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DROUGHT 
 

Definition of Hazard
 
Drought is defined as "a period of abnormally dry weather sufficiently prolonged for 
the lack of water to cause serious hydrologic imbalance in the affected area.” –  
Glossary of Meteorology (1959)
 
In easier to understand terms, a drought is a period of unusually dry weather that 
persists long enough to cause serious problems such as crop damage, extreme fire 
hazard, and/or water supply shortages.  The severity of the drought depends upon the 
degree of moisture deficiency, the duration, and the size of the affected area. 
 
There is some disagreement over the causes of drought; theories include sunspots, 
volcanic dust, land alterations, ocean currents, and atmospheric pollutants. 
 
There are four different ways that drought can be defined. 
 

Meteorological – a measure of departure of precipitation from normal. Due to 
climatic differences, what might be considered a drought in one location of the 
country may not be a drought in another location. 
 
Agricultural – refers to a situation where the amount of moisture in the soil no 
longer meets the needs of a particular crop. 
 
Hydrological – occurs when surface and subsurface water supplies are below 
normal. 
 
Socioeconomic – refers to the situation that occurs when physical water shortages 
begin to affect  people. 

 
Table I. Drought Severity Classification 

 
 
Category 

 
Description 

% of Normal 
Precipitation 

 
Possible Impacts 

D0 Abnormally Dry <75% for 3 months Short-term dryness 
slowing planting, growth 
of crops or pastures; fire 
risk above average. 

D1 Moderate Drought <70% for 3 months Damage to crops, 
pastures; fire risk high; 
streams, reservoirs, or 
wells loss, some water 
shortages developing or 
imminent. 

D2 Severe Drought <65% for 6 months Crop or pasture losses 
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likely; fire risk very 
high; water shortages 
common. 

D3 Extreme Drought <60% for 6 months Major crop/pasture 
losses; extreme fire 
danger; widespread 
water shortages. 

D4 Exceptional 
Drought. 

<65% for 12 months Exceptional and 
widespread crop/pasture 
losses; exceptional fire 
risk; shortages of water 
in reservoirs, streams, 
and wells, creating water 
emergencies. 

 
History of Hazard as it Affects the City of Kent
 
Historically, drought has not been a major concern for the Kent area.  The Kent area 
experiences water shortages and low flow on rivers and streams every few years.  A 
severe reduction in the flow of rivers and streams in the area could cause serious 
damage to the aquatic life in the wetland areas.  In 2001 rainfall for western 
Washington fell to 30% below normal. The National Weather Service reports that 
2000-2001 has been the driest winter in Washington since 1976-77. It is also one of 
the five driest in the past 100 years.  During 1992 low flows in area rivers threatened 
fall salmon spawning. Stream flows were between 30 and 70 percent of normal. 
Some agricultural products suffered.  
 
Hazard Identification
 
Nearly all areas of Kent are vulnerable to the effects of drought. Water utilities are 
aware of this problem and continuously monitor ground water levels, implementing 
water conservation measures as necessary.  For private homeowners with their own 
wells, the Washington State Department of Ecology, Division of Drinking Water 
Quality, advises water conservation practices.  
 
Vulnerability Analysis
 
The agricultural and farming community would feel the greatest impact of a 
moderate drought. Farming and agriculture in the Greater Kent area are comprised of 
dairy farming, the growing of peas, beans, lettuce, hay, various squashes and berries.  
Several large nurseries are also located in the area.  Annual and perennial crop 
losses, damage to crop quality, and increased insect infestation would affect the 
farming community. A moderate drought would also force the added use of the 
community water system due to the diminished natural water supplies.  This reliance 
would create a financial strain on the farming and agricultural community, causing 
higher prices in the marketplace. 
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A lengthy drought combined with extremely hot weather would create cause for 
concern.  The farming and agricultural community would face financial hardship if 
they had to rely solely on the municipal water supply to irrigate their crops and 
provide water for their animals. 
 
Severe problems could conceivably occur in the event of water shortages requiring 
rationing. Many businesses, small and large alike are high water consumers.  These 
businesses require large amounts of water daily to continue in operation.  A severe 
drought creating water rationing could cause these businesses to be forced to cut 
back on manufacturing, or even close, until adequate water was available.  The loss 
to manufactures and sellers of recreational equipment and related activities would 
impact the local recreation and tourism industry. Financial losses and the layoff of 
workers would result. 
 
Fires from grass and brush with reduced moisture content would spread rapidly and 
pose a threat not only to farm crops and wildlife, but also to homes and businesses 
near susceptible wild land/urban interface areas. There may also be a reduction in 
water available to fight fires.  A major urban fire requiring excessive use of water 
resources could have significant impact on local water supplies during a drought. 

 
Conclusions
 
The most significant vulnerability in Kent from a prolonged period of dry weather is the 
elevation of fire threat in the wild land-urban interface on the west and most notably east 
hill geographic areas.  
 
Because the Kent area is serviced by a commercial water system supplied by City-owned 
wells and is backed with subsequent interties, it is unlikely that a moderate drought 
would create an economic concern for the area.  Such an event in the Kent area would not 
likely be a threat to human life. 
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 EARTHQUAKE 
 
Definition of Hazard
 
Earthquakes are defined as the sudden  release of energy occurring from the collision or 
shifting of crustal plates on the earth’s surface or from the fracture of stressed rock 
formations in that crust.  This release of energy results in the earth shaking, rocking, 
rolling, jarring and jolting; having the potential to cause minimal to great damage in the 
Puget Sound area.  Earthquakes are measured by units of magnitude, which is a 
logarithmic measure of earthquake size.  This means that at the same distance from the 
earthquake, the shaking will be 10 times as large during a magnitude 5 earthquake as it 
would during a magnitude 4 earthquake.     
 
 
History of Hazard as it Affects the City of Kent
 
Western Washington and the Kent area have a long history of documented earthquake 
activity.  Kent is geographically located in an area known as the Pacific Ring of Fire.  
The same geologic events that result in the creation of volcanoes and volcanic events may 
also generate notable earthquakes.  Western Washington is framed by the Pacific, North 
American, and Juan de Fuca plates, with a significant amount of active fault lines 
identified in the Puget Sound area.  All of these have been the cause of earthquakes in 
history, with the most notable recent earthquakes being the 1949 magnitude 7.1 Olympia 
earthquake, which caused over $100 million in damage and killed 8 people; the 1965 
magnitude 6.5 Seattle-Tacoma earthquake which caused over $50 million in damage and 
killed 7 people; the 1999 magnitude 5.5 Satsop earthquake; and the 2001 magnitude 6.8 
Nisqually earthquake.  Annually, hundreds of earthquakes occur in Washington, most of 
which go unnoticed (less than magnitude 2.5).    
 
 
Hazard Identification 
 
The earth is divided into three main layers -- a hard outer crust, a soft middle layer and a 
central core. The crust is broken into massive irregular pieces called "plates", which have 
been moving very slowly over the earth's surface for billions of years, driven by energy 
deep within the earth.  This movement has shaped the physical features of the earth -- its 
mountains, valleys, plains, and plateaus. As these plates move, stresses are built up and 
periodically release energy in areas where the plates come into contact with each other. 
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There are three technically distinct types of earthquakes that have the ability to generate 
powerful damaging motion in the greater Puget Sound area: 
 
Benioff Zone/Interplate (Deep) earthquakes 
 
These earthquakes occur at depths of 15 to 60 miles from the subducting Juan de Fuca 
plate.  The Olympia, Seattle-Tacoma, Satsop and Nisqually earthquakes are all examples 
of Benioff Zone earthquakes.  They usually do not exceed magnitudes of 7.5, are 15-40 
seconds in duration, have normal faulting with no large aftershocks.  These earthquakes 
are more frequent than subduction zone earthquakes, typically occurring every 30 or so 
years.   
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Subduction Zone events 
 
These earthquakes occur along the interface between tectonic plates, generated from the 
collision of the Juan de Fuca, Pacific, and North American plates.  This area is also 
known as the Cascadia Subduction Zone, and it ranges from southern British Columbia to 
Northern California.  These earthquakes are considered great magnitude events and may 
reach 8.0-9.0 on the Richter scale.   Researchers say the stresses they observe off the 
coast of Washington could cause an earthquake measuring up to 9.5.  The duration of 
shaking could last up to 3 minutes.  A subduction zone earthquake may also generate 
tsunamis. The last known subduction earthquake in the Puget Sound area occurred in 
1700.  Geologic evidence indicates that these great earthquakes may have occurred at 
least seven times in the last 3,500 years, suggesting a return time of 400-600 years.  
 
Shallow Crustal Earthquakes 
 
The largest known historic earthquake in Washington or Oregon occurred in 1872 in the 
North Cascades. This earthquake had an estimated magnitude of 7.4 and was followed by 
many aftershocks. It was probably at a depth of 10 miles or less within the continental 
crust. Many other crustal sources in Washington and Oregon could also produce 
damaging earthquakes. Recent studies have found geologic evidence for large shallow 
earthquakes 1,100 years ago within the central Puget Basin. Massive block landslides into 
Lake Washington, marsh subsidence and tsunami deposits at West Point in Seattle, 
tsunami deposits at Cultus Bay on Whidbey Island, and large rock avalanches on the 
southeastern Olympic Peninsula have all been dated to approximately 1,100 years ago. 
 
 
Earthquake energy is released on the earth’s surface primarily through faults.  A fault is a 
fracture in the crust of the earth along which rocks on one side have moved relative to 
those on the other side. Most faults are the result of repeated displacements over a long 
period of time. A fault trace is the line on the earth's surface defining the fault.  Fault 
rupture almost always follows preexisting faults, which are zones of weakness. Rupture 
may occur suddenly during an earthquake or slowly in the form of fault creep. Sudden 
displacements are more damaging to structures because they are accompanied by 
shaking.  The following is a map of major earthquake fault zones in the Puget Sound 
region. 
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Kent 

 
 
In addition to the different types of earthquakes, geologic factors affect how the Kent 
area will fare during an earthquake.  The Kent valley is composed of soft materials such 
as mud, artificial fill and layers of sand and clay that can amplify ground shaking and 
make overall damage more intense. Soft soils tend to liquefy during an earthquake 
creating a condition known as "liquefaction".  This condition can result in local areas 
experiencing severe damage, especially where the ground fails (or liquefies) under 
buildings, pipelines or bridges.  Landslides and rock falls may be triggered on steep 
slopes.   
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Vulnerability Analysis 
 

 
Tom Reese / The Seattle Times

A worker inspects the damage from an earthquake-
triggered mudslide that flowed into Cedar River in 
Renton's Maple Valley. The mudslide caused flooding 
that moved Paul Patrick's truck and nearly reached his 
house. 

 
Any building or structure built on land that slides in an earthquake could be destroyed, 
creating an extreme hazard for those buildings or structures on the hillsides above the 
valley floor.  Landslides could also pose a threat to transportation routes, preventing 
emergency vehicles from responding in an earthquake disaster. Additionally disruption of 
water, sewer, power and communication lines would be likely.   
 

 
Steve Bloom / The Associated Press

South Puget Sound Community College student Jeff 
Ennett walks along an Olympia sidewalk made buckled 
by Wednesday's quake. 

 
Transportation and communication would be limited or inaccessible.  Major 
transportation lifelines are built on liquefaction prone soils and hillsides which could be 
destroyed as a result of an earthquake. Bridges may be damaged or need structural 
assessment resulting in road closures.  Assessment of bridges, overpasses and roadways 
may be delayed, creating a potential continuum of harm.  Downed utility lines could 
cause more problems for transportation as well as the loss of communication and power. 
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   Fire as a result of the 1994 Northridge California Earthquake 
 
Fire, a disaster in itself, frequently accompanies earthquakes.  Fire usually occurs as a 
result of damaged electrical equipment, broken gas lines, fuel spills, disrupted heating 
equipment or any combination thereof.  These fires can break out in multiple locations in 
a short period of time following an earthquake, quickly causing firefighting resources to 
be overextended.  Additional strain on firefighting capabilities could be caused by 
transportation route interruptions and broken water lines, which would make firefighting 
impossible. 
 
 

 
      Masonry Damage in Seattle after the 2001 Nisqually earthquake  
 
Damage to existing structures in the area could be great, with older brick buildings and 
tilt-up warehouses potentially being the most susceptible.  Because the Kent valley 
contains the largest concentration of older buildings and lies on soil prone to liquefaction, 
it is likely that this area would be the most heavily damaged in the event of an 
earthquake.  Another concern is the potential for destruction and damage of tilt-up 
buildings in the industrial area of Kent.  As well as being located on the liquefaction soil, 
many of these structures have hazardous materials stored on site, which when released 
have a high potential for being life threatening. High populated facilities, such as schools 
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and community buildings are of concern as well, due to the potential high loss of life. 
 
Howard Hanson Dam, and to a lesser degree the Mud Mountain Dam, have more than a 
significant effect on the flow of the Green and White Rivers, making flooding of the Kent 
valley an added concern.  The Green River flows through the Kent area and the White 
River flows through south Auburn.  An earthquake of significant magnitude could  cause 
enough damage to these dams to create a serious flood hazard. 
 
The time that an earthquake occurs significantly determines the impact of the quake.  The 
most significant effect of time relates to the potential for human casualties. Experts 
believe that casualties would be greatest during hours of heavy vehicular traffic and when 
large numbers of people are in concentrated areas such as business and government 
districts, places of commerce and schools.  Thus the highest potential for human 
casualties in Kent resulting from an earthquake exists during the 12-hour period from 
6 a.m. to 6 p.m. 
 
Conclusions 
 
The effects of a major earthquake in the Kent area have the potential to be catastrophic.  
Hundreds of people could be killed and thousands left homeless.  Damage to buildings 
and structures could be in the millions of dollars.  Transportation and communication 
could be disrupted from flooding, landslides, structure damage, and downed lines.  
 
Building codes continue to be strengthened to address potential effects of earthquakes on 
structures. However, because of an earthquake’s potential for catastrophic human and 
economic consequences, it is incumbent upon local government to continue to take 
appropriate actions to mitigate against its severity by conscientious enforcement of codes 
and improved building standards, and by educating our citizens as best we can to be 
ready for a great quake.  Public awareness programs, school staff and student community 
“Drop, Cover and Hold” training and drills. Community Emergency Response Team 
(C.E.R.T) education and training, and community outreach on what to do before, during 
and after an earthquake are just part of the answer. 
 
 

RICHTER MAGNITUDE SCALE  
 
The measure of strength of an earthquake is indicated by a number called its magnitude.  
Magnitude is calculated from a measurement of either the amplitude or the duration of 
specific types of recorded seismic waves.  In general, the different magnitude scales (for 
example, local or Richter magnitude and surface wave magnitude) give similar 
numerical estimates of the size of an earthquake, and all display a logarithmic relation to 
recorded ground motion.  That means each unit increase in magnitude represents an 
increase in the size of the recorded signal by a factor of 10.  Seismologists sometimes 
refer to the size of an earthquake as moderate (magnitude 5), large (magnitude 6), major 
(magnitude 7), or great (magnitude 8).   
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The intensity of an earthquake is a measure of the amount of ground shaking at a 
particulate site, and it is determined from reports of human reaction to shaking, damage 
done to structures, and other effects.  The Modified Mercalli Intensity Scale (Table 1) is 
now the scale most commonly used to rank earthquakes felt in the United States. 
 
 
Table 1. Modified Mercalli Intensity Scale.  From a pamphlet "The severity of an 

earthquake" prepared by the U.S. Geological Survey in 1986.  See Wood 
and Neuman (1931) for complete details. 

 
________________________________________________________________________   
 
 
I. Not felt except by a very few under especially favorable circumstances. 
 
II. Felt only by a few persons at rest, especially on upper floors of buildings.  

Delicately suspended objects may swing. 
 
III. Felt quite noticeably by persons 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 truck.  Duration estimated. 

 
IV. Felt indoors by many, outdoors by few during the day.  At night, some awakened.  

Dishes, windows, doors disturbed; walls make cracking 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; many frightened.  Some heavy furniture moved; a few instances of 

fallen plaster.  Damage slight. 
 
VII. Damage negligible in building of good design and construction; slight to 

moderate in well-built ordinary structures; considerable damage in poorly built or 
badly designed structures; some chimneys broken.  Noticed by persons driving 
motor cars. 

 
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. 

 

City of Kent HI & VA                                                                                                                   August 2004 
 

15



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.  Rails bent 

greatly. 
 
XII. Damage total.  Lines of sight and level distorted.  Objects thrown into the air. 
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FLOODING / DAM FAILURE 
 
 
Definition of Hazard 
 
A flood is an unusually large flow or rise of water, especially over land not usually 
covered with water. 
 
Of all possible natural hazards, Kent is most prone to flooding.  There are two types of 
flooding which could conceivably occur in this area: 

 
1)  Riverine flooding:  Floods which occur because of prolonged rain, melting 
snow or both.  The first element leading to a potential Riverine flood is a heavy, 
fresh snow in the mountains.  If a weather front with warm winds, usually from 
the southeast, and heavy rainfall follow the snow before it has a chance to settle 
and solidify, a flood potential exists. 
 
2)  Flash flooding and surface flooding:  Several factors contribute to flash 
flooding.  The two key elements are rainfall intensity and duration. Topography, 
soil conditions, urbanization and ground cover also play important roles. Flash 
flooding occurs within a few minutes to a few hours of excessive rainfall, a dam 
or levee failure, or a sudden release of water held by an ice or log jam.  In 
addition, localized surface or “urban” flooding occurs as the result of drainage 
systems that are incapable of carrying exceptional volumes of snowmelt and 
heavy rain runoff.  

 
The first flooding type is  the most likely to occur, with the second being possible as the 
result of dam or other flood control system failure, such as the Green River levee system.   
 
History of Hazard 
 
The Kent Valley was historically inundated by large floods until the construction of the 
Howard A. Hanson Dam.  Since operation commenced in 1962, the dam, in combination 
with the levee systems also constructed along the Green River, have prevented that 
degree of flooding and limited flood damages. 
 
Historical flooding from the White River 
would merge with the Stuck River and 
spill water to the north and south.  The 
original path of the White River flowed 
north to the Duwamish valley through 
Kent, but nature transferred the course to 
the Puget Sound into Commencement 
Bay.  Mud Mountain Dam was erected in 
1948 to prevent massive flooding in South 
King County and North Pierce County. 

Kent valley flooding in the 1930’s 
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There have been five Presidential declarations for flood disasters in King County since 
1970, with the most recent and memorable floods in the vicinity being the ones that 
occurred in November and December of 1990, and the flood of February 1996, and the 
flood of 1997. The 1997 flood is most memorable, not only because it is the most recent 
but also because  the 1997 storm produced approximately 20% more total precipitation 
over a week long period, but significantly less over a 3-day period (25% less). All of 
these floods caused severe damage to several City parks and roadways. The 1996 storm 
caused extensive damage resulting landslides and the unfortunate death of one of our 
citizens.  The rainfall was less intense during the recent 2001 New Year's storm.  The 
most significant difference between the 1996 and 2001 events was the combination of 
heavy rainfall and melting of significant snow accumulations at low elevations in the 
most heavily populated areas of the county during the New Year's storm.  This 
combination produced flooding and large volumes of runoff in the urban and suburban 
creek basins.  
 
Hazard Identification 
 
The City of Kent experiences flooding to some degree nearly every year.  This event is 
most likely to occur during “flood season” between the months of October and March 
when rains are the heaviest.  The major problems have been lowland flooding and road 
closures as a result of standing water. Surface flooding is most likely caused by slow-
moving thunderstorms or by heavy rains associated with spring or early summer storm 
systems or combined with Riverine flooding. 
 
A flash flood is likely to occur as the result of some form of flood control system failure.  
System failure at either the Howard Hanson Dam on the Green River or the Mud 
Mountain Dam on the White River would create disaster potential throughout the Kent 
Valley. 
 
A failure of the levee system that has been built up and guards the banks of the Green 
River would also produce flash flooding to a lesser degree.  Since the banks of the Green 
River are built up several feet higher than the surrounding area, damage to these banks or 
levees would quickly inundate the adjacent areas and spread throughout the lower, valley 
floor. 
 
The City of Kent has adopted King County’s Flood Management Plan, participates in the 
Green River Flood Basin Management program, and has adopted Flood Hazard 
Regulations (KCC 14.09) to address impacts of potential development in flood areas.  
The pending update to the City’s Critical Areas Ordinance will address updated state and 
federal legislation. 
 
Vulnerability Analysis 
 
A very common type of flooding in the lowland areas is due to the frequent two to three 
day storm. This flooding normally creates transportation difficulties like slippery 
roadways and poor visibility, increasing the likelihood of traffic accidents and a 
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slowdown in emergency response.  Basement flooding and mud slides are also likely 
occurrences.   A storm lasting longer would worsen the effects considerably.  Possibilities 
include; serious property damage, disruption of utility systems, inaccessibility of the 
valley area via normal traffic routes, health and environmental hazards as a result of 
sewer and septic system back ups and storage of hazardous substances in area businesses, 
displacement of those living and working in the affected area, and economic disaster for 
businesses and citizens alike.  
 
 
The Howard Hanson Dam is located 
approximately 32 miles upstream from 
Kent on the Green River.  In the event of 
dam failure, the river banks in the Kent 
area would reach their peak (bank level 
elevation approximately 39 feet) in 
about 7.75 hours with the entire valley 
being under 8 - 15 feet of water within 
29 1/2 hours.   
 Howard Hanson Dam 
 
The scenario for failure at the Mud Mountain Dam is much the same as that of the 
Howard Hanson Dam. The Mud Mountain Dam lies 26 miles from Kent on the White 
River.  Dam failure at this location would have flood waters going over its banks and 

h the valley reaching flood levels of 4 - 12 feet in 23 1/2 
hours.   

reaching Kent in 4.5 hours wit

 
The bank level elevation would be the same as in the 
Howard Hanson Dam scenario because the failure of the 
Mud Mountain Dam would send the water out of its 
normal path, rerouting into the Kent Valley 
 
The result of such an occurrence would truly be called a 
major disaster.  With severe property damage caused by 
the deluge of water throughout the valley floor the 
recovery period would most certainly be a long and costly 
one.  The most serious consequence of a flash flood 
however, would be inadequate evacuation warning 
causing the potential for loss of life and millions of 
dollars worth of damage. 

 
Conclusions 

Mud Mt. Dam 

 
Flooding in the valley area could conceivably result in anything from minor 
inconvenience to loss of life and economic disaster to the citizens and industry in the 
community.  While the possibility of a dam failure seems remote, the results of such an 
event cannot be ignored and must be adequately planned for. 
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LANDSLIDE 
  
  
Definition of Hazard 
  
The term landslide refers to the downward movement of masses of rock and soil.  
Landslides in this area are for the most part masses of soil ranging in volume from just a 
few feet, to many yards.  The rate of travel of a slide can range from a few inches per 
month to many feet per second, depending on slope, material and water content. 
Landslides can be initiated by storms, earthquakes, fires, erosion, volcanic eruptions and 
by human modification of the land. 
  
History of Hazard 
  
The topography of the Kent area has historically made the area prone to minor 
landslides.  For the most part these incidents have been in remote locations causing little 
to no damage.  In recent years, 
however, there has been an increase 
in the number of residential 
structures located in areas 
susceptible to this condition. 
  
Heavy snowstorms in December 
1996 and January 1997 were 
followed by a warming trend that 
caused quick melting, runoff, and 
flooding. This period was then 
followed by rain. This led to over 
100 slides in King County over the 
subsequent two-month period. 
  
Fissures and sand volcanoes were 
discovered on sand bars along the 
Green River following the  
Nisqually Earthquake on February 
28, 2001. 
  
Most recently, sliding of both the 
East and West hills has produced 
incidents that range from the 
complete destruction of structures, to 
the loss of hillside view property. 

East 
Hill West 

Hill 

KENT 

Green River Valley 
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Hazard Identification 
 
Conditions which lead to soil instability and sliding include steep slopes, water saturation 
and deep frost.  Building and road construction are also a contributing factor to landslides 
as they often undermine or steep otherwise stable soil. 
  
Landslide hazard areas include areas potentially subject to landslides based on a 
combination of geologic, topographic, and hydrologic factors. They include any areas 
susceptible because of any combination of bedrock, soil, slope (gradient), slope aspect, 
structure, hydrology, or other factors. 
  
Features that may indicate Landslides include: 
 

 Ancillary structures such as decks and patios tilting and/or moving relative to the 
main house. 

 
 Tilting or cracking of concrete floors and foundations. 

 
 Broken water lines and other underground utilities. 

 
 Leaning telephone poles, trees, retaining walls or fences 

 
 Rapid increase or decrease in creek water level 

 
 Sticking doors and windows, and visible open spaces indicating jambs and frames 

out of plumb 
  
 The following are some measures that can be taken to avoid landslide hazards: 
 

 Reduce surface erosion, keep drains and culverts clear.  
 
 Maintain and improve vegetation; trees and shrubs provide root strength to hold 

the soil in place and help dewater the slope. If such vegetation is removed, root 
strength will be gone within 2 to 12 years and will not be easily restored. 

 
 Protect bluff from surface erosion; apply erosion mats, plastic sheeting, or other 

erosion control material where vegetation will not take hold. 
  
The hillsides on the East and West sides of the Kent valley area are particularly 
vulnerable to landslide activity.  Because there are many structures built along these 
hillsides more lives are endangered and there is greater potential for damage in the event 
of a major occurrence. 
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Vulnerability Analysis 
  
Landslides can result in the disruption of roads, water, sewer, gas, electric and phone 
lines, as well as serious damage to public and private property.  The loss of life likely to 
happen in such an occurrence would be a major concern, particularly for those areas 
where multi-family construction has taken place.  
 
International Building Code and Kent Zoning Code regulations, as well as the pending 
update to the City’s Critical Areas Ordinance, address impacts of potential development 
in landslide areas. 
 
Conclusion 
  
Geologically hazardous areas include areas susceptible to erosion, sliding, earthquake, or 
other geologic events. They pose a threat to the health and safety of citizens when 
incompatible commercial, residential, or industrial development is sited in areas of 
significant hazard. Some geologic hazards can be reduced or mitigated by engineering, 
design, or modified construction or mining practices so that risks to health and safety are 
acceptable. When technology cannot reduce risks to acceptable levels, building in 
geologically hazardous areas is best avoided. This distinction should be considered by 
counties and cities that do not now classify geologic hazards as they develop their 
classification scheme. 
  
By learning to recognize old landslides and studying the effects of construction and  
landscaping  near and on slide-prone areas, we may be able to plan for the slides to come. 
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SNOW / ICE STORM 
  
  
Definition of Hazard 
  
This type of hazard in an atmospheric disturbance characterized by a strong wind and 
usually accompanied by rain, snow, sleet, hail, and often thunder or lightning.  Also 
characteristic of this hazard is any heavy fall of snow, rain, or hail. 
  
Snow storms or blizzards, which are snow storms accompanied by high wind and/or 
drifting snow, occur occasionally in the area. 
  
Hail storms occur when freezing water in thunderstorm type clouds accumulates in layers 
around an icy core.  Wind added to hail can batter crops, structures and transportation 
systems.  
  
An ice storm occurs when 
rain falls out of warm moist 
upper layer of atmosphere 
into a below freezing, drier 
layer near the ground.  The 
rain freezes on contact with 
the cold ground and 
accumulates on exposed 
surfaces.  If this is 
accompanied by wind, 
damage can occur to trees 
and utility wires. 
  
 

Freezing ice can cause severe immediate impacts History of Hazard 
  
The Kent area, like the  rest of the Puget Sound area is known for its moderate climate.  
Snowfall rarely exceeds ten inches in an entire season.  The snow that does fall seldom 
remains on the ground more than a day or two.   
 
Chances for accumulation of snow in the event of one severe weather front following 
another is historically minimal.  However, since 1985 and most recently in January 2004 
the area has experienced major winter storms that have created significant hazards and 
disastrous results totaling in the millions of dollars of damage. 
  
Hazard Identification 
  
All areas of Kent are subject to the effects of these incidents.  In particular, people, power 
lines, transportation routes and structures are vulnerable  to the effects of cold, weight of 
the snow, winds and falling trees. 
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Snow, like other hazards, does not have the same impact on all areas.  The depth of the 
snow as well as the temperature and location of the snowfall are major factors in 
determining the degree of hazard that is presented to the area. 
 
Building codes continue to be strengthened to address potential effects of snow and ice 
storms on structural integrity of buildings. 
  
Vulnerability Analysis 
  
The Kent area has hills on either side 
of the valley.  The hillsides and 
relatively infrequency of snowstorms 
make such storms dangerous and 
difficult to deal with. Major 
transportation difficulties usually occur 
as the result of even a minimal 
snowfall.   
 
Heavy snowfalls create dangerous, 
inaccessible roads, poor visibility, and 
resulting traffic accidents.  Drivers in 
the area have little opportunity to gain experience driving on snow covered streets, with 
problems amplified by lack of proper tires and chains to mitigate the hazardous driving 
conditions.  Snow removal operations are often hampered by lack of manpower and 
equipment.  Emergency response by fire and police personnel is often hampered by ice 
and snow on roads which are inaccessible under such conditions making emergency 
response unavailable. 
  
Most of the structural damage resulting from heavy snowfalls is roof and structure 
collapse, with downed power lines and trees providing major difficulties for repair crews 
and residents alike.  Elderly and invalid persons often find themselves isolated in these 
situations and have difficulty obtaining food, medicines and other necessities.  
Additionally, dangerous situations occur as the result of power outages which result in 
the lack of heat for many areas.  Efforts made to create makeshift heating and lighting 
often lead to fires, explosions and asphyxiation. 
  
Ice and freezing rain, which we are prone to experience annually, create similar 
difficulties.  Ice and freezing rain are not as visible as snow, and therefore intensify the 
driving and transportation hazards.  Freezing conditions are a common occurrence from 
November to February.  These conditions can exist as the result of a simple rain with 
temperatures dropping below the freezing level overnight creating an 'unknown' hazard to 
the community as morning activities begin. 
  
Conclusions 
  
Snow and ice storms can strike the area with little warning.  These incidents occur 
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infrequently and as a result, the effects of them are often enhanced by the public’s 
inexperience dealing with the challenges posed by them.   
  
The most significant effect of these storms is structural collapse, interruption of utilities 
and the disruption of transportation routes, causing life threat, hardship and economic 
loss. 
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VOLCANIC ERUPTION 

Definition of Hazard 

A volcano is a vent in the earth's crust through which molten rock (magma), rock 
fragments, gases, and ashes are ejected from the earth's interior. 

A volcano is created when magma erupts onto the surface of the earth.  Volcanoes take 
many forms according to the chemical composition of their magma and the conditions in 
which the magma is erupted.  When magma is erupted it is referred to as lava.  Some lava 
known as 'basalts' is hot and fluid.  Opposite of basalts are 'rhyolites', which are 
characterized by their inability to flow freely, erupt explosively or form steep domes. 
Midway in between are 'andesites' which are thick, flow slowly, and are mildly explosive. 

History of Hazard 

On May 18, 1980, Mt. St. Helens erupted with explosive force killing 57 people.  Heavy 
ash fall blanketed much of Eastern Washington into Northern Idaho and Western 
Montana.  Subsequent eruptions on May 25 and June 12, similarly affected Western 
Washington and Portland, Oregon, although to a lesser degree. 

Mount Rainier -- at 4393 meters (14,410 feet) the highest peak in the Cascade Range -- is 
a dormant volcano whose load of glacier ice exceeds that of any other mountain in the 
conterminous United 
States. This tremendous 
mass of rock and ice, in 
combination with great 
topographic relief, 
poses a variety of 
geologic hazards, both 
during inevitable future 
eruptions and during 
the intervening periods 
of repose. The written 
history of Mount 
Rainier encompasses 
the period since about 
A.D. 1820, during
which time one or two
small eruptions, several  Recent eruptions in the Cascades (USGS)
small debris avalanches,
and many small lahars (debris flows originating on a volcano) have occurred.
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Hazard Identification 
 
A volcano is commonly said to be "active" when it is in the process of erupting and 
"dormant " when it is not.  Scientists, however, usually use the term “active” to refer to 
any volcano that has erupted in historic time or is seismically or geothermally active.  By 
this definition Mounts Rainier, Baker, Hood and St. Helens are active volcanoes.  Even 
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Glacier Peak, long thought to have been without an eruption for over 10,000 years, is 
now known to have erupted as recently as a thousand years ago and possibly even as late 
as the 17th century.  Mount Adams is also capable of renewed activity. 
 
Volcanoes usually exhibit some warning signs before erupting.  Most of these can only 
be detected by instruments; therefore, it is not surprising that stories are told about 
volcanoes erupting without warning.  Explosions caused by heated material coming into 
contact with ground water, and involving no new magma, do happen without warning.  
They are less spectacular than magmatic eruptions, but can still be violent and release 
great mud flows. 
 
The basic hazards of a volcanic eruption are: 
 

1. Steam and gas explosions: Explosions of steam or other gases, 
containing pulverized rock particles in suspension, fragments of older 
rocks from pea sized to hundreds of tons, newly erupted hot lava bombs, 
and a shock wave that may extend for several miles. Steam explosions can 
occur anytime hot material comes in contact with water, ice, or snow.  No 
eruptive activity is necessary for this to occur. 

 
2. Volcanic gases: Pockets or clouds of toxic gases kill with chemical 

poisons, internal or external burns, or asphyxiation.  As an example, 
carbon dioxide is heavier than air, and may collect in low areas near active 
and inactive volcanoes.  Gases mixed with ash make up the eruptive cloud, 
the 'smoke' of the volcano. 

 
3. Tephra and volcanic ash: Ash fall normally accompanies the eruptions 

of andesitic volcanoes.  The lava in these volcanoes is so thick and 
charged with gases that it explodes into ash rather than flow.  

 
  Ash is harsh, acidic, gritty, smelly, and thoroughly unpleasant.  Ash can 

cause respiratory problems even to the point of causing death.  When ash 
combines with rain, sulphur dioxide combines with water to form dilute 
sulfuric acid that may cause burns to skin, eyes and mucous membranes.  
Hydrochloric acid rains have also been reported.  Acid rains may affect 
water supplies, burn foliage, strip paint, corrode machinery, and dissolve 
fabric. 

 
Heavy ash fall blots out light, which can cause a heavy demand on power 
supplies, leading to possible power failure.  Ash clogs water courses and 
machinery of all kinds.  It causes electrical short circuits, and drifts into all 
transportation routes.  It is slippery and its weight can cause structural 
collapse.  Because it is easily carried by air current, it remains a hazard 
long after an eruption. 
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4. Volcanic landslides and glacial outbursts floods: Avalanches of glacial 
ice or rocks may be set in motion by explosions, earthquakes or heat 
induced melting of ice and snow.  The latter may also create a mud flow.  
Earthquakes may release meltwater or a glacial outburst flood from behind 
an ice dam or within a glacier.  This is a common event and can occur 
without apparent cause. Most cascade outburst floods have occurred 
between August and November, but they may happen at any time of the 
year. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Volcano hazards from Mount Rainier, Washington: Pyroclastic-flow hazard zone and 
inundation zones for Case I, II, and III lahars 

5. Lahars: Mud and debris flows composed of melt water, rain, ash, pumice,   
rock and anything else in the way, may be released by explosions, heavy 
rains, or earthquakes.  This danger continues for many years after an 
eruption.  A volcanic mud flow, whether or not it involves an eruption, is 
called a 'lahar' it can move at speeds up to 90 miles per hour and may 
attain depths of hundreds of feet.  A large lahar can flow over or destroy a 
dam. Further downstream lahars simply entomb everything in mud. 
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6. Lava: Lava flows from Cascade volcanoes tend to be small and slow 
moving.  The heat of the lava may start fires in its path.  Flows may also 
bury roads and other escape routes. 

 
7. Volcanogenic earthquakes: Volcanic earthquakes are usually centered 

within or beneath the volcano.  Tremors may cause the avalanche of rock 
and snow, landslides, and building collapse. 

 
 
Vulnerability Analysis 
 
While the entire area is at risk to some form of damage produced by a volcano, the 
greatest risk would appear to be the valley floor due to the possibility of a dam failure.  
 
The topographically low floor of the contiguous lower Green River and Duwamish River 
valleys, from Auburn north to Elliott Bay, is considered to be at significantly less (but not 
eliminated) risk of inundation by a Case I lahar, relative to that risk in the lower White 
River valley. This area will also be at significant risk from Case II lahars or from 
subsequent redistribution of sediment from new lahar deposits under either of the two 
following conditions: (1) lahars or post-lahar sedimentation significantly reduces the 
available storage of Mud Mountain Reservoir; (2) aggradation of the lower White River 
valley south of Auburn by lahars or post-lahar sedimentation from Puyallup valley causes 
the White and Puyallup Rivers to drain northward into the Green and Duwamish River 
valley. 
 
The largest lahar originating at Mount Rainier in the last 10,000 years is known as the 
Osceola Mudflow. This cohesive lahar, which occurred about 5600 years ago, was at 
least 10 times larger than any other known lahar from Mount Rainier. It was the product 
of a large debris avalanche composed mostly of hydrothermally-altered material, and may 
have been triggered as magma forced its way into the volcano. Osceola deposits cover an 
area of about 550 square kilometers (212 square miles) in the Puget Sound lowland, 
extending at least as far as Kent, and to Commencement Bay, now the site of the Port of 
Tacoma. 
 
Considering the active Cascade volcanoes, Kent could mostly likely receive significant 
ash fall from Mt. St. Helens, Mt. Rainier, or Mt. Baker. Volcanic ash is highly disruptive 
to economic activity because it covers just about everything, infiltrates most openings, 
and is highly abrasive. Ash is slippery, especially when wet; roads, highways, and airport 
runways may become impassable. Automobile and jet engines may stall from ash-
clogged air filters and moving parts can be damaged from abrasion, including bearings, 
brakes, and transmissions. 

Large tephra fragments are capable of causing death or injury by impact, and may be hot 
enough to start fires where they land. These hazards usually do not extend beyond about 
10 kilometers (6 miles) from the vent. Most tephra-related injuries, fatalities, and social 
disruptions occur at greater distances from the vent, where tephra fragments are less than 
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a few centimeters (1 inch) across. Clouds of fine tephra can block sunlight, greatly 
restrict visibility, and thereby slow or stop vehicle travel. Such clouds are commonly 
accompanied by frequent lightning. The combination of near or total darkness, lightning, 
and falling tephra can be terrifying.  

When inhaled, tephra can create or aggravate respiratory problems. Accumulation of 
more than about 10 centimeters (4 inches) of tephra on the roof of a building may cause it 
to collapse. Even thin tephra accumulations ruin crops. Wet tephra can cause power lines 
to short out. Finally, tephra clouds are extremely hazardous to aircraft, because engines 
may stop and pilots may not be able to see.  

After the eruption of Mount St. Helens in 1980, much attention has been given to the very 
real possibility of further volcanic activity in Washington State.  Mount Rainier, lying to 
the south of Kent, has erupted three times in the past 150 years.  Though we could 
conceivably experience ash fall from any volcano, Mt. Rainier poses the greatest variety 
of threats to our area. Other dangers to life and property would depend on the degree of 
volcanic hazard, and the type and size of the eruption. 
  
Conclusions 
 
A volcanic event in the Cascade Mountains may occur one or twice in a lifetime. The 
Kent area is close enough to be directly affected by eruptions from any one of five 
volcanoes. We are susceptible to a variety of hazardous situations during a volcanic 
eruption; perhaps of greatest concern is the threat of large mud flows causing damage to 
either the Mud Mountain or the Howard A. Hanson Dam.  Seismic  intensities great 
enough to damage these dams would be of equal concern.   
 
Geologic evidence shows major lahar and debris flows have filled the Green River valley 
in the past, although recent models put the Kent area at a minor risk. The overall effects 
of a major eruption could possibly produce an incident of disaster that could only be 
compared to the devastation of a major earthquake. 
 
Tephra and ash fall from a volcanic eruption could pose health concerns for residents as 
well as damage property, interrupt transportation, disrupt industry and the local 
commerce (see chart below).  
 
Experience at Mount St. Helens showed the need to identify specialized protective 
equipment for both vehicles and people working in the shadow of a volcanic eruption. 
Essential equipment for personnel would likely include breathing masks or other 
respiratory protection. Similar air filtration would be required for vehicles operating in 
heavy ash fall. 
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Major Losses from the May 18, 1980 Eruption of Mount St. Helens. 
 
 
 Sector Federal Private State Local Total %Total 

Forestry $168.0 $218.1 $63.7 --- $449.8 46.6 
Clean-up 307.9 9.7 5.0 $41.3 363.0 37.4 
Property 43.6 44.8 2.5 16.0 106.9 11.0 
Agriculture -- 39.1 -- -- 39.1 4.0 
Income -- 8.9 -- -- 8.9 0.9 
Transport -- -- -- 2.1 2.1 0.2 
Total  $518.6 $320.6 $71.2 $59.4 $969.8 -- 
  Percent of total 53.0 33.1 7.3 6.1 -- --  
       

 
 
 
 
 
 
 
 
 
 
 
 
 
 

        In Millions of dollars 
. 
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WINDSTORM/TORNADO 
 
Definition of Hazard 
 
This type of hazard is an atmospheric disturbance characterized by a strong wind and 
usually accompanied by rain, snow, sleet, hail and often thunder and lightning.  The 
National Weather Service classifies wind from 38 to 55 MPH as gale force winds; 56 to 
74 MPH as storm force winds and any winds over 75 MPH as hurricane force winds.  
Destructive winds like those described normally occur between October and March. The 
highest recorded wind speed recorded in the greater Kent area was more than 81 miles 
per hour. 
 
A tornado is violently rotating column of air, pendant from a cumuliform cloud or 
underneath a cumuliform cloud, and often (but not always) visible as a funnel cloud. 
Tornados are the most violent weather phenomena known.  Their funnel shaped clouds 
rotating at velocities of up to 300 miles per hour generally affect areas of 1/4 to 3/4 of a 
mile wide and seldom more than 16 miles long.  Tornados are produced by strong 
thunderstorms.  Such thunderstorms can also produce large damaging hail, heavy 
amounts of rain, and strong damaging winds. 
 
History of Hazard 
 
Winds of a destructive speed bringing 
varying degrees of damage, including 
downed trees and utility lines, 
transportation interruptions and property 
damage, occur fairly regularly in this 
area.  The most recent wind storm in our 
area of disastrous proportion was the 
Inauguration Day Windstorm in January 
1993.  Calls for assistance to Kent 
Police/Fire totaled more than 1,400 
during the 24 hour period of the storm.  
This Presidential declared disaster had 
winds clocked at approximately 80 miles  2003 Windstorm damage 

per hour and caused hundred of thousands of dollars in damage. 
 
Other recent windstorms: 
 December 1995 – California Express Windstorm 
 January – March 1999 – La Nina Winter Windstorm 
 December 2003 – December Storm 
 
Annual tornado sightings in western Washington average 2 per year. During the past 30 
years there have been several tornados recorded in the area.  The most recent occurrence 
was in  2004.  Seven sightings have occurred in the first six months of 2004 with 
touchdowns near Tenino and La Center both causing structural damage. 
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We have been fortunate that none of them have caused heavy damage or loss of life.  In 
1972 a tornado struck in the City of Vancouver, Washington 145 miles to our south.  
During the course of this disaster, an elementary school full of children was destroyed, as 
was a shopping center, a bowling alley and many homes.  Six people were killed and 
some three hundred were injured; damages were upward of six million dollars. 
 
Hazard Identification 
 
The effect upon Kent of a strong windstorm or tornado is likely to include impact to 
power lines, transportation and lifeline routes. Structures are also vulnerable to the effects 
of wind from falling trees and other debris.  
 
If a tornado struck Kent, damage could be widespread. Businesses could be forced to 
close for an extended period or permanently; fatalities could be high in densely populated 
areas; many people could be homeless for an extended period; and routine services such 
as telephone or power could be disrupted.  
 
Building codes continue to be strengthened to address potential impacts of windstorms on 
structures 
 
Vulnerability Analysis 
 
All areas of Kent are vulnerable to severe windstorms.  Windstorms can usually be 
predicted more accurately than other local storms. Kent can expect at least one windstorm 
each year.  
 
The problems arising from high winds, whether they come in the form of the common 
wind storm or the destructive forces of a tornado, are many.  Principal damage occurs in 
the form of downed trees, utility lines, signs and traffic lights.  Damage to buildings 
would also be prevalent.  Secondary hazards associated with high winds include power 
and other utility failures, as well as automobile, railroad and air traffic accidents. 
  
While it is possible to forecast the potential for a tornado formation, it is not possible to 
forecast that one will in fact occur or where it will strike. They are typically too sudden in 
onset, to small in scope and too short-lived to forecast. 
 
Conclusions 
 
Windstorms are a common natural hazard that will affect not just Kent, but will have 
widespread regional impacts. A windstorm of destructive velocity or a deadly tornado 
could strike this area with little warning. Citizens should be prepared and family plans 
and contingencies developed. Schools and businesses should also support preparedness 
campaigns and programs to mitigate the effects of a windstorm.  
 
The most effective tool for alerting the public of severe storms is the National Weather 
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Service (NWS) weather warning network.  Broadcast over VHF radio, transmitted to 
county agencies, NOAA weather radios with Emergency Alert System capabilities 
provide early warning notification needed to prepare for windstorms and tornado 
watches/warnings. 
 
The most common effects of these storms is the disruption of electrical and transportation 
routes causing hardship and economical loss to citizens, businesses and public assets. 
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