benefit-cost analysis is a powerful tool that can help communities provide solid, 
defensible answers to these difficult socio-political-economic-engineering 
questions.  Benefit-cost analysis is required for all FEMA-funded mitigation 
projects, under both pre-disaster and post-disaster mitigation programs.  However, 
regardless of whether or not FEMA funding is involved, benefit-cost analysis 
provides a sound basis for evaluating and prioritizing possible mitigation projects 
for any natural hazard. 
 
Further details about benefit-cost analysis and example calculations are given in 
the Appendix 2: Principles of Benefit-Cost Analysis. 
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1.7 Hazard Synopsis 
 
To set the overall context of hazard mitigation planning, we briefly review the 
major hazards that significantly affect Kodiak Island Borough.  For every 
community within Kodiak Island Borough, the two predominant hazards are 
earthquakes and tsunamis.  Earthquakes and tsunamis pose the greatest risk to 
each community in terms of damages, casualties, and economic impacts. 
 

The entire Kodiak Island Borough is subject to the effects of 
earthquakes, including not only major earthquakes on the 
Subduction Zone off the coast, but also smaller crustal earthquakes 
within or near Kodiak Island. 
 
All of the communities of Kodiak Island Borough are located on the 
coast and all have portions subject to inundation by tsunamis. 

 
Each community within Kodiak Island Borough is also subject to some level of risk 
from one or more other natural hazards.  For these hazards, the potential impacts 
are much lower than for earthquakes and tsunamis and/or are limited to small 
portions of the community. 

The entire Kodiak Island Borough is subject to ash falls from 
eruptions of nearby volcanoes.  
The entire Kodiak Island Borough is subject to the effects of winter 
storms, including wind, rain, snow and ice, as well as secondary 
effects such as power outages. 
Portions of the hilly areas of Kodiak Island Borough are subject to 
landslides, mudslides, and avalanches which may affect buildings, 
roads, and utilities.  
Most of the communities have areas subject to coastal flooding 
and/or erosion.   
Portions of several communities are subject to flooding from streams 
and/or local stormwater drainage flooding. 
Parts of Kodiak Island Borough have a low level of risk from major 
wildland/urban interface fires.   
 

Each community within Kodiak Island Borough is also subject to anthropogenic 
hazards, including 

Dam failures. 
HAZMAT incidents are possible nearby or downwind from fixed site 
concentrations (e.g., industrial sites) as well as along transportation 
corridors from truck or ship accidents.   
Disruption of transportation (surface, air and sea), fuel supplies and 
utilities. 
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Terrorist incidents or other deliberate malevolent actions by vandals, 
disturbed individuals, employees or members of organized groups 
could affect Kodiak Island Borough. 
 

 
The remaining sections of the Kodiak Island Borough Hazard Mitigation Plan 
include the following: 
 

Chapter 2: Community Profile, 
 
Chapter 3: Mitigation Planning Process, 
 
Chapter 4: Mission Statement, Goals, Objectives and Action Items, 
 
Chapter 5: Plan Adoption, Implementation, Maintenance and Updating, 
 
Chapter 6: Earthquakes,  
 
Chapter 7: Tsunamis,  
 
Chapter 8: Severe Weather, 
 
Chapter 9: Lesser Natural Hazards, 
 
Chapter 10: Dam Safety, 
Chapter 11: Disruption of Transportation, Fuel Supply and Utilities, 
Chapter 12: Hazardous Materials, 
Chapter 13: Terrorism, 
Appendix 1:  FEMA Mitigation Grant Programs, and 
 
Appendix 2:  Principles of Benefit-Cost Analysis for FEMA. 
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2.0 COMMUNITY PROFILE 

2.1 Overview 

Kodiak Island Borough is an island archipelago with one main island and numerous 
smaller, mostly uninhabited islands.  Kodiak lies about 250 air miles south of 
Anchorage.  The Borough also includes coastal portions of the Alaska Peninsula, 
northwest of Kodiak Island across the Shelikof Strait. The total area of the Borough is 
about 12,024 square miles, with a land area of about 6,560 square miles. 

Figure 2.1 
Kodiak Island Borough 

 

 
 
The defining characteristics of Kodiak Island Borough are its geographic isolation and 
its small population 13,592 (2010 US Census).  The only access to Kodiak Island is 
by air or sea, with both transportation modes subject to frequent weather delays or 
cancellations.  Thus, Kodiak Island Borough must be largely self-sufficient in normal 
times and especially so under disaster conditions.  This geographic isolation makes 
mitigation planning and mitigation actions to reduce the risks of natural disasters 
even more important for Kodiak Island than for less isolated communities. 
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All of the population centers of Kodiak Island Borough are located on the coast, with 
the interior regions being largely unpopulated.  Airports and seaplane facilities 
provide air transport island-wide. The Alaska Marine Highway System operates a 
ferry service from Whittier and Homer. Two boat harbors serve commercial and 
transient vessels.  
 
Most of the population of Kodiak Island is concentrated on the northeastern end of 
the island, including the city of Kodiak and surrounding communities. These 
communities are connected by a road network of about 140 miles.  However, Kodiak 
Island Borough also includes several remote, isolated small cities and villages which 
are accessible only by sea or by air.   

The Borough contains six incorporated cities: Ahkiok, Kodiak, Larsen Bay, OId 
Harbor, Ouzinkie and Port Lions and one recognized village: Karluk.  There are also 
several very small settlements with no local government functions.  Of these 
communities, only the city of Kodiak and the adjacent areas are accessible by road. 

Kodiak Island has been inhabited since about 8,000 B.C. and was settled by Russian 
fur trappers in 1792.  Sea otter pelts were the primary incentive for Russian 
exploration at that time.  Kodiak was the first capital of Russian Alaska, which later 
moved to Sitka. A Russian Orthodox Church seminary is based in Kodiak, one of the 
two existing seminaries of this kind in the U.S.  

Alaska was purchased by the U.S. in 1867. Since the Aleutian Campaign of World 
War II, several branches of the military have maintained a presence in Kodiak and 
the Coast Guard comprises a significant portion of the Borough's population.  
 
The Borough was incorporated in 1963. The 1960s brought growth in commercial 
fisheries and fish processing, along with an increase in tourism for fishing, hunting, 
and wildlife viewing. The Island culture is grounded in commercial and subsistence 
fishing activities and is primarily non-Native, although about 18% of the population is 
Alaska Native or part Native. 

Fishing, fish processing, retail, services and the health care industries are the key 
employers. The Coast Guard, City, Borough, State and federal agencies also provide 
employment. 767 (update) borough residents hold commercial fishing permits. 
Subsistence activities and sport fishing are prevalent. The Kodiak Chamber of 
Commerce provides economic development services to the area (www.kodiak.org). 
 
The Kodiak Launch Complex, a $38 million low-Earth orbit launch facility on 27 acres, 
was completed in DATE at Cape Narrow near Chiniak. The Kodiak Launch Complex, 
operated by the Alaska Aerospace Development. Corp., is the only commercial 
launch range in the U.S. that is not co-located with a federal facility.  
  
Optional:  expand narrative re: overview of the Borough, including recreation 
activities/tourism – fishing, hunting, wildlife viewing, with photos (bears) etc. 
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2.2 Geology, Geography and Climate 

Kodiak Island Borough is located a geologically very active area.  There are 
numerous active earthquake faults near Kodiak and within the island and the level of 
seismic hazard in Kodiak is among the highest levels in Alaska and the United 
States.  The Borough’s coastal communities are also subject to tsunamis.  Kodiak 
has experienced numerous damaging earthquakes and tsunamis in its history. 

Although there are no active volcanoes in the Borough, there are numerous active 
volcanoes in the Aleutian Range across the Shelikof Straight and elsewhere that are 
near Kodiak.  The Borough has experienced heavy volcanic ash falls severe enough 
to collapse buildings and remains at risk for future ash fall events. 
 
Much of the Borough is rugged, mountainous terrain with elevations ranging from sea 
level to above 4,000 feet in the interior.   Nearly half of the Borough’s land area is 
included in the Kodiak National Wildlife Refuge, which was established in 1941 to 
protect Kodiak bears and their habitat. 
 

Figure 2.2 
Kodiak National Wildlife Refuge 

 

 

 
Figure 2.3 

Chiniak Bay, Kodiak National Wildlife Refuge 
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Kodiak Island Borough contains numerous small rivers and streams, most of which 
are located in unpopulated or very lightly populated areas. Streams and rivers near 
populated areas include: Buskin River, Pillar Creek, Monashka Creek, Sargent 
Creek, Russian Creek, American River, and Chiniak River.   Other major rivers on 
Kodiak Island include the Karluk River, Ayakulik River and the Afognak River.  There 
are also numerous large rivers on the largely unpopulatedmainland portion of Kodiak 
Island Borough. 

The climate for Kodiak Island Borough is moderate with a very strong marine 
influence, including frequent cloud cover and fog. The average annual precipitation is 
about 77 inches.  Average monthly precipitation varies from about 4 inches in July to 
nearly 9 inches in January.  Average annual snowfall is about 71 inches, mostly 
between November and April. February has the highest average monthly snowfall of 
about 16 inches.  The maximum annual snowfall observed since the weather station 
was established at the airport in 1972 was 138 inches in 1975-6.  
 
Mean daily high temperatures range from 62 degrees in August to about 36 degrees 
in December, January and February. Mean daily low temperatures range from 49 
degrees in August to about 26 degrees in December, January and February.  

 

2.3 Population and Demographics 

Kodiak Island Borough has a population of about 13,592 (2010 US Census).  2010 
Census population data include data for Kodiak Island Borough, for six cities, and for 
five “census defined places.”  Kodiak Station is more commonly known as the U.S. 
Coast Guard Base. These data are summarized in Table 2.1 on the following page.  
 
Of the five “census defined places”, Karluk is a recognized village.  The other four 
census defined places are unincorporated portions of the Borough with no local 
government functions and no authority to adopt a mitigation plan.   
 
Thus, for the purposes of the multi-jurisdictional Kodiak Island Borough Hazard 
Mitigation Plan, the covered jurisdictions are Kodiak Island Borough, the six cities and 
the village of Karluk.  All other unincorporated areas are included within the Borough’s 
jurisdiction. 
 
Note:  Tables are editable Excel objects 
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Table 2.1 
Kodiak Island Borough Population Data (2010 Census) 

 
Geographic Area Population

Kodiak Island Borough 13,592
Cities

Ahkiok 71
Kodiak 6,130
Larsen Bay 87
Old Harbor 218
Ouzinkie 161
Port Lions 194

Census Defined Places
Aleneva 37
Chiniak 47
Karluk 37
Kodiak Station 1,301
Womens Bay 719

Other Unincorporated Areas 4,590  
 
 

Table 2.2 
Kodiak Island Borough Historical Population Trends (U.S. Census) 

 

1960 7,174 N/A
1970 9,409 31.15%
1980 9,939 5.63%
1990 13,309 33.91%
2000 13,913 4.54%
2010 13,592 -2.31%

2012 1 14,239 4.76%

Population Change from 
Previous

1 U.S. Census estimate: July, 2012.

Date

 
 
As shown in Table 2.2, the Borough’s population decreased by about 2% between 
2000 and 2010.  However, the July, 2012 U.S. Census estimate shows an increase 
of nearly 5% since 2010.  Does this big increase seem realistic?  If so, add a brief 
comment re: why. If not, add comment saying the estimate of nearly a 5% increase 
since 2010 appears too high; local data suggest that the population….has not 
increased, decreased slightly, increased slightly – etc. whatever seems right. 
 
2010 Census demographic data for Kodiak Island Borough are summarized in Table 
2.3 on the following page. 
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Table 2.3 
Kodiak Island Borough Demographic Data (2010 Census) 

 
Demographic Category Population Percent

Age (Years)
Under 5 1,151 8.5%
Under 18 3,894 28.6%
18 to 64 8,783 64.6%
65 and Over 915 6.7%

Race/Ethnicity
White 7,522 55.3%
Black or African American 92 0.7%
American Indian and Alaska Native 1,797 13.2%
Native Hawaiian and Other Pacific Islander 87 0.6%
Asian 2,660 19.6%

Asian Indian 23 0.2%
Chinese 23 0.2%
Filipino 2,357 17.3%
Japanese 62 0.5%
Korean 37 0.3%
Vietnamese 19 0.1%
Other Asian 139 1.0%

Other Race 397 2.9%
Two or More Races 1,037 7.6%
Hispanic or Latino (of any race) 996 7.3%

Language Spoken at Home1

English Only 9,516 77.2%
Language Other Than English 2,809 22.8%

Spanish 370 3.0%
Other Indo-European Languages 321 2.6%
Asian and Pacific Islander Languages 1,993 16.2%
Other Languages 125 1.0%

Speak English Less Than Very Well 1,245 10.1%
1 Population 5 Years and Over,  U.S. Census 2007-2011 American 
Community Survey 5-Year Estimates  

 
For emergency planning purposes, children, elderly adults, those with disabilities and 
people whose primary language is not English are generally considered special 
needs populations.  Kodiak Island Borough has a substantial population of children, 
3,894, which is 28.6% of the total population.  The number of people 65 and over is 
915, which is 6.7% of the total population.  The Borough has a substantial number of 
people who were self-identified as speaking English less than well, 1,245, which is 
10.1% of the total population.  Of these, the majority are likely to be native speakers 
of Spanish or Tagalog, based on the ethnicity data in Table 2.3.   
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Employment and Income Data are shown below in Table 2.4. 
 

Table 2.4 
Employment and Income Data 

(U.S. Census American Community Survey 2007-2011 5-Year Estimates 
 

Demographic Data Population KIB
Population 16 and Older 10,035 100.0%

In Labor Force 7,669 76.4%
Civilian Labor Force 6,717 66.9%

Employed 6,218 62.0%
Unemployed 499 5.0%

Armed Forces 952 9.5%
Not in Labor Force 2,366 23.6%

Commuting to Work 6,900 100.0%
Drove Alone 4,103 59.5%
Carpooled 1,464 21.2%
Public Transportation 45 0.7%
Walked 684 9.9%
Other Means 289 4.2%
Worked at Home 315 4.6%

Median Incomes
Median Household Income $66,326
Median Family Income $68,280

Families and People Below Poverty Level
All Families

With Children under 5 Years Only
With Children under 18 Years

All People  
 
Note:  I could not find 2010 Census data for the poverty data.  I’ll look again later or 
use the latest available data.    Is there more current local unemployment data? 
 
The U.S. Census estimates shown above should be interpreted cautiously:  such 
economic data are subject to significant changes from year to year and there are 
wide variations within Kodiak Island Borough form community to community.  In the 
isolated communities, employment rates and incomes are typically lower than in the 
City of Kodiak and surrounding areas. 
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Housing data are shown below in Table 2.5 
 

Table 2.5 
Kodiak Island Borough Housing Data  

 
Housing Data KIB Percent

Total Housing Units1 5,303 100.0%
Occupied Units 4,630 87.3%
Vacant Units3 673 12.7%
Owner-Occupied 2,648 57.2%
Renter-Occupied 1,982 42.8%

Housing Units by Type2 5,323 100.0%
Single Family Detached 3,089 58.0%
Single Family Attached 247 4.6%
Multi-Family 1,525 28.6%
Mobile Home 462 8.7%
Boat, RV, Van etc. 0 0.0%

Year Structure Built2

2000 and later 552 10.4%
1990s 753 14.1%
1980s 1,465 27.5%
1970s 1,030 19.3%
1960s 742 13.9%
1950s 348 6.5%
1940s 329 6.2%
1939 and earlier 104 2.0%

1 U.S. Census,  2010 Demographic Profile Data

2 U.S Census, 2007-2011 American Community 
Survey 5-Year Estimates
3 Includes 399 units which are for seasonal, 
recreational or occasional use.  

 
2010 Census data show a total of 5,303 housing units, including 673 vacant units.  
The vacant units include 399 that are for seasonal, recreational or occasional use.  
Thus, the number of truly vacant units is only 274, which is 5.2% of the total housing 
units. 
 
The 2010 Census data indicate that the majority of occupied housing units in Kodiak 
Island Borough are owner-occupied, about 57%, with renter-occupied units 
comprising about 43% of the occupied housing units.  Over 60% of the housing units 
are single-family with about 29% multi-family units and about 9% mobile homes. 
  
The age distribution of the occupied housing stock indicates that the majority of the 
housing stock was built when relatively recent seismic design provisions were in 

2-8 
 



 
 

place.  Over 70% of the housing stock was built since 1970, with only about 2% 
being pre-1940 vintage.  Older homes, especially those built before 1940, may be 
somewhat more vulnerable to earthquake damage than newer homes 
 
 
2.4 Land Use and Development Patterns 
 
 2.4.1 Overview 
 
The vast majority of Kodiak Island Borough’s land area is unpopulated or very lightly 
populated, including the Kodiak National Wildlife Refuge which covers nearly 50% of 
the area. 
 

Figure 2.4 
Kodiak Island Borough Map 

 
Insert map showing Kodiak Island and the Kodiak National Wildlife Refuge. 
 
As shown previously in Table 2.1, the more than 90% of the Kodiak Island Borough’s 
population is located in the city of Kodiak and the nearby unincorporated areas.  The 
total population of the small communities listed in Table 2.1 is only 852.  There is a 
small population in scattered locations outside of the listed small communities.  
However, the total population outside of the city of Kodiak and nearby unincorporated 
areas is less than 1,000.   Verify or correct last statement. 
 
Given the above distribution of population within the Borough, the vast majority of 
development, including nearly 100% of the commercial and industrial development is 
located in the city of Kodiak and the nearby unincorporated areas.  Development in 
the small, isolated communities is almost entirely residential, with only limited public 
and commercial development.  
 
The Community Development Department has primary responsibility for land use 
planning within the Kodiak Island Borough, including providing staff for the Planning 
and Zoning Commission. 
 
The Engineering and Facilities Department has responsibility for administration of 
codes related to construction. 
 
The City of Kodiak is responsible for water and wastewater utilities. 
 
 2.4.2 Development Since 2006 
 
Insert brief narrative re: development since 2006, including the number of new 
residential units (single family and multifamily) and any public and commercial 
buildings.  If available include the total new square footage at least for public and 
commercial buildings. 
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 2.4.3 Future Development Trends 
 
Insert brief narrative re: expected future development, noting that development is 
expected to be predominantly within or adjacent to already developed areas and that 
the extent of future development is expected to be very low, commensurate with the 
expected slow growth in population (See: note on page 5 re: US Census postulated 
5% growth since 2010 and make the text here consistent with the final text on page 
5). 
 
Insert text along the lines of:  All future development will conform to the then-current 
seismic provisions in the building code and development will be avoided whenever 
possible in identified high hazard areas including tsunami inundation zones and 
areas prone to landslides and coastal erosion.  Edit to be as positive as possible re: 
hazard mitigation goals, but realistic. 
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3.0 PUBLIC PLANNING PROCESS 

3.1 Overview 
 
Kodiak Island Borough recognizes that community involvement is an essential step in 
developing a mitigation plan. The Borough has involved the community throughout 
the mitigation planning process to help ensure that the final plan reflects the values 
and needs of residents, as well as building the support base necessary to implement 
the mitigation plan.  Citizen involvement has provided valuable historical knowledge 
about the community that increases the completeness and accuracy of the plan.  
Kodiak Island Borough also understands that the area's businesses and service 
providers also have key information and their involvement in the planning process 
was also essential.  
 
 
3.1 Historical Mitigation Planning Activities  
 
To a limited extent, mitigation planning began in Kodiak Island Borough after the 
1964 earthquake and tsunami, with greatly enhanced community awareness of both 
earthquakes and tsunamis.  Since then, successive building codes have incorporated 
enhancements in the seismic provisions as they have been developed by the 
structural engineering community.  Awareness of the potential impacts of tsunami 
resulted in efforts to identify tsunami inundation zones and to map evacuation routes. 
In most communities, schools have been designated as tsunami shelters.  However, 
separate tsunami shelters have been established in communities where schools are 
located within areas potentially affected by tsunamis, including Akhiok, Larsen Bay, 
Old Harbor, and Ouzinkie. 
 
In the 1980s, the development of the Kodiak Island Borough Coastal Management 
Program included about a dozen public workshops and public meetings, as well as 
numerous work sessions of the Kodiak Island Borough Assembly, the Planning and 
Zoning Commission and the OCS (spell out OCS) Advisory Council.  Mitigation of the 
risk to life and property in the coastal zone from seismic, avalanche, erosion, flood, 
and wind hazards was an explicit objective of this planning process. 
 
The 1999-2000 update of the Kodiak Island Borough Emergency Operations Plan 
included a substantial review of hazards, vulnerability and risk for 15 natural- and 
human-caused hazards.  The development process for this Emergency Operations 
Plan included extensive public meetings, discussion, review and commentary by 
stakeholders and the general public.  
 
In 2005 Kodiak Island Borough undertook a detailed seismic risk evaluation for all of 
the public schools on the island, with funding from a voter-approved local bond issue. 
This evaluation included regular meetings of an advisory committee and a public 
meeting on November 21, 2005. 
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Kodiak Island Borough's commitment to involve the public in hazard mitigation 
planning is also demonstrated by an ongoing outreach program of public education 
about hazards and steps to mitigate the impacts of hazards. These efforts include a 
widely-distributed 42-page brochure which provides general preparedness and 
response guidance for disasters and also discusses: 

• Tsunami warning signals and evacuation shelters, 

• Earthquake mitigation tips for homes, and 

• Preparation for and response to volcanic ash fall events. 
Ongoing public outreach and education efforts for natural hazards also include 
regular publication of guidance similar to that in the brochure discussed above in the 
Kodiak Daily Mirror. 
 
 
3.2 Public Planning Process:  2006 Kodiak Island Borough Hazard Mitigation 
Plan 
 
The planning committee for the development of the initial Kodiak Island Borough 
Hazard Mitigation Plan consisted of the following members: 
 
Kodiak Island Borough Staff 

Mary Ogle, Director, Community Development Department 
Duane Dvorak, Planner, Community Development Department 
Bud Cassidy, Director, Engineering & Facilities Department 

 
Community Representatives 

Doug Mathers, Building Official 
Gary Carver, Planning and Zoning Commissioner, Geological Consultant 
Jerroll Friend, Chair, Planning and Zoning Commission, Building Contractor 
Jim Devlin, Engineer, Kodiak Electrical Association 
Linda Free, City Manager, City of Kodiak 
Andy Nault, Fire Chief, City of Kodiak 
Martin Owen, Harbormaster, City of Kodiak 
Rovert Lachowsky, U.S. Coast Guard 
T.C. Kamai, Police Chief, City of Kodiak 
Val Maxwell, Village Public Safety Coordinator 

Consultant 
Kenneth Goettel, Goettel & Associates Inc. 
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The 2005-2006 public planning process included two public meetings, submission of the draft 
Mitigation Plan to each community and to other stakeholders including the Kodiak Chamber 
of Commerce, the Kodiak Island Borough School District, the Native Housing Authority and 
the Kodiak Island Housing Authority.  Verify that there are two housing For meetings 
provide a brief agenda and very brief minutes noting what was done or decided – 
FEMA likes to see such as documentation. 
authorities.  The draft final plan was also presented at a public meeting of the Kodiak 
Assembly before adoption.  

 
Please let me know if any additional meetings were held in 2008 and , if so, provide 
details.  Were the annexes submitted to FEMA, approved by FEMA and adopted by 
each of the seven communities? 
 
 
3.3 Public Planning Process:  2013 Update of the Kodiak Island Borough 
Hazard Mitigation Plan 
 
To meet FEMA’s expectations and requirements, I suggest the following steps: 
 
A) establish a mitigation planning team similar to that done in 2005, noting that the 
work load for the committee will be low – basically reviewing the draft and providing a 
few comments, with perhaps 1 or 2 short meetings.  For meetings provide a brief 
agenda and very brief minutes noting what was done or decided – FEMA likes to see 
such as documentation. 
 
B) Have at least one and preferably two public meetings – probably in conjunction 
with regularly scheduled meetings of the Assembly or the Planning Commission so 
that attendance is greater than zero.  For meetings provide a brief agenda and very 
brief minutes noting what was done or decided – FEMA likes to see such as 
documentation. 
 
C) Distribute the draft to Stakeholders and post on the Borough’s website  for review 
and comment.  Keep brief summary of comments/suggestions received. 
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4.0 GOALS, OBJECTIVES AND ACTION ITEMS 

4.1 Overview 
 
The overall purpose of the Kodiak Island Borough Hazard Mitigation Plan is to reduce 
the impacts of future natural or human-caused disasters on the people and the 
communities of Kodiak Island Borough.  That is, the purpose is to make Kodiak 
Island Borough more disaster resistant and disaster resilient, by reducing the 
vulnerability to disasters and enhancing the capability to respond effectively to and 
recover quickly from future disasters.   
 
Completely eliminating the risk of future disasters in Kodiak Island Borough is neither 
technologically possible nor economically feasible.  However, substantially reducing 
the negative impacts of future disasters is achievable with the adoption of this 
pragmatic Hazard Mitigation Plan and ongoing implementation of risk reducing action 
items.  Incorporating risk reduction strategies and action items into the Borough's 
existing programs and decision making processes will facilitate moving Kodiak Island 
Borough toward a safer and more disaster resistant future.   
 
In addition, the Kodiak Island Borough Hazard Mitigation Plan meets the mitigation 
requirements of the Federal Emergency Management Agency (FEMA), so that the 
Kodiak Island Borough remains eligible for pre- and post-disaster mitigation grant 
funding from FEMA.   
 
The Kodiak Island Borough Hazard Mitigation Plan is based on a four-step framework 
that is designed to help focus attention and action on successful mitigation strategies: 
Mission Statement, Goals, Objectives and Action Items.   

 
Mission Statement.  The Mission Statement states the purpose and defines the 
primary function of the Kodiak Island Borough Hazard Mitigation Plan.   The Mission 
Statement is an action-oriented summary that answers the question "Why develop a 
hazard mitigation plan?" 

 
Goals.  Goals identify priorities and specify how Kodiak Island Borough intends to 
work toward reducing the risks from natural and human-caused hazards.   The Goals 
represent the guiding principles toward which the Borough's efforts are directed.   
Goals provide focus for the more specific issues, recommendations and actions 
addressed in Objectives and Action Items.   

 
Objectives.  Each Goal has Objectives which specify the directions, methods, 
processes, or steps necessary to accomplish the plan's Goals.   Objectives lead 
directly to specific Action Items.   
 
Action Items.  Action items are specific well-defined activities or projects that work to 
reduce risk.   That is, the Action Items represent the specific, implementable steps 
necessary to achieve the Mission Statement, Goals and Objectives.   
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4.2 Mission Statement 
 
The mission of the Kodiak Island Borough Hazard Mitigation Plan is to: 

Proactively facilitate and support borough-wide policies, 
practices, and programs that make Kodiak Island Borough more 
disaster resistant and disaster resilient.  

  
Making Kodiak Island Borough more disaster resistant and disaster resilient means 
taking proactive steps and actions to: 

• Protect life safety, 
• Protect critical facilities, 
• Reduce property damage, 
• Minimize economic losses and disruption, and 
• Shorten the recovery period from future disasters.   

 
 
4.3 Mitigation Plan Goals and Objectives 
 
Mitigation plan goals and objectives guide the direction of future policies and 
activities aimed at reducing risk and preventing loss from disaster events.   The goals 
and objectives listed here serve as guideposts and checklists as the Borough, cities, 
villages, other agencies, organizations, businesses and individuals begin 
implementing mitigation action items in Kodiak Island Borough.  
 
These goals were developed with extensive input and priority setting by the mitigation 
plan steering committee, stakeholders and citizens from throughout Kodiak Island 
Borough.   
 
 
Goal 1:  Reduce Threats to Life Safety 
Reducing threats to life safety is the highest priority for Kodiak Island Borough.  
 Objectives: 

A. Enhance life safety by minimizing the potential for deaths and injuries in 
future disaster events. 
B. Enhance life safety by improving public awareness of earthquakes, 
tsunamis and other natural hazards that pose life safety risk to Borough 
citizens. 
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Goal 2:  Protect Critical Facilities 
For Kodiak Island Borough, critical facilities are even more important than usual 
because of the Borough’s geographic isolation. 
 Objectives:  

A. Identify critical buildings and infrastructure at high risk from one or more 
hazards. 
B. Conduct risk assessments for critical facilities at high risk to determine 
cost-effective mitigation actions and implement as funding becomes 
available. 
C. Ensure that new critical and facilities are adequately designed and 
properly sited to minimize damage and loss of function in future disaster 
events. 
 
 

Goal 3:  Reduce Damage to Property 
 Objectives:  

A. Encourage owners of existing buildings and infrastructure to evaluate 
their facilities and implement mitigation measures when necessary. 
B. Ensure that new buildings and infrastructure are adequately designed 
and properly sited to minimize damage and loss of function in future 
disaster events. 

 
Goal 4:  Increase Public Awareness and Understanding of Hazards and 
Mitigation 
 Objectives:  

A. Encourage business owners and residents to deal pragmatically with the 
risks from hazards through education, outreach and partnership activities. 
B. Facilitate and encourage mitigation actions to reduce risks. 
  

Goal 5:  Create a More Disaster-Resistant and Disaster-Resilient Community 
and Economy 
For Kodiak Island Borough, creating a more disaster-resistant and disaster-resilient 
economy is especially important because of the Borough’s geographic isolation and 
narrow economic/employment base. 
 Objectives:  

A. Facilitate and encourage mitigation actions that reduce the impacts of 
future disasters on the Borough’s economy. 
B. Enhance emergency planning to facilitate response to and recovery from 
future disaster events. 
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4.4 Critical Facilities 
 
Critical facilities are those that are especially important to the community during a 
disaster event and during the post-disaster recovery process.  For Kodiak Island 
Borough, critical facilities are even more important than usual because of the 
Borough’s geographic isolation with access only by sea or air.  The Borough as a 
whole, as wells as communities, organizations, businesses and individuals must be 
as self-sufficient as possible, especially in post-disaster times when relief assistance 
from the outside world may not be immediately forthcoming.  
 
The following facilities are deemed critical facilities: 
 
 Buildings 
 
Schools   
 All schools in the Borough are also designated as emergency shelters. 
 
Fire Stations 
 City Fire Station 
 Bayside Fire Station 
 Women’s Bay Fire Station 
 Coast Guard Fire Station 
 Village Fire Halls 

Police Stations 
 Kodiak Police Station 
 Alaska State Police Station 

Other Buildings 
 Borough Offices, including Emergency Operations Center (edit - verify) 

Public Works facilities (specify) which are essential for debris removal and 
recovery operations.                                

Hospitals and Clinics 
 Providence Kodiak Island Medical Center 
 U.S. Coast Guard Support Center – Rockmore-King Clinic 
 Kodiak Island Medical Clinic 
 Kodiak Area Native Association Clinic 
 North Pacific Medical 
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 Utility Infrastructure 

Potable Water System 
 Monashka Bay Dam 
 Piller Creek Dam  (Pillar?) 
 Upper Reservoir 
 Water Treatment Plant 
 Water Distribution Mains and Lines 

Wastewater System 
 Sewage Treatment Plant 
 Pump Stations 
 Wastewater Mains and Lines 

Electric Power 
 Terror Lake Hydroelectric Dam, Powerhouse and Transmission Lines 
 High Substation 
 Hartman Substation 
 Kodiak Electrical Association Electrical Power House 

Telecommunications 
 Kodiak Central Office (switching) 
 Pillar Mountain Antennas and Satellite Dishes 

Fuel Tanks  
 North Pacific Fuel Tanks 
 Petro Marine Fuel Tanks 
 U.S. Coast Guard Bulk Fuel Storage Facilities 
 Village Fuel Tanks. 

 Transportation Infrastructure 

Air Transportation Facilities 
 State Airport 
 Kodiak Municipal Airport 
 Trident Bay Float Plane Facility 
 Woody Island – Aviation Traffic Control 
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Marine Transport Facilities 
 Docks 
  All City Docks, especially Pier III (Horizon Lines cargo) 
  U.S. Coast Guard Docks 
  Lash Docks (Samson Tug and Barge) 
  Cannery Docks 
 Harbor Facilities 
  Saint Herman’s Harbor 
  Saint Paul Harbor 

Major Roads 
 Rezanof Drive from Chiniak to Monashka Bay 
 Chiniak Road 
 Mission Road (parts) 
 Mill Bay Road (parts) 
 Pasagshak Road (parts) 

Major Streets 
 Shelikof Street 
 Center Avenue 
 Marine Way 

Bridges 
 

In addition, there are critical facilities for each of the remote villages, including: 
schools, fuel tanks, diesel generators, dams, reservoirs, potable water facilities, 
wastewater (???) facilities, and others???)  Add more complete list?  Itemized for 
each village? 
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4.5 Progress Report:  2006 Kodiak Island Borough Hazard Mitigation Plan 
Action Items 
 
Kodiak Island Borough has made substantial progress at implementing the mitigation 
action items outlined in the 2006 Kodiak Island Borough Hazard Mitigation Plan, 
especially for seismic retrofits for schools.   
 
The citizens of Kodiak Island Borough passed a bond issue in DATE which provided 
funding for a detailed seismic risk assessment for all of the public school buildings 
within the Borough.  The 2005 seismic risk evaluation for the schools identified 
several school buildings with substantial structural deficiencies which posed 
significant life safety risks, including: the old wings of the Middle School, the library 
wing of the High School, and the original buildings at Ouzinkie and Peterson Schools.   
Furthermore, non-structural life safety risks were identified at all of the school 
buildings.   
 
The approval of the bond issue and the completion of these important seismic retrofit 
projects demonstrate the commitment to hazard mitigation by the Kodiak Island 
Borough and its residents.  Seismic upgrades for the following schools have been 
completed: 
 
Insert brief summary  or table listing the projects for each of the FEMA grants:  Brief 
description: structural, nonstructural or both, which School/wing, total project cost, 
FEMA grant amount 
 
The following table summarizes the status of the action items in the 2006 Kodiak 
Island Borough Hazard Mitigation Plan: 
 
See separate Excel file for table to be completed by Borough staff. 
 

 
 

 
 
 
 
 
  

4-7 
 



4.6 2013 Kodiak Island Borough Hazard Mitigation Plan Action Items 
 
The 2013 Kodiak Island Borough Hazard Mitigation Plan Action Items are 
summarized on the following pages: 
 
Goettel will tune-up and edit the 2006 mitigation action items after completion 
of the progress report for the 2006 action items and the initial updating of the 
hazard and risk information for the 2013 mitigation plan 
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5.0 MITIGATION PLAN ADOPTION, IMPLEMENTATION AND 
MAINTENANCE 

5.1 Overview 
 
For a hazard mitigation plan to be effective, it has to be implemented gradually over 
time, as resources become available, continually evaluated and periodically updated. 
Only through developing a system which routinely incorporates logical thinking about 
hazards and cost-effective mitigation into ongoing public- and private-sector decision 
making will the mitigation action items in this document be accomplished effectively. 
The following sections depict how Kodiak Island Borough has adopted and will 
implement and maintain the vitality of the Kodiak Island Borough Hazard Mitigation 
Plan. 
 
 
5.2 Plan Adoption 
 
Kodiak Island Borough’s first Hazard Mitigation Plan became effective on April 6, 
2013 which was the date of adoption by the Assembly of the Kodiak Island Borough, 
after FEMA approval of the submitted plan. 
 
Were the city/village annexes submitted for FEMA approval and adopted by the 
governing bodies of each city/village in 2008?  If so, provide the dates of adoption 
and the names of each adopting body.  If so, was the updated plan to include the 
annexes re-adopted by the Assembly of the Kodiak Island Borough? 
 
The updated 2013 Kodiak Island Borough Hazard Mitigation plan became effective 
on TBD which was the date of adoption by the Assembly of the Kodiak Island 
Borough.  The Borough adoption resolution and the adoption resolutions for the 
city/village annexes are include in the Appendix of this chapter. 
 
 
5.3 Implementation 
 
 5.3.1 Responsibility and Integration into Ongoing Programs 
 
The Community Development will share responsibility for implementing the plan with 
the Engineering and Facilities Department.  A key aspect of implementation will be 
the important effort to integrate hazard, vulnerability and risk evaluations and 
mitigation planning and mitigation actions into ongoing planning and other Borough 
activities, such as capital improvement planning. 
 
The Community Development Department has ongoing responsibility for many 
planning functions that are closely related to mitigation planning, including land use 
planning (Planning and Zoning Commission, area plan preparation, permitting and 
enforcement), liaison with federal and state agencies, grant writing, and other 
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functions such as supporting the Local Emergency Planning Committee.  All of these 
ongoing functions have ample opportunity for incorporating hazard, vulnerability and 
risk evaluations, mitigation planning, and implementation of mitigation actions into 
ongoing programs.  All such opportunities will be vigorously pursued. 
 
The Engineering and Facilities Department will also incorporate mitigation planning 
into its many ongoing related functions including:  municipal codes related to 
construction and utility improvements, management of capital projects and 
maintenance projects, and liaison between service districts and public officials.  
Through these ongoing processes, mitigation planning will be incorporated into land 
use planning, zoning, and capital improvement plans and related activities within 
Kodiak Island Borough. 
 
Hazard mitigation planning (including hazard, risk and vulnerability assessments) will 
be incorporated into ongoing planning and other Borough functions, including: 

• Land Use Planning.  The Borough’s Land Use plan was last updated on 
October 7, 1999.  Update this date. 

• Community Zoning, including Zoning Management Ordinances and 
Subdivision Management Ordinances.  The initial community zoning was 
implemented on August 6, 1964.  The zoning was last updated on INSERT 
DATE. 

• Building Codes, including: 
o 2006 International Building Code for commercial buildings, including 

apartments. 
o 1997 Uniform Building Code for single family homes and duplexes. 
o 2006 Uniform Plumbing Code 
o 2008 National Electrical Code 
o 2006 International Mechanical Code 

Update code dates/names to be current as of 2013. 

• Annual capital improvement budgets for Kodiak Island Borough, cities and 
villages and other public entities. 

 
 5.3.2 Prioritization of Mitigation Projects 
 
Prioritization of future mitigation projects within Kodiak Island Borough requires 
flexibility because of varying types of projects and funding sources.  Potential projects 
may be identified by the Borough, by various communities, by departments, 
agencies, or by the public. 
 
For Borough projects, the Kodiak Island Borough Assembly will make final decisions 
about implementation and priorities, with the Community Development Department 
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having the lead to help develop potential mitigation projects, with input from all public 
sector agencies and the public at large. 
 
Kodiak Island Borough’s prioritization of mitigation projects will include the following 
factors: 

1. The mission statement, goals and objectives in the Kodiak Island Borough 
Hazard Mitigation Plan including: 

a. Reduce threats to life safety, 
b. Protect critical facilities 
c. Reduce damage to property 
d. Increase public awareness and understanding of hazards and 

mitigation 
e. Create a more disaster-resistant and disaster-resilient community and 

economy. 

2. Benefit-cost analysis and benefit-cost ratio to ensure that mitigation projects 
are cost effective, with benefit exceeding the costs. 

3. The STAPLEE process will also be used to help ensure that potential projects 
meet the broad needs and objectives of the Borough, its communities, and 
citizens, by including consideration of social, technical, administrative, political, 
economic  and environmental aspects of potential projects (see STAPLE/E 
section below. 

 
Cost Effectiveness of Mitigation Projects 

 
As Kodiak Island Borough or the communities and special districts within the County 
consider whether or not to undertake specific mitigation projects or evaluate how to 
decide between competing mitigation projects, they must answer questions that don't 
always have obvious answers, such as: 

 
What is the nature of the hazard problem? 
 
How frequent and how severe are the hazard events of concern? 
 
Do we want to undertake mitigation measures? 
 
What mitigation measures are feasible, appropriate, and affordable? 
 
How do we prioritize between competing mitigation projects? 

 
 Are our mitigation projects likely to be eligible for FEMA funding? 
 
Kodiak Island Borough recognizes that benefit-cost analysis is a powerful tool that 
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can help communities provide solid, defensible answers to these difficult socio-
political-economic-engineering questions.  Benefit-cost analysis is required for all 
FEMA-funded mitigation projects, under both pre-disaster and post-disaster 
mitigation programs.  Thus, communities seeking FEMA funding must understand 
benefit-cost analysis.  However, regardless of whether or not FEMA funding is 
involved, benefit-cost analysis provides a sound basis for evaluating and prioritizing 
possible mitigation projects for any natural hazard.  Thus, Kodiak Island Borough will 
use benefit-cost analysis and related economic tools, such as cost-effectiveness 
evaluation, to the extent practicable in prioritizing and implementing mitigation 
actions. 
 

STAPLEE Process 
 
Kodiak Island Borough will also using the STAPLEE methodology to evaluate 
projects based on the Social, Technical, Administrative, Political, Legal, Economic, 
and Environmental (STAPLEE) considerations and opportunities for implementing 
particular mitigation action items in the City.  The STAPLEE approach is helpful for 
doing a quick analysis of the feasibility of proposed mitigation projects.  
The following paragraphs outline the Borough’s STAPLEE Approach    
 
Social:   

• Is the proposed action socially acceptable to the community?  
• Are there equity issues involved that would mean that one segment of the 
community is treated unfairly? 
• Will the action cause social disruption? 

 
Technical:   

• Will the proposed action work? 
• Will it create more problems than it solves? 
• Does it solve a problem or only a symptom? 
• Is it the most useful action in light of other goals? 

 
Administrative:   

• Is the action implementable? 
• Is there someone to coordinate and lead the effort? 
• Is there sufficient funding, staff, and technical support available? 
• Are there ongoing administrative requirements that need to be met? 

 
Political:   

• Is the action politically acceptable? 
• Is there public support both to implement and to maintain the project? 
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Legal:  Include legal counsel, land use planners, and risk managers in this 
discussion. 

• Who is authorized to implement the proposed action? 
• Is there a clear legal basis or precedent for this activity? 
• Are there legal side effects? Could the activity be construed as a taking? 
• Will the Borough be liable for action or lack of action? 
• Will the activity be challenged? 

 
 
Economic:   

• What are the costs and benefits of this action? 
• Do the benefits exceed the costs? 
• Are initial, maintenance, and administrative costs taken into account? 
• Has funding been secured for the proposed action? If not, what are the 
potential funding sources (public, non-profit, and private)? 
• How will this action affect the fiscal capability of the Borough? 
• What burden will this action place on the tax base or economy? 
• What are the budget and revenue effects of this activity? 
• Does the action contribute to other goals, such as capital improvements or 
economic development? 
• What benefits will the action provide?  

 
Environmental:   

• How will the action impact the environment? 
• Will the action need environmental regulatory approvals? 
• Will it meet local and state regulatory requirements? 
• Are endangered or threatened species likely to be affected? 

 
 5.3.3 Kodiak Island Borough’s Capabilities 
 
Kodiak Island Borough has the necessary human resources to ensure the Plan 
continues to be an actively used planning document.  Borough staff has been active 
in the preparation of the plan, and have gained an understating of the process and 
the desire to integrate the plan into the land use planning.  Through this linkage, the 
plan will be kept active and be a working document.  
 
Borough staff, especially in the Community Development and Engineering and 
Facilities Departments have broad experience with land use planning, zoning, 
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building codes, construction projects and facilitation of community inputs.   This broad 
experience is directly applicable to hazard mitigation planning and to implementation 
of mitigation projects. 
 
Furthermore, recent earthquake and tsunami disasters worldwide and continuing 
volcanic activity in Alaska serve to main a high level of interest in evaluating and 
mitigating risk from natural disasters of all types. These events have kept the interest 
in hazard mitigation planning and implementation alive at the Assembly level, at the 
Borough staff level, in cities and villages and among the citizens of Kodiak Island 
Borough. 
 
 
5.5 Plan Maintenance and Periodic Updating 
 
 5.5.1 Periodic Monitoring, Evaluation and Updating 
 
Monitoring the Kodiak Island Borough Hazard Mitigation Plan is an ongoing, long-
term effort.  An important aspect of monitoring is a continual process of ensuring that 
mitigation actions are compatible with the goals, objectives, and priorities established 
during the development of this mitigation plan. 
 
Kodiak Island Borough has developed a process for regularly reviewing and updating 
the Hazard Mitigation Plan.  The Community Development Department will have 
primary responsibility for monitoring the Plan.   This department has ongoing 
responsibility for land use planning, coordination with federal and state governments 
and grant writing.  Thus, there will be ample opportunities to incorporate mitigation 
planning into ongoing activities and to seek grant support for specific mitigation 
projects. 
 
The Kodiak Island Borough Hazard Mitigation Plan will be reviewed annually as well 
as after significant disaster events affecting the Borough.  These reviews will 
determine whether there have been any significant changes in the understanding of 
hazards, vulnerability and risk or any significant changes in goals, objectives and 
action items.  These reviews will provide opportunities to incorporate new information 
into the Plan, remove outdated items and document completed actions.  This will also 
be the time to recognize the success of the community in implementation of action 
items.  The annual reviews will also focus on identifying potential funding sources for 
implementation of mitigation projects. 
 
NOTE:  see suggestions in Chapter 3 re: establishing a Mitigation Planning 
Committee that is broader than the Community Development Department as part of 
the Planning Process.   If so, this committee could be nominally permanent, with very 
minor tasks between 5-year updates – a single meeting (or e-mail exchange) asking 
if we need any significant updates of the Plan, with documentation of the date and 
outcome for the next 5-year update. 
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The Community Development Department will assess whether and to what extent: 
1. Do the plans goals, objectives and action items still address current and future 

expected conditions? 
2. Do the mitigation action items accurately reflect the Borough’s current conditions 

and mitigation priorities? 
3. Have the technical hazard, vulnerability and risk data been updated or changed? 
4. Are current resources adequate for implanting the Borough’s Hazard Mitigation 

Plan?  If not are their other resources that may be available? 
5. Are there any problems or impediments to implementation?  If so, what are the 

solutions? 
6. Have other agencies, partners, and the public participated as anticipated?  If no, 

what measures can be taken to facilitate participation? 
7. Have there been changes in federal and/or state laws pertaining to hazard 

mitigation in Kodiak Island Borough? 
8. Have the FEMA requirements for the maintenance and updating of hazard 

mitigation plans changed? 
9. What can Kodiak Island Borough learn from declared federal and/or state hazard 

events in other Alaska communities that share similar characteristics to the 
Borough, such as population, geography, land use mix, and hazard vulnerability? 

10.  How have previously implemented mitigation measures performed in recent 
hazard events?  This may include assessment of mitigation action items 
similar to those contained in this Mitigation Plan, but where hazard events 
occurred outside of the Borough.  

 
The Community Development Department will review the results of these Natural 
Hazard Mitigation Plan assessments, identify corrective actions and make 
recommendations, if necessary, to the Kodiak Assembly for actions that may be 
necessary to bring the Hazard Mitigation Plan back into conformance with the stated 
goals and objectives.  Any major revisions of the Plan will be taken to the Kodiak 
Assembly for formal approval as part of the Borough’s ongoing maintenance and 
implementation program. 
 
The Community Development Department will have lead responsibility for the formal 
updates of the plan every five years.  The formal update process will be initiated at 
least two years before the five-year anniversary of FEMA approval of the Kodiak 
Island Borough Hazard Mitigation Plan, to allow ample time for robust participation by 
stakeholders and the public and for updating data, maps, goals, objectives and action 
items.   
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5.5.2 Continued Public Involvement and Participation 
 
Implementation of the mitigation actions identified in the Plan must continue to 
engage not only Borough staff but also the entire community.   Continued public 
involvement will be an integral part of the ongoing process of incorporating mitigation 
planning into land use planning, zoning, and capital improvement plans and related 
activities within Kodiak Island Borough.  In addition, the Borough will expand 
communications and joint efforts between the Mitigation Planning Committee (verify 
or change) and the Local Emergency Planning Committee, who share many goals 
and many members serve on both committees. 
 
The 2013 Kodiak Island Borough Hazard Mitigation Plan will be available on the 
County’s website and hard copies will be placed in the Borough library and in school 
libraries. The existence and locations of these hard copies will be posted on the 
County’s website along with contact information so that people can direct comments, 
suggestions and concerns to the Community Development Department. 
 
Kodiak Island Borough is committed to involving the public directly in the ongoing 
review and updating of the Hazard Mitigation Plan.  This public involvement process 
will include public participation in the monitoring, evaluation and updated processes 
outlined in the previous section and intensify as the next 5-year update process is 
begun and completed. 
 
A press release requesting public comments will be issued after each major update 
and also whenever additional public inputs are deemed necessary.  The press 
release will direct people to the website and other locations where the public can 
review proposed updated versions of the plan. This process will provide the public 
with accessible and effective means to express their concerns, opinions, ideas about 
any updates/changes that are proposed to the mitigation plan.   
 
The Community Development Department will ensure that the resources are 
available to publicize the press releases and maintain public participation through 
web pages, public access channels and newspapers as deemed appropriate. 
 
The Borough will also continue an ongoing outreach program of public education 
about hazards and steps to mitigation the impacts of hazards. These efforts include a 
widely-distributed 42-page brochure which provides general preparedness and 
response guidance for disasters and also discusses: 

• Tsunami Warning signals and evacuation shelters, 

• Earthquake mitigation tips for homes, and 

• Preparation for and response to volcanic ash fall events. 

The Borough’s ongoing public outreach and education efforts for natural hazards will 
also include supporting regular publication of guidance similar to that in the brochure 
discussed above in the Kodiak Daily Mirror.  
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APPENDIX 
 
 

Adoption Resolution(s) 
 

Insert scans of the adoption resolutions after FEMA approval and 
subsequent adoption by the Assembly (and cities/villages). 
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6.0 EARTHQUAKES    
 
6.1 Introduction 
 
Alaska is the most seismically active state and has had seven of the ten largest 
earthquakes in the United States.  Every location in Alaska has some level of 
earthquake hazard, but the level of earthquake hazard varies significantly with 
location within the state.  Kodiak Island Borough is located in the very high 
earthquake hazard area of Alaska 
 
Historically, awareness of seismic risk in Alaska has generally been high, among 
both the public at large and public officials.  This high level of awareness reflects 
the high level of seismic activity in many parts of Alaska as well as the long lasting 
memory of the Good Friday earthquake of March 27, 1964 which was one of the 
largest earthquakes experienced anywhere in the world in the past 100 years. 
 
The awareness of seismic risk in Alaska has increased because of the devastating 
earthquakes and tsunamis in Indonesia in 2004 and Japan in 2011.  The geologic 
settings for the Indonesia and Japan earthquakes are very similar to the Aleutian 
Subduction Zone along the Alaska coast. 
 
Earthquakes are described by their magnitude (M), which is a measure of the total 
energy released by an earthquake.  The most common magnitude is the “moment 
magnitude” which is calculated by seismologists from the amount of slip 
(movement) on the fault causing the earthquake and the area of the fault surface 
that ruptures during the earthquake.  Moment magnitudes are similar to the 
Richter magnitude, which was used for many decades but has now been replaced 
by the moment magnitude.   
 
The dates and magnitudes for the largest earthquakes recorded worldwide and in 
Alaska are shown below.   
 

Table 6.1 
Largest Recorded Earthquakes 

 

 
 

Figure 6.1 on the following page shows major historical earthquakes in Alaska with 
magnitudes of 6.0 or higher.

Worldwide Magnitude Alaska Magnitude

1960 Chile 9.5 1964 Prince William Sound, Alaska 9.2

1964 Prince William Sound, Alaska 9.2 1965 Rat Islands 8.7

2004 Sumatra, Indonesia 9.1 1957 Andreanof Islands 8.6

2011 Japan 9.0 1938 Shumagin Islands 8.3

1952 Kamchatka, Russia 9.0 1949 Queen Charlotte Fault 8.1

2010 Chile 8.8 1986 Andreanof Islands 8.0

1906 Ecuador 8.8 1899 Cape Yakataga 8.0
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Figure 6.1 
Epicenters of Historic Earthquakes in Alaska with Magnitudes of 6.0 or Higher 
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Earthquakes in Alaska, and throughout the world, occur predominantly because of 
plate tectonics - the relative movement of plates of oceanic and continental rocks that 
make up the rocky surface of the earth.  Earthquakes can also occur because of 
volcanic activity and other geological processes.   
 
There are three source regions for earthquakes that can affect Kodiak Island:  

1) Interplate (also called “interface”) earthquakes on the Aleutian Trench 
subduction zone, where portions of the Pacific Ocean  plate is being 
pushed/pulled (subducted) under the North American plate.  The 1964 Good 
Friday earthquake as an example of this type of earthquake. 
2) Intraplate (also called “intraslab”, “Benioff Zone or “deep zone”) 
earthquakes within a subducting oceanic plate.  The 1999, 2000 and 2001 
earthquakes which occurred deep under the southwest part of Kodiak Island 
are examples of this type of earthquake. 
3)  Crustal earthquakes within Kodiak Island.  The Narrow Cape fault, located 
parallel to the southeastern edge of Kodiak Island is an example of this type of 
fault.  This fault is active and capable of earthquakes in the M7 to M7.5 range.  
It is also highly likely that there are other similar faults within Kodiak Island 
with locations which are unknown or poorly documented. 
 

The plate tectonic setting of Kodiak Island is shown in the following figure from the 
KIB Seismic Vulnerability Assessment by G&E Engineering Systems Inc. (2005). 

 
Figure 6.2 

Plate Tectonic Setting of Kodiak Island 
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6.2 Earthquake Concepts for Risk Assessments  
 
 6.2.1 Earthquake Magnitudes 
 
In evaluating earthquakes, it is important to recognize that the earthquake magnitude 
scale is not linear, but rather logarithmic.  Each one step increase in magnitude, for 
example from M7 to M8, corresponds to an increase of about a factor of 30 in the 
amount of energy released by the earthquake, because of the mathematics of the 
magnitude scale. 
 
Thus, a M7 earthquake releases about 30 times more energy than a M6, while a M8 
releases about 30 times more energy than a M7 and so on.  Thus, a great M9 
earthquake releases nearly 1,000 times more energy than a large earthquake of M7 
and nearly 30,000 times more energy than a M6 earthquake. 
 
The public often assumes that the larger the magnitude of an earthquake, the 
“worse”  it is.  That is, the “big one” is the M9 earthquake and smaller earthquakes 
such as M6 or M7 are not the “big one”.  However, this is true only in very general 
terms.  Higher magnitude earthquakes do affect larger geographic areas, with much 
more widespread damage than smaller magnitude earthquakes. However, for a given 
site, the magnitude of an earthquake is not a good measure of the severity of the 
earthquake at that site.   
 
For any earthquake, the intensity of ground shaking at a given site depends on four 
main factors: 

• Earthquake magnitude, 

• Earthquake epicenter, which is the location on the earth’s surface directly 
above the point of origin of an earthquake, 

• Earthquake depth, and 

• Soil or rock conditions at the site, which may amplify or deamplify earthquake 
ground motions 

An earthquake will generally produce the strongest ground motions near the 
epicenter (the point on the ground above where the earthquake initiated) with the 
intensity of ground motions diminishing with increasing distance from the epicenter.  
The intensity of ground shaking at a given location depends on the four factors listed 
above.   Thus, for any given earthquake there will be contours of varying intensity of 
ground shaking vs. distance from the epicenter.  The intensity will generally decrease 
with distance from the epicenter, and often in an irregular pattern, not simply in 
concentric circles.  This irregularity is caused by soil conditions, the complexity of 
earthquake fault rupture patterns, and possible directionality in the dispersion of 
earthquake energy. 
 
The amount of earthquake damage and the size of the geographic area affected 
generally increase with earthquake magnitude: 
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• Earthquakes below about M5 are not likely to cause significant damage, even 
locally very near the epicenter.   

• Earthquakes between about M5 and M6 are likely to cause slight to moderate 
damage near the epicenter.   

• Earthquakes of about M6.5 or greater  can cause major damage, with damage 
usually concentrated fairly near the epicenter.   

• Larger earthquakes of M7+ cause damage over increasingly wider geographic 
areas with the potential for very high levels of damage near the epicenter.   

• Great earthquakes with M8+ can cause major damage over wide geographic 
areas.   

 
 6.2.2 Intensity of Ground Shaking 
 
There are many measures of the severity or intensity of earthquake ground motions.  
The Modified Mercalli Intensity scale (MMI) was widely used beginning in the early 
1900s.  MMI is a descriptive, qualitative scale that relates severity of ground motions 
to the types of damage experienced.  MMIs range from I to XII.  More accurate, 
quantitative measures of the intensity of ground shaking have largely replaced the 
MMI and these are used in this mitigation plan. 
 
Modern intensity scales use terms that can be physically measured with 
seismometers, such as the acceleration, velocity, or displacement (movement) of the 
ground.  The intensity of earthquake ground motions may also be measured in 
spectral terms, as a function of the frequency of earthquake waves propagating 
through the earth.  In the same sense that sound waves contain a mix of low-, 
moderate- and high-frequency sound waves, earthquake waves contain ground 
motions of various frequencies.  The behavior of buildings and other structures 
depends substantially on the vibration frequencies of the building or structure vs. the 
spectral (frequency) content of earthquake waves.   Earthquake ground motions also 
include both horizontal and vertical components. 
 
A common physical measure of the intensity of earthquake ground shaking, and the 
one used in this mitigation plan, is Peak Ground Acceleration (PGA).  PGA is a 
measure of the intensity of shaking, relative to the acceleration of gravity (g).  For 
example, an acceleration of 1.0 g PGA is an extremely strong ground motion, which 
does occur near the epicenter of large earthquakes.  With a vertical acceleration of 
1.0 g, objects are thrown into the air.  With a horizontal acceleration of 1.0 g, objects 
accelerate sideways at the same rate as if they had been dropped from the ceiling.  
10% g PGA means that the ground acceleration is 10% that of gravity, and so on. 
 
Damage levels experienced in an earthquake vary with the intensity of ground 
shaking and with the seismic capacity of structures.  The following generalized 
observations provide qualitative statements about the likely extent of damages for 
earthquakes with various levels of ground shaking (PGA) at a given site: 
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• Ground motions of only 1% g or 2% g are widely felt by people; hanging plants 
and lamps swing strongly, but damage levels, if any, are usually very low.   

• Ground motions below about 10% g usually cause only slight damage.  

• Ground motions between about 10% g and 30% g may cause minor to 
moderate damage in well-designed buildings, with higher levels of damage in 
more vulnerable buildings.   At this level of ground shaking, some poorly 
buildings may be subject to collapse.   

• Ground motions above about 30% g may cause significant damage in well-
designed buildings and very high levels of damage (including collapse) in 
poorly designed buildings.   

• Ground motions above about 50% g may cause significant damage in most 
buildings, even those designed to resist seismic forces. 

 
6.3  Earthquake Hazard Maps 
 
The current scientific understanding of earthquakes is incapable of predicting exactly 
where and when the next earthquake will occur.  However, the long term probability 
of earthquakes is well enough understood to make useful estimates of the probability 
of various levels of earthquake ground motions at a given location. 
 
The current consensus estimates for earthquake hazards in the Alaska are 
incorporated into the 2007 USGS Seismic Hazard Maps.  These maps are the basis 
of building code design requirements for new construction, per the International 
Building Code adopted in Alaska.  The earthquake ground motions used for building 
design are set at 2/3rds of the 2% in 50 years level of ground motion.  
 
The following maps show contours of Peak Ground Acceleration (PGA) with 10% and 
2% chances of occurring over the next 50 years.  The ground shaking values on the 
maps are expressed as a percentage of g, the acceleration of gravity.  For example, 
the 10% in 50 year PGA value means that over the next 50 years there is a 10% 
probability of this level of ground shaking or higher.    
 
In very qualitative terms, the 10% in 50 year ground motion represents a likely 
earthquake while the 2% in 50 year ground motion represents a level of ground 
shaking close to but not the absolute worst case scenario.  For the City of Kodiak, the 
10% in 50 years and the 2% in 50 years ground motions are about 45% g and about 
71% of g, respectively.  These levels of ground shaking are very high and would 
result in widespread damage to buildings and infrastructure. 
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Figure 6.2a 
Probabilistic Earthquake Ground Motions (10% in 50 Years) 

 
 

Figure 6.2b 
Probabilistic Earthquake Ground Motions (10% in 50 Years) 
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Figure 6.3 
Probabilistic Earthquake Ground Motions (2% in 50 Years) 

 
 

These maps are generated by including earthquakes from all known faults, taking 
into account the expected magnitudes and frequencies of earthquakes for each fault.  
The maps also include contributions from unknown faults, which are statistically 
possible anywhere in Alaska and anywhere within the Borough.  The contributions 
from unknown faults are included via “area” seismicity which is distributed throughout 
the state. 
 
As shown in Figures 6.2 and 6.3, the level of seismic hazard is very high everywhere 
within Kodiak Island Borough.  However, the level of seismic hazard increases 
towards the southeastern coast of the island because of increasing proximity to the 
subduction zone offshore and because of the crustal faults within Kodiak Island.  
Conversely, the level of seismic hazard decreases towards the northwest coast of the 
island. 
 
The contours and PGA data shown above represent ground motions for rock sites 
per the USGS seismic hazard mapping.  Ground motions on soil sites, especially soft 
soil sites will be significantly higher than for rock sites.  Thus, for earthquake hazard 
analysis at a given site it is necessary to include consideration of the site’s soil 
conditions.   
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 6.4 Secondary Effects of Earthquakes 
 
Much of the damage in earthquakes occurs from ground shaking that affects 
buildings and infrastructure.  However, there are several other consequences of 
earthquakes that can result in substantially increased levels of damage in some 
locations.  These consequences include:  tsunamis and seiches, surface rupture, 
subsidence or elevation, liquefaction, settlement, lateral spreading, landslides,  and 
dam, reservoir or levee failures.  Any of these consequences can result in very 
severe damage to buildings and infrastructure, up to and including complete 
destruction, and also a high likelihood of casualties. 
 

6.4.1 Tsunamis and Seiches 
 
Tsunamis, which are sometimes incorrectly referred to as “tidal waves,” result from 
earthquakes that cause a sudden rise or fall of part of the ocean floor.  Such 
movements may produce tsunami waves, which have nothing to do with the ordinary 
ocean tides.  Tsunamis may also be generated by undersea landslides, by terrestrial 
landslides into bodies of water, and by asteroid impacts.  However, earthquakes are 
the predominant cause of tsunamis. 
 
In the open ocean, far from land and in deep water, tsunami waves may be only a 
few inches high and thus be virtually undetectable, except by special monitoring 
instruments.  These waves travel across the ocean at speeds of several hundred 
miles per hour.  When such waves reach shallow water near the coastline, they slow 
down and can gain great heights.   
 
Tsunamis affecting the coast of Kodiak Island Borough can be produced from very 
distant earthquakes anywhere in the Pacific Ocean.  For such tsunamis, the warning 
time for the Borough coast would be at least several hours and the severity of such 
tsunamis is typically much smaller than tsunamis generated by nearby sources.  
 
The predominant concern for tsunamis is large earthquakes on the Aleutian 
subduction zone, such as the 1964 earthquake.  For such earthquakes the warning 
time – the period between the end of earthquake ground shaking and the first arrivals 
of tsunami waves – would be short, less than 30 minutes.  Because of this short 
warning time and the possible extreme severity of these tsunamis, emergency 
planning and public education are essential before such an event occurs.  Local 
tsunamis can also be generated by crustal earthquake faults such as the Narrow 
Cape Fault, which extend offshore into the ocean. 
 
A similar earthquake phenomenon is “seiches” which are waves from sloshing of 
inland bodies of waters such as lakes, reservoirs, or rivers.  Seiches may result in 
damages to docks and other shoreline or near-shore structures.  See Chapter 7 
Tsunamis for a more detailed discussion of tsunamis. 
 
  

 
 

7-9 



 6.4.2 Surface Rupture 
 
Surface rupture occurs when the fault plane along which rupture occurs in an 
earthquake reaches the surface.  Surface rupture may be horizontal and/or vertical 
displacement between the sides of the rupture plane.  For a building subject to 
surface rupture the level of damage is typically very high and generally results in 
destruction of the building.  Horizontal or vertical rupture through a building in a major 
earthquake means that two parts of the building are displaced by several feet in 
horizontal or vertical direction or both. 
 
Surface rupture does not occur with interface or intraplate earthquakes on the 
Aleutian Subduction Zone and does not occur with all crustal earthquakes.  Fault 
rupture for the subduction zone earthquakes and for many crustal earthquakes 
doesn’t reach the earth’s surface.  However, surface rupture does occur for some 
crustal earthquakes.  Surface rupture is possible for earthquakes on many of the 
crustal faults within Kodiak Island Borough. 
 
Surface rupture may include horizontal or vertical displacements of the ground or 
both with resulting major damage to buildings or infrastructure affected by the surface 
rupture.   
 
 6.4.2 Subsidence or Uplift 
 
Large interface earthquakes on the Aleutian Subduction Zone are expected to result 
in subsidence of up to several feet in many coastal locations, while other locations 
may be uplifted by several feet.  For facilities located very near sea level, co-seismic 
subsidence may result in the facilities being below sea level or low enough so that 
flooding becomes very frequent.  Subsidence may also impede egress by blocking 
some routes and thus increase the likelihood of casualties from tsunamis.  Note:  
Goettel is checking re: how this applies (or doesn’t) to Kodiak. 
 
Subsidence or uplift may be fairly uniform over an area or be uneven due to 
variations in soil/rock type.  Uneven subsidence or uplift may substantially increase 
building damages in a manner analogous to surface rupture. 
 

6.4.3 Liquefaction, Settlement and Lateral Spreading 
 
Liquefaction is a process where loose, wet sediments lose bearing strength during an 
earthquake and behave similar to a liquid.  Once a soil liquefies, it tends to settle 
vertically and/or spread laterally.  With even very slight slopes, liquefied soils tend to 
move sideways downhill (lateral spreading).  Settling or lateral spreading can cause 
major damage to buildings and to buried infrastructure such as pipes and cables.   
Note:  Goettel is checking re: how this applies (or doesn’t) to Kodiak. 
 

6.4.4 Landslides 
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Earthquakes can also induce landslides, especially if an earthquake occurs during 
the rainy season and soils are saturated with water.  The areas prone to earthquake-
induced landslides are largely the same as those areas prone to landslides in 
general. As with all landslides, areas of steep slopes with loose rock or soils and high 
water tables are most prone to earthquake-induced landslides.   
 
See Chapter TBD Landslides for a more detailed discussion of landslides.  
 

6.4.5 Dam, Reservoir and Levee Failures 
 
Earthquakes can also cause dam failures in several ways.  The most common mode 
of earthquake-induced dam failure is slumping or settlement of earthfill dams where 
the fill has not been properly compacted.  If the slumping occurs when the dam is full, 
then overtopping of the dam, with rapid erosion leading to dam failure is possible.  
Dam failure is also possible if strong ground motions heavily damage concrete dams 
or wooden dams such as the Mahoona Dam in Ouzinkie.  Earthquake induced 
landslides into reservoirs have also caused dam failures.   
 
Depending on dam functions, damage to dams may result in disruption of 
hydroelectric power generation and/or potable water supplies.  Dam failures may also 
result in extensive flood damage downstream from a dam.    
 
Earthquake-induced failures of concrete or steel water storage reservoirs for potable 
water systems or for fuel storage are also possible.   
 
 
6.5 Previous Occurrences of Earthquakes 

Kodiak Island has a long history of experiencing earthquakes as documented in 
native people's oral histories and by reports from early Russian settlers beginning in 
the 1700s.  The most recent major earthquake affecting Kodiak Island was the 1964 
Good Friday earthquake, a M9.2 interplate earthquake along the Aleutian Trench 
subduction zone. 

The 1964 earthquake and the subsequent tsunami resulted in six deaths in Kodiak 
and about $30,000,000 in damage.  In 2013 dollars, this level of damage would be 
approximately $225,000,000 – an immense amount of damage for a community as 
small as Kodiak. 

Kodiak Island Borough also experienced a cluster of several earthquakes between 
December 1999 and January 2001: 

• December 6, 1999: M7.0, with aftershocks of M5.4 and M6.4. 

• July 11, 2000:  M6.3, an aftershock of the December earthquake, and 

• January 10, 2001: M6.9. 
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The epicenters of these earthquakes were near the southwest corner of Kodiak 
Island.  These earthquakes were deep intraplate earthquakes within the subducting 
Pacific  Plate.  These earthquakes were widely felt throughout Kodiak Island Borough 
and on the mainland.  Damage in the Borough was minor, mostly  limited to some 
disruptions of utility and telecommunications service.  The damage levels were minor 
because of the remote location and depth of the earthquakes.  Earthquakes of similar 
magnitudes in or near developed areas, especially shallow crustal earthquakes, 
would result in substantially greater damages. 
 
6.6 Earthquake Consequences 

Of all of the natural hazards, earthquakes pose by far the greatest risk to Kodiak 
Island Borough. That is, the potential for damages, casualties, and economic impacts 
from major earthquakes is far higher than for any other hazard. Furthermore, 
secondary impacts of earthquakes including tsunamis, landslides, and soil effects 
such as liquefaction, settlement and lateral spreading could result in major damage to 
affected buildings and infrastructure. 

A major earthquake would affect all or most of Kodiak Island Borough with 
widespread damage to public, residential and commercial buildings and widespread 
damage to infrastructure.  Critical facilities at risk include:  schools (emergency 
shelters), police and fire stations, medical facilities, harbor and airport facilities, fuel 
storage facilities, and lifeline utilities including electric power, water, wastewater and 
telecommunications. 
 
For earthquakes, the level of casualties (deaths and injuries), the number of people 
needing emergency shelter, damages to buildings and infrastructure and overall 
economic impacts will vary markedly depending on the location and severity of each 
earthquake event.  The table below provides a very rough overview of the likely 
impacts for major earthquakes with ground shaking roughly in the range of 30% g to 
60% g in the population center of the City of Kodiak and surrounding areas. 

The summary analysis of earthquakes consequences in Table 6.2 on the following 
page applies to the entire Borough.  Because the population of the Borough and thus 
also the built environment of buildings and infrastructure is predominantly 
concentrated in the city of Kodiak and surrounding areas, the Borough-wide overview 
specifically applies to these areas.  Much of the summary also applies to the remote 
communities.  However, because of their isolated nature, there are also community-
specific aspects of earthquake risk that are important to recognize. 
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Table 6.2 
Probable Impacts of Major Earthquakes for Kodiak Island Borough 

 
Categories Probable Impacts on Kodiak Island Borough

Areas Affected Major earthquakes will affect the entire Borough, although the  areas with 
greatest impacts will vary depending on the location of each earthquake.

Building and Contents Damage

Many buildings will have light to moderate damage to the building and 
contents.  Heavy damage will be concentrated in the most vulnerable 
buildings, including wood frame buildings with cripple walls or weak 
foundations, unreinforced masonry buildings, older concrete buildings, 
including tilt-up concrete buildings.  Total building and contents damages 
could range from several million dollars to over $200 million

Streets and Roads
Minor damage possible in areas of soft soils.  Bridges may have 
moderate to extensive damage.  Some road closures are likely from 
landslides.

Air Transportation Disruption of service at Kodiak Airport possible, especially for earthquake 
with significant tsunamis.

Marine Transportation
Substantial damage to harbor and dock facilities may result in major 
disruption of service, especially for earthquakes with significant 
tsunamis.

Electric Power Short outages of electric power are likely, with duration ranging from a 
few hours to several days.  Damage to hydroelectric facilities is possible.

Water and Wastewater
Generally moderate damage to water and wastewater systems, including 
pipe breaks, damage to reservoirs and treatment plants.  Many 
customers may lose service for up to several days.

Telecommunications Possible damage to infrastructure.  System overloads with difficult 
access for first one to three days, followed by return to normal service.

Fuel Supplies Possible damage to fuel tanks, especially for earthquakes with 
significant tsunamis.

Emergency Shelter Needs Depending on the specific earthquake, roughly 5% to 20% of the 
population may need emergency shelter.

Casualties

Will vary markedly with specific earthquake, ranging from a few injuries 
and no deaths to hundreds of injuries and tens of deaths.  Casualties 
likely higher for daytime earthquakes than for nighttime earthquakes 
because mostly wood frame residential buildings have lower life safety 
risks. 

 
Most of the buildings in Akhiok, Karluk, Larsen Bay, Old Harbor, Ouzinkie and Port 
Lions are small wood frame buildings that are generally expected to perform 
reasonably well in earthquakes, except for buildings in locations subject to tsunamis. 
 
Each of these communities also has a school which also serves the community as a 
multi-purpose meeting place.  The seismic vulnerability of each of these schools was 
evaluated in 2005 and the structural seismic performance of all of these schools was 
judged to be adequate, except for the Ouzinkie School.  For the Ouzinkie School, 
structural deficiencies were identified for the older portions of the school.   A seismic 
retrofit was completed in 2008 for this structure.  Therefore, these important facilities 
are likely to be usable after an earthquake.  However, for Akhiok, nearly the entire 
building inventory, including the school is vulnerable to damage or destruction from 
large tsunamis. 
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Other critical facilities in these isolated communities include dock/harbor facilities fuel 
tanks, electric power generation facilities and potable water systems.  Many of these 
facilities likely have substantial seismic vulnerabilities and many area also vulnerable 
to tsunamis.  Evaluation of these facilities for seismic risk and tsunaimi risk is an 
important mitigation action item. 
 
6.7  Scenario Earthquake Loss Estimates for Kodiak Island Borough 
 
FEMA Region X has completed a pilot study analysis of earthquake damages, 
casualties and losses for Kodiak Island Borough for three scenario earthquakes:   

• 1… 

• 2… 

• 3… 

These analyses were completed using FEMA’s HAZUS MH Version 2.1 loss 
estimation software, including the Advanced Building Engineering Module (ABEM).  
The ABEM module facilitates incorporation of building specific data for the inventory 
of buildings in Kodiak Island Borough.  Incorporating building specific data such as 
the type of construction and vintage of buildings improves the accuracy of HAZUS 
loss estimates compared to what is known as HAZUS Level One estimates, which 
are based only on census track estimates of building inventory. 
 
However, even with using the ABEM inputs, HAZUS loss estimates should not be 
interpreted literally, but rather as approximate estimates of the levels of casualties, 
damages and economic losses likely if each of these scenario earthquakes were to 
occur.  There is inevitably considerable uncertainty in earthquake loss estimates and 
the actual damages, casualties and losses if one of the modeled scenario 
earthquakes were to occur may be significantly higher or lower than the HAZUS 
estimates.  Nevertheless, HAZUS loss estimates are useful as an indication of the 
likely level of damages, casualties and losses expected if these earthquakes occur. 
 
Note:  FEMA Region X has indicated that they will send me the outputs for the 
three HAZUS earthquake scenarios this week – I’ll extract summary tables and 
include such here. 
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6.8 Typical Earthquake Mitigation Measures 
 
Most earthquake mitigation measures fall into two categories:  structural retrofits and 
nonstructural retrofits.  Structural retrofits strengthen the elements that provide 
resistance to vertical forces (gravity or earthquake ground motions) or horizontal 
forces (wind or earthquake ground motions) for buildings or infrastructure.  Structural 
retrofits for buildings improve the capacity of foundations, walls, beams, columns, 
floor diaphragms and roofs to resist seismic forces.  Similarly, structural retrofits for 
utility and transportation infrastructure such as bridges, dams, water reservoirs or fuel 
tanks improve the capacity to resist seismic forces. 
 
Nonstructural retrofits include anchoring or bracing building contents, equipment, and 
building elements such as electric, mechanical, plumbing and HVAC components.  
Nonstructural retrofits for utility and transportation infrastructure include bracing of 
equipment, piping and other nonstructural components. 
 
Typical seismic retrofits include: 
 

• Structural retrofits for public, residential, commercial, industrial, or utility 
buildings, 

• Nonstructural retrofits for public, residential, commercial, industrial, or utility 
buildings, 

• Structural retrofits for bridges, dams, water reservoirs, or fuel tanks, 

• Nonstructural retrofits for utility system infrastructure, and 

• Nonstructural retrofits for transportation systems (harbor and airport facilities). 
 
6.9 Earthquake Mitigation Action Items 
 
Kodiak Island Borough’s earthquake action items are summarized in Table 6.3 on the 
following page. 
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Table 6.3 
Earthquake Mitigation Action Items 
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Earthquake Mitigation Action Items

Short-Term         
#1

Complete nonstructural seismic retrofits for 
school buildings

KIB, KIB School District, villages 1-3 Years X X X X X

Short-Term         
#2

Complete seismic retrofit or replacement of the 
Mahoona Dam

??? Who owns the dam? 1-3 Years X X X X X

Short-Term         
#3

Conduct seismic risk evaluatiosn for critical 
facilities (buildings, transportation systems, utility 
systems) to determine which assets may require 
retrofit

KIB, City of Kodiak, villages, 
Kodiak Electric Association, 
Alaska Villages Electrical Coop, 
Petrostar, Petromarine

1-3 Years X X X X X

Short-Term         
#4

Disseminate FEMA pamphlets to educate 
homeowners and businesses about structural 
and non-structural retrofitting of vulnerable 
buildings and encourage retrofit

KIB, City of Kodiak, villages Ongoing X X X X

Long-Term     
#1

Obtain funding and retrofit critical facilities to 
ensure adequate seismic performance in future 
earthquakes

KIB, City of Kodiak, villages, 
Kodiak Electric Association, 
Alaska Villages Electrical Coop, 
Petrostar, Petromarine

Long 
Term

X X X X X

Long-Term     
#2

Encourage retrofit of vulnerable residential, 
commercial and industrial buildings

KIB, City of Kodiak, villages
Long 
Term

X X X X

Timeline

Mitigation Plan Goals Addressed

Hazard Action Item Coordinating Organizations

 
Minor updates from 2006 plan.  Please review/comment carefully for edits/additons/deletions 
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7.0 TSUNAMIS  
 
7.1 Tsunami Overview    
 
Tsunamis are ocean waves that are most commonly initiated by earthquakes with 
vertical deformation of the seafloor.  Tsunami waves propagate outwards from the 
location of origin for very large distances.  For example, a tsunami-triggering event 
anywhere in the Pacific Ocean will result in measurable tsunamis for the entire 
Pacific Ocean coastline. 
 
The mechanism by which undersea earthquakes trigger tsunamis is illustrated by the 
following figure. 
 

Figure 7.1 
Earthquake-Generated Tsunamis1 
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In deep open ocean waters, tsunami waves have very long wavelengths, up to about 
150 miles, and small amplitudes, ranging from a few inches to less than three feet.  In 
the open ocean, tsunami waves may be barely perceptible to a ship.   
 
However, as tsunami waves reach shallow water near coastlines, the wavelengths 
shorten and their amplitudes increase markedly and may reach may reach to 10 feet 
or 20 feet or more.  Once tsunami waves reach shore, the maximum run-up elevation 
and inundation distance inland vary markedly from event to event and location to 
location.  Run-up elevations and inundation distances from the coast depend strongly 
not only on the offshore wave height but also on the near shore bathymetry and the 
detailed local topography at any given location. 
 
Tsunami inundations are flood events, but the level of damage may be much more 
severe than typical riverine or coastal flooding events for several reasons: 

• Tsunami inundation depths may be much higher than flood events. 

• Tsunami current velocities may be much higher than for flood events, 
especially on outgoing surges as tsunami waters return to the ocean. 

• Tsunami inundations typically involve multiple surges of flooding, with both 
incoming and outgoing surges; first surge may not be the largest. 

• The depth, velocity and multiple surges in tsunami events typically result in 
widespread damage to buildings, infrastructure and vegetation which 
generates heavy debris loads which in turn further exacerbate tsunami 
damage. 

The multiple-surges experienced during tsunamis are illustrated in Figure 7.2. 
 

Figure 7.2 
Tsunami Surges in Hilo, Hawaii from M9.5 1960 Chile Earthquake2 
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The power of tsunamis to result in nearly total destruction of buildings is illustrated by 
the photograph from the March 2011 Tohoku tsunami in Japan, shown in Figure 7.3 
below.  The photograph shows the complete destruction of hundreds of buildings with 
little but the foundations remaining after the tsunami event. Only a few very robust 
buildings survived this tsunami. 
 

Figure 7.3 
Complete Destruction: March 2011 Tohoku Tsunami, Japan3 

 

 
 
The March 2011 Tohoku tsunami in Japan was generated by a M9.0 earthquake on a 
subduction zone that is geologically similar to the Alaska-Aleutian Subduction Zone 
along the coast of the Alaska. 
   
8.2 Tsunami Sources 
 
The most common source mechanism for tsunami generation is earthquakes within 
the oceanic floor.  Earthquake sources for tsunamis are commonly divided into two 
types: 

• Distant or far-field earthquake events within the Pacific Ocean, that occur 
thousands of miles from Kodiak.  For far-field events, the warning time 
between an earthquake event that generates a tsunami and arrival of tsunami 
waves is several hours or more. 

• Local or near-field earthquake events that occur very near Kodiak.  For near-
field events, the warning time is generally an hour or less and may be as short 
as a few minutes.  For Kodiak, the most important near-field earthquake 
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source is the Alaska-Aleutian Subduction Zone which was the source of the 
1964 Prince William Sound earthquake and tsunami.. 

 
The following figure shows tsunami travel times for the 1964 Prince William Sound 
M9.2 earthquake, which generated tsunamis throughout the Pacific Ocean.   
 

Figure 7.4 
Tsunami Travel Times: M9.2 1964 Prince William Sound Alaska Earthquake.4 

(Travel Time Contours are Hours) 

 
For Kodiak Island Borough, both distant and local earthquake sources contribute sig 
to the total tsunami hazard.   However, distant earthquakes generate much smaller 
tsunamis in Kodiak, with long warning times.  The risk is much higher for earthquakes 
on the Alaska-Aleutian Subduction Zone which generate larger tsunamis with very 
short warning times.   
 
For Kodiak Island Borough, tsunamis from great interplate earthquakes on the 
Alaska-Aleutian Subduction Zone, such as the 1964 earthquake pose the greatest 
threat.  Deep intraplate earthquakes on the Alaska-Aleutian Subduction Zone don’t 
generate tsunamis because they don’t result in vertical deformation of the sea floor. 
However, earthquakes on crustal faults within or near Kodiak Island can also 
generate significant localized tsunamis on faults that extend offshore for earthquakes 
that include vertical deformation of the seafloor.  See Chapter 6 Earthquakes for 
further discussion of these types of earthquake events. 
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Tsunamis can also be generated by several other sources including:  

• Submarine landslides,  

• Landslides from land into bodies of water, 

• Collapses of volcanoes into bodies of water, 

• Asteroid impacts, and 

• Nuclear explosions.   
 

These non-earthquake sources can generate large tsunamis, but are much less likely 
to occur than are earthquake-generated tsunamis. These non-earthquake tsunami 
sources have very long return periods, typically from thousands of years to hundreds 
of thousands of years to millions of years. 
 
Submarine landslides can cause significant tsunamis by displacing ocean water.  
They can generate significant tsunamis only if two conditions are both met:  1) the 
volume of material moving in the landslide must be large, and 2) the landslide must 
move rapidly – slow moving landslides don’t generate significant tsunamis. 
 
The return periods for major submarine landslides not generated by earthquakes are 
typically long because it takes thousands or tens of thousands of years for enough 
sediment to be deposited on an undersea slope to result a substantial landslide.  
Submarine landslides generated by earthquakes are much more common.  However, 
when earthquakes generate submarine landslides, it is usually the earthquake which 
generates the major tsunami, not the landslide. 
 
For completeness, we note that on-land landslides into the ocean can generate 
extreme tsunamis in very localized areas.  The most dramatic example occurred in 
1958 in Lituya Bay, a narrow fjord about two miles wide and six miles long in the 
Alaska panhandle.  A magnitude 7.7 earthquake on July 9, 1958, triggered a massive 
rockslide of about 40 million cubic yards which generated an immense tsunami that 
stripped trees and soil from the hillside across the bay from the rockslide to an 
elevation of 1,720 feet above sea level. stripped created a wave about 800 feet high 
which denuded trees on the hillside across from the landslide to an elevation of about 
1,600 feet.  Runup heights elsewhere in Lituya Bay ranged from about 30 feet to 
about 600 feet.  Figure 7.5 on the following page shows the runup area around the 
perimeter of Lituya Bay. 
 
There are no locations along the coast of Kodiak Island Borough where such extreme 
localized landslide generated tsunamis can occur.  However, locally damaging 
tsunamis can be generated by smaller landslides from steep slopes into the Pacific 
Ocean, Shelikof Strait or bays. 
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Figure 7.5 
Lituya Bay Tsunami Runup Map5 

 

 
 
Asteroid impacts into the Pacific Ocean can generate large tsunamis, but these are 
extremely unlikely.  Return periods for asteroid impacts of various sizes are not well 
determined, but all estimates yield very long return periods for large asteroid impacts.  
The estimated return period for impacts of 1 kilometer diameter asteroids impacting 
anywhere on earth is about 500,000 years.6,7   The return period for an asteroid of 
this diameter hitting the Pacific Ocean would be about 1.5 million years. 
 
Reports in the popular press have sometimes suggested that tsunamis generated by 
asteroids could devastate the entire Pacific Ocean Coast.  However, scientific 
analysis shows that ocean wide effects would require an asteroid diameter greater 
than 2 kilometers.8 The return period for asteroids of this diameter hitting the Pacific 
Ocean is likely greater than 5 million years. That is, such events have extremely low 
probabilities of occurring. 
 
Tsunamis can also be generated by nuclear explosions.  Even very large nuclear 
explosions release far less energy than large asteroids (such as 1 kilometer diameter 
asteroid).  Thus, while a nuclear explosion might result in a tsunami that might cause 
damage, it would not result in major Pacific-wide tsunamis. 
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7.3 Tsunami Hazard Data for Kodiak Island Borough 
 
As discussed above, tsunami hazards for Kodiak Island Borough arise predominantly 
from earthquakes.  The major earthquake sources for generating tsunamis affecting 
the Borough are shown below in Table 7.1. 
 

Table 7.1 
USGS Estimated Earthquake Return Periods9 

 

 
 
The estimated return periods for these tsunami generating earthquakes range from 
about 400 years to over 4,000 years.  These return periods may seem very long and 
the annual probability of one of these events happening is about 0.47%.  However, 
as shown above, the probability of one (or more) of these events happening over the 
next 10-, 30-, or 50-years is significant, ranging from about 5% to 14% to 22%, 
respectively.  Overall, considering other tsunami-generating earthquakes and non-
earthquake tsunami sources, the total probabilities of future tsunami events are 
higher than shown above. 
 
In addition to these tsunami-generating earthquake events, earthquakes on 
segments of the Alaska-Aleutian Subduction Zone west of Kodiak can also generate 
tsunamis affecting the Borough, although these tsunamis would likely be less severe 
in most locations than those generated by the earthquake sources shown in Table 
7.2.   
 
Detailed tsunami modeling has been conducted only for the more populated areas of 
the Borough, including the City of Kodiak and nearby areas, the Coast Guard Base 
and the Women’s Bay area.10  Tsunami run-up modeling was completed for six 
Alaska earthquake events as well as for a distant earthquake on the Cascadia 
Subduction Zone in the Pacific Northwest.  The following figures show excerpts from 
the tsunami run-up maps for these earthquake events. 
 
The color coding for the tsunami scenarios that is shown in Figure 7.6 also applies to 
Figures 7.7 and 7.8. 
 

Earthquake Source
USGS                   

Return Period 
(Years)

Annual 
Probability

Probability    
in 10 Years

Probability    
in 30 Years

Probability    
in 50 Years

Prince William Sound Segmenta 650 0.154% 1.53% 4.51% 7.41%

Kodiak Segmenta,b 400 0.250% 2.47% 7.23% 11.76%

Kodiak Island Fault 4,435 0.023% 0.23% 0.67% 1.12%

Narrow Cape Fault 2,220 0.045% 0.45% 1.34% 2.23%

0.471% 4.67% 13.77% 22.52%Total Probabilities: 
a Alaska-Aleutian Megathrust Subduction Zone.
b Alaska-Aleutian Megathrust Subduction Zone. The  USGS notes that this segment ruptures with the Prince 
William Sound segment and also has been the focus of more frequent ruptures.  The return period estimate is by 
Goettel.
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Figure 7.6 
City of Kodiak and Vicinity:  Tsunami Runup Map10 

 

 
 

Figure 7.7 
Coast Guard Base and Vicinity:  Tsunami Runup Map10 
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Figure 7.8 
Women’s Bay and Vicinity:  Tsunami Runup Map10 

 

 
 
The tsunami run-up maps shown in the preceding figures document the vulnerability 
of Kodiak Island Borough to tsunamis.  A recurrence of the 1964 event is the most 
severe tsunami event modeled.  This event is close to the worst possible scenario, 
but not the absolute worst case.  Roughly, this event may represent something like 
the 95th percentile of possible tsunami events. 
 
The tsunami scenarios shown in the preceding figures don’t include all possible 
tsunamis.  There are many other possible earthquake-generated tsunamis than can 
affect Kodiak Island Borough, including large magnitude earthquakes on other 
segments of the Alaska-Aleutian Subduction Zone, other undersea crustal faults 
besides the Kodiak Island and Narrow Cape Faults, and distant earthquakes 
anywhere in the Pacific Basin.   Most of these events are likely to be comparable to 
or smaller than the smaller run-up events shown in the preceding figures.  That is, the 
range of tsunami scenarios covers most of the range of damaging tsunamis likely to 
affect Kodiak Island Borough. 
 
The tsunami modeling discussed above does not include the many small cities and 
villages outside of population centers of the City of Kodiak and the surrounding 
areas.  Every coastal community within Kodiak Island Borough is at risk for tsunamis.  
However, the level of tsunami hazard is highest for communities on the southern and 
eastern sides of the Borough and lower on lower for communities on the northern and 
western sides of the Borough. 
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7.4 Historical Tsunami Events 
  
The most severe tsunami event in the recording history of Kodiak Island Borough 
was generated by the 1964 M9.2 Prince William Sound earthquake.  This event 
resulted in six deaths in Kodiak and about $30,000,000 in damage, most of which 
was due to the tsunami rather than earthquake ground shaking.  In 2013 dollars, this 
level of damage would be approximately $225,000,000 – an immense amount of 
damage for a community as small as Kodiak. 
 
In the City of Kodiak, the harbor facilities and much of downtown Kodiak were 
completely destroyed, as illustrated by the following photos. 
 

Figure 7.9 
Tsunami Photos 1964 Event 
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Figure 7.9 Continued 
Tsunami Photo 1964 Event 

 

 
 

The 1964 tsunami also devastated many of the small communities elsewhere in 
Kodiak Island Borough: 

• Akhiok experienced about 1 to 1.5 feet of subsidence from the earthquake, but 
there was minimal damage from either earthquake ground shaking or tsunami. 
Verify – text from fuel tank study. 

• Karluk experienced about 1 to 1.5 feet of subsidence from the earthquake, but 
there was minimal damage from either the earthquake ground shaking or 
tsunami.  Verify.  

• Larsen Bay experienced about 2 to 2.5 feet of subsidence from the 
earthquake, but there was minimal damage from either the earthquake ground 
shaking or tsunami.  Verify.  

• Old Harbor experienced about 2 feet of subsidence from the earthquake as 
well as 1 to 2 feet of additional subsidence in soil areas adjacent to rock areas.  
The community suffered major damage from tsunami runup to about 18 feet 
above mean low water levels. 

• Ouzinkie experienced about 5 feet of subsidence from the earthquake and 
there was extensive damage to harbor infrastructure and waterfront buildings, 
with six deaths. 

• Port Lions did not exist in 1964.  The previous community of Agfonak was 
destroyed by the tsunami and the community was subsequently relocated to 
the current Port Lions location. 

• The former native village of Kaguyak was destroyed and not rebuilt after the 
event (verify) 
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7.5 Tsunami Risk Assessment and Loss Estimates 
 
 7.5. 1 Risk Assessment 
 
The inventory within Kodiak Island Borough exposed to tsunamis includes: 

• Small boat harbor infrastructure and boats, 

• Cargo and ferry dock infrastructure and vessels, 

• Buildings (industrial, commercial, and residential), 

• Transportation infrastructure including the Kodiak Airport, roads and bridges,  

• Utility infrastructure (above ground infrastructure, pipes or cables on bridges or 
in locations subject to scour from tsunamis), and 

• Fuel tanks. 
NOTE:  ideally, insert a list of critical facilities within the inundation zone (red line) in 
Figures 7.7 to 7.9, including harbor and dock facilities, bridges or road links, 
important buildings, important infrastructure – wastewater plant, water plant, and 
other utility components, fuel tanks.  Ideally, include separate lists for each of the 
villages. 
 7.5.2 Loss Estimates 
 
The estimated damages, economic losses and casualties from future tsunamis vary 
markedly with the severity of future events.  A repeat of the 1964 tsunami would be 
close to a worst case scenario.  Based on the 1964 impacts, updated to 2013, the 
damages and economic losses would likely total $200,000,000 to $250,000,000.   
 
The number of casualties is difficult to estimate and impossible to estimate accurately 
because the number of people within the tsunami inundation zone varies markedly 
with time of day, day of week and time of year.  The number of casualties also 
depends strongly on the level of public awareness about what to do (and what not to 
do) when strong ground shaking is experienced and there is a possibility of a 
tsunami.  The community is generally aware of the possibility of tsunamis and the 
memory of the 1964 tsunami is still present, although diminished by the passing of 
nearly 50 years.  
 
The numbers of deaths and injuries from a repeat of the 1964 tsunami could be zero 
if every person within the inundation area evacuated to high ground before tsunami 
arrival.  More realistically, there would likely be at least several deaths and a 
comparable (or higher) number in injuries.  In a worst case scenario, there could be 
dozens of deaths and a comparable (or higher) number of injuries. 
 
For smaller tsunami events, the damages, economic losses and casualties will 
generally be significantly less than the estimates above for a repeat of the 1964 
event.  However, casualties could be higher, depending on how effectively people 
evacuate to high ground in any given tsunami event.   
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There is a continuum of possible damages and economic losses ranging from nearly 
zero for very small tsunamis with only 1 or 2 feet of water rise, to somewhat larger 
events with damage limited to small boat harbor facilities to larger events which also 
result in damage to cargo and ferry infrastructure and to buildings at low elevation.  
That is the range of tsunami impacts is from zero or nearly zero up to at least the 
estimates for a repeat of the 1964 tsunami. 
 
Detailed, quantitative loss estimates for specific tsunami scenarios are not available.  
Such estimates may be made later when FEMA releases the HAZUS tsunami 
module.  The following table summarizes the qualitative impacts expected from major 
tsunami events. 
 

Table 7.2 
Probable Impacts of Major Tsunamisa 

 

 
 

Categories Probable Impacts

Areas of Kodiak Island 
Borough Affected

Low-lying coastal portions of most or all communities within 
the Borough.  Depending on the tsunami event and location, 
run-up elevations may range from 1 foot or less to 50 feet or 
more.

Building Damages Very minor in small events up to $200 million or more in 
repeat of 1964 tsunami event

Economic Impacts Comparable to building damages

Marine Facilities Heavy damage in most communities

Streets and Roads Localized damage in low-elevation coastal areas, especially 
to bridges

Electric Power Heavy damage to above ground components in inundation 
area.

Water and Wastewater
Heavy damage to above ground components in inundation 
area.  Possible damage to underground components in 
areas subject to scour.

Telecommunications
Heavy damage to above ground components in inundation 
area.  Possible damage to underground components in 
areas subject to scour.

Fuel Supplies
Heavy damage to dock facilities, possible damage to fuel 
tanks in some communities.  Harbor/dock damage may 
result in disruption of supply.

Emergency Shelter Needs Will vary markedly with severity of event, perhaps up to 1% to 
5% of population for major tsunami events.

Casualties

Will vary markedly with severity of event.  Deaths ranging 
from none to dozens (or more) in severe events; number of 
injuries likely greater than number of deaths.  Casualties 
depend strongly on effectiveness of evacuation to high 
ground before tsunami arrivals.

7-13 
 



 
7.6 Tsunami Mitigation Measures 
 
 7.6.1 Evacuation Planning 

 
Life safety – minimizing the likelihood of deaths and injuries – is the highest priority 
mitigation measure for tsunamis.  Evacuation planning for tsunamis includes the 
following elements: 

• Identify tsunami hazard areas, based on the tsunami inundation maps from 
which excerpts are shown in Figures 7.7 to 7.9.  For evacuation planning, 
conservative boundaries should be drawn taking into account uncertainty in 
the tsunami modeling and the possibility of tsunami events larger than those 
modeled.  For example, a conservative boundary might be drawn at an 
elevation 10 or 20 feet higher than the boundaries shown on the tsunami 
maps. 

• Mark tsunami hazards zones with readily visible signage. 

• Identify assembly areas and shelter areas for people who evacuate from 
tsunami hazard areas.  Assembly and shelter areas should be at least 100 feet 
above sea level, whenever possible, to take account of very unlikely but 
possible extreme tsunami events. 

• Conduct public outreach activities such as distribution of tsunami evacuation 
brochures to inform residents and visitors of tsunami hazards, zones and 
evacuation procedures. 

 7.6.2 Other Tsunami Mitigation Measures 
 
Mitigation measures to reduce damages include the following: 

• Harden existing facilities and/or design new facilities, especially critical marine 
facilities, to resist tsunami forces, to the extent practical.  Many measures may 
provide significant protection for more frequent smaller tsunami events, albeit 
providing little or no protection for large tsunami events. 

• Relocate critical infrastructure or buildings out of tsunami hazard areas and 
avoid constructing new critical infrastructure or buildings in tsunami hazard 
areas when possible. 
 

Tsunami mitigation action items for Kodiak Island Borough are shown in Table 7.3 on 
the following page.
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Table 7.3 
Kodiak Island Borough:  Tsunami Mitigation Action Items 
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Tsunami Mitigation Action Items

Short-Term         
#1

Complete inventory of critical facilities located 
within mapped tsunami inundation zones (and 
probable inundation zones where mapping is not 
completed)

KIB, City of Kodiak, villages 1-2 years X X X X x

Short-Term         
#2

Complete mapping of tsunami inundation zones 
for all communities within the Borough

KIB, City of Kodiak, villages 5-years X x X X x

Long-Term         
#1

Harden or relocate critical facilities determined to 
be in tsunami inundation zones, to the extent 
practicable.

KIB, City of Kodiak, villages
Long 
Term

X X X X

Long-Term         
#2

Continue public education, evacuation 
awareness, and emergency planning for tsunami 
events

KIB, City of Kodiak, villages Ongoing X X X X X

Hazard Action Item Coordinating Organizations Timeline

Mitigation Plan Goals Addressed
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Seismic Hazard Maps for Alaska. USGS Open File Report 2007-1043. 
 
10 Suleimani, E.N. and Others (2002). Tsunami Hazard Maps of the Kodiak Area,  
Alaska.  Report of Investigations 2002-1. Alaska Department of Natural Resources, 
Division of Geological & Geophysical Surveys. 
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8.0 VOLCANIC HAZARDS (Draft 6-18-2013) 
 
8.1 Overview 
 
Alaska has more active volcanoes than any other state.1  There are over 130 
volcanoes in Alaska and about 90 of these have been active in the past 10,000 years 
and may erupt again.  Over 50 volcanoes in Alaska have erupted within the historical 
record period (since about 1760) and there have been an average of more than two 
eruptions per year over the past 40 years. 
 
There are no volcanoes on the islands within Kodiak Island Borough. However, there 
are numerous volcanoes on the Alaska Peninsula that are within or very near the 
Borough.  The volcanoes nearest to or within Kodiak Island Borough are shown in 
Figure 8.1.  Some of the major volcanoes throughout Alaska are shown in Figure 8.2 
on the following page.  There are more active volcanoes, including Mt. Douglas on 
the Alaska Peninsula near the Borough, that are not shown on this map. 
 

Figure 8.1 
Volcanoes Near Kodiak Island Borough2 
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Figure 8.2 
Major Volcanoes in Alaska3 
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8.2 Volcanic Hazards 
 

Volcanic eruptions often involve several distinct types of hazards to people and 
property, as illustrated the following figure. 
 

Figure 8.3 
Volcanic Hazards – Schematic Illustration4 

 

 
 
The major volcanic hazards include: lava flows, blast effects, pyroclastic flows, 
landslides or debris flows, lahars and ash falls.  Most of these hazards affect only 
areas within a few miles of an erupting volcano.  However, lahars may extend for 
tens of miles and ash falls may extent for hundreds of miles or further.  Volcanic 
hazards are often separated into proximal (near) hazards and distal (far away) 
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hazards.  Most active volcanoes in Alaska are located in remote, sparsely populated 
areas.  The most likely volcanic hazard for eruptions of Alaska volcanoes is ash falls. 

Proximal Volcanic Hazards  
(Effects Near Volcanic Source Only) 

Lava flows are eruptions of molten rock.  Lava flows for the major Alaska 
volcanoes tend to be thick and viscous, forming cones and thus typically affect 
only areas very near the eruption vent.  Lava flows destroy everything in their 
path. 

Blast effects may occur with violent eruptions, such as Mount St. Helens in 
1980.  Most volcanic blasts are largely upwards.  However, the Mount St. 
Helens blast was lateral, with impacts up to 17 miles from the volcano.  Blast 
effects are possible in future eruptions of some Alaska volcanoes. 

Pyroclastic flows are high-speed avalanches of hot ash, rock fragments and 
gases.  Pyroclastic flows can be as hot as 1500 oF and move downslope at 
100 to 150 miles per hour.  Pyroclastic flows are extremely deadly for anyone 
caught in their path. 

Landslides or debris flows are the rapid downslope movement of rocky 
material, snow and/or ice.  Volcano landslides can range from small 
movements of loose debris to massive collapses of the entire summit or sides 
of a volcano.  Landslides on volcanic slopes may be triggered be eruptions or 
by earthquakes or simply by heavy rainfall.   

Distal Volcanic Hazards 
(Effects at Considerable Distances From Volcanic Source) 

Lahars or mudflows are common during eruptions of volcanoes with heavy 
loading of ice and snow.  These flows of mud, rock and water can rush down 
channels at 20 to 40 miles an hour and can extend for more than 50 miles.  
Lahars are very destructive for any development in valleys subject to such 
flows. 

Ash falls result when explosive eruptions blast rock fragments into the air.  
Such blasts may include tephra (solid and molten rock fragments).  The 
largest rock fragments (sometimes called “bombs”) generally fall within two 
miles of the eruption vent.  Smaller ash fragments (less than about 0.1”) 
typically rise into the area forming a huge eruption column.  In very large 
eruptions, ash falls may total many feet in depth near the vent and extend for 
hundreds or even thousands of miles downwind. 

Volcano-generated tsunamis or seiches may be generated when flank 
collapses, landslides, or debris flows enter a body of water.  Volcano-
generated tsunamis are especially of concern for the Augustine volcano in 
Cook Inlet which has a history of such events. 

Lands including within the Borough boundary on the Alaska Peninsula are subject to 
all of the above volcanic hazards.  However, the rest of the Borough is subject to only 
ash falls from numerous volcanoes and potential tsunamis from Augustine.  
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More detailed information about specific volcanoes in Alaska may be found on the 
following websites: 

United States Geological Survey:  www.usgs.gov 
Alaska Volcano Observatory:  https://www.avo.alaska.edu/ 
Smithsonian Institution (Global Volcanism Project):  www.volcano.si.edu 
 

 
8.3 Historical Volcanic Events Affecting Kodiak Island Borough 
 
 8.3.1 Novarupta Eruption 1912 
 
The largest volcanic eruption in the world in the 20th century occurred in June 1912 
on the Alaska Peninsula about 100 miles west of Kodiak.  This eruption from a new 
volcano, Novarupta, created the Katmai caldera and the Valley of Ten Thousand 
Smokes in what is now Katmai National Park and Preserve.   
 
A comparison of the volumes of magma erupted from Novarupta and from other well-
known major volcanic events is shown below. 
 

Figure 8.4 
Comparisons of Erupted Magma Volumes2 

 

 
 
The Novarupta volcano erupted an estimated 5 cubic miles of volcanic ash, more 
than the combined total amount of ash from all other historical eruptions in Alaska.  
This eruption filled a 44 square mile valley with depths up to 1,000 feet.   
 
Figure 8.5 on the following page shows the immediate area of this eruption.
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Figure 8.5 
Novarupta Vicinity2 
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The areas impacted by ash falls from the 1912 eruption and three recent volcanic 
eruptions – Augustine 1976, Redoubt 1990 and Spurr 1992 – are shown below. 
 

Figure 8.6 
Areas Affected by Ash Falls2 

 

 
 
Kodiak Island Borough was affected by heavy ash falls in the 1912 event.   The 
effects on Kodiak are summarized below: 

“Within four hours of the eruption, ash started falling on Kodiak, 
darkening the city.  It became hard to breath because of the ash and 
sulfur dioxide gas.  The water became undrinkable and unable to 
support aquatic life. Roofs collapsed under the weight of the ash and 
some buildings were destroyed by ash avalanches.  Similar conditions 
could be found all over Kodiak.  Some villages on the Alaska Peninsula 
ended up being abandoned, including Katmai and Savonoski villages.  
The volcanic ash and acid rain also negatively affected animal and 
plant life.  Large animals were blinded and many starved because their 
food was eliminated.”5 
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Additional descriptions of the impacts the 1912 ash fall event on Kodiak6 include the 
following: 

• Ash-induced lightning struck and burned buildings, 

• Sore eyes and respiratory distress were rampant, 

• With visibility nil, ships could not dock, and 

• Radio communication was down for days. 
 

Figure 8.7 
2012 Ash Fall in Kodiak6 

 

 
 
8.3.2 Recent Volcanic Eruptions 
 
The recent eruptions of Augustine in 1976 and again in 2005-2006, Redoubt in 1989-
1990 and again in 2009 and Spurr in1992 did not affect Kodiak Island Borough 
directly.  There was minimal or nil ash fall on Kodiak from these events. 
 
However, all of these events caused significant disruption of air travel include travel 
between Kodiak and Anchorage.  During the 1989 eruption of Redoubt a Boeing 747 
aircraft temporarily lost power in all four engines when it entered the Redoubt ash 
plume over the Talkeetna Mountains.  Fortunately, the crew was able to restart the 
engines about 4,000 feet above the ground and the plane landed safely in 
Anchorage.   
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Since this near-disaster, active seismic monitoring stations to detect volcanic activity 
have been added to many volcanoes.  Augustine, Spurr and Redoubt all have active 
monitoring stations. 
 
In addition to ash falls, Augustine also poses a tsunami risk from the possibility of a 
flank collapse and debris avalanche into Cook Inlet in a future eruption event.  This 
tsunami could affect Kodiak Island Borough.  See Chapter 7 for further discussion of 
tsunami hazards. 
 
 
8.4 Volcano Monitoring and Volcano Activity Alerts 
 
The USGS monitors volcanic activity at many volcanoes in Alaska via networks of 
seismic sensors (which can detect earthquakes related to magma movements) as 
well via very accurate ground surface measurements.  See: Figure 8.2 on page 8.2. 
 
The USGS also has a volcanic warning system with several levels of alert as a 
potential eruption becomes more likely and more imminent.   
 
The USGS alert levels for people on the ground and for air traffic are shown in the 
following figures. 
 

Figure 8.8 
USGS Volcanic Alert Levels for People on the Ground7 

 

Alert Term Description 

Alert Levels are intended to inform people on the ground about a volcano's status and are 
issued in conjunction with the Aviation Color Code.    Notifications are issued for both 
increasing and decreasing volcanic activity and are accompanied by text with details (as 
known) about the nature of the unrest or eruption and about potential or current hazards and 
likely outcomes. 

NORMAL 
Volcano is in typical background, noneruptive state or, after a change from a higher 
level, volcanic activity has ceased and volcano has returned to noneruptive 
background state. 

ADVISORY 
Volcano is exhibiting signs of elevated unrest above known background level or, after 
a change from a higher level, volcanic activity has decreased significantly but 
continues to be closely monitored for possible renewed increase. 

WATCH Volcano is exhibiting heightened or escalating unrest with increased potential of 
eruption, timeframe uncertain, or eruption is underway but poses limited hazards. 

WARNING Hazardous eruption is imminent, underway or suspected. 
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Figure 8.9 

USGS Volcanic Alert Levels for Air Traffic 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There is an important caveat on volcanic alerts:  in most cases, volcanoes show 
signs of increasing activity before an eruption occurs.  However, this is not always the 
case.  For example, a volcanic eruption may occur without warning if a volcano 
suffers an extremely large landslide which releases pressure and results in an 
essentially immediate eruption. 

 
 

8.5 Potential Volcanic Impacts to Kodiak Island Borough 
 
As discussed previously, are no volcanoes on the islands within Kodiak Island 
Borough. However, there are numerous volcanoes on the Alaska Peninsula that are 
within or very near the Borough.  See Figure 8.1 on page 8.1.   
 
The portion of the Borough on the Alaska Peninsula has high levels of hazards from 
numerous volcanoes, including both the proximal (nearby) and the distal (far way) 
volcanic hazards discussed previously.  There no communities and only a few, small 
seasonally-occupied lodges in this part of the Borough. 
 
The rest of the Borough, which includes all of the major population centers, including 
villages, is subject only to ash falls from many volcanoes and potential tsunamis from 
the Augustine volcano. 

Color Description

GREEN Volcano is in typical background, noneruptive state or, after a change from a higher level, 
volcanic activity has ceased and volcano has returned to noneruptive background state.

YELLOW
Volcano is exhibiting signs of elevated unrest above known background level or, after a 
change from a higher level, volcanic activity has decreased significantly but continues to 
be closely monitored for possible renewed increase.

ORANGE
Volcano is exhibiting heightened or escalating unrest with increased potential of eruption, 
timeframe uncertain, or, eruption is underway with no or minor volcanic-ash emissions 
(ash-plume height specified, if possible).

RED
Eruption is imminent with significant emission of volcanic ash into the atmosphere likely 
or, eruption is underway or suspected with significant emission of volcanic ash into the 
atmosphere (ash plume height specified, if possible).

Color codes which are in accordance with recommended International Civil Aviation 
Organization (CAD) procedures are intended to inform the aviation section about a volcano's 
status and are issued in conjunction with an Alert Level.  Notifications are issued for both 
increasing and decreasing volcanic activity and are accompanied by text with details (as 
known) about the nature of the unrest of eruption, especially in regard to ash-plume 
information and likely outcomes.
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Extreme ash falls, such as those documented previously for the Novarupta 1912 
eruption could happen again.  There have been at least seven deposits of volcanic 
ash within 500 miles of Anchorage younger than 6,000 years that approach or 
exceed the volume of ash ejected by Novarupta in 1912.2  Such events have 
occurred at less than 1,000 year intervals, which suggests a probability of about 5% 
in a 50-year time period.  Some, but not all of these events, could result in substantial 
ash falls on Kodiak Island Borough. 
 
There is also a substantially higher probability of smaller-scale ash falls on the 
Borough from the numerous active volcanoes on the Alaska Peninsula or from 
volcanoes further away, depending on the wind direction at the time on an eruption.  
For any given eruption, the depth of ash deposited at any given location depends on 
the total volume of ash ejected, the wind direction and the distance between the 
volcano and a given location. 
 
Extreme ash fall events, similar to the 1912 event, would have similar extreme 
consequences including building damage up to an including collapses, disruption of 
travel (air, sea, land), disruption of water, electric power and communications, and 
health and environmental impacts.  Smaller ash fall events would result in little or no 
building damage, but would still have significant impacts, including: 

 
a) Respiratory problems for at-risk populations such as young children, 
people with respiratory problems and the elderly,  
 
b) Disruption of air, marine and land traffic. 
 
c) Clean-up and ash removal from roofs, gutters, sidewalks, roads 
vehicles, HVAC systems and ductwork, engines and mechanical 
equipment. 
 
d) Clogging of filters and possible severe damage to vehicle engines, 
furnaces, heat pumps, air conditioners, commercial and public building 
combined HVAC systems (heating, ventilation and air conditioning) and 
other engines and mechanical equipment, 
 
e) Disruption of public water supplies drawn from surface waters, 
including degradation of water quality (high turbidity) and increased 
maintenance requirements at water treatment plants,  
 
f) Disruption/clogging of storm water drainage systems, 
 
g) Disruption of electric power from ash-induced short circuits in 
distribution lines, transmission lines, and substations, and 
 
h) Disruption of communications. 
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8.5 Mitigation of Volcanic Hazards 
 
There are no possible physical measures to prevent volcanic eruptions.  Therefore, 
addressing volcanic hazards is predominantly in the domains of increasing public 
awareness and enhancing emergency planning and emergency response. 
 
Mitigation measures for volcanic events, especially ash-fall events, are summarized 
in Table 8.1 on the following page. 
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Table 8.1 
Mitigation Action Items: Volcanic Hazards 

 

 
Note:  if there are populations within KIB on the Alaska Peninsula, in areas (outside National Parks etc.) where KIB has 
responsibilities, consider adding another action item re: evacuation plans for such populations.
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Volcanic Hazards Mitigation Action Items
Short-Term         

#1
Enhance public outreach education efforts re: ash 
fall events.

KIB, City of Kodiak, villages ongoing X X X X X

Short-Term                 
#2

Enhance emergency planning for ash-fall 
response and recovery.

KIB, City of Kodiak, villages 1-2 Years X X X X X 

Short-Term                 
#3

Evaluate the vulnerability of water, wastewater and 
electric power systems to ash falls and improve 
emergency response planning to deal with ash 
fall events.

City of Kodiak, Kodiak Electric 
Association, Alaska Village 
Electrical Coop

Long 
Term

X X X X X

Hazard Action Item Coordinating Organizations Timeline

Mitigation Plan Goals Addressed
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8.6 References: Volcanic Hazards 
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2.  National Park Service (2012).  Alaska Park Science, Volume 11, Issue 1, 
Volcanoes of Katmai and the Alaska Peninsula. 
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9.0  LANDSLIDES   (DRAFT:  6/23/2013) 
 
 
9.1 Landslide Overview and Definitions 
 
The term “landslide” refers to a variety of slope instabilities that result in the 
downward and outward movement of slope-forming materials, including rocks, soils 
and vegetation.  Many types of landslides are differentiated based on the types of 
materials involved and the modes of movement.   
 
The descriptive nomenclature for landslides is summarized in the following figure. 
 

Figure 9.1 
Landslide Nomenclature1 

 
 
Debris flows and mudslides (mudflows) are often differentiated from the other types 
of landslides, for which the sliding material is predominantly soil and/or rock.  Debris 
flows and mudslides typically have high water content and may behave similarly to 
floods.  However, debris flows may be much more destructive than floods because of 
their higher densities, high debris loads, and high velocities. 

There are three main factors that determine susceptibility (potential) for landslides: 
1) Slope, 
2) Soil/rock characteristics, and 
3) Water content. 
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Figure 9.2 
Major Types of Landslides1 
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Steeper slopes are more prone to all types of landslides.  Loose, weak rock or soil is 
more prone to landslides than are competent rocks or dense, firm soils.  Water 
saturated soils or rocks with a high water table are much more prone to landslides 
because the water pore pressure decreases the shear strength of the soil or rock and 
thus increases the probability of sliding.  
 
Most landslides occur during rainy months when soils are saturated with water.  As 
noted previously, the water content of soils or rock is a major factor in determining 
the likelihood of sliding for any given landslide-prone location.  However, landslides 
may occur at any time of year, in dry months as well as in rainy ones. 
 
Landslides are also commonly initiated by earthquakes.  Areas prone to seismically 
triggered landslides are exactly the same as those prone to ordinary (non-seismic) 
landslides.  As with ordinary landslides, seismically triggered landslides are more 
likely from earthquakes that occur when soils are saturated. 

 
Any type of landslide may result in damages or complete destruction of buildings in 
their path, as well as deaths and injuries for building occupants.  Landslides 
frequently cause road blockages by depositing debris on road surfaces or road 
damage if the road surface itself slides downhill.  Utility lines and pipes are also 
prone to breakage in slide areas.   
 
9.2 Landslide Hazards for Kodiak Island Borough 
 
The following figures show examples of recent landslides within the Borough. 
 

Figure 9.2 
October 2009 - Debris Flow Deposits on Chiniak Highway at Women’s Bay2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
9-3 

 



The October 2009 debris flow shown in Figure 9.2 resulted from a storm with about 6 
inches of rain in a 24-hour period.  This storm had widespread impacts in many parts 
of Alaska and resulted in a presidential disaster declaration (DR 1855-Ak). The debris 
flow, which occurred about 18 hours into the storm, closed the Chiniak Highway for 
about 24-hours.  This close isolated all road access for residents south of the slide 
area to the city of Kodiak an its medical and other critical services. 

 
Figure 9.3 

October 1991 - Debris Flows on Pillar Mountain2 
 

 
The photo above shows debris flow channels at the base of Pillar Mountain.  The 
orange-outlined, alder-covered hollows and channels failed on October 31, 2009 and 
damaged several buildings.  The green-outlined alder-covered hollows and channels 
remained stable in both 1991 and 2009.  However, much large debris are possible at 
this location. 
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9.3 Landslide Risk Assessment and Loss Estimates 
 
 9.3.1 Risk Assessment 
 
Landslides and debris flows are very common within Kodiak Island Borough.  
Fortunately, most of these events are in the hilly to mountainous interior portions 
which are undeveloped wilderness areas with no development.  The two landslide 
prone areas illustrated previously in Figures 9.2 and 9.3 are the two most significant 
landslide hazard areas because the pose risk to major transportation routes.   
 
The Pillar Mountain landslide area is between the center of the city of Kodiak and the 
airport and also poses risk to the cargo dock area along Rezanof Drive which is very 
important facility for the economic well-being of Kodiak Island Borough.  The cargo 
dock area also includes the North Pacific Fuel Facility which contains large fuel 
storage tanks.  Fuel supply is critical for the Borough’s economic well-being. 
 
Other areas subject to landslides include the LASH dock in the Women’s Bay area 
and the Old Harbor School.  Also, within the Kodiak urban area and elsewhere in the 
Borough, some residential development is located within historic landslide paths 
and/or with steep slope areas potentially subject to landslides. 
 
There are two approaches to landslide hazard mapping and hazard assessment: 

• Mapping historical landslides, which also provides an indication of the potential 
for future landslides, and 

• Landslide studies by geotechnical engineers to estimate the potential for future 
landslides. 

For Kodiak Island Borough, detailed landslide hazard mapping and hazard 
assessment may be desired for the landslide prone areas noted above, especially for 
the Pillar Mountain landslide prone area. 
 
 9.3.2 Loss Estimates 
 
The extent of possible damages, economic losses and casualties from future 
landslide events varies markedly.   Qualitative to semi-quantitative loss estimates are 
shown in Table 9.1 on the following page.  Landslides can occur in many locations 
wide range of sizes and impacts.  Therefore, it is difficult to impossible to make 
detailed loss estimates for landslides.   The estimated impacts in Table 9.1 are 
intended to illustrate the approximate magnitude of likely impacts of future landslide 
events within Kodiak Island Borough. 
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Table 9.1 
Probable Impacts of Landslides 

 

Categories Probable Impacts

Areas of Kodiak Island 
Borough Affected

Rezanof Drive (Pillar Mountain area), portions of Chiniak 
Highway, and hilly residential areas.

Building Damages

Highly variable from a few thousand dollars to tens of 
thousands of dollars in small events.  A major landslide on 
Pillar Mountain could result in over a million dollars of 
damage to buildings.

Economic Impacts Comparable to building damages.

Marine Facilities A major slide on Pillar Mountain could substantially damage 
the cargo dock facility with damages of over a million dollars.

Streets and Roads
Temporary road closures from debris flows, with debris 
removal required.   Deeper landslides could require 
rebuilding affected road segments.

Electric Power Localized damage to transmission or distribution lines and 
transformers.

Water and Wastewater Pipe breaks possible deeper landslides.

Telecommunications Localized damage to lines or towers.

Fuel Supplies Possible damage to North Pacific Fuel facility near the cargo 
docks.

Emergency Shelter Needs None in many small events, probably less than 1% of the 
population in larger events.

Casualties

None in most small events.  However, one to several deaths 
and injuries are possible in some events.  The worst case 
scenario of a major landslide in a developed area could result 
in dozens of deaths and injuries.

 
 
9.4 Mitigation of Landslide Risk 
 
Mitigation of landslide risks is often difficult from both the engineering and cost 
perspectives.  In many case, there may be no practical landslide mitigation measure.  
In some cases, mitigation may be possible.  Typical landslide mitigation measures 
include the following: 

• Slope stability can be improved by addition of drainage to reduce pore water 
pressure and/or by slope stabilization measures, including retaining walls, rock 
tie-backs with steel rods and other geotechnical methods. 
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• For smaller landslides or debris flows, protection for existing facilities at risk 
may be increased by building diversion structures to deflect  landslides or 
debris flows around an at risk facility. 

• For very high risk facilities, with a high degree of life safety risk, abandoning 
the facility and replacing it with a new facility may be the only possible 
landslide mitigation measures. 

• For new construction, siting facilities outside of landslide hazard areas is the 
most effective mitigation measure. 

Landslide mitigation measures for Kodiak Island Borough are shown in Table 9.1 on 
the following page. 
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Table 9.1 
Landslide Mitigation Action Items 
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Landslide Mitigation Action Items

Short-Term         
#1

Complete the inventory of locations where critical 
facilities, other buildings and infrastructure are 
subject to landslides

KIB, City of Kodiak, villages 1-2 Years X X X X X

Long-Term          
#1

Consider landslide mitigation actions for slides 
seriously threatening critical facilities, other 
buildings or infrastructure

KIB, City of Kodiak, villages
Long 
Term

X X X X X

Long-Term          
#2

Limit future development in high landslide 
potential areas

KIB, villages Ongoing X X X X X

Mitigation Plan Goals Addressed

Hazard Action Item Coordinating Organizations Timeline
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9.4 Landslide References. 
 
1. United States Geological Survey (2004),  Landslide Types and Processes, Fact 
Sheet 2004-3072. 
 
2. Carver, Gary (2009).  Debris Flows on Kodiak Island Alaska, October 9, 2009.   
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10.0 EROSION (DRAFT: 6/27/2013) 
 
10.1 Erosion Overview 
 
Erosion is an ongoing geologic process that involves the gradual wearing down, 
transport and deposition of rock and soil material.  Erosion typically results in loss of 
vegetation and may significantly damage buildings, roads and infrastructure by 
undermining foundations or supports, eventually leading to collapse. 
 
Water is the most widespread agent for erosion, but erosion may also occur from 
wind and ice.  Riverine erosion by water results from flows along rivers, streams and 
other waterways.  Coastal erosion by water results from currents and wave action on 
the coastline.   
 
Wind (aeolian) erosion means erosion by direct action of the wind.  Erosion by wind 
is most common in arid regions.  In areas with significant rainfall, erosion by water is 
typically much more significant than erosion by wind.  Ice erosion may occur 
wherever there is seasonal or permanent ice.  However, erosion by ice is most 
important in glacial areas which rarely, if ever, have buildings or infrastructure at risk. 
 
For Kodiak Island Borough, coastal erosion is the erosion issue of most concern.  
There is no documentation of erosion problems in the Borough from riverine erosion 
or from wind or ice erosion. (Verify) 
 
Coastal erosion may occur gradually over an extended time period, with very gradual 
undermining of a building, road or infrastructure such as utility lines.  However, 
extensive coastal erosion can happen from a single major storm event.  A good 
example of this is the 1970s (date?) storm event which breached the Karluk spit.  
This storm resulted in the permanent relocation of the village to its current location. 
 
In some cases, erosion can be reduced by constructing barriers.  However, in 
general, large scale erosion is difficult to stop and the only long-term mitigation may 
be to relocate the at-risk property outside of the zone of active erosion. 
 
10.2 Erosion Hazards for Kodiak Island Borough 

Every community within Kodiak Island Borough is located on the coast and portions 
of every community are at some risk from coastal erosion.   

As shown in Figure 10.1 on the following page, almost every community within the 
Borough expressed concerns about coastal erosion during a study by the U.S. Army 
Corps of Engineers (USACE),1 with the exception of Kodiak, which was not included 
in the study. 
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Figure 10.1 
Alaska Communities with Erosion Concerns1 

 
 
In the USACE study, none of the Kodiak communities were identified as being 
“priority action” communities.  Chiniak, Old Harbor and Ouzinkie were identified as 
“monitor conditions” communities.  Akhiok, Karluk, Larsen Bay, and Port Lions were 
identified as being “minimal erosion” communities.  
 
The above USACE designations provide a general idea of the possible level of 
erosion risk, but should not be interpreted literally.  More detailed local knowledge, 
experience and priorities may indicate that one or more specific erosion-prone 
locations warrant mitigation action, regardless of the USACE designation 

A brief summary of identified erosion issues for Kodiak Island Borough Communities 
is given below: 

City of Kodiak.  Erosion in the Spruce Cape area threatens hiking trails and 
other public use areas in the Fort Abercrombie State Park as well as several 
homes. 
 
Akhiok.   Provide summary of erosion impacts for Akhiok. 
 
Chiniak.  Sections of the Chiniak Highway are being undercut by erosion and 
the road may need to be relocated further inland.  Status update? 
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Karluk.  As noted previously, the village was relocated in the 1970s due to 
erosion which caused a breach in the Karluk spit; this breach isolated the 
previous village site.  A present, the road between the airstrip and the lagoon 
is being eroded. 
 
Larsen Bay.  Provide a summary of possible erosion impacts. 
 
Old Harbor.  Erosion is occurring along the road at the head of the bay in Old 
Harbor, but does not currently threaten any roads, residential areas or 
businesses. 
 
Ouzinkie.  A breakwater was constructed to slow the rate of erosion in the 
harbor area. (confirm, provide details) 
 
Port Lions.  Coastal erosion has occurred at several places along roadways.  
At present there does not appear to be an imminent threat to the roadways or 
to buildings. 

 
Please review the above brief notes and update, expand, correct as necessary.  
Provide a photo or two with examples, if possible. Document any significant past 
know erosion events. 
 
10.3 Erosion Risk Assessment and Loss Estimates 
 
At present, a detailed inventory of locations subject to erosion risk is not available.  
Therefore, a detailed landslide risk assessment and loss estimates is not yet 
possible.  Completing the inventory of locations subject to erosion is included in the 
erosion mitigation action items in the following section. 
 
For most erosion events, the impacts are likely to be highly localized to small road 
segments and/or one or a few buildings or other facilities.  Total damages may range 
from a few thousand dollars to perhaps several hundred thousand dollars in larger 
erosion events.  However, extreme erosion events from a major storm with unusually 
high waves that affected the coastal areas of most or all Borough communities could 
result in damages of a million dollars or more. 
 
The likely impacts of erosion events on Kodiak Island Borough are summarized in 
Table 10.1 on the following page 
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Table 10.1 
Probable Impacts of Erosion Events 

 

 
 
 
10.4 Mitigation of Erosion Risk 
 
Mitigation measures for locations subject to erosion are largely limited to a few 
categories of actions: 

• Relocate at-risk buildings, roads, or infrastructure further way from the coast, 

• Minimize future erosion by hardening erosion-prone locations with rip-rap 
(large rocks or concrete rubble), dolosee (up to 20 ton concrete elements  
designed to interlock) or engineered structures such as seawalls, 

• Reduce the rate of erosion by building breakwaters to reduce wave heights 
and current velocities, and 

• Avoid new construction in erosion- prone locations. 
 
  

Categories Probable Impacts on Kodiak Island Borough

Areas Affected The portions of all communities in the Borough immediately adjacent 
to the coastline.

Building and Contents Damage Limited potential for damage to one or a few buildings. A very remote 
possibility of more widespread damage

Streets and Roads Localized road closures requiring repairs before reopening

Air Transportation None expected.

Marine Transportation Possible localized damage to near shore marine facilities.

Electric Power Possible localized damage, especially in areas where lines are 
along affected roads.

Water and Wastewater Possible localized damage, especially in areas where lines are 
along affected roads.

Telecommunications Possible localized damage, especially in areas where lines are 
along affected roads.

Fuel Supplies None expected.

Emergency Shelter Needs
Very minor impacts, temporary shelter may be required for a small 
number of families in severe events that effect several or more 
homes.

Casualties None expected.
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The following figures illustrate rip-rap and dolosee (the plural of dolos). 
 

Figure 10.2 
Rip-Rap Example2 

 

 

 
Figure 10.3 

Dolosee Example 
 

 
 
Erosion mitigation measures for Kodiak Island Borough are shown in Table 10.2 on 
the following page.
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Table 10.1 
Erosion Mitigation Action Items 
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Erosion Mitigation Action Items

Short-Term         
#1

Complete the inventory of locations, buildings and 
infrastructure subject to significant erosion

KIB, City of Kodiak, villages 1-2 Years X X X X X

Long-Term         
#1

Remediate erosion or relocate buildings or 
infrastructure at sites subject to erosion when 
cost effective

KIB, City of Kodiak, villages
Long 
Term

X X X X X

Long-Term          
#2

Limit future development in high erosion risk 
areas

KIB, villages Ongoing X X X X X

Timeline

Mitigation Plan Goals Addressed

Coordinating OrganizationsHazard Action Item
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10.4 References 
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11.0 WILDLAND/URBAN INTERFACE FIRES (DRAFT: 6/26/2013) 
 
11.1 Overview 
 
Fire has been a natural force in many parts of Alaska for thousands of years.  Fires 
may cause significant damage to property and may also result in deaths and injuries.  
For the purposes of mitigation planning, we consider three types of fires: structure 
fires, wildland fires, and wildland/urban interface fires.   
 

Structure fires are fires in urban, suburban or rural areas where 
structures (and contents) are the primary fire fuel.  Structure fires 
predominantly affect residential and other ordinary buildings.  However, 
structure fires may also affect other types of structures, including bulk 
fuel storage or hazmat facilities.  Fires affecting these types of facilities 
may be particularly hazardous to both firefighters and nearby residents.  
Vehicle fires, pipeline fires, rail fires and aircraft fires generally have 
similar characteristics to fires at hazmat sites or structures.   
 
Wildland fires are fires where vegetation (grass, brush, trees) is the 
only or primary fire fuel.   
 
Wildland/urban interface fires are fires where the fire fuel includes 
both structures and vegetation.  In the present context the “urban” 
simply means an area with both structures and vegetation and includes 
suburban and rural areas as well as densely-developed urban areas. 

 
For mitigation planning, the emphasis is on wildland/urban interface fires because 
such fires are analogous to natural disasters in that they may affect large developed 
areas and large numbers of people. 
 
11.2 Wildland and Wildland/Urban Fire Suppression in Alaska 

Fire suppression strategies vary depending on the type of fire.  For structure fires, the 
priorities are typically: 1) get people at risk out of harm’s way, 2) prevent the fire from 
spreading to adjacent structures, and 3) minimize damage to the structure affected.   
For wildland fires, the primary strategy is to contain the fire and keep it from 
spreading.  For wildland/urban interface fires, containment of the fire is the primary 
strategy, as for wildland fires, but with a focus on protected developed areas. 

Responsibility for fire suppression in wildland areas of Alaska is shared between 
several agencies, each of whom as areas of primary responsibility as shown in 
Figure 11.1 on the following page.  Fire suppression in wildland/urban areas is 
shared between these agencies and local fire agencies. 
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Figure 11.1 
Wildland Fire Areas of Responsibility in Alaska1 

 

 
 
As shown above, the State of Alaska Department of Natural Resources (Forestry 
Division) has primary responsibility for wildland fire suppression within Kodiak Island 
Borough. 
 
Wildland fire suppression in Alaska differs somewhat from practices in the contiguous 
United States.  The Alaska Interagency Command Center, which coordinates the 
three fire agencies shown in Figure 11.1, defines four levels of response2 for wildland 
fires: 

Critical - These are the highest priority areas/sites for suppression 
actions and assignment of available firefighting resources. Lands in 
wildland urban interface and other populated areas where there is an 
immediate threat to human life, primary residences, inhabited property, 
community-dependent infrastructure, and structural resources 
designated as National Historic Landmarks qualify to be considered for 
this designation. This classification is applicable an entire village or 
town as well as a single inhabited structure. 
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Full - This option provides for protection of cultural and paleontological 
sites, developed recreational facilities, physical developments, 
administrative sites and cabins, uninhabited structures, high-value 
natural resources, and other high-value areas that do not involve the 
protection of human life and inhabited property. Structures on or eligible 
for inclusion on the National Register of Historic Places and non-
structural sites on the National Register are placed within this category. 
Either broad areas or specific sites qualify to be designated as Full. 
Modified - This option provides a management level between Full and 
Limited. The intent is to balance acres burned with suppression costs 
and to accomplish land and resource management objectives when 
conditions are favorable. Site-specific actions are taken as warranted. 
Limited - Limited is designed for broad, landscape-scale areas where 
the low density and wide distribution of values to be protected best 
allows for fire to function in its ecological role. Sites that warrant higher 
levels of protection may occur within the boundaries of Limited areas 
and actions to protect these sites will be taken when warranted without 
compromising the intent of this management option. 

The fire response level category color-coded key and the fire protection levels for 
Kodiak Island Borough are shown in the following figure. 

 
Figure 11.2 

Wildland and Wildland/Urban Fire Protection Levels2 

 

 
 

 
 

 
 
 
 
 
 
 
The map above shows that the developed areas within the Borough, including the 
villages are all in the “critical” fire protection category, with other areas in lower 
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categories.  This reflects the priority for fire suppression in all developed areas, even 
those with very limited development. 
 
11.3 Wildland/Urban Fire Hazard and Risk for Kodiak Island Borough 
 
 11.3.1 Risk Assessment 
 
The Alaska Department of Natural Resources, Division of Forestry, maintains records 
of wildland and wildland/urban interface fires within state protected areas, 
categorized by the four fire protection levels documented in the previous section.  
The Kenai/Kodiak State Protection Area includes the Kenai Peninsula and the Kodiak 
Islands.3 

 
The Kenai/Kodiak State Protection Area has a total of 11.8 million acres with the 
following protection levels: 

• Critical – 0.4 million acres, 

• Full – 3.5 million acres, 

• Modified – 1.8 million acres, and 

• Limited – 6.1 million acres. 
 
Over the 15-year period through 2007, the Kenai/Kodiak State Protection Area has 
had an average of 51 fires per year.3  The years 1992, 1993 and 1996 each had over 
100 fires.  There were five years with over 14,000 acres burned, with a maximum of 
56,864 acres burned in 2007 (56,254 acres in the Caribou Hills fire).  The five largest 
fires listed in this time period were all in the Kenai Peninsula.   
 
Division of Forestry data for the five most recent years for which data have been 
published are summarized in Table 11.1 below. 
 

Table 11.1 
Kenai/Kodiak State Protection Area Fire Data.4 

 

 
 

The only fire in Kodiak specifically discussed in the Division of Forestry Annual 
Reports4 for the last five years was the May 11, 2011 fire on Woody Island which 
burned 8.2 acres.  This fire was started by a youth camp instructor who was 

Year Number 
of Fires

Acres 
Burned

2011 60 29

2010 33 77

2009 35 14,369

2008 31 192

2007 31 58,611
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demonstrating the “proper use of a flare gun.”  The flare was shot over the ocean, but 
strong winds carried the burning material back over land and ignited a grass fire. 
 
The vast majority of reported wildland and wildland/urban interface fires in the 
Kenai/Kodiak State Protection Area occur in the Kenai Peninsula.  Most of these fires 
are human-caused and the much larger population of the Kenai Peninsula Borough, 
about 4 times greater than the population of Kodiak Island Borough, results in a 
larger number of fire ignitions. 
 
Wildland or wildland/urban interface fires are not common within Kodiak Island 
Borough, although there are extensive areas with vegetative fuels, including grassy 
and forested areas. To a large extent, the relatively low occurrence of such fires 
reflects the generally high levels of precipitation.  
 
However, there are typically at least several wildland or wildland/urban interface fires 
in the Borough every year, most of these are grass fires in or near developed areas 
and these fires are quickly extinguished by local fire agencies.  The vast majority of 
such fires do not affect structures.  Are there any wildland/urban fires that have 
destroyed structures within the Borough?  If so, provide brief narratives.  If not, state 
that there are no known instances where wildland/urban interface fires have burned 
structures within the Borough. 
 
For Kodiak Island Borough, the greatest fire danger is in spring, especially March and 
April before green-up due to the abundance of dead grass at lower elevations.  
Overall, the level of wildland and wildland/urban fire hazard and risk is low in the 
Borough.   
 
 11.3.2 Loss Estimates 
 
Historically, most wildland/urban interface fires have not resulted in significant 
damage to buildings or infrastructure.  For most future fires, the only impacts will be 
fire suppression costs.  However, some events may include damages to one or more 
buildings with perhaps generally minor damage to above-ground utility infrastructure.   
The probability of a major wildland/urban interface fire that would affect large number 
of structures, with potential damages in the range of several million dollars is not 
zero, but  such events appear extremely unlikely. 
 
Table 11.2 on the following page summarizes the most likely impacts of future 
wildland/urban interface fires on the Borough. 
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Table 11.2 
Probable Impacts of Wildland/Urban Interface Fires 

 
 
 
11.4 Mitigation of Wildland/Urban Interface Fire Risk 
 
As discussed above, the level of wildland/urban interface fire risk is very low for 
Kodiak Island Borough.   Upon review of the action items for wildland/urban interface 
fire, the Borough has determined that these measures are not necessary. 
 
The Borough will continue existing fire education efforts, enforce burning restrictions, 
and continue or expand existing fire suppression resources.   
 
NOTE:  It seems to me that the fire risk is too low to warrant listing mitigation action 
items.  Other hazards pose much greater threats to the Borough. Let me know if you 
want to keep the 2006 action items or some of them or add new ones that aren’t too 
broad or require a lot of effort/resources.   
  

Categories Probable Impacts on Kodiak Island Borough

Areas Affected The portions of all communities in the Borough adjacent  or close to 
grassland or forested areas.

Building and Contents Damage Limited potential for damage to one or a few buildings. A very remote 
possibility of more widespread damage

Streets and Roads Very minor impacts, limited to possible brief road closures.

Air Transportation Very minimal impacts, possible short duration closure for a fire near 
the airport.

Marine Transportation Negligible.

Electric Power Possible outage from damage to above ground lines and 
transformers, most likely very localized.

Water and Wastewater Negligible.

Telecommunications Possible outage from damage to above ground poles, towers and 
lines or other system infrastructure, most likely very localized.

Fuel Supplies Negligible.

Emergency Shelter Needs Very minor impacts, temporary shelter may be required for a small 
number of families in large wildland/urban interface fires.

Casualties A small possibility of one or a few injuries or deaths in unusual fires.  
Most fires will result in no casualties.
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12.0 FLOODS AND SEVERE WEATHER (DRAFT: 6/28/2013) 
 
12.1 Overview 
 
There are several types of floods and many types of other weather events which 
occur in Alaska and that may result in damage or casualties, including high winds, 
thunderstorms, hail, snow, ice, ivu, aufeis and extreme temperatures.  For Kodiak 
Island Borough, several of these types of weather events may result in significant 
damages, while others are likely to result in only minor damages or are unlikely to 
occur within the Borough.   Each of these weather-related types of hazards is 
evaluated in the following sections of this chapter.  For Kodiak Island Borough, the 
types of events most likely to result in significant damages or other impacts are 
floods, snow and ice. (confirm or correct this statement). 
 
12.2 Floods 
 
There are several types of flooding that may affect portions of Kodiak Island Borough: 

• Coastal flooding, which is also known as storm surge flooding, 

• Riverine flooding, when waters overflow the banks of rivers and streams 

• Stormwater drainage flooding, when the capacity of storm water drainage 
systems in urban areas is exceeded, and 

• Flash flooding, which is characterized by very rapid increases in water level. 
 
Coastal flooding can occur in the low-lying coastal portions of every community within 
Kodiak Island Borough.  All of the coastal communities have experienced coastal 
flooding.  Damage from coastal flooding is often exacerbated by the combination of 
wave action and high current velocities, which increases the level of damage.  Small 
boat facilities, including docks, pilings and boats, as well as adjacent on-shore 
buildings and infrastructure are most vulnerable to damage in coastal flood events. 
 
Riverine flooding can occur along any of the numerous rivers and streams within 
Kodiak Island Borough.  However, most of the rivers and streams run through 
unpopulated or very lightly populated areas.  Historically, however, there have been 
relatively few occurrences of riverine flooding within developed areas. 
 
Stormwater drainage flooding is possible within some portions of the Kodiak City 
urban area.  Historically, there been relatively few occurrences of such flooding. 
 
Flash flooding is possible due to extremely heavy rains and/or rapid snow melt, 
especially in narrow steep canyons.  However, such areas within Kodiak Island 
Borough are generally in unpopulated areas.  Flash flooding can also occur from dam 
failures.  Dam failures are addressed in Chapter 13. 
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There are no FEMA-mapped riverine- or coastal-floodplains within the Borough.  The 
absence of FEMA-mapped floodplains does not mean that there is no flood risk in the 
Borough.  Rather, the absence of FEMA-mapped floodplains simply means that the 
population and the inventory of buildings and infrastructure at risk from floods is 
deemed too small to warrant FEMA flood-plain mapping 
 
 12.2.1 Flood Hazard and Risk for Kodiak Island Borough 

All of the coastal communities in the Borough have experienced at least minor 
coastal flooding. However, no major coastal flood events have been recorded in 
recent years.  Are they any documented significant past events before “recent 
years”?  Provide brief narratives and dates. 
 
In general terms, harbor facilities, the airport, and buildings and infrastructure in all 
low-lying coastal areas are at potential risk for coastal flooding.  The Kodiak 
Emergency Operations Plan calls out the Chiniak Road, with low-elevation sections 
being particularly at flood risk.  Areas especially subject to potential coastal flooding 
correspond in large part to those areas identified as being at risk for coastal erosion 
(see Chapter 10 Erosion).  
 
Are there any critical facilities at high flood risk, especially from coastal storm surge 
flooding?  If so, list facilities here. 
 
The most recent flood event for the Borough occurred in October 2009.  Heavy rains 
during the period of October 6-11, 2009, resulted in a Presidential Declaration of major 
disaster:  FEMA-1865-DR, Alaska Severe Storms, Flooding, Mudslides and 
Rockslides.  This event resulted in widespread minor flooding and erosion affecting 
local streams, along with several mudslides and landslides.  Much of the damage 
was to state and local road infrastructure, but there was also damage to hydroelectric 
facilities and fish hatcheries.   In this event, damage was predominantly from 
mudslides and landslides, rather than from flooding. 
 
Provide details of which areas within the Borough were flooded and include list of 
facilities etc. which received FEMA funding for repairs and also list mitigation 
projects.   

There are no documented occurrences of major damage from flooding of rivers or 
streams, stormwater drainage flooding or flash flooding affecting the Borough.  Thus, 
coastal (storm-surge) flooding is the primary flood hazard for the Borough.  Confirm 
or correct – if incorrect provide examples and locations of non-coastal flooding. 

The likely impacts of flooding on Kodiak Island Borough are summarized in Table 
12.1 on the following page.   
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Table 12.1 
Probable Impacts of Flood Events 

 

 
 
Most coastal flooding events are likely to result in only minor damages.  Larger 
events may cause significant damage, especially to small boat facilities, with 
damages ranging from thousands to tens of thousands of dollars.  Extreme storm 
surge events could result in damage into the millions of dollars for small boat facilities 
as well as to buildings and infrastructure at low elevations adjacent to the coast. 
 
 12.2.2Flood Mitigation Measures 
 
Flood mitigation action items are listed in Table 12.3 and the end of this chapter. 
  

Categories Probable Impacts on Kodiak Island Borough

Areas Affected
The portions of all communities in the Borough immediately adjacent 
to the coastline, including harbor facilities, especially small boat 
facilities.

Building and Contents Damage Limited potential for damage to one or a few buildings.  A very low 
likelihood of more widespread damage.

Streets and Roads Possible localized road or highway closures.

Air Transportation Possible disruption of air transport in major coastal flooding events.

Marine Transportation Possible localized damage to near shore marine facilities.

Electric Power Possible localized damage.

Water and Wastewater None expected.

Telecommunications Possible localized damages.

Fuel Supplies Possible damage to village facilities at very low elevations.

Emergency Shelter Needs
Very minor impacts, temporary shelter may be required for a small 
number of families in severe events that effect several or more 
homes.

Casualties None expected.
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12.3 Severe Weather 
 
Severe weather events include high winds, thunderstorms, hail, snow, ice, ivu, aufeis 
and extreme temperatures.  For Kodiak Island Borough, the types of weather events 
most likely to result in significant damages or other impacts are floods, snow and ice. 
 
 12.3.1 Climate Data 
 
The climate for Kodiak Island Borough is moderate, with temperature extremes 
moderated by the marine influence throughout the Borough.   The temperature and 
climate data below are from the weather station at the Kodiak Airport from 1973 
through 2012, as compiled by the Western Regional Climate Center.1 
 
Average daily high temperatures range from 34.5o in January to 61.7o in August.  
Average daily lows range from 25.9o in December to 49.0o in July and August.  The 
record high temperature of 86o occurred in June 1968.  The record low temperature 
of -16 o occurred in January 1989. 
 
The mean annual precipitation is 76.98” with a maximum of 106.25” in 1998 and a 
minimum of 54.1” in 1973.  Average monthly precipitation ranges from a high of 8.56” 
in January to a low of 4.61 in July.  Measurable precipitation of 0.01” or more occurs 
on an average of 204 days per year.  The average number of days per month is 
relatively constant throughout the year, with a maximum of 19 days in January and 
December and a minimum of 14 days in August. 
 
The mean annual snowfall is 75.89” with a maximum of 148.60” in 2007-2008 and a 
minimum of 18.80” in 1982-1983.  There have been nine years with over 100” of 
snow, including four recent seasons (2006-2007, 2007-2008, 2008-2009 and 2011-
2012). 
 
The mean wind speed for Kodiak is 11.0 miles per hour.  The highest wind speed 
recorded for the fastest mile was 62 miles per hour in November 1995.  The highest 
peak gust wind speed was 83 miles per hour in November 1994.  
 
 12.3.2 Analysis of Weather Hazards 
 
 Snow Storms 
 
Kodiak Island Borough experiences many snow storms each year.  Kodiak has had 
snowfall in every month of the year with the exception of June, July and August.  
Snowfalls are common between October and April, with occasional snow in 
September and May. 
 
The maximum one-day snowfall of 19” occurred in February 1992.  The Borough is 
generally well-prepared for snow storms.  Nearly all buildings are adequately 
designed for snow loads and thus building damage from snow loads is infrequent.  
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The most common damage in heavy snow events is tree damage or tree falls, along 
with damage to above ground utility lines.  The primary impact sof severe snow storm 
events are disruption of electric power and/or telecommunications, and disruption of 
transportation, including land, marine and/or air transport all being disrupted, 
sometimes for several days or more. 
 
 Snow Avalanches 
 
Snow avalanches occur wherever there are steep slopes with heavy snow 
accumulation.  Avalanches are common within the Borough, but most occur in 
undeveloped interior areas.  Figure 12.1 on the following page shows a qualitative 
evaluation of the level of avalanche risk in Alaska. 
 
The avalanche potential is stated to be “medium” for most of the Borough, with “low” 
for the northern most part of the islands, including most of the Kodiak urban area. 
 
Insert brief narrative re: past avalanche events affecting developed areas 
within the Borough:  dates, locations, brief descripiton of damages (such as 
closure of Chiniak Highway at milepost 6.5).  If none, so state. 
 
 Ice Storms 
 
Ice storms do occur in the Borough, but are not especially common.  NOAA’s 
National Climate Data Center Storm Database3 lists one ice storm event on February 
15, 2008.   The Ice storm maps prepared by the American Lifelines Alliance 4 show 
Kodiak with a low to moderate level of risk for ice accumulation, as shown in Table 
12.2 below.  The numerical values for ice thickness are approximate, estimated from 
the maps for each return period. 
 

Table 12.2 
Ice Hazard Data for Kodiak Island Borough4 

 

 
 
 

Radial ice thicknesses of 0.25 to 0.50 inches commonly result in some tree falls and 
some damage to utility lines, but such thicknesses are unlikely to cause widespread 
damage. For comparison, we not that the maximum ice thicknesses for the 400-year 
return period in the lower 48 states are 2.5 inches in the highest hazard areas.  

Return Period 
(Years)

Radial Ice 
Thickness 
(Inches)

50 0.2

100 0.25

200 0.4

400 0.5
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Figure 12.1 
Avalanche Hazard Map for Alaska 
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For ice storms, Insert brief narrative re: past events events affecting developed 
areas within the Borough:  dates, locations, brief description of damages (such 
as disruption of transportation, utility line failures etc.  If none, so state. 
 
 Extreme Temperatures, Aufeis, Ivu and Permafrost 
 
The strong marine influence on Kodiak’s climate precludes truly extreme 
temperatures.  The record low of -16 o is low enough to perhaps result in a few 
domestic water pipes freezing and bursting, but does not pose a significant public 
health/safety risk.  Similarly, the record high of 86 o is not high enough to pose a 
significant public health risk.   
 
The strong marine influence also means that hazards from aufeis (flooding when 
streams freeze from the bottom up) or ivu (run-up of ice flows onto land) do not pose 
risk to the Borough.  Similarly, permafrost is not found within the Borough. 
 
 Wind Storms 
 
The maximum recorded fastest mile wind speed, 62 miles per hour, and the 
maximum recorded gust, 83 miles per hour, are high enough to result in tree falls 
which may damage above ground utility lines.  Building damages at these wind 
speeds is likely to be very minor, with isolated roof damage possible.  Wind storms 
do not pose a significant risk to the Borough. 
 
 Thunderstorms, Hail, and Tornadoes 
 
NOAA’s National Climate Data Center Storm Database3 does not list any 
thunderstorm, hail or tornado events for Kodiak for the period of record from January 
1995 to March 2013.  Minor thunderstorms or hail events may occasionally occur, but 
are unlikely to result in significant damage.  The likelihood of a tornado in Kodiak is 
nearly nil. 
 
  
12.4 Mitigation Measures for Floods and Severe Weather 
 
The mitigation action items for floods and severe weather are shown in Table 12.3 on 
the following page.
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Table 12.3 
Flood and Severe Weather Mitigation Action Items 

 
NOTE:  These Action Items are verbatim from the 2006 Mitigation Plan.  They need careful review and editing.  May can probably be 

eliminated as unnecessary. 
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Flood Mitigation Action Items
Short-Term         

#1
Complete the inventory of locations, buildings and 
infrastructure subject to significant flooding

KIB, City of Kodiak, villages 1-2 Years X X X X X

Long-Term         
#1

Undertake flood mitigation actions when cost 
effective for identified high risk locations

KIB, City of Kodiak, villages
Long 
Term

X X X X X

Long-Term          
#2

Limit future development in high flood risk areas KIB, villages Ongoing X X X X X

Timeline

Mitigation Plan Goals Addressed

Hazard Action Item Coordinating Organizations

Severe Winter Storm Mitigation Action Items

Short-Term         
#1

Ensure that all critical facilities in Kodiak Island 
Borough have backup power and emergency 
operations plans to deal with power outages

KIB, City of Kodiak, villages, 
Kodiak Electric Association, 
Alaska Village Electrical Coop

1-2 years X X X X X

Long-Term         
#1

Enhance tree trimming efforts especially for 
transmission lines and trunk distribution lines.

Kodiak Electric Association, 
Alaska Village Electrical Coop

Ongoing X X X X X

Long-Term          
#2

Encourage prudent tree planting (avoid service 
lines) and safe, professional tree trimming where 
necessary

Kodiak Electric Association, 
Alaska Village Electrical Coop

Ongoing X X X

Long-Term          
#3

Encourage citizens and businesses to plan for 
emergencies and to stockpile emergency 
supplies

KIB, City of Kodiak, villages Ongoing X X
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13.0 DAM SAFETY   (DRAFT: 9/5/2013) 
 
13.1 National Inventory of Dams 
 
Dams are manmade structures built to impound water.  Dams are built for many 
purposes including water storage for potable water supply, livestock water supply, 
irrigation, or fire suppression.  Other dams are built for flood control, recreation, 
navigation, hydroelectric power or to contain mine tailings.  Dams may also be 
multifunction, serving two or more of these purposes. 
 
The National Inventory of Dams, NID, which is maintained by the United States Army 
Corps of Engineers, is a database of approximately 76,000 dams in the United 
States. The NID does not include all dams in the United States.  Rather, the NID 
includes dams that are deemed to have a high or significant hazard potential and 
dams deemed to pose a low hazard if they meet inclusion criteria based on dam 
height and storage volume.  Low hazard potential dams are included if they meet 
either of the following selection criteria: 1) exceed 25 feet in height and 15 acre-feet 
of storage, or 2) exceed 6 feet in height and 50-acre feet of storage.  There are many 
thousands of dams too small to meet the NID selection criteria.  However, these 
small dams are generally too small to have significant impacts if they fail and thus are 
sometimes not considered for purposes of risk assessment or mitigation planning. 
 
This NID potential hazard classification is solely a measure of the probable impacts if 
a dam fails.  Thus, a dam classified as High Potential Hazard does not mean that the 
dam is unsafe or likely to fail.  The level of risk (probability of failure) of a given dam 
is not even considered in this classification scheme.  Rather, the High Potential 
Hazard classification simply means that there are people at risk downstream from the 
dam in the inundation area, if the dam were to fail.  The NID potential hazard 
classification system for dams is as summarized below in Table 13.1. 
 

Table 13.1 
NID Hazard Potential Classification for Dams 

 

 
 
Dams assigned to the high hazard potential classification are those where failure or 
mis-operation will probably cause loss of human life.  Failure of dams in the high 
classification will generally also result in economic, environmental or lifeline losses, 
but the classification is based solely on probable loss of life. 
 
Dams assigned to the significant hazard potential classification are those where 
failure or mis-operation results in no probable loss of human life but can cause 

Hazard Potential 
Classification Loss of Human Life Effect on Property

High Probable, one or more expected Yes, but not necessary for this classification

Significant None Expected Yes

Low None Expected Low and generally limited to the dam owner
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economic loss, environmental damage, or disruption of lifeline facilities.  Significant 
hazard potential dams are often located in predominantly rural or agricultural areas.   
 
Dams assigned the low hazard potential classification are those where failure or mis-
operation results in no probable loss of human life and low economic and/or 
environmental losses.   Losses are principally limited to the dam owner’s property. 
 
Access to detailed dam data in the 2013 NID is restricted and requires user-
registration.  Non-government users can query the database, but cannot directly 
download any data from the NID website.  Questions about access to the 2013 NID 
can be directed to:  nid@usace.army.mil 
 
  
 
 
13.2 Alaska Dam Inventory  
 
The State of Alaska Department of Natural Resources database of Alaska Dams 
includes 170 dams as listed in the 2013 State of Alaska Hazard Mitigation Plan.  This 
inventory includes State and Federal jurisdictional dams and some non-jurisdictional 
dams.  However, most non-jurisdictional dams constructed since the original 
inventory was compiled in the early 1980s are not listed.  Furthermore, it is possible 
that some listed non-jurisdictional dams may no longer be in operation. 

A dam must meet at least one of the following criteria to be under State’s jurisdiction: 
(1)  Has, or will have, an impounding capacity at maximum water storage elevation 
of 50 acre-feet and is at least 10 feet tall measured from the lowest point at either 
the upstream or downstream toe of the dam to the crest of the dam.  A dam with a 
structural height of 10 feet or taller and that stores 50 acre-feet or more of water 
meets this description. 
(2) Is at least 20 feet tall measured from the lowest point at either upstream or 
downstream toe of the dam to the crest of the dam.  A dam that is 20 feet or more 
tall meets this description regardless of its storage capacity. 
(3) Poses a threat to lives and property as determined by the department after an 
inspection.  In other words, a barrier with a Class I (high) or Class II (significant) 
hazard potential classification is a state jurisdictional dam, even if it does not meet 
the size criteria of 1 or 2 above. 
 

The State of Alaska Dam Inventory uses a hazard potential classification which is 
similar, but not identical, to the NID classification shown above in Table 13.1.  The 
State classification is shown in Table 13.2. 
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Table 13.2 
State of Alaska Hazard Potential Classification for Dams 

 

 
 
 
13.3 Dam Primer 
 
In the simplest terms, dams are impervious structures that block the flow of water in a 
river or stream and thereby impound water behind the dam.  Dams have been built 
for thousands of years from a wide range of materials, including earth, stone, 
masonry, wood, and concrete.  Large modern dams are predominantly embankment 
dams (built primarily from soil, rock, or mixtures) or concrete dams.   
 
Large modern dams almost always have control mechanisms such as gated 
spillways or outlet pipes for releasing water in a controlled fashion.  Typically, dams 
are operated to smooth natural variations in water flow.  During high water flow 
periods, water is stored behind a dam, while in low water flow periods, water is 
released to increase flows.  Controlled releases typically result in lower peak (flood) 
flows and higher minimum flows than in uncontrolled streams.  The specific patterns 
of water storage and release vary from dam to dam, depending on the primary 
purpose(s) of the dam and on a wide variety of economic, regulatory and 
environmental considerations. 
 

Dam Nomenclature and Types of Dams 
 
Modern dams, whether embankment dams or concrete dams, are typically 
constructed on a foundation, which may be concrete, natural rock or soils, or 
compacted soils.  Dams are usually constructed along a constricted part of a river 
valley to minimize cost.  Dams are also connected to the surrounding natural valley 
walls, which become the abutments of the dam structure itself.  
 
Embankment dams are commonly termed earthfill or rockfill dams, depending on the 

Hazard Potential 
Classification Effect on Human Life Effect on Property

Class I:  High Probable loss of one or more lives Irrelevant for classification, but may include the same 
losses indicated in Class II or III.

Class II: Significant
No loss of life expected, although 
a significant danger to public 
health may exist

Probable loss of or significant damage to homes, 
occupied structures, commercial or high value 
property, major highways, primary roads, railroads, or 
public utilities, or other significant property losses not 
limited to the owner of the barrier.                                      
Probable loss of or significant damage to waters 
identified under 11 AAC 195.010(a) as important to 
spawning, rearing or migration of anadromous fish.

Class III: Low Insignificant danger to public 
health

Limited impact to rural or undeveloped land or 
secondary roads, and structures.  Loss or damage of 
property limited to the owner of the barrier.

 13-3 



primary material used.  Historically, a wide range of earth and rock materials have 
been used to construct embankment dams, with various construction techniques 
including hydraulic fill and compaction.  Embankment dams are broad flat structures, 
typically at least twice as wide at the base as their height.  In cross section, 
embankment dams are typically trapezoidal, with a wide flat base, sloping slides and 
a narrower flat top. 
 
Depending on the permeability of the materials used in an embankment dam, 
impervious layers may be added to the upstream side of the structure or in the center 
core of the structure.  Embankment dams are subject to erosion by running water.  
Thus, modern embankment dams always have erosion-resistant materials used in 
the water release and control mechanisms of the dam.  Typically, concrete spillways 
with concrete or steel gates are used to control releases. Many dams also have outlet 
pipe systems with concrete or steel pipes as part of the water release control system. 
 
Modern concrete dams fall into two major classes: gravity dams and arch dams.  
Concrete gravity dams are designed on principles similar to embankment dams.  
Concrete gravity dams are broad structures, generally triangular in shape with a flat 
base, a narrow top, a flat upstream side and a broad sloping downstream side.  Much 
of these dams’ capacity to impound water arises from the weight of the dam.  
Typically, gravity dams are keyed into bedrock foundations and abutments to 
increase the stability of the dam. 
 
Concrete arch dams rely primarily on the strength of concrete to impound water. 
Concrete arch dams are much thinner in cross section than concrete gravity dams 
and are always convex on the upstream side and concave on the downstream side 
because concrete is much stronger in compression than in tension.  With this arch 
design, the pressure of impounded water compresses the concrete and makes the 
dam stronger.  Like concrete gravity dams, concrete arch dams are also keyed into 
bedrock foundations and abutments to provide stability.  A less common variation of 
a concrete arch dam is a concrete buttress dam.  Buttress dams are arched or 
straight dams with additional strength provided by buttresses perpendicular to the 
long axis of the dam. 
 
An excellent introduction to dam nomenclature and descriptions of types of dams is 
given in the FEMA publication: Dam Safety: An Owner’s Guidance Manual.3   For 
further details, the reader is referred to this publication and the references therein. 
 

Dam Failure Modes 
 
Dam failures can occur at any time in a dam’s life; however, failures are most 
common when water storage for the dam is at or near design capacity.  At high water 
levels, the water force on the dam is higher and several of the most common failure 
modes are more likely to occur. Correspondingly, for any dam, the probability of 
failure is much lower when water levels are substantially below the design capacity 
for the reservoir. 
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For embankment dams, the most common failure mode is erosion of the dam during 
prolonged periods of rainfall and flooding.  When dams are full and water inflow rates 
exceed the capacity of the controlled release mechanisms (spillways and outlet 
pipes), overtopping may occur.  When overtopping occurs, scour and erosion of 
either the dam itself and/or of the abutments may lead to partial or complete failure of 
the dam.  Especially for embankment dams, internal erosion, piping or seepage 
through the dam, foundation, or abutments can also lead to failure.  For smaller 
dams, erosion and weakening of dam structures by growth of vegetation and 
burrowing animals is a common cause of failure. 
 
For embankment dams, earthquake ground motions may cause dams to settle or 
spread laterally.  Such settlement does not generally lead, by itself, to immediate 
failure.  However, if the dam is full, relatively minor amounts of settling may cause 
overtopping to occur, with resulting scour and erosion that may progress to failure.   
 
For any dam, improper design or construction or inadequate preparation of 
foundations and abutments can also cause failures.  Improper operation of a dam, 
such as failure to open gates or valves during high flow periods can also trigger dam 
failure.  For any dam, unusual hydrodynamic (water) forces can also initiate failure.  
Landslides into the reservoir, which may occur on their own or be triggered by 
earthquakes, may lead to surge waves which overtop dams or hydrodynamic forces 
which cause dams to fail under the unexpected load.  Earthquakes can also cause 
seiches (waves) in reservoirs that may overtop or overload dam structures.  In rare 
cases, high winds may also cause waves that overtop or overload dam structures. 
 
Concrete dams are also subject to failure due to seepage of water through 
foundations or abutments.  Dams of any construction type are also subject to 
deliberate damage via sabotage or terrorism. For waterways with a series of dams, 
downstream dams are also subject to failure induced by the failure of an upstream 
dam.  If an upstream dam fails, then downstream dams also fail due to overtopping or 
due to hydrodynamic forces. 
 
An excellent review of the common mechanisms for dam failures is given in the 
FEMA publication: Dam Safety: An Owner’s Guidance Manual.1   For further details, 
the reader is referred to this publication and the references therein.   
 
A National Research Council study2 of dam failures in the United States and Western 
Europe from 1900 to 1969 compiled historical data on the observed probability of 
failure as a function of type of dam.  Dam failures are quite common in the United 
States.  For example, FEMA data from Tropical Storm Alberto (1994) show 230 dam 
failures in the State of Georgia from this single event.5   Fortunately, most dam 
failures are of small dams where the failure poses little or no risk to life safety and 
only minor, localized property damage.  Most failures are of dams that are too small 
to be included in the NID database or dams in the NID Low Hazard Potential 
Category. 
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However, in the United States between 1960 and 1997 there were 23 dam failures 
that caused at least one death, with total fatalities from these 23 failures estimated at 
318 people.3  Since 1874, there have been six dam failures in the United States 
which killed over 100 people.4   The worst dam failure, in terms of casualties, was the 
1889 Johnstown Pennsylvania dam failure which killed over 2,200 people.  Three of 
the high fatality dam failures occurred in the 1970s: Black Hills, South Dakota, Big 
Thompson River, Colorado, and Buffalo Creek, West Virginia.  These three failures 
alone resulted in an estimated 514 deaths.4  The published death statistics in this 
paragraph from these two FEMA sources are inconsistent, but these differences are 
not significant for the present purposes which is simply to document that dam failures 
may result in significant casualties. 
 
 
13.4 Kodiak Island Borough Dam Inventory 
 
The 2013 State of Alaska Hazard Mitigation Plan lists 27 dams within Kodiak Island 
Borough, based on the 2011 Alaska State Dam Inventory.  These dams are listed in 
Table 13.3 on the following page.  In this table, nearby development is listed for 
location purposes only and does not imply any specific risk to developed areas.   
 
The importance of these dams varies markedly.  For mitigation planning, the most 
important dams are those which provide hydro-electric power and/or potable water 
supply for communities.  Using these criteria, the most important dams within Kodiak 
Island Borough are shown below in Table 13.4. 
 

Table 13.4 
Kodiak Island Borough: Important Dams 

 

 
 

Dam Function Community Served

Terror Lake Hydro-Electric Power Kodiak, Port Lions

Monashka Creek Dam Potable Water Supply Kodiak

Pillar Creek Dams Potable Water Supply Kodiak

Bettinger Upper Reservoir Dam Potable Water Supply Kodiak

Akhiok Dam Potable Water Supply Akhiok

Larsen Bay Hydro-Electric Dam Hydro-Electric Power and 
Potable Water Supply

Larsen Bay

Mahoona Dam Hydro-Electric Power and 
Potable Water Supply

Ouzinkie

Port Lions Dam Potable Water Supply Port Lions
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Table 13.3 
Dams in Kodiak Island Borough 

 

 
 

1 Old Harbor City Dam and the Old Karluk Dam are listed in the current Alaska Dam 
Inventory, but are no longer in service. (KIB to VERIFY)

AK00073 Monashka Creek 
Dam 

Kodiak Island 
Borough 

Kodiak Significant Yes 

AK00185 Monashka Creek 
Dike 

Kodiak Island 
Borough 

Kodiak Significant Yes 

AK00020 Pillar Creek Dam 
No.1.A 

Kodiak Island 
Borough 

Kodiak Significant Yes 

AK00072 Pillar Creek Dam 
No.1.B 

Kodiak Island 
Borough 

Kodiak Significant Yes 

AK00070 Pillar Creek Dam 
No. 2.A 

Kodiak Island 
Borough 

Kodiak Significant Yes 

AK00071 Pillar Creek Dam 
No. 2.B 

Kodiak Island 
Borough 

Kodiak Significant Yes 

AK00021 Pillar Creek Dam 
No. 2.C 

Kodiak Island 
Borough 

Kodiak Significant Yes 

AK00171 Pillar Creek Dam 
No. 3 

Kodiak Island 
Borough 

Kodiak Low Not Required 

AK00098 Stover Dam Kodiak Island 
Borough 

Kodiak Low No 

AK00022 Bettinger Upper 
Reservoir Dam 

Kodiak Island 
Borough 

Kodiak HIgh Yes 

AK00166 
Old Harbor City 
Dam1

Kodiak Island 
Borough Old Harbor Low No 

AK00207 Mahoona Dam Kodiak Island 
Borough 

Ouzinkie Significant No

AK00092 Alitak Cannery Dam 
#1 

Kodiak Island 
Borough 

Alitak Cannery High No 

AK00091 Alitak Cannery Dam 
#2 

Kodiak Island 
Borough 

Alitak Cannery Low Not Required 

AK00090 Alitak Cannery Dam 
#3 

Kodiak Island 
Borough 

Alitak Cannery Significant No 

AK00095 Alitak Cannery Dam 
#4 

Kodiak Island 
Borough 

Alitak Cannery Low Not Required 

AK00086 Chiniak Satellite 
Station Dam 

Kodiak Island 
Borough 

Remote Low Not Required 

AK00094 Uyak Cannery Dam 
Kodiak Island 

Borough 
Whitney Fidalgo 

Cannery Low Not Required 

Dams Under State Jurisdiction
Hazard 

Potential 
Classification

Nearby 
Development

Emergency 
Action Plan

DAM ID 
Number Name Borough
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Table 13.3 (continued) 
Dams in Kodiak Island Borough 

 

 
 
The following dams are in service, but are not listed in the State of Alaska Dam 
Inventory:  

• Larsen Bay Hydroelectric Dam, 

• Akhiok Dam, and 

• Two diversion dams at the Terror Lake hydroelectric facility: 
o Falls Creek Diversion Dam, and  
o Rolling Rock Creek Diversion Dam. 

 
The information in the above tables is subject to verification and should be used with 
caution.  The Alaska Dam Inventory Database is incomplete; most non-jurisdictional 
dams constructed since the early 1980s are not included.  The state database does 
not have emergency action plan data for Federal Responsibility Dams.  Some dams 
in the above inventory may no longer be in operation. 

Hazard 
Potential

Classification

AK00153 Karluk Lagoon Dam Kodiak Island 
Borough

Karluk Lagoon Low No

AK83009 Shotgun Creek 
Diversion Dam

Kodiak Island 
Borough

(Remote) Low No?

AK83008 Terror Lake
Kodiak Island 

Borough (Remote) Low No?

Hazard 
Potential

Classification

AK00030 Big Kitoi Kodiak Island 
Borough

Fish Hatchery Low Not Required

AK00088 Larsen Bay 
Cannery Dam

Kodiak Island 
Borough

Larsen Bay Low Not Required

AK00154 Old Karluk Dam1 Kodiak Island 
Borough

Old Karluk Low Not Required

AK00089 Port Lions Dam Kodiak Island 
Borough

Port Lions Low Not Required

AK00167 Port Wakefield 
Dam

Kodiak Island 
Borough

Port Wakefield Low Not Required

AK00156
Zachar Bay 
Fisheries Dam

Kodiak Island 
Borough (Remote) Low Not Required

Dams Under Federal Jurisdiction

Emergency 
Action Plan

Emergency 
Action Plan

DAM ID 
Number Name Borough

Nearby 
Development

DAM ID 
Number BoroughName

Nearby 
Development

Non-Jurisdictional Dams
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13.5 Dam Failure Risk Assessment:  Kodiak Island Borough 
 
The Alaska State Dam Inventory lists the following dams as have high or significant 
hazard potential per Table 13.3 shown previously 
 

Table 13.5 
Kodiak Island Borough Dams with High or Significant Hazard Potential 

 

 
 
IMPORTANT NOTE:  the above hazard potential classification is not a risk or 
vulnerability assessment.  Rather, the high or significant hazard potential simply 
indicates the potential damages if the dam were to fail.  This classification does not 
consider the probability of failure which is likely very low for most of these dams.  
Thus, for example, a new dam conforming to all current safety requirements would 
still be classified as “high” potential hazard, if the potential inundation area includes 
developed areas. 

 
Most of the larger dams within Kodiak Island Borough have been inspected in recent 
years.  However, there are important caveats on these inspections.  Typically, dam 
inspections are focused on deficiencies for normal operations or flood conditions and 
do not include detailed seismic risk assessments.  Furthermore, many of the small 

AK00022 Bettinger Upper 
Reservoir Dam 

Kodiak Island 
Borough 

Kodiak HIgh Yes 

AK00092 Alitak Cannery 
Dam #1 

Kodiak Island 
Borough 

Alitak Cannery High No 

AJK00207 Mahoona Dam Kodiak Island 
Borough 

Ouzinkie Signifcant No

AK00073 Monashka Creek 
Dam 

Kodiak Island 
Borough 

Kodiak Significant No 

AK00185 Monashka Creek 
Dike 

Kodiak Island 
Borough 

Kodiak Significant No 

AK00020 Pillar Creek Dam 
No.1.A 

Kodiak Island 
Borough 

Kodiak Significant No 

AK00072 Pillar Creek Dam 
No.1.B 

Kodiak Island 
Borough 

Kodiak Significant No 

AK00070 Pillar Creek Dam 
No. 2.A 

Kodiak Island 
Borough 

Kodiak Significant No 

AK00071 Pillar Creek Dam 
No. 2.B 

Kodiak Island 
Borough 

Kodiak Significant No 

AK00021 Pillar Creek Dam 
No. 2.C 

Kodiak Island 
Borough 

Kodiak Significant No 

AK00090 
Alitak Cannery 
Dam #3 

Kodiak Island 
Borough Alitak Cannery Significant No 

Dams Under State Jurisdiction

DAM ID 
Number Name Borough Nearby 

Development

Hazard 
Potential 

Classification

Emergency 
Action Plan
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dams in the remote villages may not have been inspected for many years.  These 
small dams are very important for the villages, even if they are classified as “non-
jurisdictional” with no oversight by either the state or the federal government. 
 
 
13.6 Mahoona Dam 
 
The Mahoona Dam provides both potable water and hydroelectric power for the City 
of Ouzinkie and is thus a critically important facility for the city.  A field inspection 
report by the Alaska Department of Natural Resources Dam Safety and Construction 
Unit8 has concluded that the dam is unsafe and unserviceable.  The community has 
had to lower the water level and manage it for drinking water only.  Even with this 
diminished water storage the dam is still considered an imminent threat to the 
community.  Furthermore, the necessity of replacing the hydroelectric power 
generation with much more expensive diesel-fueled generation places a substantial 
economic burden on the community as well as decreasing the reliability of critical 
electric power supply, by relying on a single source. 
 
The main dam structure is wooden timber buttress dam, an archaic dam design, is 
rarely used today.  There are also earthen saddle dikes at both ends of the wooden 
buttress dam and a concrete spillway.  The dam inspection revealed two major 
structural deficiencies: 

• Diminished structural integrity of the of the timber section due to degradation 
of wooden structural members, and 

• The absence of a stilling basin at the downstream end of the spillway, with 
subsequent erosion and undermining of the spillway. 

Given the importance of this dam to the community, including life safety risk from 
dam failure and the economic burden of diesel-fueled power generation, the repair, 
retrofit and/or replacement of the dam is a urgent priority for the City of Ouzinkie.  
 
13.7 Action Items and Mitigation Strategies 
 
This highest priority dam mitigation action item is to mitigate the identified structural 
deficiencies in the Mahoona Dam and restore the dam to full serviceability and safe 
operability condition.   
 
Secondary priorities are assess the level of risk posed by other important dams within 
Kodiak Island Borough, not only for normal operations and floods, but also for 
seismic risk and other risks such as landslides or seiches which may affect some of 
these dams. 
 
The table on the following page contains dam safety mitigation action items.
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Table 13.7  

Dam Safety Mitigation Action Items 
 

 
 
 

Which entity has lead responsibility for the Mahoona Dam?  City of Ouzinkie? 
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Dam Safety Mitigation Action Items

Short-Term         
#1

Mitigate the identified structural deficiencies in the 
Mahoona Dam and restore the dam to full 
serviceability and safe operability condition. 

???? 1 Year X X X X X

Short-Term         
#2

Review the seismic design basis for existing 
dams to determine which dams have been built to 
seismic standards significantly lower than current 
standards

Alaska Department of Natural 
Resources (Alaska Dam Safety 
Program) and dam owners.

1-2 Years X X X X X

Short-Term         
#3

Conduct thorough risk assessments of dams 
which may have substantial vulnerabilities to 
seismic, seiche, landslide or flood hazards.

Alaska Department of Natural 
Resources (Alaska Dam Safety 
Program) and dam owners

1-5 Years X X X X X

Short-Term         
#4

Update emergency operations plans to include 
dam failures, including mapping of potential dam 
failure inundation areas, updating public 
notification protocols and identifying evacuation 
routes

Kodiak Island Borough and City 
of Kodiak, who are jointly 
responsible for maintaining the 
Kodiak Area Emergency 
Operations plan

1-2 Years X X X X X

Long-Term         
#1

Implement necessary mitigation measures for 
dams determined to pose an unacceptable level 
of risk, as funding becomes available

Dam owners Ongoing X X X X X

Hazard Action Item Coordinating Organizations Timeline

Mitigation Plan Goals Addressed
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14.0 DISRUPTION OF TRANSPORTATION, FUEL SUPPLIES AND 
UTILITIES (DRAFT:  9/5/2013) 
 
 
The previous chapters (Chapters 6 through 12) dealt with each of the major natural 
hazards impacting Kodiak Island Borough including earthquakes, tsunamis, severe 
weather, floods, volcanic hazards and others.  These chapters evaluated each of the 
natural hazards and the risk arising from the hazards as they impact the buildings, 
infrastructure and people of Kodiak Island Borough. 
 
Each of these natural hazards may result in not only damage to buildings but also 
damage to and disruption of transportation, fuel supplies and utility systems.  
Furthermore, transportation, fuel supplies, and utilities are also subject to disruption 
from anthropogenic hazards, including dam failures, HAZMAT incidents, accidents, or 
deliberate malevolent actions. 
 
Mitigation projects may be implemented to reduce or avoid such damage and 
disruptions of transportation, fuel supplies and utility systems, and a few examples were 
discussed in the previous chapters.  In this sense, evaluating the potential damage and 
disruption of transportation, fuel supplies, and utility systems from each hazard is part of 
the risk assessment for each locality affected by a natural hazard. 
 
For Kodiak Island Borough, and especially for the remote villages, the importance of 
transportation, fuel supplies and utility systems is further amplified by the isolation (with 
access only by air or sea) and the relatively harsh climatic conditions during much of 
the year.  For example, in late 2007, Karluk was deprived of a fuel shipment due to a 
weather event which precluded delivery from the fuel barge.  As a result, Karluk was in 
peril of running out of heating fuel, which would make it difficult to continue to occupy 
homes during the winter months, and diesel to run the electric generators, which would 
also result in loss of the potable water supply.  This example emphasizes the critical 
importance of reliable fuel and utility systems, especially for the isolated communities, 
and especially in post-disaster times when communities may be even more isolated for 
a significant time period. 
 
 
14.1 Transportation Systems 
 

Airports 
 
The seven airports within Kodiak Island Borough are listed below in Table 14.1, along 
with a synopsis of their vulnerability to various hazards.  All of the airports are subject 
to frequent closures during periods of severe weather or limited visibility.  Durations of 
closures may range from a few hours to several days or longer. 
 
The six village airports are especially prone to closures because these are 
unattended, with most being visual approach airports with no runway lighting.  
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However, the Larsen Bay airport has runway lighting, a rotary beacon and a lighted 
windsock.  Old Harbor and Ahkiok are slated for future runway lighting and Ouzinkie is 
getting a new airport.   KIB Staff:  Update 
 

Table 14.1 
Kodiak Island Borough Airports 

 

 
 
The Kodiak Airport is below 20’ elevation and thus subject to inundation during major 
tsunami events.  The following figure shows the area inundated during the 1964 
tsunami, along with model results for other tsunami events (Suleimani and Others, 
Tsunami Inundation Scenarios for the Kodiak Area). The red line (greatest inundation) 
indicates the 1964 tsunami limits. 
 

Figure 14.2.1 
Tsunami Map for Kodiak Airport 

 

 

Earthquake Tsunami Severe 
Weather

Kodiak Moderate High High
Ahkiok Low Low Very High
Karluk Low Nil Very High
Larsen Bay Low Nil Very High
Old Harbor Low Nil Very High
Ouzinkie1 Low Nil Very High
Port Lions Low Low Very High

Airport
Approximate Level of Risk

1 Tsunami risk is nil for new airport location, low or very low 
for current airport location.
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Tsunami impacts at the Kodiak Airport would include damage to buildings and 
approach lighting, along with deposition of debris.  Under emergency conditions, it 
appears likely that the airport could be re-opened relatively quickly, with outages 
longer than a few days unlikely.   The six village airports are at higher elevations and 
thus have low or nil probability of tsunami damages.   
 
Earthquake damage at airports may include damage to buildings, nonstructural 
equipment and other infrastructure such as approach lighting, as well as runway 
damage from settlement or lateral spreading.  The Kodiak airport is more vulnerable 
to such damage because of the greater inventory of buildings and supporting 
infrastructure and also because the larger planes using the Kodiak airport have more 
stringent runway requirements than the small planes using the village airports.    
 
The overall earthquake risk at the Kodiak airport is designated as “moderate” 
because, under emergency conditions, damage to buildings and other infrastructure 
would not be likely to completely close the airport, especially for emergency 
operations.  Possible runway damage from settlement or lateral spreading could 
probably be repaired (with at least temporary repairs to restore function) quickly.  
Thus, loss of service for more than a day or two seems unlikely. 
 
The village airports have minimal buildings or infrastructure other than the gravel 
runways and thus have less earthquake vulnerability than the Kodiak airport. 
 
These conclusions about the level of earthquake and tsunami risk at the airports 
should be regarded as preliminary.  More definitive conclusions would require a 
quantitative seismic risk evaluation of airport facilities and infrastructure. 
 
 
 Harbor Facilities 
 
All of the communities within Kodiak Island Borough depend heavily on sea transport 
for delivery of fuel and supplies.  All of the communities have dock or harbor facilities, 
with the exception of Akhiok and Karluk which have only skiff haul out beach areas.   
 
All of these harbor and dock facilities are subject to closures or restricted operations 
during severe weather conditions.  For Karluk, the beach road between the bulk fuel 
facility and the village is subject to being impassible from erosion from waves or from 
surface water drainage which crosses the road. 
 
All of these harbor or dock facilities are subject to significant tsunami damage and are 
also likely have some degree of earthquake risk.  The level of risk will vary depending 
on the types of facilities (docks, buildings, loading ramps, cranes, etc.).  More 
definitive conclusions about the level of tsunami and earthquake risk for these dock 
and harbor facilities would require a quantitative engineering risk evaluation of these 
facilities. 
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These harbor facilities are summarized below in Table 14.2. 
 

Table 14.2.2 
Kodiak Island Borough Harbor Facilities 

 

 
 
 

 Roads and Bridges 
 
Kodiak Island Borough has a limited network of roads, totaling about 100 miles.  Most 
of these roads are local roads within Kodiak City and surrounding areas or within the 
remote communities.   
 
Roads are subject to temporary closures from many types of events, including heavy 
snow, avalanches, flooding, landslides, earthquake or tsunami.  Roads are also 
subject to closures from bridge damage from any of the above hazards.  The 1964 
earthquake and tsunamis caused about $5,000,000 (1964 dollars) in damage to the 
highway system.  In 2008 dollars, the damage would be about $35,000,000.  In 1964, 
about 18 miles of roadway and 22 bridges were destroyed by tsunamis or had to be 
replaced because of regional and local subsidence.  
 
The most important road is Rezanof Drive which connects Kodiak City with critical 
facilities south of the city, including the cargo docks, the airport and the Coast Guard 
Base.  Rezanof Drive is subject to all of the hazards noted above.  However, closures 
from snow, avalanches or flooding are likely to be localized and of relatively short 
duration.  Closures from landslides, earthquakes, or tsunamis could be more 
widespread, with longer durations. 
 
In some locations along this key road, remediation of avalanche, flood, or landslide 
hazards might be possible from an engineering perspective, although perhaps not 
cost-effective.  Similarly, it might be possible to reduce earthquake hazards due to 
lateral spreading or liquefaction.  However, given the economic realities, it is also 
important to include the possibility of road closures from any of these possible 
hazards in emergency response planning and preparation. 
 

Cargo Dock Ferry or Other 
Ocean Dock

Cannery 
Dock

Small Boat 
Harbor

Float Plane 
Facility

Kodiak X X X X X
Ahkiok1

Karluk1

Larsen Bay X X
Old Harbor X X
Ouzinkie X X
Port Lions X X

1 Ahkiok and Karluk have no dock or harbor facilities, with skiff haul out areas only.

Community

Type of Harbor or Dock Facility
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FEMA mitigation grants might be possible for Rezanof Drive mitigation projects.  
However, FEMA grants require a benefit-cost ratio greater than 1.0 for eligibility, with 
most of the benefits typically arising from the calculated economic impacts of road 
closures, for which FEMA uses a per vehicle per hour of delay/detour value.  Because 
the traffic count is relatively low on this key road, it may be difficult, but perhaps not 
impossible, to demonstrate benefit-cost ratios above 1.0 for possible mitigation 
projects. 
 
 14.3 Fuel Supplies 
 
All of the communities within Kodiak Island Borough are heavily dependent on fuel 
supplies, which are typically delivered by fuel barges to bulk storage facilities.  Fuel 
supplies are essential for land and marine transportation, for electric power generation 
using diesel generators, and for heating of residential, commercial and public 
buildings. 
 
There are twelve bulk fuel storage facilities within Kodiak Island Borough.   Eight of 
these facilities are located in the six remote villages: Akhiok, Karluk, Larsen Bay (2), 
Old Harbor (2), Ouzinkie and Port Lions.  The four larger facilities are located at the 
U.S. Coast Guard Reservation (2) and in Kodiak City (2).  The primary hazards posing 
risk to these storage facilities are earthquakes and tsunamis, both of which may cause 
damage to storage tanks or to piping and ancillary equipment.  Such damages could 
range from minor damage that could be quickly repaired, to major damage requiring 
lengthy repair times, or even complete failure of the tanks with loss of the stored fuels.   
 
Failures of these facilities would have two main consequences:  1) loss of critical fuel 
supplies, and 2) possible environmental impacts from fuel spills (with the severity 
depending on the adequacy of containment at each site). 
 
Golder Associates completed a seismic hazard evaluation (including tsunamis and 
landslides) of these facilities in 2002.  These results are briefly summarized below in 
Tables 14.3 and 14.4. 
 

Table 14.2.3 
Village Bulk Fuel Facilities 

 

 
 
Since the Golder Associates study was completed, the fuel storage tanks for Ahkiok, 
Larsen Bay and OId Harbor have been replaced with new tanks which are generally 

City Cannery City AVEC
Liquefaction Low Low Low Low Low Low Low Low
Landslides Low Low Low Low Medium Medium Low Low
Tsunami Medium Low Medium Medium Low Low Low Low
Surface Fault Rupture Low Low Low Low Low Low Low Low
Tank Failure Medium Low Medium Medium Low Low Medium Low
Pipeline Failure Medium Low Medium Medium Low Low Medium Medium
Large Spills High High Low High Low Low Medium Low

Ouzinkie Port 
LionsHazard Akhiok Karluk Larsen Bay Old Harbor
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located in safer and more convenient areas.  Thus, the risks for these new tanks are 
lower than indicated in Table 14.3 above. 
 

Table 14.2.4 
Large Bulk Fuel Facilities 

 

 
 
The above classifications of low, medium or high seismic risk are qualitative.  Low 
risk means that the hazard is “unlikely.”  Medium risk means that the hazard is likely, 
but requires further investigation to confirm.  High risk means that the hazard is likely 
and does not require further investigation to confirm. 
 
The Golder Associates Report has a summary table (Table 1 in the Golder Report) of 
the description and condition of the village facilities.   

• The tank condition for many of the tanks is stated to be poor or fair, with 
significant corrosion, with only the Port Lions tanks rated good.  However, 
the new tanks in Ahkiok, Larsen Bay and Old Harbor are certainly in 
excellent condition. 

• The pipelines in Larsen Bay, Ouzinkie and Port Lions were noted to lack 
flexible connections, which greatly increases the risk of pipeline failures in 
earthquakes.  The new tanks in Ahkiok, Larsen Bay and Old Harbor may 
have flexible connections.  Can KIB Staff verify? 

 
The Golder Associates Report also has a summary table (Table 6 in the Golder 
Report) of seismic hazard criteria for the large facilities.  Highlights of this summary 
are given below, along with comments where the Golder Report may not be accurate. 

• The North Pacific Fuel Tank farm is near, but probably outside of the risk 
zone, for the Pillar Mountain landslide. 

• The tsunami risk for the Petro Marine Fuel Tank farm is stated as high, 
although the site is above the 1964 inundation level. 

• The tsunami risk for the Air Station Fuel Tank farm is stated as low, athough 
the site is annotated the same as the Petro Marine site (less than 20’ above 
the 1964 inundation level). 

• None of the tanks have flexible pipeline connections. 

North 
Pacific

Petro 
Marine

ISC 
Kodiak

Air 
Station

Liquefaction Low Low Low Low
Landslides Low Low Low Medium
Tsunami Low High Low Low
Surface Fault Rupture Low Low Low Low
Tank Failure Low Low Medium Medium
Pipeline Failure Low Low Low Low
Large Spills Low Medium Low Low

Kodiak City
Hazard

USCG
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• None of the tanks are anchored, except for two of the ISC Kodiak tanks. 
 
The Golder Associates Report also has a summary table of generalized mitigation 
options for these facilities.  This table is shown below. 
 

Table 14.2.5 
Generalized Mitigation Options for Bulk Fuel Storage Facilities 

(Golder Associates Report, 2002) 
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For Kodiak Island Borough, there is an additional, important fuel supply vulnerability.  
Many residential, commercial and public buildings have external above ground fuel 
tanks for heating fuel.  In many cases, the supports holding these tanks may not be 
seismically adequate with failures possible or likely in seismic events.  Such failures 
would result in loss of heat, which would be very serious during cold months, as well 
as resulting in spills of hazardous materials.  This vulnerability could be easily 
mitigated by an education/outreach program with sketches of suitable, but simple 
tank anchorage methods that could be implemented by building owners or residents. 
 
14.3 Utility Systems 
 

Overview 
 
Evaluation of hazard mitigation projects for utility systems have some commonalities 
between systems that we briefly review before addressing each major utility system 
in turn.   
 
Utility systems such as potable water, wastewater, natural gas, telecommunications, 
and electric power are all networked systems.  That is, they consist of nodes and 
links.  Nodes are centers where something happens - such as a pumping plant, a 
treatment plant, a substation, a switching office and the like.  Links are the 
connections (pipes or lines) between nodes.   
 
Risk assessments for utility systems are similar to risk assessments for buildings, in 
that the inventory of utility components is overlaid on the hazard map and the 
vulnerability of utility components is evaluated for the hazards impacting the utility.  A 
major difference arises, however, because of the networked nature of utilities.  As a 
simple example, consider an electric utility which suffers damage to 10% of its 
transmission lines.  The extent of service outage might be essentially zero if there are 
redundant lines with sufficient capacity to handle the demand for electric power.  Or, 
the extent of service outage might be 100% if the damaged lines provide the sole 
power feed for a community.  Thus, the operating characteristics and network 
characteristics (especially the amount of redundancy) must be considered. 
  

In conducting risk assessments or evaluating hazard mitigation 
projects for utility systems, the networked nature of such systems 
must be considered.  The extent or lack of redundancy for 
particular elements in a system profoundly affects the extent to 
which a given level of damage results in system outages. 

 
The general procedure for conducting a risk assessment or evaluating a hazard 
mitigation project for a networked utility system is outlined below in six steps. 
 

1) Overlay utility system components with hazard maps, 
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2) Estimate the vulnerability of each component to impacts from each hazard, 
 
3) From the estimated amount of damage to the system and the system’s 
network operating characteristics, estimate the extent and duration of service 
outage, 
 
4) From the damage estimates and the resources available, estimate the 
restoration time, 
 
5) From the service outage (number of customers and duration) estimate the 
economic impacts of such loss of service, and 
 
6) If a mitigation project is being evaluated estimate the reduction in direct 
damages and the reduction in service interruption attributable to mitigation 
project. 

 
An important caveat for conducting risk assessments or evaluation of hazard 
mitigation projects for networked utility systems is that specialized expertise is often 
required.  The analyst must thoroughly understand the operating characteristics of 
utility system components and their vulnerability to each hazard as well as thoroughly 
understand the network operating characteristics of the system as a whole.  In the 
absence of sufficient experience and expertise risk assessments or evaluation of 
hazard mitigation projects may produce inaccurate and misleading results. 
 

CAVEAT: conducting risk assessments or evaluation of hazard 
mitigation projects of networked utility systems often requires 
specialized expertise to produce meaningful results. 

 
For reference, a detailed discussion of how to evaluate seismic hazard mitigation 
projects for water systems is given in the American Society of Civil Engineers 
monograph “Guidelines for the Seismic Upgrade of Existing Water Transmission 
Facilities,” (J. M. Eidinger, editor, 1999; chapter by K. A. Goettel “Seismic Upgrades of 
Water Transmission Systems: When Is It Worth It?”).  Very similar principles apply to 
evaluating hazard mitigation projects for other utility systems for any type of hazard. 
 
The following sections briefly review utility systems with emphasis on identifying the 
system components which are most vulnerable to damage and loss of service from 
hazards covered in this Mitigation Plan: flooding, winter storms, and earthquakes.  
Such components are thus logical targets for high priority mitigation projects 
whenever important components are subject to the hazards.  
 
 
 Kodiak Island Borough Overview 
 
For Kodiak Island Borough, the most important utilities are electric power, potable 
water and telecommunications.  Wastewater utilities are important, but probably less 
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critical to a community in the time period immediately after a major disaster, such as 
a major earthquake. 
 
The utility systems within Kodiak Island Borough include the large systems serving 
the City of Kodiak and the immediate surrounding areas as well as the very small 
systems serving the six remote villages. 
 
 

Electric Power Systems 
 
The electric power system is central to the functioning of a modern society.  The 
impacts of loss of electric power are large: residential, commercial and public 
customers are all heavily dependent on electric power for normal functioning.  
Furthermore, other utility systems, especially water systems, are heavily dependent 
on electric power for normal operations.  Loss of electric power, therefore, may have 
large impacts on affected communities, especially if outages are prolonged. 
 
There are six electric power grids within Kodiak Island Borough.  The Kodiak Electric 
Association, by far the largest, provides power to Kodiak City, the surrounding 
communities, the Coast Guard Base and Port Lions.  The other five grids are small 
self-contained systems in Akhiok, Karluk, Larsen Bay, Old Harbor, and Ouzinkie. 
 
Electric power systems have somewhat complex operating characteristics, which are 
briefly summarized here.  Electric power systems have three main parts: generation, 
transmission, and distribution.   
 
Generation is the production of electric power.  Generating plants can be 
hydroelectric, fossil fuel (oil, gas, or coal), nuclear, or various renewable fuels (wind, 
solar, biomass, etc.).  For Kodiak Island Borough, power is generated by 
hydroelectric facilities and by diesel-fired generators.  Overall, about 63% of the 
power generation is hydroelectric and 37% diesel. 
 
Hydroelectric generation facilities include the 22.5 megawatt (MW) Terror Lake 
facility and small facilities in Larsen Bay and Ouzinkie, with capacities of 1.5 MW and 
0.125 MW respectively.  The Kodiak Electric Association (KEA) has 8 diesel 
generators in Kodiak City with a total capacity of 28.8 MW.  KEA operates a 2.5 MW 
diesel unit owned by the Coast Guard and a 7 MW unit which provides electric power 
and steam to the Coast Guard.  KEA also has small diesel generators in Port Lions 
with 1.1 MW of standby capacity. 
 
Larsen Bay and Ouzinkie have diesel generators to supplement hydroelectric power.  
Ahkiok, Karluk and Old Harbor rely only on local diesel power generation. 
 
KEA has a 138 kV transmission system which carries power from Terror Lake to 
Kodiak and Port Lions.  KEA has a distribution system of lower voltage lines and 
substations, which carries power from transmission system substations to 
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neighborhoods and, eventually, to individual customers.  The village electric systems 
have small low voltage distribution systems within their communities. 
 
Long-duration system-wide power outages are unlikely for KEA because of the 
redundancy of power sources and the fairly high degree of redundancy for other key 
system components.  However, system-wide outages can and do certainly occur, as 
evidenced by the outage on February 14, 2008.  A faulty transformer at the Airport 
Substation triggered the system-wide outage.  Power to the town side of the 
substation was restored in less than 30 minutes; power restoration to the Coast 
Guard base took about 90 minutes, while the Bells Flats, Chiniak and Pasagshak 
areas were without power for more than two hours. 
 
System-wide power outages are more likely for the five stand-alone village power 
grids because of limited (or nil) redundancies and limited repair capacities.   
 
The most frequent power outages are localized outages due to failure of the local 
distribution system lines.  Local distribution lines and/or poles may fail from high 
winds, ice or snow loading, or from tree falls, as well as from human caused events 
such as vehicles hitting poles.   Outages are also possible from landslides, tsunami 
damage to distribution lines and from earthquake damage to generating facilities, 
substations or distribution transformers. 
 
Transmission lines are typically much more robust than distribution lines, but may still 
fail in extreme storm events or from landslides. 
 
The most common mitigation projects to reduce the frequency and duration of electric 
power outages include: augmenting tree trimming programs and hardening lines and 
poles in locations where ice loading or wind effects result in repeated outages.  In 
some cases, adding connections to improve redundancy of power feed paths and 
adding disconnect switches to minimize areas affected by any given failure are also 
worthwhile.  
 
KEA’s hydroelectric power facilities ands] some of the substations are relatively 
recent and seismic design provisions were included in their design.  Large diesel 
generation plants generally perform relatively well in earthquakes, because the 
supports necessary for heavy rotating equipment also provide some degree of 
seismic capacity.  However, electric utilities commonly have many widespread 
seismic vulnerabilities including inadequate anchorage of transformers and other 
substation yard equipment and inadequate anchorage of other control, monitoring, 
and metering equipment.  Similarly, pole or pad-mounted distribution transformers 
and switchgear may not be seismically robust.   
 
Site visits to some of the remote village generating facilities suggest that non-
structural vulnerabilities may be common in many of these facilities.  Furthermore, 
the dams for Larsen Bay and Ouzinkie may or may not be seismically adequate. 
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A more quantitative evaluation of the seismic vulnerability of the six electric power 
grids within Kodiak Island Borough would require system-wide seismic risk 
assessments on a component by component basis, including both buildings and all 
system elements.  Such a study should include not only the vulnerability to 
earthquake ground motions but also the vulnerability to tsunamis and landslides.  
Given the importance of electric power to each community, such a study is a high 
priority action item. 
 
Emergency operations planning is also very important for electric utilities to ensure 
adequate supplies of back-up equipment, repair parts and equipment.  Such planning 
is especially important for Kodiak Island Borough because mutual aid from other 
utilities, if any, will likely take a considerable time period after a major event. 
 
 

Potable Water Systems 
 
The water supply sources for Kodiak City and surrounding communities include the 
reservoirs impounded by the Monashka and Piller Creek Dams.  Water supply 
sources for Akhiok, Larsen Bay, Ouzinkie and Port Lions are reservoirs impounded 
by small local dams.  The water supply sources for Karluk and Old Harbor are 
infiltration galleries for ground water, rather than reservoirs. 
 
The Kodiak water system has a modern water treatment plant.  The remote village 
water systems have very small scale, limited treatment facilities. 
 
Water systems may have vulnerability to many types of hazards, including 
earthquakes, tsunamis, landslides, and floods.  The operability of water systems is 
also contingent upon the availability of electric power.  Thus, winter storms or any 
other hazard event which interrupts electric power may also interrupt water supplies. 
 
All of the principal elements of a water system may be vulnerable to any or all of 
these hazards including:  dams, water storage tanks, treatment buildings, treatment 
equipment, pumping plants, underground pipes, etc. 
 
Water systems are also subject to pipe damage in earthquakes.  Such pipe damage 
is more or less inevitable because some level of pipe damage will occur in major 
earthquakes regardless of pipe materials or other design parameters.  The impacts of 
pipe damage on customer service can be reduced by having redundant flow paths 
and by having adequate valves so that damaged sections can be valved off for 
repair, without necessitating shutdowns of larger portions of the systems. 
 
Common mitigation projects for water systems include flood protection for treatment 
plants, providing back-up power, moving pipes from active landslide areas, and 
seismic upgrades for dams and treatment plants.  Emergency operations planning is 
also important to ensure adequate supplies of pipes and other materials necessary 
for post-earthquake repairs. 
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Telecommunications Systems 
 
Communications to/from Kodiak Island Borough have always been somewhat difficult 
because the island’s isolation and frequent severe weather conditions.  Modern 
telecommunications between the island and the mainland include radio systems, 
satellite systems, and terrestrial cables including the fiber optic cable to the Kenai 
Peninsula which was completed in December 2006. 
 
All of these communications systems are more reliable, with fewer outages than pre-
technology communications by mail ships only.  However, radio and satellite systems 
are both subject to disruptions in unusually severe weather conditions.  All of the 
modern communications modes are subject to disruptions from earthquakes or other 
natural hazards which damage key links or nodes in the systems. 
 
Within Kodiak Island Borough, above ground communications lines are subject to 
outages from the same types of events (wind, snow, ice, accidents) that disrupt 
above ground electric power lines.  However, such failures are significantly less 
common than failures of electric power lines.  The better performance of 
communications cables arises in part because the electrical cables are always 
highest on the poles, thus a falling branch is usually first resisted by the power 
cables.  Also, because the voltage levels in communications cables are much lower 
than those in power cables, the communication cables are not subject to “burn down” 
or shorting if wind-swayed cables touch each other or get too close.   
 
Tsunamis may result in localized damage to above ground communications lines.  
However, earthquakes pose the greatest risk for long duration widespread 
communications outages.  Historically, telecommunications systems have generally 
performed better than other utilities in major earthquakes, with fewer outages and 
shorter durations of outages than other utilities. This better performance results from 
differences in the seismic vulnerability of communications equipment and because 
communications systems almost always have backup power sources (batteries 
and/or generators). 
 
The undersea fiber optic link to the mainland could be broken in a major earthquake 
from sea floor uplift or downlift or from seismically triggered undersea landslides. 
 
For emergency planning purposes, it is very important to recognize that 
telecommunications systems almost always experience system overload conditions 
after major earthquakes or other major disasters.  Typically, switching capacity is 
adequate to handle simultaneous calls from only a fraction of total customers, 
sometimes only 10% or 20%.  After a major disaster, exceptionally heavy call 
demand means that customers may not be able to get a dial tone for extended time 
periods, even if systems have no damage. The system overload conditions typically 
apply for two or three days.  This likelihood of system overload should be considered 
in emergency response planning, because normal telecommunications between 
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response and recovery staff will probably be substantially disrupted.  Such system 
overloads apply to both land and cellular phone service. 
 
Key system buildings, such as central offices (switching centers) for tele-
communications systems, may be highly vulnerable to structural (building) or 
nonstructural (equipment) damage in earthquakes.  In some cases, heavy damage 
can result in extensive service interruptions.  Although the central office serving 
Kodiak Island Borough is privately owned, the facility is critical to Kodiak Island 
Borough, especially after a major disaster.  A full seismic risk assessment of the 
central office facility, including both structural and nonstructural aspects, is highly 
recommended, unless such a study has been recently completed.  Similarly, seismic 
risk assessments for the satellite-based telecommunications systems in the remote 
villages are highly recommended.   
 
Possible mitigation projects for telecommunications systems include flood proofing of 
important nodes, adding back-up power, relocating facilities out of active slide areas 
and seismic retrofits of central offices and critical nonstructural components.  For 
critical telecommunications facilities within tsunami inundation zones, relocation to 
higher ground is highly recommended. 
 
 

Wastewater Systems 
 
Waste water systems have vulnerabilities similar to those for potable water systems.  
Treatment plants and lift station functions are subject to damage in earthquakes may 
be affected by loss of grid power.  Wastewater collection and outflow pipes are 
subject to damage in earthquakes and landslides.  Treatment plants/ponds are often 
located at low elevations, to facilitate gravity flow.  However, such locations may also 
facilitate flood damages.  Wastewater treatment plans may be inundated, resulting in 
full or partial plant shutdowns, resulting in release of untreated or only partially 
treated flows.  Rising water may cause collection pipes to backup and overflow.  
Intrusion of storm water into collection systems may result in flows that exceed 
treatment plant capacities with corresponding release of untreated or only partially 
treated flows.   
 
Common mitigation projects for wastewater systems include flood protection for 
wastewater treatment plants, providing back-up power for nodes such as lift stations, 
moving collection pipes from active landslide areas, and seismic upgrades for 
treatment plants.  Emergency operations planning is also important to ensure 
adequate supplies of pipes and other materials necessary for post-earthquake 
repairs. 
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14.4 Impacts on Kodiak Island Borough and Mitigation Action Items 
 
The probable impacts of disruption of transportation, fuel supply and utility systems 
on Kodiak Island Borough are summarized in Table 14.2.6 below. 
 

Table 14.2.6 
Probable Impacts of Disruption of Transportation, Fuel Supply and Utility 

Systems 
 

 
 

The following table contains action items for mitigation of disruptions of 
transportation, fuel supply and utility systems. 
 
 
Careful review and comment on the following DRAFT mitigation items is important.

Facility Type Probable Impacts

Airports Loss of airport services would severely impact inflows of relief supplies, 
equipment and personnel as well as impacting emergency evacuations.

Harbors/Docks Loss of harbor or dock facilities severely impact inflows of relief supplies, 
equipment and personnel as well as impacting emergency evacuations.

Roads/Bridges
Road or bridge closures may result in isolation of some communities such as 
those south of the airport.  Closure of Rezanof Drive between Kodiak City 
and the airport would substantially affect relief efforts.

Bulk Fuel Supplies
Loss of a significant fraction of bulk fuel supplies for any community would 
have a great impact on land and marine transport capability and may 
exacerbate the needs for emergency shelter.

Electric Power Widespread, long duration outages would have a great economic impact and 
exacerbate needs for emergency shelter.

Potable Water Widespread, long duration outages would have a great economic impact and 
exacerbate needs for emergency shelter.

Telecommunications Widespread, long duration outages or prolonged system overloads would 
severely impact emergency response actions.

Wastewater 
Treatment

Loss of wastewater treatment services would have significant environmental 
impacts, with discharge of untreated or only partially treated wastewater 
flows.
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Table 14.2.7 
Mitigation Action Items for Disruption of Transportation, Fuel Supply and Utility Systems 
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Transportation and Fuel Supply Mitigation Action Items

Short-Term         
#1

Conduct a thorough seismic and tsunami risk 
assessment for the Kodiak Airport and identify 
specific mitigation measures for vulnerable elements, 
focusing on buildings and components which are 
critical to maintain airport functions.

DOT, public facilities, USCG, private 
facility operators 1-3 years X X X X X

Short-Term         
#2

Conduct a thorough seismic and tsunami risk 
assessment for cargo and ferry dock facilities and 
identify specific mitigation measures for vulnerable 
elements which are critical for function.

City of Kodiak, DOT, public facilities, 
USCG, village governments 1-3 years X X X X X

Short-Term          
#3

Evaluate landslide risks along Rezanof Drive between 
Kodiak City and the airport and implement 
remediation measures if feasible.

DOT, public facilities 1-3 Years X X X X X

Short-Term          
#4

Extend the Golder Associates study of bulk fuel 
storage facilities to develop conceptual retrofits or 
replacements, with cost estimates,  for identified 
major vulnerabilities to facilitate implementation of 
mitigation actions.

USCG, private facility operators, 
village governments 1-3 Years X X X X X

Short-Term          
#5

Develop education/outreach materials with simple-to-
implement seismically-resistant supports for above 
ground fuel tanks for residential, commercial and 
public buildings.

Kodiak Island Borough and City of 
Kodiak, KIB Local Emergency 
Planning Committee, Kodiak 
Emergency Services Organization

1-3 years X X X X X

Mitigation Plan Goals Addressed

Hazard Action Item Coordinating Organizations Timeline

 14-16 



 
Li

fe
 S

af
et

y

C
rit

ic
al

 F
ac

ili
tie

s

Pr
ot

ec
t P

ro
pe

rt
y

D
is

as
te

r 
R

es
is

ta
nt

 
Ec

on
om

y

Pu
bl

ic
 E

du
ca

tio
n

Short-Term         
#6

Ensure that all critical facilities in Kodiak Island 
Borough have backup power and emergency 
operations plans to deal with power outages

Kodiak Island Borough and City of 
Kodiak 1-3 Years X X X X X

Short-Term         
#7

Conduct a thorough system-wide seismic risk 
assessment for each of the six electric power systems 
to identify critical vulnerabilities and develop 
conceptual mitigation measures and cost estimates to 
facilitate implementation of mitigation measures.

Utility owners 1-3 Years X X X X X

Short-Term          
#8

Conduct a through system-wide seismic risk 
assessment for each of potable water supply 
systems, including dams, reservoirs, treatment 
facilities and distribution systems to identify critical 
vulnerabilities and develop conceptual mitigation 
measures and cost estimates to facilitate 
implementation of mitigation measures.

Utility owners 1-3 Years X X X X X

Short-Term          
#9

Conduct a thorough system-wide seismic risk 
assessment for each of the telecommunications 
systems to identify critical vulnerabilities and develop 
conceptual mitigation measures and cost estimates to 
facilitate implementation of mitigation measures.

System owners 1-3 Years X X X X X

Short-Term          
#9

Conduct a thorough system-wide seismic risk 
assessment for each of the wastewater systems to 
identify critical vulnerabilities and develop conceptual 
mitigation measures and cost estimates to facilitate 
implementation of mitigation measures.

Utility owners 1-3 Years X X X X X

Short-Term         
#10

Encourage the development, updating, and exercising 
of emergency response plans for all of the above 
utility and telecommunications systems, with 
particular attention to ensuring that adequate 
supplies/materials are available to facilitate post-
disaster system restoration.

Kodiak Island Borough, City of 
Kodiak, KIB Local Emergency 
Planning Committee, Kodiak 
Emergency Services Organization

1-3 Years X X X X X

Hazard Action Item Coordinating Organizations Timeline

Mitigation Plan Goals Addressed

 14-17 
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FEMA FUNDING POSSIBILITIES  
FOR LOCAL GOVERNMENTS IN ALASKA 

 
 
Overview 
 
For public entities in Alaska, including Kodiak Island Borough, the City of Kodiak, 
and the villages, FEMA mitigation funding possibilities fall into two main 
categories: 

• The post-disaster Public Assistance Program which covers at least 75% of 
eligible emergency response and restoration (repair) costs for public entities 
whose facilities suffer damages in a presidentially-declared disaster.  The 
Public Assistance Program also may fund mitigation projects for facilities 
damaged in the declared event.  

• Mitigation grant programs (either pre-disaster or post-disaster) which 
typically cover 75% of mitigation costs, although in some cases, FEMA 
grants provide 90% or 100% funding. 

 
However, for some, but not all, of these FEMA grant programs, the State of Alaska 
has historically provided the local matching funds, making the cost to local 
jurisdictions zero. 
 
For the Kodiak Island Borough, Kodiak and the villages, the sources of possible 
FEMA grant funds include the Public Assistance Program, the Hazard Mitigation 
Grant Program and the Pre-Disaster Mitigation Program. 
 
 
FEMA Public Assistance Program 

The objective of the Federal Emergency Management Agency's (FEMA) Public 
Assistance (PA) Grant Program is to provide funding so that communities can 
quickly respond to and recover from major disasters or emergencies declared by 
the President. 

Through the PA Program, FEMA provides supplemental Federal disaster grant 
assistance for debris removal, emergency protective measures, and the repair, 
replacement, or restoration of disaster-damaged, publicly-owned facilities and the 
facilities of certain private non-profit (PNP) organizations.  

PA funding is available only when: 

• There is a presidentially-declared disaster in Alaska, 

• A facility is located in a borough included in the disaster declaration, and 

• A facility had damage in the declared disaster event.  
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The PA Program also encourages protection of these damaged facilities from 
future events by providing assistance for hazard mitigation measures during the 
recovery process.  The PA Program’s distinction between repairs and mitigation is 
important: 

• Repairs restore a damaged facility to its pre-disaster condition, with the 
possible addition of code-mandated upgrades. 

• Mitigation measures go beyond repairs to make the facility more resistant to 
damage in future disaster events. 

Under the PA Program, FEMA funding for repairs of damaged facilities and for the 
other categories of PA assistance are largely automatic, subject only to FEMA’s 
eligibility criteria.     Mitigation measures under the PA Program and at the 
discretion of FEMA and are not automatically funded.  Mitigation measures under 
PA have to meet eligibility criteria very similar to those for the other FEMA 
mitigation grant programs, including having a benefit-cost ratio greater than 1.0. 

Further details of FEMA’s PA programs are available on FEMA’s website at:  
http://www.fema.gov/site-page/public-assistance-grant-program 

 
In past declared disasters, the State of Alaska has provided the 25% local match 
for both repair and mitigation projects.  This state match, combined with the FEMA 
75% funding, provides 100% funding for post-disaster FEMA Public Assistance 
repair or mitigation projects. 
 
 
FEMA Mitigation Funding Sources 
 
The Federal Emergency Management Agency (FEMA) has three mitigation grant 
programs which provide federal funds to supplement local funds for specified 
types of mitigation activities.   
 
There are two distinct types of FEMA mitigation grant programs:   

1. The post-disaster Hazard Mitigation Grant Program (HMGP) for which 
funds are available after each presidentially-declared disaster in Alaska. 

2. Annual pre-disaster programs for which funds are available nationwide, 
including: 

• The Pre-Disaster Mitigation (PDM) program which includes 
mitigation for all natural hazards, and 

• The Flood Mitigation Assistance (FMA) program which includes 
mitigation for flood only, with a focus predominantly on facilities with 
flood insurance. 

Further details of these mitigation grant programs are provided in the following two 
FEMA publications, which are available on the FEMA website: www.FEMA.gov 
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Hazard Mitigation Assistance Unified Guidance (July, 2013), and 
Addendum to the Hazard Mitigation Unified Guidance (July 2013). 

Additional information is available on the FEMA website:  
 www.fema.gov/hazard-mitigation-assistance 
Each of the FEMA grant programs has specific eligibility requirements, 
applications and application deadlines, which may vary from year to year.  These 
grant programs are not entitlement programs, but rather are competitive grant 
programs which require strict adherence to the eligibility and application 
requirements and robust documentation.   
 
All physical mitigation projects (but not planning planning) must be cost-effective, 
which means that a benefit-cost analysis using FEMA software and following 
FEMA guidance must demonstrate a benefit-cost ratio >1.0.    
 
However, there are three categories of mitigation projects which are automatically 
determined to be cost-effective and thus do not require a project specific benefit-
cost analysis.  Two of these are only for FEMA-mapped floodplains and thus are 
not applicable to Kodiak Island Borough.  The third type of project excluded from 
benefit-cost analysis is: 

• Acquisition or relocation of residential structures subject to landslide 
hazards that meet the criteria in the FEMA Memorandum: “Cost 
Effectiveness Determinations for Acquisition or Relocation of Residential 
Structures Subject to Landslide Hazards,” July 22, 1988 

 
An important eligibility criterion for all FEMA mitigation grants is that the entity 
applying must have a FEMA-approved hazard mitigation plan or be covered by a 
city or county FEMA-approved hazard plan for which the entity participated in the 
planning process. 
 
 
Hazard Mitigation Grant Program 
 
The Hazard Mitigation Grant Program (HMGP) is a post-disaster grant program.  
HMGP funds are generated following a Presidential Disaster Declaration for a 
Alaska.    Declared disasters for Alaska are relatively common, often with one or 
more declarations in a given year for winter storms, floods, or other disasters.   
 
The amount of HMGP grant funding available after a given declared disaster is a 
percentage of total FEMA spending for various other FEMA programs such as the 
Individual and Family Assistance and Public Assistance programs.   Thus, the total 
amount of HMGP mitigation funds available within Alaska will vary from year to 
year and disaster event to disaster event.  In some years, there may be no HMGP 
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funding available.  However, after a major disaster, such as a major earthquake, a 
large amount of HMGP funding may be available. 
 
The Alaska Division of Homeland Security and Emergency Management (DHSEM) 
of the Alaska Department of Military and Veterans Affiars administers the HMGP in 
Alaska and sets the priorities and guidelines after each disaster.  For HMGP 
mitigation grants, DHSEM selects the mitigation projects for funding, with FEMA’s 
only role being to verify that a submitted project meets FEMA’s minimum eligibility 
criteria.  HMGP is the most flexible grant program:  grants may be possible for any 
natural hazard and may include hazard mitigation planning and risk assessments 
as well as physical mitigation projects.   
 
For HMGP applications, DHSEM’s application process has included the following 
steps after a declared disaster in Alaska: 

• Public announcement of HMGP funds availability and guidance re: 
priorities, dates etc. 

• Completion of the Intent to Apply Form on the DHSEM website by each 
local applicant. 

• Review of submitted Intent to Apply Forms by DHSEM and selection of 
projects for which full applications are requested, 

• Submission of full applications and review by DHSEM  

• Selection of applications to be submitted to FEMA. 

• FEMA approval of grants, for applications that meet FEMA’s minimum 
criteria for eligibility. 

In past disasters, the State of Alaska has provided the full 25% local match for 
HMGP Grants, which combined with the FEMA 75% funding, provides 100% 
funding of the mitigation project costs. 
 

Annual Pre-Disaster Grant Programs 
 
FEMA’s annual pre-disaster grant programs – Pre-Disaster Mitigation (PDM) and 
Flood Mitigation Assistance (FMA) are contingent upon future congressional 
approval.  In 2013 and in past years, the applications deadlines for these 
programs have typically been between October and December. 

DHSES processes grant applications for these programs in a step-wise manner 
generally similar to that described above for HMGP grant applications, although a 
formal Intent To Apply Form may not be required. 

However, there are two important differences:   
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• For these programs DHSEM forwards ranked applications to FEMA, but 
FEMA makes the grant determinations, which may or may not match 
DHSEM’s rankings.  Thus, applications for these programs are competitive 
nationally, not just within Alaska, although there may be partial set-asides 
guaranteeing Alaska some level of funding, if submitted applications meet 
FEMA’s eligibility criteria. 

• Alaska does not provide any matching funds for either the PDM or the FMA 
grant programs.  Thus, local applicants must provide the full FEMA-required 
local match percentage. 
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Pre-Disaster Mitigation (PDM) Grant Program 
 
The PDM grant program is a broad program which includes mitigation projects for 
any natural hazard as well as mitigation planning grants which must result in the 
development of a Local Hazard Mitigation Plan.   
 
PDM grants typically cover 75% of the costs of mitigation projects up to a 
maximum federal share of $3,000,000 per project.  However, for eligible local 
government applicants in communities that meet FEMA’s definition of small, 
impoverished community, the Federal share may be 90%.   

 
Flood Mitigation Assistance (FMA)  
 

The FMA grant program funds only flood projects, with its predominant focus being 
on flood mitigation projects for properties with flood insurance.  FMA special 
emphasis and priorities on properties which are on FEMA’s national listing of 
Repetitive Flood Loss (RFL) and Severe Repetitive Loss (SRL) properties. 
 
FMA grants generally cover 75% of total eligible project costs, with 25% local 
match required.  However, grants for small, impoverished communities and grants 
for Repetitive Loss properties provide 90% FEMA funding.  Grants for Severe 
Repetitive Loss properties provide 100% FEMA funding. 
 
Absent participation in the National Flood Insurance, Kodiak Island Borough is not 
eligible to apply to this grant program.  However, the Borough may apply for flood 
mitigation grants under the other FEMA grant programs summarized previously. 
 
 
General Guidance for FEMA Grant Applications 
 
All of FEMA’s mitigation grant programs are competitive, either within a given state 
or nationally.  Thus, successful grant applications must be complete, robust and 
very well documented.  The key elements for successful mitigation project grant 
applications include: 

• Project locations within high hazard areas. 

• Project buildings or infrastructure that have major vulnerabilities which 
pose substantial risk of damages, economic impacts, and (especially for 
seismic projects) deaths or injuries. 

• Mitigation project scope is well defined with at least a conceptual design 
with enough detail to support a realistic engineering cost estimate for the 
project. 

• The benefits of the project are carefully documented using FEMA benefit-
cost software, with all inputs meticulously meeting FEMA’s guidance and 
expectations.  A benefit-cost analysis meeting FEMA’s requirements is 
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very often the most critical step in determining a mitigation project’s 
eligibility and competitiveness for FEMA grants. 

• Making sure that the proposed project is eligible for the specific FEMA 
grant program to which it is being submitted. 

• Making sure that the application is 100% complete with credible 
information and easy for FEMA to understand. 

 
The effort required for developing a good mitigation project and completing a 
successful grant application varies with the size and complexity of the mitigation 
project.  In some cases, a successful FEMA grant application requires technical 
expertise, which may be available on-staff within a given local government entity, 
or which may require outside consulting support.  For example, technical expertise 
may be desired for: 

• Understanding the level of hazard (flood, earthquake, tsunami, etc.) at a 
given location. 

• Quantifying the vulnerability of the building(s exposed to the hazard at the 
project site(s). 

• Developing a preliminary or conceptual engineering design for the 
mitigation project. 

• Developing a realistic engineering cost estimate for the mitigation project. 

• Completing the benefit-cost analysis in full conformance with FEMA’s 
guidance and expectations, along with robust documentation of the 
credibility of the inputs into the benefit-cost analysis. 

 
Good mitigation projects which address high-risk situations are effective in 
reducing future damages and losses, with robust, well-documented applications 
have a reasonable chance of FEMA funding.  Conversely, weakly conceived or 
poorly documented projects have little or no chance of FEMA funding. 
 
Guidance for FEMA grant applications is available on the FEMA website 
(www.fema.gov/hazard-mitigation-assistance) and in the FEMA guidance 
documented referenced previously.  Thorough review of this guidance is strongly 
encouraged before undertaking a FEMA grant application. 
 
Additional guidance is also available on the DHSEM website: 

 http://ready.alaska.gov  

Also, see the Disaster Assistance, Program Support and Grants category on the 
DHSEM website.  Assistance is also available from DHSEM’s mitigation staff. 
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Introduction 
 
Benefit-cost analysis is required for nearly all FEMA mitigation project grant 
applications for all FEMA grant programs with only three exceptions:  

• Acquisition or relocation of facilities located within FEMA-mapped 100-year 
floodplains that have been determined to be substantially damaged, and 

• Public Assistance mitigation projects with costs less than 15% of repair 
costs, and 

• Several types of Public Assistance mitigation projects that have costs less 
than 100% of repair costs. 

FEMA’s definition of substantial damage is “damage of any origin sustained by a 
structure whereby the cost of restoring the structure to its before damaged 
condition would equal or exceed 50% of the market value of the structure before 
the damage occurred.”  The categories of Public Assistance mitigation projects 
which do not require benefit-cost analysis are listed in FEMA Disaster Assistance 
Policy 9526.1 (March 30, 2010). 
 
For all FEMA-funded mitigation projects, other than the exceptions noted above, 
the benefit-cost ratio must be greater than 1.0 for a project to be eligible for FEMA 
funding.  The benefit-cost ratio must be calculated using FEMA’s benefit-cost 
analysis software, with all data inputs consistent with FEMA’s guidance and 
expectations.   
 
The primary references for FEMA benefit-cost analysis are: 

BCA Reference Guide (June, 2009), and 
Supplement to the Benefit-Cost Analysis Reference Guide (June, 2011). 

In addition to the above monographs, there are numerous other FEMA 
publications related to benefit-cost analysis which are available on the FEMA 
website:   
 www.fema.gov/benefit-cost-analysis 
Help is also available via: 
 bchelpline@fema.dhs.gov and at 1-855-540-6744. 

 
What are Benefits? 

The benefits of a hazard mitigation project are the reduction in future damages 
and losses; that is, the avoided damages and losses that are attributable to a 
mitigation project.  To conduct benefit-cost analysis of a specific mitigation project 
the risk of damages and losses must be evaluated twice: before mitigation and 
after mitigation, with the benefits being the difference.   
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The categories of benefits included in FEMA benefit-cost analysis varies with the 
type of facility being mitigated, the hazard being addressed and the type of 
mitigation project.  Common categories of benefits include the reductions in:  
building damages, contents damages, displacement costs for temporary quarters if 
a building is damaged, the economic impacts of loss of service from a damaged 
facility and casualties.  The economic value of avoided deaths and injuries are 
calculated using FEMA’s standard statistical values for deaths and injuries. 

Some mitigation projects, such as most flood mitigation projects, focus 
predominantly on reducing future damages and losses.  Other mitigation projects, 
such as most earthquake mitigation projects, focus on reducing casualties as well 
as reducing damages and losses; in this case, life safety is often the primary 
motivation for the mitigation project.  In some cases, such as tsunami vertical 
evacuation mitigation projects, life safety is the sole purpose of a mitigation 
project.  

More precisely, a benefit-cost ratio is calculated as the net present value of 
benefits divided by the mitigation project cost.  Net present value means that the 
time value of money must be considered - benefits that accrue in the future are 
worth less than those that accrue immediately.  The FEMA benefit-cost software 
discussed in the next section automatically calculates the net present value of 
benefits from data inputs, including the mitigation project useful lifetime, which 
varies depending on the type of facility and type of project, and the FEMA-
mandated discount rate of 7%.   

Because the benefits of a hazard mitigation project accrue in the future, it is 
impossible to know exactly what they will be.  For example, it cannot be known in 
advance when a future earthquake or other natural hazard event will occur in a 
given location or how severe the event will be.  However, in most cases, it is 
possible to estimate the probability of future hazard events.  Therefore, the 
benefits of mitigation projects must be evaluated statistically or probabilistically. 
   
Hazard events don’t come in only one size.  Rather, the severity of every type of 
natural hazard event can range from minimal to severe.  A benefit-cost analysis 
always considers a range of severity for hazard events, such as the 10-, 50-, 100- 
and 500-year floods, and the analysis includes estimates of the expected 
damages and losses for each level of event.   
 
The FEMA benefit-cost software integrates such data to determine the average 
annual damages and losses considering the full range of hazard events.  The term 
“average annual” damages and losses doesn’t mean that such damage and losses 
occur every year, but rather represents the long term average from hazard events 
of many different severities and probabilities occurring. 
 
 
  

 A2-2 



FEMA Benefit-Cost Analysis Software 
 
The current version of FEMA’s benefit-cost analysis software (Version 4.8) may be 
downloaded and installed from the FEMA website noted previously.  There are 
seven benefit-cost modules applicable to different types of hazards and different 
types of mitigation projects: 

• Floods, 

• Hurricane Winds, 

• Earthquake Structural Projects, 

• Earthquake Nonstructural Projects, 

• Tornado Safe Rooms, 

• Wildfire, and 

• Damage Frequency Assessment. 

The applicability of most of the above BCA modules is self-evident, with a couple 
of exceptions:  

• The flood BCA module can be used only when a full set of quantitative 
flood hazard data is available, including first floor elevations of buildings, 
stream discharge and flood elevation data for four flood return periods 
(typically, the 10-, 50-, 100- and 500-year events) and stream bottom 
elevations.  For coastal storm surge flooding, the above data are 
necessary, less the stream discharge and stream bottom elevation data. 

• The Damage Frequency Assessment module is applicable for any natural 
hazard for which a damage-frequency relationship can be defined from 
historical data and/or engineering analysis/judgment. 

All of the BCA modules, except for the Damage Frequency Assessment module, 
have some built-in data which significantly simplifies the BCA process.  However, 
all of the modules also require a considerable number of user-defined data inputs 
to complete a benefit-cost analysis.   

The Damage Frequency Assessment (DFA) module has no built-in data:  all of the 
data inputs are user-defined.  The DFA module is the most flexible module, but 
also the most difficult to use because it requires the most technical expertise to 
input FEMA-credible data. 

The Damage Frequency Assessment BCA module is used for the following types 
of hazards and facilities: 

• Tsunamis, 

• Landslides, 
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• Flood  projects where the quantitative flood hazard data necessary to use 
the flood BCA module are unavailable, 

• Seismic projects for utility or transportation infrastructure, 

• All other natural hazards for which a damage-frequency relationship can be 
defined, including snow storms, ice storms, erosion, avalanches and others. 

Benefit-cost analysis of most hazard mitigation projects is unavoidably complex 
and requires at least a basic technical understanding of facilities, hazards, 
vulnerability, risk and the economic parameters of benefit-cost analysis.   For 
many types of mitigation projects, especially seismic projects, technical support 
from an engineer is almost always necessary.  For some mitigation projects, 
technical support from subject matter experts with experience in making estimates 
of damages, casualties, and economic losses for benefit-cost analysis may also be 
helpful.  
 
 
Benefit-Cost Analysis:  Use and Interpretation 
 
For FEMA mitigation grants, the immediate use of benefit-cost analysis is to 
determine whether a project has a benefit-cost ratio above 1.0 and thus meets 
FEMA;s eligibility criterion.  However, benefit-cost analysis can also play are larger 
role in the evaluation and prioritization of mitigation projects. 
 
Local governments that are considering whether or not to undertake mitigation 
projects must answer questions that don’t always have obvious answers, such as: 
 

What is the nature of the hazard problem? 
 
How frequent and how severe are hazard events? 
 
Do we want to undertake mitigation measures? 
 
What mitigation measures are feasible, appropriate, and affordable? 
 
How do we prioritize between competing mitigation projects? 
 
Are our mitigation projects likely to be eligible for FEMA funding? 

 
Benefit-cost analysis is a powerful tool that can help local government8s provide 
solid, defensible answers to these difficult socio-political-economic-engineering 
questions.  As noted previously, benefit-cost analysis is required for all FEMA-
funded mitigation projects, under both pre-disaster and post-disaster mitigation 
programs.  However, regardless of whether or not FEMA funding is involved, 
benefit-cost analysis provides a sound basis for evaluating and prioritizing possible 
mitigation projects for any natural hazard. 
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Overall, benefit-cost analysis provides answers to a central question for hazard 
mitigation projects:  “Is it worth it?”  That is, are the benefits large enough to justify 
the costs necessary to implement a mitigation project? 
 
Whether or not a mitigation project is “worth it” depends on many factors, 
including: 

• The level of hazard at a given location, 

• The value and importance of the facility being mitigated, 

• The vulnerability of the facility to the hazard, 

• The cost of the mitigation project, 

• The effectiveness of the mitigation project in reducing future damages, 
economic losses and casualties. 

The best mitigation projects address high risk situations:  a high level of hazard for 
an important facility which has substantial vulnerability to the hazard. 
 
All well-designed mitigation projects reduce risk.  However, just because a 
mitigation project reduces risk does not make it a good project.  A $1,000,000 
project that avoids an average of $100 per year in flood damages is not worth 
doing, while the same project that avoids an average of $200,000 per year in flood 
damages is worth doing. 
 
 
Benefit-Cost Analysis Example 
 
The principles of benefit-cost analysis are illustrated by the following simplified 
example.  Consider a small building in the town of Acorn, located on the banks of 
Squirrel Creek.  The building is a one story building; about 1500 square feet on a 
post foundation, with a replacement value of $60/square foot (total building value 
of $90,000).  We have flood hazard data for Squirrel Creek (stream discharge and 
flood elevation data) and elevation data for the first floor of the house.   
 
For this BCA, the FEMA flood BCA module is used, because the necessary 
quantitative flood hazard data are available.  The data built into the BCA module, 
along with user data inputs, allow the module to calculate the annual probability of 
flooding in one-foot increments, along with the resulting damages and losses 
shown in Table A2.1. 
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Table A2.1 
Damages Before Mitigation 

 
 
Flood Depth 

(feet) 

 
Annual Probability  

of Flooding 

 
Scenario Damages and 
Losses Per Flood Event 

 
Annualized Flood  

Damages and Losses  
 

0 
 

0.2050 
 

$6,400 
 

$1,312 
 

1 
 

0.1234 
 

$14,300 
 

$1,765 
 

2 
 

0.0867 
 

$24,500 
 

$2,124 
 

3 
 

0.0223 
 

$28,900 
 

$673 
 

4 
 

0.0098 
 

$32,100 
 

$315 
 

5 
 

0.0036 
 

$36,300 
 

$123 
Total Expected Annual (Annualized) Damages and Losses 

 
$6,312 

 
Flood depths shown above in Table A2.1 are in one foot increments of water depth 
above the lowest floor elevation.  Thus, a “3" foot flood means all floods between 
2.5 feet and 3.5 feet of water depth above the floor.  We note that a “0" foot flood 
has, on average, damages because this flood depth means water plus or minus 6" 
of the floor; even if the flood level is a few inches below the first floor, there may be 
damage to flooring and other building elements because of wicking of water. 
 
The Scenario (per flood event) damages and losses include expected damages to 
the building, content, and displacement costs if occupants have to move to 
temporary quarters while flood damage is repaired. 
 
The Annualized (expected annual) damages and losses are calculated as the 
product of the flood probability times the scenario damages.  For example, a 4 foot 
flood has slightly less than a 1% chance per year of occurring.  If it does occur, we 
expect about $32,100 in damages and losses.  Averaged over a long time, 4 foot 
floods are thus expected to cause an average of about $315 per year in flood 
damages.   
 
Note that the smaller floods, which cause less damage per flood event, actually 
cause higher average annual damages because the probability of smaller floods is 
so much higher than that for larger floods.  With these data, the building is 
expected to average $6,312 per year in flood damages.  This expected annual or 
“annualized” damage estimate does not mean that the building has this much 
damage every year.  Rather, in most years there will be no floods, but over time 
the cumulative damages and losses from a mix of relatively frequent smaller floods 
and less frequent larger floods is calculated to average $6,312 per year.   

 
The calculated results in Table A2.1 are the flood risk assessment for this building 
for the as-is, before mitigation situation.  The table shows the expected levels of 
damages and losses for scenario floods of various depths and also the annualized 
damages and losses. 
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The risk assessment shown in Table A2.2 shows a high flood risk, with frequent 
severe flooding which the owner deems unacceptable.  The owner explores 
mitigation alternatives to reduce the risk: the example below is to elevate the house 4 
feet.  These results are shown in Table A2.2. 
 
 

Table A2.2 
Damages After Mitigation 

 
 
Flood Depth 

(feet) 

 
Annual Probability  

of Flooding 

 
Scenario Damages and 
Losses Per Flood Event 

 
Annualized Flood  

Damages and Losses  
 

0 
 

0.2050 
 

$0 
 

$0 
 

1 
 

0.1234 
 

$0 
 

$0 
 

2 
 

0.0867 
 

$0 
 

$0 
 

3 
 

0.0223 
 

$0 
 

$0 
 

4 
 

0.0098 
 

$6,400 
 

$63 
 

5 
 

0.0036 
 

$14,300 
 

$49 
Total Expected Annual (Annualized) Damages and Losses 

       

 
$112 

 
By elevating the building 4 feet, the owner has reduced the expected annual 
(annualized) damages from $6,312 to $112 (a 98% reduction) and greatly reduced the 
probability or frequency of flooding affecting the building.  The annualized benefits are 
the difference in the annualized damages and losses before and after mitigation or 
$6,312 - $112 = $6,200. 
 
Is this mitigation project worth doing?  Common sense says yes, because the 
flood risk appears high: the annualized damages before mitigation are high ($6,312).   
To answer this question more quantitatively, we complete our benefit-cost analysis of 
this project.  One key factor is the cost of mitigation.  A mitigation project that is worth 
doing at one cost may not be worth doing at a higher cost.  Let’s assume that the 
elevation costs $20,000.  This $20,000 cost occurs once, up front, in the year that the 
elevation project is completed.   
 
The benefits, however, accrue statistically over the lifetime of the mitigation 
project.  Following FEMA guidance for this type of project, we assume that this 
mitigation project has a useful lifetime of 30 years.  Money (benefits) received in 
the future has less value than money received today because of the time value of 
money.  The time value of money is taken into account with present value 
calculation.  We compare the present value of the anticipated stream of benefits 
over 30 years in the future to the up-front out-of-pocket cost of the mitigation 
project. 
 
A present value calculation depends on the useful lifetime of the mitigation project 
and on what is known as the discount rate.  The discount rate may be viewed 
simply as the interest rate you might earn on the cost of the project if you didn’t 
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spend the money on the mitigation project.  Let’s assume that this mitigation 
project is to be funded by FEMA, which uses a 7% discount rate to evaluate 
hazard mitigation projects.  With a 30-year lifetime and a 7% discount rate, the 
“present value coefficient” which is the value today of $1.00 per year in benefits 
over the lifetime of the mitigation project is 12.41.  That is, each $1.00 per year in 
benefits over 30 years is worth $12.41 now.  The benefit-cost results are now as 
follows. 

Table A2.3 
Benefit-Cost Results 

 
 
Annualized Benefits 

 
$6,200 

 
Present Value Coefficient 

 
12.41 

 
Net Present Value of Future Benefits 

 
$76,942 

 
Mitigation Project Cost 

 
$20,000 

 
Benefit-Cost Ratio 

 
3.85 

 
These results indicate a benefit-cost ratio of 3.85.  Thus, in FEMA’s terms the 
mitigation project is cost-effective and eligible for FEMA funding.   
 
Taking into account the time value of money (essential for a correct economic 
calculation), results in lower benefits than if we simply multiplied the annual 
benefits times the project’s 30-year useful lifetime.  Economically, simply 
multiplying the annual benefits times the project lifetime would ignore the time 
value of money and thus would yield an incorrect result. 
 
The above discussion of benefit-cost analysis of a flood hazard mitigation project 
illustrates the basic concepts. 
 
The actual FEMA BCA modules calculate each category of damage or loss 
separately and the specific built-in data and the specific user-input data vary from 
module to module, depending on the hazard, type of facility and type of mitigation 
project. 
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