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EXECUTIVE SUMMARY
The Washington Administrative Code (WAC 118-30-060(1)) requires each political
subdivision to base its comprehensive emergency management plan on a hazard
analysis. The hazard analysis provides information on hazards posing a threat to Clark
County. Adjective descriptors (High, Moderate, Low) are established for each hazard’s
probability-of-occurrence and vulnerability and a risk rating is assigned based on a
combination of both factors. The risk rating is assigned on the probability of a hazard
occurring over the next 25 years. This interval was chosen because it is the long-term
recurrence interval of a dangerous earthquake, the hazard of greatest risk to Clark
County. The risk rating will help focus the emergency management program on the
hazards of greatest risk.
A high risk rating warrants major program effort to prepare for, respond to, recover
from, and mitigate against the hazard.
A moderate risk rating warrants modest program effort to prepare for, respond to,
recover from, and mitigate against the hazard.
A low risk rating warrants no special effort to prepare for, respond to, recover from, or
mitigate against the hazard beyond general awareness training.
Hazard Analysis Summary (Probability-of-Occurrence/Vulnerability/Risk)

Hazard

Probability

Vulnerability

Risk Rating

Airplane Crash

Moderate

Low

Moderate

Dam Failure

Low

Low

Low

Drought

High

Moderate

Moderate

Earthquake

High

High

High

Energy Emergency

Moderate

Moderate

Moderate

Flood

High

Moderate

High

Forest/Wildland Fire

Moderate

Moderate

Moderate

Hazardous
Materials Spill

High

Moderate

High

Landslide

High

Low

Moderate

Public Health
Emergency

High

Moderate

Moderate

Severe Local Storm

High

High

High

Terrorism and
Violent Persons

Low

Moderate

Moderate

Tornado

High

Low

Low

Volcano

Low

Moderate

Low
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Introduction
The purpose of the Hazard Identification Vulnerability Analysis (HIVA) is to give the
reader a sense of what hazards they should consider in mitigation, preparedness,
response, and recovery activities. Elected officials, emergency managers, emergency
responders, public educators, and others who have a role or an interest in emergency
management should use the HIVA to inform their preparedness efforts.
This document defines hazards and vulnerabilities in Clark County and each of its cities.
For the purposes of the HIVA, ‘Clark County’ is the geographic subdivision of
Washington State. Included in this area are Unincorporated Clark County, Battle
Ground, Camas, LaCenter, Ridgefield, Vancouver, Washougal, and Yacolt. The HIVA
will refer to all of these geographic areas as ‘Clark County’.
The fact that this document describes specific disasters does not suggest that those
involved in emergency management should dwell on each particular hazard. A good
emergency management program should be applicable to a wide variety of disasters.
An all-hazards approach will avoid the creation of plans and procedures that are not
transferable to different types of incidents. The purpose of the detailed descriptions of
individual hazards described in the HIVA is to provide an overall picture of what
disasters are possible and a description of the ways in which these disasters may impact
the community.
Hazard - a possible source of danger
or harm to people, property, or the
environment.
Vulnerability - the potential for death
and injury to people and economic
loss to individuals, organizations, or
government caused by a disaster.

An important function of the HIVA is to act as a
justification for emergency management plans. The HIVA
is the compass that guides the planning process and the
application of emergency management resources. As
such, the objective of the HIVA is to provide answers to
questions that are crucial to emergency planners. For
example,

What hazards exist in Clark County?
To what extent can certain hazards impact life, property, and the environment?
What is the likelihood a disaster will occur?
What disasters have happened in Clark County?
In our disaster planning and preparedness efforts, what are the primary disasters we
should take into consideration?
It is essential for planners to have answers to these questions since a good plan should
be based on realistic assumptions about what disasters are possible and what disasters
are likely in Clark County.
The data is not original, but extracted from various publications. Numerous technical
experts also made contributions. The HIVA is not presented as a detailed study, but as
a general overview.
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PROBABILITY, VULNERABILITY AND RISK
The following terms are used to in hazard analysis:
Probability of Occurrence

An adjective description (High, Medium, or Low) of the probability of a hazard impacting
Clark County within the next 25 years. Probability is based on an assessment of a
hazard’s frequency using information provided by relevant sources, observations and
trends.
HIGH: There is great likelihood that a hazardous event will occur within the next 25
years.
MEDIUM: There is moderate likelihood that a hazardous event will occur within the next
25 years.
LOW: There is little likelihood that a hazardous event will occur within the next 25 years.
Vulnerability

An adjective description (High, Medium, or Low) of the potential impact a hazard could
have on Clark County. It is the ratio of population, property, commerce, infrastructure
and services at risk relative to the entire County.
HIGH: The total population, property, commerce, infrastructure and services of the
county are uniformly exposed to the effects of a hazard of potentially great magnitude.
In a worse case scenario there could be a disaster of major to catastrophic proportions.
MEDIUM: The total population, property, commerce, infrastructure and services of the
county are exposed to the effects of a hazard of moderate influence; or
The total population, property, commerce, infrastructure and services of the county are
exposed to the effects of a hazard, but not all to the same degree; or
An important segment of population, property, commerce, infrastructure or service is
exposed to the effects of a hazard. In a worse case scenario there could be a disaster
of moderate to major, though not catastrophic proportions.
LOW: A limited area or segment of population, property, commerce, infrastructure or
service is exposed to the effects of a hazard. In a worse case scenario there could be a
disaster of minor or moderate proportions.
Risk Rating

An adjective description (High, Medium, or Low) of the overall threat posed by a hazard
over the next 25 years. It is a subjective estimate of the combination of probability of
occurrence and vulnerability.
HIGH: There is strong potential for a disaster of major proportions during the next 25
years; or
History suggests the occurrence of multiple disasters of moderate proportions during the
next 25 years. The threat is significant enough to warrant major program effort to
prepare for, respond to, recover from, and mitigate against this hazard. This hazard
should be a major focus of the emergency management training and exercise program.
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MEDIUM: There is moderate potential for a disaster of less than major proportions
during the next 25 years. The threat is great enough to warrant modest effort to prepare
for, respond to, recover from, and mitigate against hazard. This hazard should be
included in an emergency management training and exercise program.
LOW: There is little potential for a disaster during the next 25 years. The threat is such
as to warrant no special effort to prepare for, respond to, recover from, or mitigate
against this hazard. This hazard need not be specifically addressed in the county’s
emergency management training and exercise program except as generally dealt with
during hazard awareness training.
Appendix C is a Hazard Risk Calendar showing the time of year a particular hazard is
likely to occur.
Review

This document will be periodically reviewed for content and applicability. It will be
reviewed following receipt of each revision to the State of Washington Hazard
Identification and Vulnerability Analysis and, as a minimum, at least once per review
cycle of the Comprehensive Emergency Management Plans (CEMP). Cyclic review will
be scheduled as part of the CEMP review process.
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COUNTY CHARACTERISTICS
Clark County is located in the southwestern part of the State of Washington at the head
of the navigable portion of the Columbia River, approximately 70 miles from the Pacific
Ocean. The Columbia River forms the western and southern boundaries of the county,
and provides over 41 miles of river frontage. Urban Clark County is part of the northwest
quadrant of the Portland, Oregon metropolitan area.
From an urban hub on the Columbia River, the county spreads through a rapidly growing
suburban band, across agricultural lands and a network of towns to the slopes of the
Cascade Mountain Range. It is compact, measuring approximately 25 miles across in
either direction. The estimated 2010 population is 435,600. The Columbia River and
the Pacific Ocean exert a strong influence on the climate, economy, and recreational
activities of the county. The Columbia River is the only fresh-water harbor for oceangoing commerce on the entire West Coast of North America, and the only water-grade
route through the Cascade Range between Canada and California. The county has
served deep-sea commerce since 1906.
Clark County lies within a geographic basin known as the Willamette-Puget Trough,
formed by the Cascade and Pacific Coast Mountain Ranges. Along the Columbia are
low-lying bottomlands, from which a series of alluvial plains and terraces extend north
and northeast. Land elevations rise from less than ten feet on the south and west
floodplains, to over 3,000 feet above mean sea level in the eastern portion. The western
half of Clark County lies at the junction of the Columbia River and Willamette Valleys,
and is comparatively level over the southern portion. While progressing northward and
eastward, the terrain develops into rolling hills culminating in the Cascade Range.
The total area of the county is 656 square miles (land area is 628 square miles),
approximately two-thirds of which lie in the foothills of the Cascade Range. The foothills
have been eroded into numerous ridges and narrow creek bottoms. Terraces and
benchlands where the Columbia and other rivers meandered during early geological
times are large in area. As the land has slowly risen, the rivers have cut deeper, leaving
these former river bottoms well above flood level. Good farming land of high and better
than average productivity is limited in area and includes the floodplains of the Columbia
River. Lands of average productivity cover most of the higher terraces and benchlands
from five to 15 miles inland from the Columbia River. Soils throughout this area may
generally be classified as silt and clay loams, with substantial areas around Orchards,
Sifton, and immediately east of Vancouver classified as gravelly silt, clay loams, and
gravel.
Clark County is serviced by a number of transportation facilities that makes the county a
regional hub for commerce. This area is served by the Columbia River and the Pacific
Ocean, which the Port of Vancouver provides port services as a fresh water, deep draft
harbor for ocean going commerce. Transcontinental rail lines serving major north-south
and east-west lines serve the county. Interstate 5 and 205 provide access to major
economic centers and the Portland International Airport, just fifteen minutes away,
provides scheduled air transportation.
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CLIMATE
Clark County’s climate is characterized by wet, mild winters and moderately dry
summers. Prevailing winds over most of the county are northwesterly during the
summer and southeasterly during the winter. In comparison to other regions the climate
is mild. The position of the county between two mountain ranges serves to insulate it
against dramatically differing climates 100 miles in either direction.
There are four definite seasons to the year but the trend from one to another is very
gradual. The average annual temperature in the county is approximately 50°F. The
county has a very definite winter rainfall climate, with 63 to 70 percent of the total annual
precipitation occurring in the five months from November through March. Normal annual
precipitation ranges from 38 inches on the western floodplains to over 114 inches in the
mountainous northeastern part of the county.
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Most of Clark County is in the same climactic zone as Portland and the Willamette
Valley. Generally speaking, the weather around this region is similar. The All weather
and hydrological reports from the National Weather Service originate from the National
Weather Service and the Northwest River Forecast Center in Portland.

Demographics
There are several factors that contribute to the overall vulnerability of the people who live
in Clark County. For example, population densities, non-English speaking population,
and growth rates are all factors that may impact a community’s vulnerability to hazards.
Below are listed several factors that are commonly considered variables in a
community’s collective vulnerability to disaster.
Population Growth
Population growth is a primary factor in a community’s vulnerability to disaster. This is
because growth increases the probability of a technological or manmade disaster and
because this adds to other factors that contribute to vulnerability such as development
patterns, economic development characteristics, and so on. Most importantly, a rapid
growth rate may stress a local government’s ability to plan, regulate, and serve the new
population.
Clark County is one of the fastest growing
Clark County
counties in the region. From 2000 to 2010,
2010
Population
–
435,600
Clark County grew by 26.17%. This is the
Land Area - 628 Sq. mi.
second largest growth rate in the state for this
2007 average per capita income - $34,426
period. The County is quickly transitioning from 2010 estimated median household income - $55,297
a rural-suburban community to a suburbanurban community. Total farm acreage has declined and population density has
increased from 550 persons per square mile in 2000 to 693 persons per square mile in
2010.

CL ARK COUNTY HIV A - P AGE 11

Vulnerable Populations
A characteristic of disasters is that they exceed the ability of emergency response
agencies to provide assistance promptly. In a major disaster, the public may be on their
own for at least three days. Individuals may need to go for several days without utilities
and food and water. Disasters may also isolate individuals by damaging transportation
routes. Not all people are able to respond to these conditions adequately with
assistance or accommodation. Many people are among vulnerable populations that may
have difficulty following official instructions and taking protective actions. For instance,
someone who is developmentally disabled or deaf may not be able to hear or
understand instructions on sanitation, evacuation routes, or shelter locations.
Vulnerable populations are those groups that possess specific characteristics that inhibit
their ability to prepare for, respond to, or recover from a disaster. These characteristics
include physical and developmental disabilities, mental illness, poverty, old age, or an
inability to speak or understand English. These groups are more heavily impacted
because they may lack the necessary knowledge, skills, social support structures, or the
mental and physical abilities necessary to take care of themselves. Historically,
vulnerable populations present a special challenge to emergency managers and
response agencies and they are more likely to be victims of a disaster.
Nearly every disaster provides a story of how much more severely disaster conditions
may impact vulnerable populations. In the December 12, 1995 windstorm the greatest
challenge to emergency responders was to help those people who required electricity to
power their life support systems, for example, dialysis machines and respirators. In the
February 1996 flooding, the population most severely impacted were the lower income
elderly people that lived in the Woodland area. These people had fewer resources
available to them, many of them lived in light mobile homes, and they did not have the
money to begin their own recovery.
Fortunately, many people that fall into one of these categories have families, friends,
neighbors, and other caretakers that will be able to assist them. But many of them do
not have adequate support and those who do may not be able to rely on it in a major
event.
Non-English speaking and special cultural characteristics
According to the 2000 census, approximately 11.5% of the Clark County population over
the age of five speak a language other than English at home. An estimated 5.5% of
Clark County residents do not speak English very well.
A lack of ability to speak or read the English language can present a challenge to
emergency managers, since instructions for self-protective action and general disaster
information is usually provided only in English. The non-English speaking population
would be uninformed unless they have assistance from friends or services providers who
may provide them with instruction and information in English. In certain neighborhoods
in Clark County it may be advisable for emergency managers and emergency response
agencies to arrange for translation of instruction and information into different languages.
Along with challenges related to a lack of fluency with the English may come special
cultural characteristics that will affect the way that people respond to emergency
situations. An example of this was presented in the Loma Prieta earthquake. In this
event, where large scale mass care, sheltering, and feeding was done, a large Central
American population had to be convinced that shelter locations were safe. They were
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concerned with the safety of structures because of their earthquake experiences in
Central America.
Elderly
According to 2010 population estimates, persons 65 and older made up 12.75% of the
total Clark County population. Nationwide, as the baby boomer generation enters their
60’s the senior population is expected to dramatically increase.
Transient Population
The transient population includes those who do not have a permanent residence in Clark
County. This includes the homeless and tourists.
Homeless - Because they have so few resources available to them, the homeless can
be affected even by common weather emergencies such as severe wind, snow, and ice.
In severe weather the homeless shelters in Clark County are quickly filled to capacity
and service agencies have to put forth great effort to ensure the well being of this
population.
There are five homeless shelters in Clark County with an additional four shelters that
serve specific categories of the homeless population (e.g., youth, pregnant teens, etc).
Most of the time these shelters are at or near capacity. The summers are normally the
busiest time of year at these shelters.
These numbers do not give an accurate census of the homeless population in Clark
County. They do not count the homeless who may sleep in parks and under bridges.
Others may also be able to find temporary shelter in homes that may be open to them.
There are homes in Clark County that provide this service and are not in the network of
the Clark County shelters. It is difficult to collect demographic information on the
homeless population because the homeless can be found in so many places.
Tourists/Travelers - Tourists are particularly vulnerable to disasters. This is because
tourists are usually unfamiliar with the hazards in the region and because they do not
have the knowledge or the materials needed to take care of themselves in a disaster.
For example, a typical tourist, unfamiliar with Clark County, may have difficulty using
evacuation routes, or finding shelters. A light traveling tourist would also not have their
own supply of food, water, flashlights, radios, and other supplies that locals can use to
take care of themselves in a disaster. And finally, tourists usually do not have a local
support structure of family, friends, and neighbors that most of us rely on.
Clark County is not considered a major tourist destination. To a certain extent tourism
relies on overflow from the much larger Portland market. Compared to other
jurisdictions, Clark County has small portion of total state tourism, but it is still very
significant. There are approximately 2,600 hotel/motel rooms available in Clark County.
Disabled
Clark County - Disability Status Of The Civilian Non-institutionalized
Population (2000 Census)
5 to 20 years with a disability

7.1%

21 to 64 years with a disability

17.8%

CL ARK COUNTY HIV A - P AGE 13

65 years and over with a disability

44.2%

Physically Disabled - According to 1990 census estimates 12.6% of the population has
a mobility limitation. These disabilities may or may not be permanent.
Developmentally Disabled - According to national prevalence formulas approximately
1% of the Clark County Population or 3280 residents (1998) have a developmental
disability. 1285 residents have a disability that is severe enough to qualify them for
developmental disability services. A developmental disability is defined as a disability
that is attributable to mental retardation, cerebral palsy, epilepsy, autism, or any
neurological or other condition closely related to mental retardation.
There is a wide variation in the vulnerability of the developmentally disabled population
in Clark County. Some developmentally disabled individuals may have strong support
structures and a high level of care provided to them by friends, neighbors, and care
providers. Others may not have such a high level of support. Some individuals may be
largely self-reliant. Some may have additional disabilities in additional to there
developmental disabilities. 10% of the developmentally disabled population is
wheelchair bound and approximately 2% of the county population or 10,560 residents
(1998) suffer from a mental illness.
Mentally Ill
Disaster conditions can aggravate the symptoms of those who suffer from mental illness.
The mentally ill tend to be very sensitive to changes in their environment. We have case
studies of this phenomenon from Clark County. During the Mt. St. Helens eruption
disaster several individuals incorporated the fall of ash into their delusional symptoms.
There was a marked increase in the case load for mental health crisis services at the
Columbia River Mental Health Services. During the February 1996 floods several
mental health patients were hospitalized as a result of increased stress due to
relocation, forgetting to take their medications when evacuated, and increased anxiety.
Another important consideration is the ability of disaster conditions to cause mental
illness. It is estimated that 10% of disaster victims can develop mental health problems,
including depression, and substance abuse.
It is difficult to determine the demographics of the mentally ill population in Clark County.
No one agency is responsible for collecting this information. The Mental Health Division
of the Washington State Department of Health and Human Services has records of
approximately 3,210 clients using a variety of mental health services (FY 94).
Low Income
Not having sufficient financial resources during and after a disaster can be great
disadvantage. Lower income people are more likely to live in mobile homes or other
homes that are less able to resist damage from flooding, windstorms, and severe
weather. Low income people tend to have the greatest difficulty recovering from a
disaster. According to 2009 estimates, approximately 10.5% of the total population and
7.6% of all families have an annual income below the national poverty level.
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NATURAL

HAZARDS
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DROUGHT
Hazard Definition

Drought is a condition of climatic dryness severe enough to reduce soil moisture and
water below the minimum necessary for sustaining plant, animal, and human life
systems. The Palmer Index measures the severity of drought. For more information on
the Palmer Index see Appendix D.
History

July-August 1902 – No measurable rainfall in Western Washington from July 23 to
August 25. Pastures lacked moisture. There were a number of major forest fires.
August 1919 – Hot weather was most detrimental in non-irrigated counties. Many forest
fires occurred.
July-August 1921 – Drought occurred in all agricultural sections. It was too dry for nonirrigated pastures. Rains, preceded by severe dust storms, caused extensive damage to
fruit trees.
July 1944 – High temperatures caused dry pastures in Clark County.
Hazard Identification

Nearly all areas of the county are vulnerable to drought.
Vulnerability Analysis

In every drought, agriculture has felt the impact, especially in non-irrigated areas such as
farms. Droughts have left their major impact on individuals (farm owners), on the
agricultural industry, and to a lesser extent, on other agriculture-related sectors.
There is increased danger of forest fires. Millions of board feet of timber have been lost.
In many cases, erosion has occurred which caused serious damage to aquatic life,
irrigation, and power development by heavy silting of streams, reservoirs, and rivers.
Low stream flows have created high temperatures, oxygen depletion, disease, and lack
of spawning areas for our fish resources.
All of the above effects result in economic and revenue losses for business, cities and
the county.
History suggests a high probability of occurrence. Although the entire population of
the county is vulnerable to the effects of drought, severity has historically been low,
being more inconvenient than threatening. Locally, actual drought conditions have been
limited to a few days, even during extended dry periods. Transportation and
communications infrastructure would be minimally impacted, if at all. However, as
growth places more pressure on limited local resources, future impacts may be greater,
suggesting moderate vulnerability. A moderate risk rating is assigned.
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Conclusions

As a result of droughts, new techniques have occurred in agriculture. Federal and state
governments have also assumed an active role in developing new water projects and
soil conservation programs. RCW 43 83B 400 and WAC 173 166 are sections that
pertain to drought relief.
Better forest fire protection techniques have been developed and total acreage burned
has continually decreased.
Progress is being made in dealing with the impact of droughts through proper
management of Washington’s water resources. Hopefully, information being collected
and shared will assist in the formulation of effective programs for future water-short
years.
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EARTHQUAKES
Hazard Definition

An earthquake is the shaking of the ground caused by an abrupt shift of rock along a
fracture in the earth, called a fault. There are three categories of quakes and each type
may affect Clark County. The first is a shallow or crustal quake. These occur at a depth
of 5 to 10 miles beneath the earth’s surface. These quakes are associated with fault
movement within a surface plate. The second type of earthquake is an intraplate, or
“deep” earthquake. Intraplate quakes occur when an earthquake on a geologic plate
affects another plate. In Pacific Northwest geology, intraplate quakes happen when the
Juan de Fuca plate breaks up underneath the continental plate, approximately 30 miles
beneath the earth’s surface. The third type of quake is a subduction zone earthquake.
These occur when two converging plates become stuck along their interface. Continued
movements between the plates will build up energy across the locked surface until the
plates abruptly slip along the interface when the strain is released.
Magnitude is the measure of the strength of an earthquake, or the strain energy released
by it, as determined by seismographic observations (size or length of a seismic signal).
There are several types of magnitude scales of which the Richter Scale is the best
known. Magnitude is expressed in whole numbers and decimal fractions. For example,
a magnitude of 5.3 might be computed for a moderate earthquake, and a strong
earthquake might be rated as magnitude 6.3. Because of the logarithmic basis of the
scale, each whole number increase in magnitude represents a tenfold increase in
measured amplitude. As an estimate of energy, each whole number step in the
magnitude scale corresponds to the release of about 31 times more energy than the
amount associated with the preceding whole number value. See Appendix D for more
information on earthquake measuring scales.
History

Each year, since 1980, the Pacific Northwest Seismograph Network has recorded an
average of more than two thousand earthquakes in Washington and Oregon. The vast
majority are shallow earthquakes and 99% had a magnitude less than 3.0.
The shallow 1872 earthquake in North Cascades was the largest in the history of
Washington and Oregon. It had an estimated magnitude of 7.4 and was followed by
many aftershocks. In 1993, a magnitude 5.6 earthquake in the Willamette Valley of
Oregon caused $28 million in damages, including damage to the Oregon State Capital in
Salem. Large shallow quakes occur in the Pacific Northwest about once every 50 years.
The 2001 Nisqually Earthquake occurred on February 28, 2011 and was a deep
earthquake with a depth of 32 miles. The epicenter of this magnitude 6.8M earthquake
was under Anderson Island in South Puget Sound and was widely felt in Clark County.
Locally, there was minor damage to masonry buildings. Clark County was included in a
presidential disaster declaration for individual assistance.
Two other damaging deep earthquakes in Washington occurred in 1965 (magnitude 6.5
located between Seattle and Tacoma) and in 1949 (magnitude 7.1 near Olympia). Each
of these earthquakes caused significant damage. Other deep earthquakes occurred in
1882, 1909, and 1939. Large deep earthquakes are estimated to occur about once
every 50 years.
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A northwest subduction zone earthquake has not occurred locally since the 1700’s.
However, similar subduction zones worldwide have produced earthquakes of magnitude
8 or larger. An example is the 9.2 Alaska earthquake of 1964. Geologic evidence
indicates that the Cascadia Subduction Zone has generated great earthquakes at
roughly 500 year intervals, most recently about 300 years ago. Researchers estimate
there is a 10% chance of a local subduction zone earthquake within the next 200 years.
Hazard Identification

The Pacific Northwest is a very seismically active area. Potential earthquake sources in
Clark County are not well known because there have not been frequent large
earthquakes here as there have been in California. Estimations of possible earthquake
sources are limited to studies of many small earthquakes, investigations of known faults,
and other geological surveys.
Earthquakes in Clark County are most likely to originate from three sources: 1) the Mt.
St. Helens seismic zone 2) the Portland/Vancouver Seismic Zone and 3) the Cascadia
Subduction Zone. Of these the Portland/Vancouver Seismic Zone is least understood.
There is better information about the Mt. St. Helens seismic zone because of the intense
scrutiny of Mt. St. Helens. There are numerous studies of the enormous Cascadia
Subduction Zone.
Mt St. Helens Seismic Zone – This seismic zone is most commonly a source of several
small earthquakes (<4 M). The strongest earthquake associated with this zone was the
Elk Lake earthquake of February 13, 1981. This was approximately 5.5 M magnitude
earthquake. While this was just a moderate earthquake it was felt over an area of about
104,000 Km2 that ran from as far north as Ferndale, Washington and as far South as
Salem. There was light damage to structural materials and moderate damage to nonstructural items in the area near the epicenter. The fault associated with the Mt. St.
Helens seismic area is a fairly long fault at 70 km. Generally larger earthquakes are
associated with longer faults. Geologists suggest that the possibility exist for an
earthquake as great as 6.5 M.
Portland/Vancouver - The Portland metropolitan area is the most seismically active
region in Oregon in historic times. In the past 150 years there have been six
earthquakes of magnitude 5 or greater. The Washington side of the seismic area is the
second most seismically active area in Washington (the Puget Sound area is the most
seismically active area in the state). The area between the Lacamas Creek Fault and
the Portland Hills Fault borders this seismic region. The existence of the Portland Hills
fault was only recently confirmed by the digging of the light rail tunnel through the West
Hills of Portland. This discovery, matched with other geophysical studies suggest that
earthquakes as large as M 6 or larger should occur in the Portland region every 300-350
years and an event of M 6.5 or larger about every 800-900 years. Earthquakes in this
area present what may be the worst-case scenario for Clark County because the
epicenters may be quite close. Geologists theorize there may be faults directly
underneath the cities of Portland and Vancouver. Recent studies suggest that the
epicenter for the 5.5 M earthquake in November 5, 1962 was located underneath the
City of Vancouver.
Cascadia Subduction Zone - The Cascadia Subduction Zone lies about 50 miles
offshore, extending from near Vancouver Island to northern California. The zone is
where the oceanic Juan de Fuca plate dives beneath the continental North American
plate. These plates are converging at a rate of 1 – 1.5 inches per year.
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Vulnerability Analysis

The entire county population, property, commerce, infrastructure and services are
vulnerable to an earthquake. The scope of damage is a function of earthquake
magnitude and level of preparedness. Damage could range from minimal to extreme
loss of life and destruction of property.
Most injury, death, and property damage in an earthquake result from seismic impacts
on structural and non-structural materials. The vulnerability of certain areas partially
depends on the types of structures in that area. A wood frame residential structure that
is adequately secured to the foundation is relatively safe. An un-reinforced masonry
building are at greatest risk from seismic impacts. Most injuries in earthquakes result
from non-structural materials such as light fixtures, equipment, and furniture, falling on
people and causing injury.
Another factor in earthquake vulnerability is soil type. Water-saturated loose sand and
silt loses its ability to support structures in an earthquake. Areas in Clark County that
are near flood plains or areas with silt deposits are at the greatest risk during an
earthquake. The Washington State Department of Natural Resources conducted a
relative earthquake study of
Within the limits of predictability, we must assume a high probability of occurrence for
a damaging earthquake during the next 25 years. A large earthquake could have
catastrophic impact on Clark County suggesting high vulnerability. Accordingly, a
high-risk rating is assigned.
Conclusions

It is difficult to identify a part of the community that is not vulnerable to an earthquake.
People, buildings, emergency services, hospitals, transportation lifelines, and water and
wastewater utilities are susceptible to the effects of an earthquake. In addition, electric
and natural gas utilities and dams have a potential to be damaged.
Earthquake’s are unique in impact to structures. Injuries result from structural materials
falling on people and creating hazards.
Effects of a major earthquake in the Portland-Vancouver metropolitan area could be
catastrophic, providing the worst case disaster short of war. Thousands of persons
could be killed and many tens of thousands injured or left homeless. A major
earthquake may create additional hazards such as pipeline line leaks and ruptures,
hazardous materials releases, train derailments, and fires.
Mitigation activities such as the following should be instituted and maintained to lessen
the potential problems.
a. Examination, evaluation, and enforcement of effective building and zoning
codes.
b. Geologically hazardous areas, as defined by the Growth Management Act,
should be identified and land use policies adopted to lessen risk.
c. Public information on what to do before, during, and after an earthquake
should be provided to citizens.
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d. Local and state governments should develop and maintain response
procedures and keep mitigation programs ongoing.
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Relative Earthquake Hazard Map
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Explanation of NEHRP Soil Site Classifications
The National Earthquake Hazard Reduction Program (NEHRP) site classification is a
simplified system for classifying soils based on how much they may amplify ground
motion in an earthquake. Below is a simplified description for each site class. Each
site class also includes a specific ground motion estimate which is not included here.
Site
Site
Site
Site
Site
Site

Class
Class
Class
Class
Class
Class

A: Hard rock
B: Rock
C: Very dense soil and soft rock
D: Stiff soil
E: Softer soil or soft clay
F: Soils requiring site-specific evaluations

Site class B represents a soft rock condition, where earthquake shaking is neither
amplified nor reduced by the near-surface geology. Site classes C, D, and E
represent increasingly softer soil conditions which result in a progressively increasing
amplification of ground shaking. Site class F is reserved for unusual soil conditions
where prediction of the amplification of earthquake shaking can only be determined
by a site-specific evaluation.
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FLOODS
Hazard Definition

Floods are the most common disaster in Washington State and Clark County. The
State’s climate, topography, and geology are conducive to flooding. Normal annual
precipitation ranges from 38 inches on the western floodplains to over 114 inches in the
mountainous northeastern part of the county.
The main cause of Northwest floods is the moist air masses that regularly move over the
region in the winter. In Clark County, the weather that produces the most serious
flooding events are extensive wet conditions that follow a period of mid and high
elevation ice and snow pack development.
Riverine and flash floods may both occur in Clark County. Riverine floods happen when
the amount of water flowing through a river channel exceeds the capacity of that
channel. Riverine floods are the most common type of flooding. Flash flooding occurs
during sudden rainstorms when a large amount or rain falls in a very short period of time.
These happen in steeply sloping valleys and in small waterways.
A secondary category of flood is the storm water or urban flood. Storm water flooding
occurs when runoff from rainfall concentrates in developed areas, drainage, and lowlying areas. Poor drainage, elevated groundwater levels, and ponding are all symptoms
of storm water flooding that can cause property damage.
Storm water flooding should be a concern in Clark County because of rapid
development. In the February 1996 flooding there were a surprising number of
properties that were impacted that were not near a tributary. Instead these properties
were in poorly drained areas where ponding and runoff patterns caused basements to
flood and other types of water damage. Not all of this is due to development. Natural
soil conditions and geological features often determine drainage patterns.
History

December 1933 – The largest flood of record on the Lewis River.
May 30, 1948 – Columbia River crested at 34.4 ft. Flood stage at that time was 15 ft.
This is the flood that destroyed the City of Vanport. Vanport, with a population at the
time of the disaster of 18,500, was the second largest City in Oregon. The destruction of
the town occurred when a 600-foot section of dike protecting the settlement from the
rising Columbia River broke. Unfortunately, few people evacuated Vanport prior to the
dam rupture. Evacuation was hampered by the fact that there were very few good
evacuation routes. Fifteen people died in the flood.
June 1956 – Columbia River flooded due to snowmelt runoff.
January 1972 – A combination of intense rainfall and snowmelt caused major East Fork
of the Lewis River floods.
December 1977 – Heavy rainfall and snowmelt caused flooding on the East Fork of the
Lewis River. Salmon Creek had largest flood since gages were placed on Salmon
Creek. The Washougal River also received its largest flood since gages were placed in
1944. This flood was an extremely rare event, greater than a 500-year flood.
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February 8, 1996 – The Columbia River crested at 27.1 ft. on February 9. This flood
produced some of the worst flooding seen in the County since 1948. Approximately
1500 people were evacuated, and 177 homes were destroyed. This flood occurred
because of the confluence of several factors. The winter of 1995/96 was extremely
rainy. Prior to the flooding period, the region experienced a cold snap with low elevation
freezing, ice, and snow. This was followed by a strong warming trend with heavy
precipitation.
Other recent flooding incidents:
Lewis R. at Woodland crests at 26.56 ft on February 3, 2003. Minor flooding on the
Lewis, north and east forks of the Lewis, Salmon Creek, and the Washougal River.
Minor land and debris slides.
Lewis R. at Woodland crests at 24.65 ft. on November 7, 2006. Minor flooding on larger
creeks and rivers in Clark County. Clark County included in presidential declaration for
individual assistance.
Lewis R. at Woodland crests at 25.41 ft on January 8, 2009. Minor flooding and
landsliding, primarily in north Clark County. Landslides on Buncombe Hollow Rd. and
SR 503. Interstate 5 closed at Centralia.

Hazard Identification

Many rivers in Clark County historically flood every few years. These include the East
Fork of the Lewis River, Washougal River, Salmon Creek, and the Columbia River.
Flooding on these rivers usually occurs between October and February. Long periods of
heavy rainfall and mild temperatures coupled with snowmelt contribute to flooding
conditions.
Vulnerability Analysis

Clark County participates in the National Flood Insurance Program and has developed
local ordinances to better regulate and direct development in flood plain areas. These
local ordinances regulate planning, construction, operation, and maintenance of any
structures, and improvements, private or public. They work to insure that these
developments are properly planned, constructed, operated, and maintained to avoid
adversely influencing the regimen of a stream or body of water or the security of life,
health, and property against damage by flood water.
Unfortunately, most of the residents who live in flood plains face far greater risks than
needed. These homeowners probably face greater financial liability than they realize.
During a 30-year mortgage period, a home in a mapped flood plain has about a 26
percent chance of being damaged by a 100 year-flood event. The same structure has
only about a one percent of being damaged by fire. Many homeowners who live in flood
plains carry fire insurance, but do not carry flood insurance.
With many uninsured homes located in flood plains, Clark County homeowners are
vulnerable to flood damage. Adding to this vulnerability, are increases in the percentage
of households and population living in flood plains as new growth creates increasing
pressure to develop more marginal land. Furthermore, as the density of development
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increases and permeable natural surfaces are replaced with homes and roads, the
volume of storm water runoff and the area over which it floods will increase. As a result,
unknown numbers of homes that were once outside mapped flood plains will face an
increased threat of flooding, a threat they were never built to withstand. In fact, 35-40
percent of the National Flood Insurance claims are currently coming from outside the
mapped flood plains.
Historically, flooding occurs along one or more of the County’s waterways every few
years, suggesting a high probability of occurrence. Because of the relative land area
and population affected, the County is exposed to moderate vulnerability. Although
the vulnerability is moderate, the frequency of flooding, the potential for simultaneous
flooding events, plus the historical record of recurrent flooding and cumulative costs, all
suggest the assignment of a high risk rating.
Conclusions

Floods can cause loss of life and great damage to structures, crops, land resources,
flood control structures, roads, and utilities of all kinds. Flood damages in Clark County
exceed damages by all other natural hazards.
Building in established floodplain areas must be regulated. Human-made developments
within flood plains should be limited to non-structures such as parks, golf courses,
farmlands, etc. These facilities have the least potential for damage, but maximize land
use.
The general public should be made aware of hazardous areas and be given flood
insurance and emergency preparedness information.
The National Weather Service has an extensive river and weather monitoring system
and usually provides adequate and timely warning. The National Weather Service
provides weather information to local jurisdictions and the public in a variety of ways,
radio, teletype, and telephone.

CL ARK COUNTY HIV A - P AGE 26

CL ARK COUNTY HIV A - P AGE 27

FOREST /WILDFIRE FIRES
Hazard Definition

Any instance of uncontrolled burning within a forested area is a forest fire, where as
uncontrolled burning in grassland, brush, or woodlands is classified as a wildfire.
History

Large fires reported in Clark County since the turn of the century include the following:
Year

Name

Area

Acres

1902

Yacolt

Clark & Skamania Counties

238,900

1919

Sunset

Clark & Skamania Counties

26,900

1929

Dole Valley Clark & Skamania Counties

227,500

Lives Lost
38

Hazard Identification

Clark County’s fire season usually runs from mid-May through October. However, any
prolonged period of lack of precipitation presents a potentially dangerous problem. The
probability of a forest fire in any one locality on a particular day depends on fuel
conditions, topography, the time of year, the past and present weather conditions, and
the activities (debris burning, land clearing, camping, etc.) which are or will be taking
place.
Vulnerability Analysis

The effects of forest fires vary with intensity, area, and time of year. Factors
affecting the degree of risk of fires include extent of rainfall, humidity, wind
speed, type of vegetation, and proximity to fire fighting agencies. The greatest
short-term loss is the complete destruction of valuable resources, such as timber,
wildlife habitat, scenic vistas, and watersheds. There is an immediate increase in
vulnerability to flooding due to the destruction of all or part of the watershed.
Long-term effects are reduced amounts of timber for commercial purposes and
the reduction of travel and recreational activities in the affected area.
Home building in and near forests increases risks from forest fires. These areas
of new homes are referred to as interface or intermix areas. Often, structures
have been built and maintained with minimal awareness of the need for
protection from exterior fire sources, or the need to minimize interior fires from
spreading to forested lands.
Although not a recent historical problem, the existence of large forested areas,
increasing population and recreational activities, and the uncertain impact of a
changing climate combine to suggest a moderate probability of occurrence.
The destruction of large tracts of forest land would have immediate economic
impact to the community through lost jobs, reduced taxes, and increased public
support while collateral economic and social effect could impact the County for
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years, suggesting moderate vulnerability. Accordingly, a moderate risk rating
is assigned.
Conclusions

The following steps should be accomplished to preclude major loss of life and
reduce the actual number of fires in hazard areas:
1. Since the vast majority of forest fires are started by people, forest fire
prevention education and enforcement programs can significantly reduce the
total number of forest fires.
2. An effective early fire detection program and emergency communications
systems are essential. The importance of immediately reporting any forest
fire must be impressed upon local residents and persons utilizing the forest
areas.
3. An effective warning system is essential to notify local inhabitants and
persons in the area of the fire. An evacuation plan detailing primary and
alternate escape routes is also important.
4. Fire-safe development planning and appropriate wildfire mitigation strategy
should be done by local jurisdictions, such as the implementation of safety
recommendations to include.
a. Sufficient fuel-free areas around structures.
b. Fire resistant roofing materials.
c. Adequate two-way (ingress and egress) routes and turnarounds for
emergency response units.
d. Adequate water supplies with backup power generation equipment or
other means to cost-effectively support fire fighting efforts.
e. Development of local ordinances to control human caused fires; i.e. from
debris burning, fireworks, campfires, etc.
5. Road criteria should ensure adequate escape routes for new sections of
developments in forest areas.
6. Road closures should be increased during peak fire periods to reduce the
access to fire-prone areas.
7. Steps the public can take to better protect lives, property, and the
environment from wildfires include:
a. Maintaining appropriate defensible space around homes.
b. Providing adequate access routes (two-way with turnaround) to homes for
emergency equipment.
c. Minimizing “fuel hazards” adjacent to homes.
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d. Using fire-resistant roofing materials
e. Maintaining adequate water supplies.
f. Ensuring home address is visible to first responders.
Some forest fires are allowed to burn in limited areas as part of forest management.
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LANDSLIDES
Hazard Definition

Landslides are the sliding movement of masses of loosened rock and soil down a hillside
or slope. The term landslide includes a wide range of ground movement, such as rock
falls, deep failure of slopes, and shallow debris flows. It is most common for landslides
to occur on water saturated slopes when the base of the slope can no longer support the
weight of the soil above it. Landslides are commonly associated with heavy rain and
flooding conditions but they may also be associated with earthquakes (the 1994
Northridge Earthquake caused an estimated 11,000 landslides) and with volcanic
activity.
Hazard

Landslides very commonly occur in Clark County during or after periods of heavy rain
and flooding. The period from 1996 to 1997 saw a large number of landslides in Clark
County. One of the largest landslides occurred just outside of Clark County, two miles
north of Woodland on February 8 and 9 when 32,000 yd3 fell across all lanes of I-5 and
the adjacent railroad tracks. The landslide continued to disrupt traffic until February 19.
In the same flooding period there were also several landslides that disrupted railroad
operations in the area adjacent to Vancouver Lake. The following year, which was
marked by heavy rains but no significant flooding, there were several landslides.
Hazard Identification

Slides in Clark County generally range in size from thin masses of soil of a few yards
wide to deep-seated bedrock slides more than six miles across. Travel rate may range
in velocity from a few inches per month to many feet per second, depending largely on
slope, material, and water content. The recognition of ancient dormant slide masses is
important as they can be reactivated by earthquakes or unusually wet winters. Also,
because they consist of broken materials and disrupted ground water, they are more
susceptible to construction-triggered sliding than adjacent undisturbed material.
Clark County has several areas where landslides have taken place and several areas
that are susceptible to landslides. The hills north of La Center and the slopes north of
Camas and Washougal are particularly susceptible. Clark County does have a detailed
map which depicts the location of historic landslides and unstable slopes (see below).
Vulnerability Analysis

Typical effects include damage or destruction of portions of roads and railroads, sewer
lines, pipelines, and water lines, electrical and communications distribution lines, and
destroyed homes and public buildings. Disruption of shipping and travel routes result in
losses to commerce. Many of the losses due to landslides may go unrecorded because
no claims are made to insurance companies, lack of coverage by the press, or the fact
that transportation network slides may be listed in records simply as “maintenance.”
Clark County has a history of landslides and their numbers seem to be increasing,
suggesting a high probability of occurrence. Landslides tend to occur in isolated,
sparsely developed areas threatening individual structures and remote sections of the
transportation, energy and communications infrastructure suggesting low vulnerability.
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Because of the high probability of occurrence and the trend to more frequent landslides,
a moderate risk rating is assigned.
Conclusion

The most significant effect of landslides is the disruption of transportation and the
destruction of private and public property. Some work has been done to prevent
developments on top of or below slopes subject to sliding without geotechnical
investigations and preventative improvements. Much more needs to be done to educate
the public and to prevent development in vulnerable areas.
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PUBLIC HEALTH EMERGENCIES
Hazard Definition

Public Health Emergencies are events that threaten human health in a community.
Public Health Emergencies can be the result of disease outbreaks (including
pandemics), environmental public health threats, or events that overwhelm our
community’s healthcare systems.
Hazard

Each year Clark County experiences significant communicable disease outbreaks
spread through food, water, and person-to-person contact. In 2009, Clark County
experienced the H1N1 Pandemic. Typically, these events can be resolved by
implementing good public health interventions but there are diseases that are difficult to
control in any community, such as those that are spread person to person.
Environmental Public Health Emergencies are less frequent than disease outbreaks and
are typically associated with hazardous materials spills or natural disasters discussed
elsewhere in this document.
Events that overwhelm our community’s healthcare system can be the result of any
hazard that affects human health.
Hazard Identification

Disease outbreaks in Clark County range from a small numbers of people with a single
exposure to a disease-causing agent to a large numbers of infected people who are
spreading the disease from one person to another.
Since 2005, Clark County has experienced 33 disease outbreaks and 1 environmental
exposure that were a significant threat to the health of our community. Of the 33 disease
outbreaks 19 were caused by food borne illnesses, 11 were caused by respiratory
diseases including pertussis, measles, and tuberculosis, one to a fever of unknown
origin, one was meningitis, and one was the H1N1 Pandemic. An environmental
exposure to lead also caused public health response to mitigate exposure and illness in
the community,
Vulnerability Analysis

Typical effects of public health emergencies include deaths, illnesses that require
hospital stays, illnesses that cause people to miss work or school, and illnesses that
cause the closure of local restaurants, schools, and businesses.
Clark County like other counties of this size has a history of public health emergencies,
suggesting a high probability of occurrence. Public health emergencies tend to affect
our community’s more vulnerable populations including school aged children and older
people which indicates that this threat has a moderate vulnerability. Because of the
high probability of occurrence of public health emergencies, a moderate risk rating is
assigned.
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Conclusion

The most significant effect of public health emergencies is the death of individuals in our
community. Work is continually being done to prevent diseases and environmental
health emergencies and to identify and mitigate the effects as early as possible so that
containment occurs quickly.
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SEVERE LOCAL STORM
Hazard Definition

Clark County is vulnerable to a variety of severe storm hazards. Tornadoes are
described separately. Ice, snow, and windstorms all have the ability to severely impact
the County. Severe local storms seldom cause death and serious property damage but
they can cause major utility and transportation disruptions.
Ice Storm
Ice storms or freezing rain (black ice) conditions can occur in Clark County. Ice storms
occur when rain falls from warm moist upper layers of the atmosphere into a cold, dry
layer near the ground. The rain freezes on contact with the cold ground and
accumulates on exposed surfaces. This has the possibility to create real havoc when
the ice accumulates on tree branches, and power lines. This can cause power outages
and can obstruct transportation routes.
Snow Storm or Blizzard
It is possible for significant snowfall to occur in the Northwest. The Portland Metro area
has had accumulations of as much as 27.5 inches. However, snow precipitation is
infrequent. Average snowfall for populated areas, valleys, and low elevations in Clark
County is about 7 inches a year. January is usually the month with the greatest
snowfall, with an average of 3 to 4 inches. Moisture and cold air are required for snow to
fall. While moisture is common in the winter months, the Cascades act as a barrier to
cold air coming from the east. On occasion, cold air can slip in through low points in the
Cascades bringing snow to the lower elevations; however, it melts quickly when the
warm air moves in. It is common for cold air to come in through Columbia Gorge. Once
every year or two accumulations of up to six inches can occur in the lower elevations of
Clark County. It is rare for more than a foot of snow to accumulate.
Wind Storm
Every so often the Northwest is severely impacted by strong windstorms. In the past,
peak wind gusts have gone above 100 miles per hour. The strongest winds that impact
Clark County come from two sources. Frequent and widespread strong winds come
from the southwest and are associated with strong storms moving onto the coast from
the Pacific Ocean. The strongest and most destructive winds will come from the south,
parallel to the Cascades and the Coast Range Mountains. The Columbus Day Storm
and the December 12, 1995 storm (described below) followed this pattern. Strong east
winds may also originate from the Columbia Gorge when high atmospheric pressure is
over the Upper Columbia River Basin and low pressure is over the Pacific Ocean. The
narrow point of the Gorge acts as a funnel, concentrating the intensity of the winds. This
generates strong winds at the outlet of the gorge, in and around the Camas/Washougal
area. Wind speed is measured by the Beaufort Wind Scale which can be found in
Appendix D.
History

The record snowfall in the region occurred December 20-23, 1892. In Southwest
Washington and Northwest Oregon, 15 to 30 inches of fell. Portland had 27.5 inches of
snow. The Columbus Day Storm on October 12, 1962 was the worst windstorm to occur
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in the Northwest since records have been kept. Thirty-eight people died and monetary
losses were estimated somewhere between $175 and $200 million. The Portland Airport
reported a peak gust of 88 miles per hour. At the Morrison Bridge in Downtown Portland
there was a peak gust of 114 mph. The strongest windstorm since the Columbus Day
Storm occurred November 13-15, 1981. This storm was nearly as strong as the
Columbus Day Storm but it tracked farther west. This was actually two strong
windstorms, the stronger first storm arriving November 13 and early November 14 and
the second storm hit on November 15. Portland had peek winds of 71 mph. The second
storm had a peek wind of 57 mph in Portland. Eleven people were killed and there was
$50 million in damages. The most recent strong windstorm occurred on December 12,
1995. This brought peek gusts of more than 60 mph to the Willamette Valley.
Hazard Identification

All of the hazards described above impact communities in similar ways. Even moderate
storms can bring down powerlines, and tree and tree limbs obstructing roadways and
falling onto houses and other structures with enough force to cause damage. Downed
powerlines create widespread electrical hazards. Severe windstorms will usually cause
the greatest damage to ridgelines that face into the winds. There is an additional hazard
in newly developed areas that have been thinned of trees to make way for new
structures. Large unprotected trees in these areas are more like to fall. Severe storms
cause massive power and telephone outages. Severe storms in Clark County have left
tens of thousands without power. In certain areas it may take several days for the Clark
Public Utilities to restore power. This can create life-threatening problems for people
with life support equipment such as dialysis machines, respirators, and oxygen
generators. Clark Public Utilities maintains a list of all of their customers who are ‘life
support’ customers.
Severe local storms create hazardous driving conditions that can slow down and
completely inhibit traffic. This can hinder police, fire, and medical responses to urgent
calls. These types of storms also can reek havoc on first response operations. Police
enforcement resources are often tied up in responding to welfare inquiries and in traffic
control, while fire departments are tied up with electrical hazards and debris removal.
The long-term challenge for severe local storms is in debris removal. Hundreds of tons
of debris can pile up in residential and commercial areas.
Vulnerability Analysis

The entire County is vulnerable to the effects of a storm. High winds can cause
widespread damage to trees and power lines and interrupt transportation,
communications, and power distribution. Prolonged heavy rains cause the ground to
become saturated, rivers and streams to rise, and often results in local flooding and
landslides.
Ice storms occur when rain falls out of a warm atmospheric layer into a cold one near the
ground. The rain freezes on contact with cold objects including the ground, trees,
structures, and powerlines, causing power lines to break.
Snowstorms primarily impact the transportation system and the availability or timing of
public safety services. Heavy snow accumulations can also cause roofs to collapse.
Snow accompanied by high winds is a blizzard, which can affect visibility, cause large
drifts and strand residents for up to several days. Melting snow adds to river loading and
can turn an otherwise benign situation into a local disaster.
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Each of these when in combination with any other or if accompanied by freezing
temperatures can exacerbate a storm’s impact. Isolated residents without power are
more likely to use wood fires to stay warm or to cook, possibly resulting in an increase in
the number of structural fires. Residents without food or water may attempt to use
impassable roads and thereby increase the number of rescues.
The effects can vary with the intensity of the storm, the level of preparation of local
jurisdictions and residents, and the equipment and staff available to perform necessary
tasks to lessen the effects of severe local storms.
Storm history suggests a high probability of occurrence. Historical damage and
cumulative costs of destructive storms suggest high vulnerability. Accordingly, a high
risk rating is assigned.

Conclusion

Severe local storms seldom cause death and injury and seldom result in severe property
damage. However, severe storms have caused serious disasters in Clark County and
they will do so again. Perhaps the one thing that will do the most to prevent death and
injury is to ensure that people stay off roads and remain in a safe place before the brunt
of a storm passes. This is best done through effective employee and student dismissal
plans and event cancellation. It is also important to promptly notify the public of severe
weather watches and warnings.
In the responding to a severe local storm, often a sticking point is the prioritization of
phone and power restoration services. Emergency managers and first responders need
to work closely with Clark Public Utilities and US West to ensure that power and phone
service are quickly restored to essential facilities.
Once the general public has weathered a severe storm and their power and phone
service is restored their highest priority is to quickly and efficiently remove the debris on
their property and on the roads they drive. Debris removal planning is essential so that
systems are in place to efficiently manage and finance prompt debris removal.
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TORNADOES
Hazard Definition

Tornadoes are the most violent weather phenomena known. They are characterized by
funnel clouds of varying sizes that generate winds as fast as 500 miles per hour. They
can affect an area of ¼ to ¾ of a mile and seldom more than 16 miles long. Tornadoes
normally descend from the large cumulonimbus clouds that characterize severe
thunderstorms. They form when a strong crosswind (sheer) intersects with strong warm
updrafts in these clouds causing a slowly spinning vortex to form within a cloud.
Eventually, this vortex may develop intensity and then descend to form a funnel cloud.
When this funnel cloud touches the ground or gets close enough to the ground to affect
the surface it becomes a tornado. Tornadoes can come from lines of cumulonimbus
clouds or from a single storm cloud. Tornadoes are measured using the Fujita Scale
ranging from F0 to F6. Details on the Fujita Scale can be found in Appendix D.
History

October 1951 - Battle Ground (F0 on the Fujita Scale). 8 miles long and 25 yards
wide which uprooted trees and destroyed a two-story barn.
August 26, 1953 – Ridgefield (F0 on the Fujita Scale). Lasted three minutes and
severely damaged a farm.
April 5, 1972 – Vancouver (F3 on the Fujita Scale). This was the most deadly
disaster to occur in Clark County and the most serious tornado in Washington State. Six
people died and 300 were injured when a tornado cut a swath of destruction through
East Vancouver. The tornado’s path was nine miles long, from the Columbia River, just
east of Andresen Road up to Fourth Plain Blvd. Peter S. Ogden Elementary, a shopping
center, and a bowling alley were severely damaged.
December 1974 – Camas (F0 on the Fujita Scale). Windows were broken and walls
collapsed but there was no serious damage.
October 1984 – Woodland (F1 on the Fujita Scale). A funnel cloud touched down
several times, snapping and overturning trees, and ripping up fence lines. A barn roof
was torn off, corrals flattened and a pump house lifted and exploded.
June 29, 1989 - La Center (F1 on the Fujita Scale). Uprooted several trees and
tossed one car off the road causing minor injuries to the driver.
January 10, 2008 – Hazel Dell, near NE 78th St. (EF1 on the Enhanced Fujita Scale).
This tornado first touched down on the west side of Vancouver Lake and continued east
to Hockinson. Most damage was to the area east of Vancouver Lake and south of 78th
St. Approximately 138 homes sustained at least minor damage. A few houses had large
trees fall into them. The boat house for the Vancouver Lake Crew Club was destroyed.
Hazard Identification

Tornadoes are not normal occurrence in the Northwest the way they are in the Midwest.
Tornadoes require a confluence of warm surface temperatures and warm fronts coming
from the south with cold fronts coming from the north. Northwest climates do not
normally generate the temperature variations conducive to tornado formation.
Washington is ranked 43 in the US for total number of tornadoes. Nonetheless, the
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tornado threat should be taken very seriously. The conditions conducive to tornado
formation may develop in Southwest Washington and it is common for funnel clouds to
be reported in this region. During severe thunderstorms it is possible for tornadoes to
occur.
With the exception of the April 1972 disaster, tornadoes in Washington and Oregon tend
to be light or moderate, with winds ranging from 40 to 112 mph. There are a notable
minority of tornadoes that cause significant to severe damage with winds going as high
as 200 mph. The peak season for tornadoes is April through July. However, in
Washington tornadoes may occur in the late summer months and, in a few rare cases,
may occur in the winter months. While tornadoes are sometimes formed in association
with large Pacific storms, most of them are caused by intense local thunderstorms.
Tornadoes almost exclusively occur in the late afternoon and early evening.
Vulnerability Analysis

It is possible for a tornado to occur anywhere in the lower elevations of Clark County.
Normally, Pacific Northwest tornadoes are moderate but it is possible for serious
tornadoes to develop, causing death and serious injury.
Typically, tornadoes may cause severe damage to everything in their path. Walls
collapse, roofs are ripped off, trees and power lines are destroyed. The challenge is that
tornadoes, especially in the Northwest, are very difficult to predict and their onset is
sudden. Unlike the tornado-prone areas in the plains states, there is little awareness of
the tornado threat and the forecasting and warning systems are less well developed. It
is extremely rare for a tornado watch or warning to be issued anywhere in the Northwest.
As such, there is little public awareness of the warning systems, and self-protection
measures common to the tornado prone states.
History suggests a high probability of occurrence and low vulnerability. A low risk
rating is assigned.
Conclusions

Emergency response agencies should not be taken by surprise by a tornado in Clark
County. While violent tornadoes are not a characteristic of the Southwest Washington
climate, the weather systems that may generate tornadoes appear regularly.
Emergency response agencies and emergency management officials should be
prepared for the rapid notification of the public and for the efficient management of a
mass casualty incident, and the prioritization of debris clearance.
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VOLCANOES
Hazard Definition

A volcano is a vent in the earth’s crust through which molten rock, rock fragments, gases
or ashes are ejected from the earth’s interior. Volcanoes are a deadly hazard. From
1980 to 1995 volcanoes killed approximately 29,000 people, forced the evacuation of
830,000 people, and caused economic losses in excess of $3 billion (Simkin and
Siebert, 1994)
There are a wide variety of hazards related to volcanoes and volcano eruption. With
volcano eruptions, the hazards are distinguished by the different ways in which volcanic
materials and other debris flow from the volcano. Following is a list of the different types
of hazards that exist in cascade volcanoes.

Figure A - Types of volcanic hazards i
Pyroclastic Flows and Surges
Pyroclastic flows are avalanches of hot (300-800°C), dry, volcanic rock fragments and
gases that descend a volcano’s flanks at speeds ranging from 20 to more than 200 miles
per hour. They originate from the actual explosion related to an eruption. Pyroclastic
flows and surges are a lethal hazard. They result in incineration, asphyxiation, burial,
and impact. Because of their speed they cannot be outrun.
Pyroclastic flows are heavier than air and will seek topographically low areas.
Pyroclastic surges, composed of hot mixtures of gas and rock will flow above the ground
and they may go over topographical barriers such as ridges and hills.
Lava Flows
Lava flows are normally the least hazardous threat posed by volcanoes. The speed and
viscosity of a lava flow are determined by the silica content of the lava. The higher the
silica content, the more viscous (thick) the lava becomes. Low silica basalt lava can
move 10 to 30 mph. High silica andesite and dacite tend to move more slowly and travel
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short distances. Cascades volcanoes are normally associated with slow moving
andesite or dacite lava. However, 2,000 years ago Mt. St. Helens produced a large
amount of basalt.
Large lava flows may destroy property and cause forest fires but, since they are slow
moving, pose little threat to human life. Perhaps the greater hazard presented by lava
flows is that their extreme heat can cause snow and ice to melt very quickly, adding to
lahar, debris avalanche, and flooding hazards.
Tephra
The ash and the large volcanic projectiles that erupt from a volcano into the atmosphere
are called tephra. The largest fragments (bombs, >64mm) fall back to the ground fairly
near the vents, as close as a few meters and as far as 10 km (6 mi.). The smallest rock
fragments (ash) are composed of rock, minerals, and glass that are less than two
millimeters in diameter. Tephra plume characteristics are effected by wind speed,
particle size, and precipitation.
Tephra falls pose a variety of threats. Ash only 1 cm thick can impede the movement of
most vehicles and disrupt transportation, communication, and utility systems. During the
past 15 years about 80 commercial jets have been damaged by inadvertently flying into
ash, and several have nearly crashed. Airborne tephra will seldom kill people who are a
safe distance from the vent. However, tephra may cause eye and respiratory problems,
particularly for those with existing medical conditions. Short-term exposure should not
have any long-term health effects. Some tephra material may have acidic aerosol
droplets that adhere to them. This may cause acid rain or corrosion of metal surfaces
they fall on.
Ash may also clog ventilation systems and other machinery. When tephra is mixed with
rain it becomes a much greater nuisance. Wet ash is much heavier and it can cause
structures to collapse. Most of the 330 deaths associated with the Mt. Pinatubo eruption
were caused by roofs collapsing under the weight of rain soaked ash. Wet ash may also
cause electrical shorts. Ash falls also decreases visibility and may cause psychological
stress and panic.
Lahars
Lahars are rapidly flowing mixtures of water and rock debris that originate from
volcanoes. While lahars are most commonly associated with eruptions, heavy rains,
debris accumulation, and even earthquakes may also trigger them. They may also be
termed debris or mud flows. Lahars can travel over 50 miles downstream, reaching
speeds between 20 and 40 mph. The highest recorded speed of a lahar during the 1980
Mt. St. Helens eruption was 88 mph. Beyond the flanks of a volcano, lahars will
normally be channeled into waterways. The threat from lahars comes from their speed
and from the debris they carry. Abrasion from the heavy sediment and impacts from
heavy debris can destroy forests as well as human made structures including bridges,
dams, roads, pipelines, buildings, and farms. Lahars may also fill in channels,
obstructing shipping lanes and impact a channel’s ability to handle large volumes of
water.
Debris Avalanches
Volcanoes are prone to debris and mountain rock avalanches that can approach speeds
of 160 kilometers per hour (100 mph). Volcanoes are characterized by steep slopes of
weak rock. Volcanic rock material is weakened by the acidic ground water that seeps
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through rock cracks and turns rigid rock into clay. Minor eruptions, earthquakes, or
releases of built up water and debris may trigger large avalanches of this material.
Volcanic Gases
All active volcanoes emit gases. These gases may include steam, carbon dioxide, sulfur
dioxide, hydrogen sulfide, hydrogen, and fluorine. Sometimes, these chemicals can be
absorbed by ash and impact ground water, livestock, and metal objects. Even when a
volcano is not erupting, gases can escape through small surface cracks. The greatest
danger to people comes when large quantities of toxic gases are emitted from several
sources or when there are topographic depressions that collect gases that are heavier
than air. These gases can accumulate to the point where people or animals can
suffocate. Neither of these conditions exist in Cascade volcanoes, though this could
change if magma were to come close to the surface. Mt. St. Helens emitted thousands
of tons of Sulfur Dioxide every day in the early 80’s. These gases were easily dispersed
by the wind.
History

Cascade Range volcanoes in the U.S. have erupted more than 200 times during the
past 12,000 years for an average of nearly two eruptions per century. At least five
eruptions have occurred during the past 150 years.
The most recent eruptions in the Cascade Range are the well-documented 1980-1986
eruptions of Mt. St. Helens. The primary, major eruption on May 18, 1980 claimed 57
lives and caused nearly a billion dollars in damage and response costs. The effects
were felt throughout the northwest.
Hazard Identification

The force of the North American continental plate running against the Juan de Fuca
plate caused the creation of the Cascade Volcano Range. The energy generated by
these two plates running together is regularly released in the form of volcanic eruptions
at a rate of one or two every 200 years. Seven volcanoes have erupted in the Cascades
since the first U.S. Independence day a little more than 200 years ago. There are 20
volcanoes in the cascades, but of these only Mounts Rainier, Baker, Hood, St. Helens,
and Glacier Peak have been active in historical time. It is possible for Clark County to
be impacted by Mounts Hood, St. Helens, and Adams. These are all stratovolcanoes.
Stratovolcanoes, also known as composite volcanoes are typically steep-sided,
symmetrical cones of large dimension built of alternating layers of lava flows, volcanic
ash, cinders, blocks, and bombs and may rise as much as 8,000 feet above their bases.
Stratovolcanoes tend to erupt explosively and pose considerable danger to nearby life
and property. In contrast, the gently sloping shield volcanoes, such as those in Hawaii,
typically erupt non-explosively, producing fluid basalt lavas that can flow great distances
from the active vents.
Mt. Adams and the nearby Simcoe and Indian Heaven volcanic fields, to the northeast
and east of Clark County, present little threat to Clark County. This volcanic area has
had eruptions of relatively low frequency and magnitude in the last 20,000 years. The
United States Geological Service (USGS) estimates the annual probability for a Mt.
Adams eruption is on the order of 1 in 100,000 to 1 in 1,000,000. The worst case
scenario for Mt. Adams would be a lateral blast eruption, similar to the one seen at Mt.
St. Helens. While potential lateral blast eruptions from Mt. Hood or Mt. St. Helens have
the greatest likelihood of having directed lateral blasts going in predictable directions
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(northwest direction for St. Helens and southwest for Hood) a Mt. Adams lateral blast
could go in any direction.
Mt. St. Helens is by far the most active volcano in the Cascades, with four major
explosive eruptions in the last 515 years. It presents the greatest threat to Southwest
Washington. However, according to the USGS “The chance of another catastrophic
landslide and blast comparable to that of May 18, 1980, is exceedingly low…The past
history of the volcano suggests, however, that one or more explosive eruptions with
heavy ash fall comparable to that of the May 18, 1980, eruption might occur before
Mount St. Helens returns to a dormant state.” In a 1997 hazard study, the USGS asserts
that, for appropriate hazard assessment, we need to assume that the next eruption will
be as big or bigger than the eruption of May 18, 1980.
Even assuming a major eruption, it is unlikely that flow hazards would impact Clark
County. USGS predicts that the most likely event will be an eruption from the same
point as the 1980 eruption, with an outbreak of Castle Lake. The flow hazards from this
type of eruption will channel down the North and South Fork of the Toutle River and
down the Kalama River. There may be lava flows, pyroclastic flows and surges, and
lahars that could flow into the Lewis River and the Swift Reservoir. However, as
happened in the 1980 eruption, PacifiCorp, the operators of the reservoir, were able to
draw down the reservoir levels in anticipation of debris flows.
The greatest threat would come from tephra. Since the prevailing winds are to the east
the highest tephra concentrations would be the east of Mt. St. Helens. The probability
that Clark County would have a 10-cm (4 in) or more accumulation of tephra is 2% from
a large eruption. For accumulations less then 10 cm the probability increases.
Perhaps a greater threat comes from Mt. Hood. The most likely eruption for Mt. Hood
would be explosion from Crater Rock that would create a massive lahar down the Sandy
River. Sediments from past lahars and floods created the delta at the mouth of the
Sandy River near Troutdale. The USGS claims that “future lahars and eruption induced
sedimentation are likely to build the delta farther out into the Columbia River and narrow
the existing channel, which could lead to progressive bank erosion and inundation of
land in the Camas-Washougal area. The threatened area includes the Lady Island,
Reed Island, and the lowland areas to the north and south of SR-14 in the CamasWashougal Area. With a lahar flow associated with a large Mt. Hood eruption, there
would be an estimated 3 ½ hour travel time for the lahar reached the Troutdale area.
USGS puts the 30 year probability for this type of lahar flow at between 1 and 15 and 1
and 30 (annual probability of between 1 in 500 and 1 in 1000).
Mt. Hood has not historically produced large deposits of tephra, as compared to Mt. St.
Helens. Significant accumulations have only occurred on the flanks of the mountain.
The overall annual probability of a tephra deposit of 10 or more centimeters (4 or more
inches) in Clark County from eruptions throughout the Cascade Range is between .01
and .02 percent. Again, the most likely contributor to significant deposits would be a Mt.
St. Helens.
Vulnerability Analysis

Clark County may be impacted by a volcanic eruption at anytime. The above
assessments of volcano hazards consider past activity to determine the most likely
pattern and probability of a future eruption. It is possible that unexpected volcanic
activity may occur that may significantly impact Clark County.
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The factor that most limits Clark County’s vulnerability to a major eruption of Mt. Hood,
Mt. Adams, or Mt. St. Helens is the modern capability to accurately detect eruptive
activity well before an eruption occurs. The USGS constantly monitors seismic activity
directly underneath Cascade volcanoes. Clusters or ‘swarms’ of small earthquakes
underneath a volcanoe have proven to be a precursor to renewed volcanic activity. Mt.
St. Helens and Mt. Hood are both closely monitored, in terms of ground movement and
seismic activity. It is up to emergency managers and other responsible agencies to
ensure an aggressive response to these warnings.
As part of its Emergency Action Plan, PacfiCorp will draw down the level of the Swift
Reservoir if Mt. St. Helens shows signs of volcanic activity. If the potential for eruption
exists the outflow at the Merwin Dam (the last dam on the river) could be as high as
60,000 cfs which could cause flooding in the lower reaches of the river. If the Lewis
River is already at a high level due to runoff or if there is sudden volcanic activity or a
debris avalanche, this may complicate matters. While the May 18, 1980 eruption was
preceded by about two months of volcanic activity, the 1989 Mt. Redoubt eruption in
Alaska was preceded by only 24 hours of intense activity, so there is a possibility for a
quick onset eruption.
History suggests a low probability of occurrence. Because of potential impact to the
Camas-Washougal area from a lahar flow from the Sandy River, there is moderate
vulnerability. Because Mt. Hood and Mt. St. Helens are both relatively quiet, this
hazard is assigned a low risk rating.
Conclusions

The most likely scenarios for volcanic eruptions that will impact Clark County are a lahar
flows from the Sandy River and tephra fall from Mt. St. Helens. Jurisdictions impacted
by these hazards need to prepare. The most severe impacts in Southwest Washington
from another major Mt. St. Helens eruption would be in Cowlitz County. In this event,
Clark County emergency managers and responders may support Cowlitz County
agencies and the Forest Service in assisting in evacuation, perimeter control, search &
rescue and other operations.
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TECHNOLOGICAL

HAZARDS
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AIRPLANE CRASH
Hazard Definition

In the context of emergency management and disaster planning, airplane accidents refer
to major accidents, resulting in the loss of the hull with multiple fatalities. Civil aviation is
a very strictly regulated activity. A complex web of federal regulations and protocols
governs airplanes manufacture, maintenance, and operation. This has resulted in falling
accident rates in spite of the persistent increase in air traffic. But major crashes result in
the sudden and catastrophic loss of life. A large airplane accident can result in more
deaths in an instant than almost any other kind of event. Hence, the public and the
media are very concerned with air safety and they expect strict regulation of civilian
aviation.
History

There have been no major airplane crashes in Clark County.
Hazard Identification

Since air safety enforcement began in earnest in the mid-1960’s, there has been a
dramatic decline in the number of accidents involving large jets. In 1959 the worldwide
accident rate was over 30 accidents per million flights. In the last 30 years the rate has
been one to three accidents per million departures. In the same 30 years the number of
departures has quadrupled. The factor in the improvement in the 1960’s was due to the
introduction of jet aircraft with far more
reliable engines than piston engines.
The future of air safety is less certain.
600,000 American’s fly each year. By
2010 that number is expected to climb
to 1 billion. Accident rates could climb
from a current rate of three or four
accidents a year to six or seven.
Regulators know annual increases in
accidents will be unacceptable and
have undertaken special initiatives to
improve air safety. However, it may
be a challenge for regulators to keep
pace with the rapidly changing airline industry.
Vulnerability Analysis

The City of Vancouver is across the river from Portland International Airport. The
airspace over the Columbia River and Vancouver is heavily used by all manner of
aircraft flying into Pearson Airpark, Portland Air National Guard Base and Portland
International Airport. Most airplane accidents occur during arrival and departure so the
City of Vancouver is at a greater risk than areas not near a major airport.
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Rapid growth at Portland International Airport may also impact the vulnerability of the
City of Vancouver. Operations forecasts for the Airport estimate that the total number of
passengers will more than double between 1998 and 2020. In 1998 the PDX served
over 13 million passengers. The airport officials estimate that PDX will serve more than
28 million passengers in 2020.
Fatalities are most commonly associated with airplane crashes. Hazardous materials
incidents would be created if a crop duster airplane or a United States Forest Service
airplane carrying fire retardant. A plane crash could be the precipitating event for a
major fire. The crash of a military aircraft with munitions or classified material would
require the support of explosive ordinance disposal or military police and security.
Aircraft incidents can cause a multitude of emergency management situations that go far
beyond deaths and injuries.
Although history suggests a low probability, as air traffic continues to increase over Clark
County, a moderate probability of occurrence is suggested. A plane crash would be
in a relatively small geographical area and effecting a small percentage of the population
suggesting low vulnerability. A moderate risk rating is assigned.
Conclusions

Considering the flight paths of aircraft into and out of Portland International
Airport, Vancouver has the potential for a major airplane crash with mass casualties,
hazardous materials incidents, and fires.
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DAM FAILURES
Hazard Definition

Dam failures are release of impounded water due to structural deficiencies, which can
affect lives and property downstream.
Dam failures can be caused by flooding, earthquakes, lack of maintenance and repair,
misoperation, poor construction, vandalism, or terrorism.
History

Many dam failures have occurred in Washington State over the last 40 years. Some of
them have been catastrophic. On April 21, 2002, the retention structure at the west end
of the Swift Canal catastrophically failed. The canal is on the northern border of Clark
County, in Skamania County. No one was injured but it completely washed out SR 503.
Swift Canal Failure – April 21, 2002

Hazard Identification

There are 28 known dams in Clark County with 10 acre feet or more of storage. These
dams are used for hydroelectric power generation, irrigation, and recreation. Appendix
E lists dams located in Clark County.
Washington State uses a Downstream Hazard Classification system for dams which
assigns a Low, Significant or High rating for populations at risk of economic loss and
environmental damage should the dam fail. In Clark County, most dams are rated low,
three are significant and three high. The three potential high hazard dams are the
Merwin Dam on the Lewis River, Erickson on Rock Creek and Tsugawa Brothers
Reservoir Dam on Mason Creek. The three potential significant hazard dams are the
Elmer Dam on Mason Creek and the Lacamas and Round Lakes, upper and lower dams
on Lacamas Creek. All three high hazard dams have been inspected by the Washington
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State Department of Ecology, Dam Safety Section and are on a six-year inspection
cycle.
Risk Classification
1A (>300 at risk)
1B ( 31-300 at risk)
1C (17-30 at risk)
2 (1-6 At risk)
3 (0 At Risk)

# of Clark
County Dams
1
0
2
3
22

In addition to the dams located in Clark County, the county can also be affected by dam
failures of dams on the Columbia River upstream from Clark County. These dams are
all well maintained, operated with 24-hour staffing and inspected on a regular basis.
Vulnerability Analysis

Washington experiences a dam failure on a frequency of approximately once every two
years. The majorities of failures were in whole or part the result of a failure to perform
adequate maintenance and monitoring of the facilities. Fiscal difficulties in this state
increase the likelihood that dollars targeted for dam maintenance will be spent on more
immediate needs. This reduced prospects for improving the performance of smaller
dams in the current economic climate.
Failure of a dam can have many effects such as loss of life, damage to structures, roads,
utilities, and crops. Economic losses can also result from a lowered tax base and lack of
power profits.
History suggests a low probability of occurrence. The failure of a high hazard dam
would threaten a small segment of the County suggesting low vulnerability. Because
there has not been a major dam failure in Clark County, and the three high hazard dams
are well maintained and operated providing no reason to suspect a compromise in
structural integrity baring a natural disaster or terrorist action, a low risk rating is
assigned.
Conclusions

There are three state statutes that deal with safety of dams and other hydraulic
structures: Chapters 43.21A, 86.16, and 90.03 of the Revised Code of Washington.
These laws provide authority to approve plans for dams, inspect their construction,
inspect hydraulic works, and require appropriate changes in their maintenance and
operation. In addition, regulations, policies and procedures, and guidelines have been
adopted. They serve to clarify operations of the Dam Safety Section and to assist the
regulated community in their efforts to build, operate, and maintain a safe impounding
facility.
The Dam Safety Section has recognized the key role of other governmental bodies in
carrying out its public safety charge. To this end, the approval process now requires that
dams located above populated areas have an emergency action plan developed in
conjunction with the local jurisdiction emergency management agency.
The Dam Safety program was revamped in the late 1980s to better apply its resources
to the task of minimizing public safety problems arising from the presence of
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impoundments above populated areas. A key element of this process was the
establishment of an aggressive inspection program. Ideally, the challenge for the future
would be to increase staffing levels to accelerate the inspection effort. In reality, the
problem will be maintaining current staffing levels in times of shrinking budgets.
The failure to implement a suitable operation and maintenance program at dams
appears to be a common thread in the dam incidents that have occurred in Washington
State and elsewhere. Many municipalities are operating old reservoir systems and
finding it increasingly difficult to fund effective operation and maintenance programs. So
while the failure of projects with a high potential for loss of life become increasingly
remote, the number of failures of low hazard projects that provide important
infrastructure roles may be on the rise.
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ENERGY EMERGENCY
Hazard Definition

Energy emergencies may involve various types of energy resources. Emergencies can
develop quickly, such as when Middle East countries embargo petroleum, or they can
develop slowly, such as when demand out paces the siting of new generation plants.
Energy emergencies of one type often affect other types of energy resources, such as
when a loss of electricity makes it impossible to pump gasoline.
History

Major petroleum shortages developed during the 1973-74 Middle East oil embargo and
during the Iran embargo in 1979. Minor petroleum shortages developed during the 1989
Exxon Valdez grounding and during the Persian Gulf War in 1990-91. The state
responded to each emergency. During the shortages of the 1970s, the state ran a “setaside” program to allocate scarce oil supplies. The “set-aside” is the state’s strongest
measure available to respond to an oil shortage.
Electricity shortages occurred in 1973-74 and 1977-78 due to drought conditions, which
resulted in insufficient amounts of water to operate hydroelectric plants.
The wind storm in December 1995 disrupted power to about 60% of Clark County.
In 2000, problems with power supply and distribution required planned power disruptions
in certain areas of the country in order to avoid critical blackouts. Clark County did not
experience any disruptions in power in this period.
Hazard Identification

All areas of Clark County are susceptible to petroleum, electrical, and natural gas
shortages.
Vulnerability Analysis

Clark County is vulnerable to many localized, short-term energy emergencies, brought
about by numerous disasters such as wind and ice storms. Most of these emergencies
are handled by the affected industry, with support provided by the state as requested.
Clark County is also vulnerable to major energy shortages.
Major effects of energy shortages include inconvenience to consumers, reduced heating
and lighting capability, reduced production in all sectors, potential failure of
transportation, water and waste, communication, information, and banking systems.
Energy emergencies can seriously hamper emergency response capabilities and should
be planned for at both the local and state level.
Petroleum shortages can occur at any time. However, most oil shortages are due to the
inability of local distribution systems to meet rapidly increasing demand brought about by
panic buying and hoarding. These shortages can be averted by encouraging normal
purchasing practices. Countywide petroleum shortages are less likely. However,
because would oil supplies all trade on open markets, any regions oil supply is subject to
world demand.
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Clark County is connected to a regional electrical transmission grid that has major
connections with other grids out-of region, including British Columbia, Montana,
California, and other southwest states. In general, even if Clark County is short of
electricity, (due to drought, for example), it can be purchased from elsewhere. The
result is higher cost electricity, rather than inadequate supply. Because most out-ofregion power is thermal, it is not affected by drought.
Natural gas shortages typically occur during cold weather and historically have meant
curtailment for industries. In the future, as natural gas use continues to grow, and if it
takes off as an alternative transportation fuel, Clark County’s pipeline capacity may be
insufficient to meet demand. If new capacity lags demand, shortages could develop.
Previous energy shortages suggest a moderate probability of occurrence. The
impact of a critical shortage would affect the entire county, either directly or through
higher costs of services suggesting a moderate to high vulnerability. A moderate
risk rating is assigned.
Conclusions

Future energy shortages are likely to occur due to numerous uncontrollable factors. The
Washington State Energy Office developed a Petroleum Products Contingency Plan and
an Electricity Load Curtailment Plan for managing major shortages of energy.
Consumers should be educated on the need for prudent use of all types of energy
resources, and available conservation measures should be utilized whenever possible.
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HAZARDOUS MATERIALS
Hazard Definition

Hazardous materials include chemicals used in manufacturing, household chemicals,
crude oil and petroleum products, pesticides, herbicides, fertilizers, paints, medical
wastes, radioactive materials and a host of other substances. Their manufacture,
transport, storage, use and disposal may place public, property, and the environment at
risk from their inadvertent or an intentional release.
Hazard Identification

Hazardous materials incidents may occur at any time and any place, when and where
such materials are present under circumstances in which they may be released in
sufficient volume and proximity to sensitive receptors and/or environments. The
potential impact is dependent on the nature of the material, conditions of the release,
and area involved. Releases may be small and easily handled with locally available
emergency response resources or rise to the catastrophic level with immediate effect
and long-term public health and environmental consequences.
Hazardous materials incidents can happen at fixed sites or during transportation.
Hazardous materials are transported by air, rail, truck, ship and pipeline. All of these
transportation modes are in use in Clark County.
Vulnerability Analysis

Fixed Site:
For the 2009 reporting year, 116 individual facilities in Clark County reported chemical
inventories in accordance with the federal Emergency Planning and Community Right to
Know law.
Forty-three of these facilities reported inventories of ‘extremely hazardous substances’.
These are chemicals that have a higher toxicity and that have additional planning
requirements.
Five facilities in Clark County are required to submit Risk Management Plans (RMP), in
accordance with the Clean Air Act, Section 112(r). These facilities have chemicals that
are deemed more likely to have impacts outside of the facility. This includes potential
airborne toxics such as chlorine and anhydrous ammonia and explosive chemicals such
as hydrogen and propane.
Eight additional RMP facilities in counties that border Clark County have chemicals that
if released in an extreme, worst-case scenario would impact Clark County (e.g., airborne
chemicals could reach Clark County)
Transportation:
Statistics show that nearly half of all hazardous materials incidents occur during transit.
Clark County is bisected by both a major north south and east-west rail line, two
interstate highway’s and also has an active port.
According to a 2005 study, 2.72% of all commercial vehicles carry hazardous materials
through the major transportation corridors in Clark County (e.g., I-5, I-205, SR-14, Mill
Plain, Fourth Plain).
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Burlington Northern Santa Fe (BNSF) operates a rail line and a rail yard (Vancouver
Yard) in Clark County. BNSF and Union Pacific use this rail line to ship substantial
quantities of bulk hazardous materials through Clark County.
There are two interstate pipelines that run through the County. Olympic Pipe Line
Company has 14.5 miles of underground pipe that transport refined petroleum products
from refineries in northwest Washington to Portland, Oregon. Williams Pipeline has a
58-mile natural gas pipeline that bisects the County both north-south and east-west.
Both pipelines have the potential for incidents caused by land movement, operator error,
careless excavation, or vandalism.
History, plus the transport of hazardous materials into and through the County, suggest
a high probability of occurrence. A hazardous material spill generally impacts a
relatively small area, but if that area is a high-density urban location or a critical wildlife
habitat, the impact could be significant, suggesting moderate vulnerability. Because of
the magnitude of the potential risk posed by the transport of hazardous materials, a
high-risk rating is assigned.
Conclusion

As Clark County continues to grow and attract new high tech industry to the area the
amount of hazardous materials at both fixed sites and in transit will increase.
Government regulation and industry practices go a long way in reducing chemical
threats. The 1986 Superfund Amendment and Reauthorization Act, the Clean Air Act
and other state and federal laws and regulations provide fairly strict regulation, and
encourage good risk management and accident prevention practices. The Clark County
Local Emergency Planning Committee (LEPC) also provides a forum for industry and
government representatives to work together in planning and information sharing.
Nevertheless, chemical accidents have occurred and will occur again in Clark County.
Chemical accidents can create volatile and dynamic incidents that require close
interagency coordination and a comprehensive community response. Organizations that
may be involved in hazardous materials response are encouraged to participate in Local
Emergency Planning Committee.
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TERRORISM AND VIOLENT PERSONS
Hazard Definition

The Federal Bureau of investigation (FBI) has defined terrorism as “The unlawful use of
force or violence against persons or property to intimidate or coerce a government; the
civilian population; or any segment of it, in furtherance of political or social objectives.”
The devastation which occurred at the World Trade Center in New York and the Alfred
Murrah federal building in Oklahoma City points to the need to plan for the potential
threats within our own communities.
The FBI categorizes terrorism in the United States as one of two types: domestic
terrorism or international terrorism.
Domestic terrorism involves groups or individuals whose terrorist activities are directed
at elements of our government or population without foreign direction.
International terrorism involves groups or individuals whose terrorist activities are
foreign-based and/or directed by countries or groups outside the United States or whose
activities transcend national boundaries.
History

There have no events of a terrorist nature reported by the FBI in Clark County. The FBI
did report two events for the State of Washington in the period from 1990 through 1994.
Both (bombings) occurred in July 1993 in Tacoma and were attributed to a Skinhead
group. They occurred within 3 days of each other and caused only property damage.
Hazard Identification

A terrorist attack can take several forms depending on the technological means of the
terrorist, the nature of the political issue motivating the attack, and the points of
weakness of the terrorist targets. The five categories of terrorist incidents are biological,
nuclear, incendiary, chemical and explosives. Bombings are the most frequently used
terrorist method in the United States.
Potential sites, such as transportation routes, government institutions, dams, water
supply sources, power distribution systems, communications terminals, and financial
centers are all susceptible to terrorism within the county. Random acts of violence such
as detonation of an explosive device in a public area also is within the scope of
terrorism.
Vulnerability Analysis

Clark County and its citizens have no immunity to potential terrorist activity within its
borders. The potential occurrences could be the result of actions from domestic or
international groups. The terrorist actions could be expected to come about as a result
of grievances, real or imagined, toward activities of some governmental entity, federal or
state, or as retaliation for some governmental act.
The terrorist “Groups” at play today are constantly emerging. Some are loose while
others are structured. Traditionally, small arms and improvised explosives devices have
been the weapons of choice for terrorist entities as they are easy to acquire and use.
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They will probably remain the primary option for the immediate future. Chances are low
but growing that chemical or biological agents could be used by some groups as such
agents are cheap to produce and easy to conceal as well as relatively lethal. Moreover,
they can be expected to cause mass panic, as in the 1995 Tokyo subway attacks.
The effects of terrorism can vary significantly from massive loss of life and property
damage to nuisance service interruptions. Threatened services include electricity, water
supply, public transportation, communications and public safety.
The type of terrorist act would determine vulnerability. Vulnerability could include a large
segment of the population or infrastructure with the destruction of a major power
distribution line, a pipeline, or the contamination of a municipal well, or a relatively small
segment with the telephoning of a bomb threat to a business or government agency.
All such terrorist potentialities remain impossible to predict and difficult to defend
against. Addressing and reducing their resultant aftermath is itself fraught with certain
complexities. Care must be taken to ensure that in rendering assistance to victims of the
event, that due care is taken or arrangements made to ensure that evidence of the
criminal event is not carelessly or inadvertently destroyed.
Although there has been a general increase in terrorist activity worldwide, history
suggests a low probability of occurrence. Although terrorist tend to chose relatively
easy targets and activities, their impact could affect a large segment of the community
suggesting a moderate vulnerability. Accordingly, a moderate risk rating us
assigned.
Conclusions

Through proper coordination, public and private safety systems offer an unprecedented
capability to prevent terrorism. Usually, the plans and systems developed for other
problems can serve as useful templates for the development of a comprehensive
counter-terrorism program.
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APPENDIX A
HAZARDS CONSIDERED BUT NOT INCLUDED IN HIVA
All of the below listed hazards, both natural and technological were considered for
inclusion in Clark County Hazard Identification Vulnerability Analysis. These hazards
were not included because they are not considered to be a threat to Clark County. This
is based on history and probability of occurrence.
Abandoned Underground Mines
Avalanche
Civil Disturbances
Critical Shortage
Fixed Nuclear Facility
Heat Wave
Search & Rescue Emergency
Tsunami
Urban Fire (Conflagration)
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APPENDIX B
FEDERAL DISASTER DECLARATIONS UNDER PL 930288, AS AMENDED, FOR CLARK COUNTY
1956-1998

PL 93-288, AS AMENDED BY PL 100-707, THE ROBERT T.
STAFFORD DISASTER RELIEF AND EMERGENCY ASSISTANCE ACT
Maj. – Presidential Major Disaster Declaration (all assistance programs under the law, if qualified)

October 1962

DATE

EVENT
Maj. #137 – Columbus Day
Storm

December 1964

Maj. #185 – Heavy rains/flooding

March 1977

Maj. #545 – Severe storms

May 1980
November 1995

Maj. #623 – Mt. St. Helen’s
eruption
Maj. #1079 – Flooding and Wind

February 1996

Maj. #1100 – Flooding

December 1996

Maj. #1159 – Winter Storm

COUNTIES
Clark, Cowlitz, Grays Harbor,
Jefferson, Kitsap, Lewis, Mason,
Pacific, Pierce, Skagit, Snohomish,
Thurston, Wahkiakum, Whatcom
Asotin, Benton, Clark, Columbia,
Cowlitz, Garfield, Grays Harbor,
King, Kittitas, Klickitat, Lewis,
Mason, Pacific, Pierce, Skamania,
Snohomish, Wahkiakum, Walla
Walla, Whitman, Yakima
Benton, Clark, Cowlitz, Garfield,
Grays Harbor, King
All 39 counties
Chelan, Clallam, Clark, Cowlitz,
Grays Harbor, Island, Jefferson,,
King, Kittitas, Lewis, Mason, Pacific,
Pierce, Skagit, Snohomish, Thurston,
Wahkiakum, Whatcom, Yakima
Adams, Asotin, Benton, Clark,
Columbia, Cowlitz, Garfield, Grays
Harbor, King, Kitsap, Kittitas,
Klickitat, Lewis, Lincoln, Pierce,
Skagit, Skamania, Snohomish,
Spokane, Thurston, Wahkiakum,
Walla Walla, Whitman, Yakima, and
Yakima Indian Reservation
Adams, Asotin, Benton, Chelan,
Clallam, Clark, Columbia, Cowlitz,
Douglas, Ferry, Franklin, Garfield,
Grant, Grays Harbor, Island,
Jefferson, King, Kitsap, Kittitas,
Klickitat, Lewis, Lincoln, Mason,
Okanogan, Pacific, Pend Oreille,
Pierce, San Juan, Skagit, Skamania,
Snohomish, Spokane, Stevens,
Thurston, Walla Walla, Whatcom,
Yakima
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APPENDIX D
SCALES USED TO MEASURE NATURAL HAZARDS
DROUGHT
The Palmer index measures the severity of drought. The Palmer index (Wayne C.
Palmer, U.S. Weather Bureau, Research Paper No. 46 “Meteorological Drought,”
February 1965) is computed using a complex formula designed to indicate the
cumulative effect of prolonged departures from normal moisture. It takes into account
the intensity and duration of abnormally wet or dry weather periods using several
parameters, including: (1) temperature, (2) precipitation, (3) evaporation and
transpiration, (4) runoff, and (5) soil moisture. Current and antecedent moisture data
are compared to long-term averages for each climatological division to derive a single
index number that normally falls within a –6 to +6 range.
Above +4
+3 to +4
+2 to +3
-2 to +2
-2 to –3
-3 to –4
Below –4

Extremely Wet
Severely Wet
Moderately Wet
Near Normal
Moderate Drought
Severe Drought
Extreme Drought

EARTHQUAKES
The Richter Magnitude Scale was developed in 1935 by Charles F. Richter of the
California Institute of Technology as a mathematical device to compare the size of
earthquakes. Magnitude is expressed in whole numbers and decimal fractions. For
example, a magnitude of 5.3 might be computed for a moderate earthquake, and a
strong earthquake might be rated as magnitude 6.3
Because of the logarithmic basis of the scale, each whole number increase in
magnitude represents a tenfold increase in measured amplitude. As an estimate of
energy, each whole number step in the magnitude scale corresponds to the release of
about 31 times more energy than the amount associated with the preceding whole
number value.
Modified Mercalli Intensity Scale of 1931. Developed by American seismologists Harry
Wood and Frank Newman.
I.

Not felt except by a very few under especially favorable circumstances.
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II.

Felt only by a few persons at rest, especially on upper floors of buildings.
Delicately suspended objects may swing.

III.

Felt quite noticeably indoors, especially on upper floors of buildings. Many
people do not recognize it as an earthquake. Standing motor cars may rock
slightly. Vibration similar to the passing of a truck. Duration estimated.

IV.

Felt indoors by many, outdoors by few during the day. At night, some awakened.
Dishes, windows, doors disturbed; walls make creaking sound. Sensation like
heavy truck striking building. Standing motor cars rocked noticeably.

V.

Felt by nearly everyone; many awakened. Some dishes, windows broken.
Unstable objects overturned. Pendulum clocks may stop.

VI.

Felt by all; frightened and run outdoors. Some heavy furniture moved; a few
instances of fallen plaster. Damage slight.

VII.

Damage negligible in buildings of good design and construction; slight to
moderate in well-built ordinary structures; considerable in poorly built or badly
designed structures; some chimneys broken.

VIII.

Damage slight in specially designed structures; considerable in ordinary
substantial buildings with partial collapse. Damage great in poorly built
structures. Fall of chimneys, factory stacks, columns, monuments, walls. Heavy
furniture overturned.

IX.

Damage considerable in specially designed structures; well designed frame
structures thrown out of plumb. Damage great in substantial buildings with
partial collapse. Buildings shifted off foundations.

X.

Some well-built wooden structures destroyed; most masonry and frame
structures destroyed with foundations. Rails bent.

XI.

Few, if any (masonry) structures remain standing. Bridges destroyed.

XII.

Damage total. Lines of sight and level distorted. Objects thrown into the air.
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APPENDIX F
LIST OF DAMS IN CLARK COUNTY

Name of Dam

Year

Nearest City

Built

Type Downstream

1987

RE

Distance
in Miles

Alcoa-Vancouver Works Industrial Lagoons
Anderson Dam

Haz
River

Cat

Offstream

3

Tr-Rock Creek

3

Biddle Lake Dam

1920

RE

Vancouver

2

Tr-Columbia River

Binford Reservoir Dam

1953

RE

La Center

3

Tr-Brezee Creek

3

Buckbee Dam

1970

RE

La Center

1

Tr-Lockwood Creek

3

Burres Dam

Tr--Lewis R.

Carlson Woodwaste Dam

Tr-Mccormick Creek

Clark County Sewage Pond

1960

RE

Hazel Dell

1

Tr-Salmon Creek-Offstream

3D

3
3D
3

Clark Reservoir Dam

1948

RE

Camas

4

Robinson Creek

Columbia Tie Mill Pond

1910

OT

Ariel

7

Columbia Tie Mill Creek

3D
3

Elmer Dam

1958

RE

La Center

13

Tr-Mason Creek

2

Erickson Dam

1968

RE

La Center

17

Tr-Rock Creek

Fargher Lake Dam

1986

RE

Fargher Lake

1

Tr-Rock Creek-Offstream

1C
3

Fargher Pond Dam

1945

RE

La Center

18

Tr-Rock Creek

3

Fassett Reservoir Dam

1947

RE

Woodland

17

Bitter Creek

3

Green Mountain Pond

1987

RE

Orchards

Lacamas Creek-Offstream

3

Haight Reservoir Dam

1951

RE

Fisher

5

Tr-Columbia River

3

Harden Reservoir Dam

1951

RE

La Center

6

Tr-East Fork Lewis River

3

Hiim Reservoir Dam

1959

RE

Woodland

10

McCormick Creek

3

Homola Dam

1969

RE

La Center

18

Basket Creek

3D

Jones Dam

1977

RE

La Center

19

Tr-Rock Creek

3

L & B Dairy Lagoon

1987

RE

Offstream

3

Lacamas & Round Lakes, Lower Dam

1936

BU

Camas

1

Lacamas Creek

2

Lacamas & Round Lakes, Upper Dam

1936

BU

Camas

1

Lacamas Creek

2

Lahti Dam

1962

RE

Tr-Lewis River

3

Malar Dam

1955

RE

Ridgefield

5

Tr-Gee Creek

3

Merwin Dam

1931

AR

Woodland

11

Lewis River

1A
3D

Nelson Dam

1969

RE

Brush Prairie

10

Tr-Salmon Creek

Price Reservoir Dam

1950

RE

Camas

3

Tr-Lackamas Creek

3

Salmon Spring Pond

1960

RE

Salmon Creek

7

Salmon Creek-Offstream

3

Stein Dam

1910

RE

Vancouver

2

Trinity Farms Animal Waste Pond
Tsugawa Brothers Reservoir Dam

Tr-Columbia River
Offstream

1953

RE

10

Tr-Mason Creek

1C

2

Tr-Columbia River

3D

1910

BU

Vancouver

Warman Waterski Lake Dam

1988

RE

None

Yacolt Reservoir Dam

1911

GR

La Center

Tr-Lacamas Creek-Offstream
22

Big Creek

AR - Arched Dam, BU - Buttressed Dam, RE - Reinforced Earth Dam, GR - Gravity Dam, OT - Other
1C = more than 30 lives at risk
2 = 1 to 6 lives at risk

3

La Center

Vancouver Hatchery Pond

1A = more than 300 lives at risk

3D

3
3D
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