Geo of Hazards- Final Exam

Earthquakes
 A result from the rupture of rocks along a fault
· Energy from an earthquake is released in the form of seismic waves
· Mapped according to the epicenter
· Focus located directly beneath the epicenter 

Earthquake Magnitude
· Expressed as a number to one decimal place
· Richler scale is a measure of the strength of a wave at a distance of 100km from the epicenter
Movement Magnitude Scale
· Now used instead of Richler Scale
·  (M)
· (Similar to Richler scale – logarithmic) 
· Scale is determined by
· Estimated of the area ruptured along a fault
· Amount of movement along the fault
· The elasticity of crust at the focus 
· Ex. A M7 earthquake represents 10 times the amount of ground motion as an M earthquake ***
· Size of the earthquake is measured by the energy released 
· Magnitudes based on seismic movement that equals rigidity of earths x the average amount of slip on the fault + size of the area that slipped

Magnitude and Frequency of an Earthquake
· With an exception for very large earthquakes magnitude on the movement magnitude scale is similar to the Richler scale
· Worlds strongest earthquake = M9.5 in Chile
· In Canada, M8.1 in British Columbia 

Earthquake Intensity

· Modified Mercalli Intensity Scale:
· Qualitative scale based on damage to structures and affect of people
· 12 categories








Earthquake Process
· Occur mostly at or near plate boundaries
· Motion at plate boundaries are not usually constant or smooth
· Friction along plate boundaries exerts force (stress) on rocks which causes strain and deformation
· When the stress exceeds the strength of the rock there is a sudden movement along a fault
· The movement/rupture starts at the focus and moves in all directions causing seismic waves 
· Faults are considered seismic source 
· Identifying faults is necessary to evaluate the risk of an earthquake in a given area
· Not all faults reach the earths surface
· Blind Faults are located bellow the surface

Fault Types
· There are two basic types
· Distinguished by the direction of the displacement of rocks/sediment

1.) Strike Slip Faults
· Displacement = horizontal 
·  E.X.  San Andres Fault

2.) Dip-slip Faults
· Displacement = vertical
*Three types – based off two walls on an incline defined by miners 
Footwall: Miners place their feet
Hanging-wall: Where miners place their lanterns 

1. Reverse Fault  hanging wall moved up, relative to footwall incline at an angle steeper than 45 degrees
2. Thrust Fault  similar to reverse fault, but angle is 45 degrees or less
3. Normal Fault  hang wall moved downward, relative to the footwall 

Fault Activity
 3 categories in terms of activity
1. Active  movement during the past 11,600 years
2. Potentially Active movement during the past 2.6 billion years
3. Inactive  no movement during the past 2.6 billion years

Tectonic Creep
 Slow movement of rock along a fracture also called ‘fault creep’
 Can damage roads, and building foundations
 Along these faults – periodic and sudden displacement producing earthquakes can be expected

Seismic Waves
· Some seismic waves are generated by fault rupture traveling within the body of earth
· Others travel along the surface 
· Body waves: P and S Waves
· P waves: primary/compressional waves, move fast with a push/pull motion and can travel through solid liquids 
· S waves:  Secondary/Shear waves, move slower, with a up/down motion, and can only travel through solids

Surface Waves
· Seismic waves that form when P and S waves reach earths surface
· Move slower than body waves (p, s)
·  Responsible for damage near epicenter 
Two Types:
1. Love Waves causes horizontal shaking
2. Rayleigh Waves rolling waves travel in an elliptical motion

Earthquake Shaking
 Factors determining the shaking people feel from an earthquake

1. Magnitude  energy released 

2. Distance to the epicenter the difference between the first P wave to the first S wave at different locations determine the distance to epicenter – distance to the epicenter calculated at 3 different seismic stations.   ??

3. Locating the Earthquake  epicenter is located where circles intersect, called triangulation 

4. Focal Depth  Semitic wave loose some energy before they reach earth surface, greater focal depth = less intense the shaking on earth it, loss of energy is called attenuation 

5. Direction of Rupture  earthquake energy focused in direction of rupture, known as directivity – contributes to increased shaking 

6. Local Soil and Rock conditions  local geology influences amount of ground motion, dense rocks (ex. bedrock) transmit earthquake energy quickly, seismic energy slows down in areas with heterogeneous, folded, faulted crust *implications  earthquakes in eastern north America are felt over large areas then those in western north America


Amplification  increase in ground motion during an earthquake
· P and S waves slow as they travel through alluvial (rock) sand, gravel, clay etc.
· As P and S waves slow  = energy transformed to surface waves
· Amplification enhances damage in San Francisco earthquake 

Shake Maps
· Combination of these effects ^ results in widespread variation of the shaking felt by an effected area
· Earthquakes with the same magnitude may have different impacts 

Earthquake cycle
· Inactive period
· Period where elastic strain produces small earthquakes
· Period of foreshocks – prior to major release of stress (does not always occur)
· Period where main shock occurs allowing fault to release built up stress
· Period of aftershock with epicenter in same area as the main shock (time between stages will vary) 

Geographic Regions @ Risk from Earthquakes
· They are not random
· Most occur along plate boundaries 
· ‘Ring of Fire’ – pacific ocean
· Himalayas Mt.
· Middle East
· North America  Vancouver, Victoria, L.A, San Francisco, Portland

Types of Earthquakes (2)
1.) Plate Boundary Earthquake
· Occur on faults separating lithospheric plates
3 Types
1. Strike-Slip Earthquake-
· Occur on transform fault
· Plates slide horizontally past one another
· Common in California (San Andres Fault)
· E.x. Loma Preita 1989 

2. Thrust Earthquakes
· Occur on faults separating converging plates
· Subduction earthquake
· Common off coast of B.C.
· Strongest earthquakes in the world (M9+) – can produce tsunamis
3. Normal Fault Earthquakes
· Occur on fault associated with divergent plate boundaries 
· Common in mid-Atlantic ridges
· Mostly located under oceans, smaller than M6
2.) Intraplate Earthquake 
· Earthquake on a fault in interior of a continent
· Far from a plate boundary
· Smaller than a plate boundary
· Damage can happen due to lack of preparedness 
· Dense continental rocks, felt over large areas   
Two Active Intraplate Zones in North America
· Central Mississippi River Valley
· St. Lawrence River Valley

Effects of Earthquakes

Primary Effects: 

Ground rupture 
· Displacement along faults causes cracks on surface
· During strong earthquakes fault scarps can be produced – extends 100s of Km
· Ground rupture can uproot tress, collapse buildings, destroy bridges, tunnels, pipes etc.

Liquefaction
· Transformation of water-saturated sediment from solid to liquid
· Occurs during strong earthquakes – water pressure becomes high enough to suspend particles of sediment
· Once the pressure decreases sediment compacts and regains its strength
· Watery sand and slit may flow upward along fractures in the overlying solid material (causing damage) 

· Ground-shaking, death, property damage 

Secondary Effects:

Landslides
· Ground motion produced by an earthquake can cause rock to move downslope
· A single earthquake in a mountainous area can cause 1,000 of earthquakes in that area 

Fires
· Shaking and rupture can sever gas/power lines causing fires
· Appliances may fall over causing gas leaks that can easily ignite
· 80% of damage during the 1906 San Fran earthquake was caused by fires 


- Tsunamis, land-level changes 
[bookmark: _GoBack]Natural Service Functions of EQ’s
· Faults provide paths for the downward flow of surface water
· Faults can channel groundwater to surface discharge points (springs)
· New minerals can be found
· Landscapes can form in fault zones over millions of years 

Earthquakes Caused by Human Interaction
· Humans can trigger small earthquakes
· Weight from water reservoirs produced by damns can create new faults
· Injecting liquid waste deep into the earth can increase pressure causing slippage along fractures 
· Testing nuclear weapons leads to explosions that release some natural strain within the atmosphere 

Minimizing the Earthquake Hazards
· Earthquakes occur with little warning
· They can be forecasted of the likelihood of one occurring, not when it will actually occur
· Canada & U.S are currently working on programs to reduce hazards from EQs
Reduce Hazard Programs – have 5 goals
1. Operate national seismograph networks
2. Develop an understanding of earthquake sources
3. Determine an earthquakes potential
4. Predict effect of earthquakes on buildings
5. Communicate research to educate the public

Estimating Seismic Risk
· Hazard maps identify areas of risk associated with earthquake effects
· Areas prone to liquefaction, zones of ground rupture, and historic epicenters are kept on watch 

Precursors for Earthquakes (pre-signs)
· Events that help predict an earthquake

1. The Pattern and Frequency of Earthquake
· Based on foreshocks and micro-earthquakes

2. Land-level Change
· Uplift or subsidence may precede an earthquake
· GPS stations can recognize small changes to land-levels

3. Seismic Gaps Along Faults
· Areas along faults that have not seen recent earthquakes are more likely to experience one 

4. Physical and Chemical Changes
· Changes in groundwater levels and chemistry may occur when rocks expand prior to an earthquake 

Earthquake Forecasting
· Some earthquakes have been forecasted
· They must be scientifically reviewed
· Understanding conditions before the earthquake
· 30 second warnings are given after an earthquake has occurred 

Perception of Earthquakes
· Causes traumatic stress for survivors
· One communities experience with an earthquake, will not trigger another community to be more prepared
· Earthquakes can expose bad/shoddy construction work




























Earthquake Definitions

Plate boundaries: 
A tectonic boundary where two plates are moving toward each other. If the two plates are of equal density, they usually push up against each other, forming a mountain chain. If they are of unequal density, one plate usually sinks beneath the other in a Subduction zone

Seismic waves:
An earth vibration generated by an earthquake or explosion

Epicenter:
A point directly above the true center of disturbance, from which the shock waves of an earthquake apparently radiate.

Fractures:
A crack in the earth's crust resulting from the displacement of one side with respect to the other; "they built it right over a geological fault"; "he studied the faulting of the earth's crust"

Fault:
The surface of a fault fracture along which the rocks have been displaced

Blind Faults
A fault that does not reach the surface 

Subduction:
The process of one tectonic plate sliding under another, resulting in tensions and faulting in the earth's crust, with earthquakes and volcanic eruptions

Divergent plate boundaries:
A tectonic boundary where two plates are moving away from each other and new crust is forming from magma that rises to the Earth's surface between the two plates.

Transform Fault:
A strike-slip fault, common in mid-ocean ridge regions, in which there has been a sudden change in the form or direction of displacement








Volcanoes 

· Most volcanoes are located near plate boundaries
· 2/3 volcanoes are found in the ‘Ring of Fire’ – surrounding the Pacific ocean
· Subduction zones and mid-ocean ridges allow molten rock to reach the surface
· 
Types of Molten Rock
1. Magma  found deep within the crust and upper mantle 
2. Lava  found flowing from an erupting volcano (magma that has reached the surface)

Magma
· Most recognized elements in magma = silicon + oxygen
· When they are combined they are referred to as silica
· Volcanic rock is named based on the amount of silica present
Types of Volcanic Rock
(Low  High amount of Silica)
1. Basalt* most common
2. Andesite
3. Dacite
4. Rhyolite 

High Silica Content
· Cooler
· More viscous
· More gases
Less Silica Content
· Hotter
· Less viscous
· Less gases

Types of Eruptions 
-     Volcanoes with high silica magma produce the most explosive eruptions
· As magma approaches surface the pressure lowers allowing gas to bubble up and escape
· Therefore Rhyolite and Dactic magma produces the most explosive eruptions
· Basalt and Andesite magma produces eruptions that flow 

Viscosity
· Magma also contains small amounts of gases (water vapor + carbon dioxide)
· Volcanoes have different shapes based on the chemistry and viscosity of their magma
· Magma viscosity = amount of silica and temperature 

Types of Volcanoes 
· 4 types
· Based on: Shape, Appearance, and Style of Eruption

1.) Shield Volcanoes
· Largest on earth
· Shaped as broad arcs
· Built from lava
· Magma = Basaltic
· Non-explosive, gentle flows
· Common in Hawaii, Iceland and around the Indian Ocean
2.) Composite Volcanoes 
· Cone shaped
· Built with a combination of lava flows and pyroclastic deposits
· Also known as: Stravo-volcanoes 
· Magma = Andesitic or Deictic 
· Eruptions are more dangerous and explosive
· Happen less frequently than shield volcanoes
· Common in West Coast from AlaskaOregon 
· *Mt. St. Helen most famous composite volcano
3.) Dome Volcanoes
· Contain highly viscous rhyolite magma
· Very steep-sided mounts
· They form around vents
4.) Cinder Cone Volcanoes
· Small
· Composed of small pieces of tephra (rock)
· Rounded oval shape with a crater at the top
· Common in Mexico

Maars
· Circular volcanic crater produced by an explosive eruption and filled with water
· Caused by groundwater coming in contact with magma creating an explosion
· Resembles large lakes 

Ice-contact Volcanoes
· Some volcanoes erupt beneath or against glaciers
· Melts large quantities of ice  causes flooding (Jokeinhlaups)
· When lava contacts with glaciers it cools to form: Pyroclastic Rock (found in Iceland and B.C.)





Volcanic Features:

Crater 
· A depression formed by the explosion or collapse of a volcanic top
· Can be up to 2km in diameter
Volcanic Vent                                               [image: Macintosh HD:Users:taylorbronstine:Desktop:Unknown.jpeg]
· Opening on the surface through which lava and pyroclastic debris erupt
· Most vents are circular, some are stretched with cracks called fissures
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Caldera
· Circular, oval depression formed during the collapse of a volcano
· Can be up to 25km in diameter
· Eruptions that form caldera are the largest and most deadly eruptions on earth
[image: Macintosh HD:Users:taylorbronstine:Desktop:images-1.jpeg]

Formation
· Formed by the collapse of magma chamber bellow a composite volcano during an explosive eruption 

Hot Springs & Geysers
· Heated groundwater can discharge at the surface creating ‘hot springs’
· Groundwater that boils underground to produce steam & water called: a geyser
· There are approx. 1,000 Geysers on earth, half located in Yellowstone National Park
Ex. Old Faithful  most famous Geyser, erupts 50km high, lasting 2-3mins
Super Eruptions
· Products of super-volcanoes
· Extremely rare
· They occur when  there’s a large volume of magma that rises to shallow depths in the crust over hotspots 
· Magma is unable to break through crust = pressure builds until crust cant take it and explosion occurs 
· Massive amounts of ash released
· Last super volcano – Yellowstone Park 600,000 years ago
· Now sits on massive Caldera and located over hot spots
· Super-volcanoes can last weeks – spread of ash can kill people

Volcanoes & Plate Tectonics

Subduction Zones
· Dominate volcanic rock  andesite originates from melting tectonic plate 
· Composite volcanoes found
· 80% of volcanoes are above Subduction zones 
· E.x Cascade Mt.
Mid-Ocean Ridges
· Composed of Basaltic magma, originating at the atmosphere
· Shield volcanoes found 
· Ex. Iceland

Hotspots Beneath Oceans
· Chains of shield volcanoes
· Containing basaltic magma form as a plate moves over a hotspot
· Ex.  Hawaii Islands  near hotspots  contains active volcanoes

Hotspots Beneath Continents  
· Produces explosive eruptions
· Contains of rhyolite and dactic magma
· Results in formations of Calderas
· Ex. Yellowstone Park

Volcanoes in Canada
· B.C. and Southern Yukon
· Mt. Barker in Washington poses biggest risk to Canada
· Ejects ash to Canada
· Causes Landslides & Lahars
· Melts ice causing floods








Effects of Volcanoes
· 50-60 volcanoes erupt /year
· Over a past century 100,000 people killed from volcanoes
Primary Effects

Lava Flows  occurs when magma flows out of the central crater down the sides of the volcano
Pyroclastic Flow  avalanches of ash, gas and rock pieces travel down the slope of the volcano during an explosive eruption, speed of 150km/h, and can travel as far as 40km from the source (kills most)
Lateral Blasts  eruption directed away from the volcano, materials are blown parallel to the surface
Ash Fall  ash particles can be carried downwind 100 of Km from eruption (can destroy vegetation, contaminate water, health/respiratory hazards)
Poisonous Gases Eruptions containing sulphur dioxide can lead to acid rain, smog known as VOG can produce asthma attacks + respiratory problems 
Sector Collapse Sides of the volcano can collapse at any time, as magma goes up the channel volcano and inflate and slope can become over-steeped  

Secondary Effects

Lahars Large amounts of material that moves downslope, also called Mudflows 
Fires  Heat/fire from eruption can spread and cause fires nearby 

Types of Lava
Pahoehoe Lava
· Low viscosity, moves a few km/hour
· High temperature
· When hard turns into a smooth texture
Aa Lava
· High viscosity, moves a few km/day
· Lower temperature
· When hard turns into a blocky texture

Links to Other Hazards
· Vegetation and buildings can catch fire through lava flows
· Earthquakes accompany eruptions
· Landslides are a common aftermath



Natural Service Functions: of Volcanoes
· Ancient volcanoes produced gas in the atmosphere that has sustained human life on earth
· Volcanic landscapes attract tourists to an area
· Creates new land i.e. Hawaii, Iceland

Minimizing Hazard
· Eruption forecasts can predict that an eruption will occur in a defined time

1. Monitoring Seismic Activity
· Shallow earthquakes can cause eruptions
· Short warning time is a concern
2. Thermal and Hydraulic Monitoring 
· An accumulation of magma changes properties of rock and soil
· Increased heat – melts snow and ice
3. Land Surface Monitoring
· Monitoring growth of bulges, swelling and opening of cracks on volcanoes
4. Monitoring Volcanic Gas Emissions
· Increase in sulphur dioxide may indicate magma moving towards the surface
5. Understanding Local Geological History
· Mapping of volcanic rock
· Dating of pyroclastic deposits 

Adjustments to Volcanic Hazards
· Attempts to deflect lava flows
1. Bombing  blocking a channel, force lava in different route
2. Hydraulic Chilling water used to chill/harden lava
3. Wall Construction  build wall to redirect lava 







Video – Mt. St. Helens
· Before eruption was dormant for 120 years
· In march 1980 small explosions were evident due to groundwater contacting with magma
· Small bulge grew on side of mountain, M5.1 earthquake causing the bulge to breakoff and fall downslope
· Lateral blasts occurred where bulge broke off on north slope (all was destroyed)
· Ash was ejected from central cater and reached heights of 19km that travelled around the world
1.  What was the first animal to be discovered in the area after the eruption?  How was it able to survive? 
-A northern pocket gopher. It lives entirely beneath the ground so it was protected from the blast by a thick layer of soil. 
2.  After the eruption, what did scientists notice was occurring in the centre of the crater?
-There was a dome rising in the middle of the crater floor that was cooling as it reached the surface. After several months the dome grows larger. 
3.  Describe the relationship between bacteria and the lupine plant. 
-Bacteria work with the plant and provide nitrogen to the plant and in return the plant provides the bacteria with simple sugars. Therefore, lupine plants are able to grow in any conditions, even in the area around the volcano.  
4.  Why did fish and other marine life die in Spirit Lake?  What was discovered in the lakes three years after the eruption and why is it important?
-The surface was covered in debris and there was an explosion of bacteria. Many of the people working in the lake came down with a fever. Life was impossible for any fish, amphibians and insects. Three years later microscopic plants were discovered in the water (plants the turn sunlight into oxygen). They are the basic building block for aquatic life and 135 different species of there plants appeared in the lake three years after the eruption. 
5.  Why was the volcanic activity in 2004 (lava spines) different than that of the early 1980s (lava domes)?
-In 2004 there was a huge spine of lava as long as the Eifel tower coming out of the ground. Spine after spine of solid lava emerged from the volcano floor. They grow to a massive size and then collapse and then a new one would come. In 1980 there was more fluid lava and in 2004 there was basically solid rock pushing out of the ground. Geologists found gas in the lava from 1980, as the magma raises changes in pressure it turns the water in the lava into gas and gave the volcano an explosive force (explosive volcano’s). The 1983 lava was like soda going flat, had less gas (flowing lava volcano). In 2004 the samples had almost no gas (spine volcano’s). The amount of gas determines the nature of the volcano and the force of the eruption. 
Disease
· Of all hazards, large scale disease affects human populations most directly
· Different than any other hazard as it effects people not property
· Communicable disease is the leading cause of death in developing countries 

Terms

Outbreak  A simultaneous related occurrence of several cases
Epidemic An uncontrolled outbreak of a contagious disease
Pandemic International simultaneous epidemic of the same conditions
Epidemiology The distribution and determinates of health related events in the human population
Agent  The actual causes of the disease (i.e. a virus or bacteria) 
Host The individual infected 

Disease in Developing Countries
· Results of poor hygiene (direct impact)
· Related to socio-economic status of area (indirect) 
· The spread of the disease enhanced by lack of preventive programs/measures
· Water system is a common source for disease agents (60% of people in developing countries do not have access to clean water)

Spread of Disease
 Factors leading to the rapid spread of disease
· Population lacks immunity
· Population includes carriers
· Susceptibility due to outside factors (i.e. malnutrition)
· Contamination of water supply
· Lack of programs for disease control
· Over crowding and close human contact
· Poor sanitation/hygiene 




Examples of Diseases
1. Bubonic Plague
· Known as ‘Black Death’ 
· Spread by rodents
· Characteristics include:
· Vomiting
· Fever
· Swelling of lymph nodes
· Pneumonia
· Infection
· Has not been a pandemic for over a century
· Only 3 times in the last 2000 years has ‘Black Death’ spread
1st time  542-546 AD, Asia, Africa, Europe 100 million victims
2nd time 1347-1350 AD, Asia, Africa, Europe 50 million victims
3rd time 1894, Hong Kong – spread around the world, carried by rats on steamboats, spread to 5 continents killed 13 million 

2. Cholera
· A waterborne disease
· Originates in sewages and contaminated streams within an urban or rural water supply
· Causes infection in the intestine through bacteria 
· Extremely rare in industrialized countries
· Common in India and Sub-Sahara Africa today
Mapping Cholera
· In London, England 1854 
· It was unknown that this disease was caused by water
· Each case was mapped and traced to the specific water source
· First example of using mapping to identify a source for disease  Modern Epidemiology *John Snow

HIV/AIDS
· Human Immunodeficiency Virus (HIV) leads to Acquired Immune Deficiency Syndrome (AIDS)
· 1980 it surfaced, and became a major pandemic in the 20th century
· Transferred through bodily fluids
· Originally believed disease was limited to homosexual couples and drug users (needles)
· 30 million have died, 40 million are infected
· There is no cure, but there are drugs that can prolong life  Chronic Disease 
Influenza
· Flu pandemics occur once every 10-50 years
· Spreads globally within a year
· Highly contagious
· Global population is vulnerable 

Types of Influenza 

Spanish Flu
· 1918,1919 Spanish Flu killed 40 million people
· Spread by soldiers traveling from Europe to North America
· 30,000 dead in Canada
Asian/Hong Kong Flu
· Less sever epidemic 1957 (Asia) 1968 (Hong Kong)
· Vaccinations were available 
· World Health Organization educated public
· Minimizing spread of disease^
Bird Flu
· Also known as ‘avian flu’
· 1997 Hong Kong large death of poultry – from bird flu, killing all the poultry stopped the spread 
· Another outbreak in 2003
· Strain called H5N1
· Could be transferred from bird  human
· High death rates in humans, most work closely with poultry
· Spread of personperson is rare
· Disease caused by a virus that naturally occurs in birds
· 300 human deaths caused by Bird flu
Swine Flu
· 2009 pandemic of H1N1 virus
· Spread globally, and all ages
· Mix of bird, human and Eurasian Pig Flu virus – lead the name “swine”
· Spread human  human through respiratory deposits
· Treatment possible through anti-viral medication (Tamiflu)
· Lasted April 2009 – Aug 2010, 18,000 people died





Malaria
· Infectious disease transferred by mosquitos
· Causes multiplication of parasites within the red blood cells
· 800,000 die per year 90% in Sub-Sahara Africa
· Best controlled by eliminating mosquitos, drain wetlands
· DDT – insecticide used to control mosquitos, but was banned in the 1970s because it was bad for humans and the environment 
· As climate changes to wetter and hotter the spread of malaria will increase
West Nile Virus
· Mainly effects birds but can affect other animals and humans
· Infects humans through mosquito bite
· Death rate for human = 4%, 2012 Ontario had 189 cases
· Exposed victim will experience fever and weakness for two weeks then should go away
· 50 people in Canada have died from West Nile in the past decade 

Predictions and Warnings
· Research leads to observations which educate the public allowing for better warnings for next pandemic

Characteristics of a Pandemic
· Unpredictable in its severity (death, speed, pattern of spread)
· Happens fast hard for population to cope
· Delaying spread is desirable reduces stress












Technological Hazards
· There is a wide interpretation on what is considered a ‘technological hazard’
· Can vary from a small toxic spill, to an entire industry (i.e. Nuclear Energy)
· Examples include; exposer to pollutants, exposure to hazard waste, hybrid disasters, ex. An earthquake that causes an oil / chemical spill from a pipeline – technical disasters that effect the environment

Vulnerability to Technical Hazards
· Low death toll
· People working in resource industry, and transportation systems more vulnerable 

Types of Technological Hazards

1. Extreme Hazards
· Widespread and long term i.e. nuclear accidents
· Cumulative effects;
· Conditions that worsen
· Things that will become critical to human health
· Ex. pesticide use, acid rain, water contamination etc.
2. Rare Catastrophes
· Airplane crashes 
· Mine collapse
· Shipwrecks
3. Common
· Car crash
· Poisons 

Calculating Risk of Technological Hazards
1. Large Scale Buildings Risk probability of failure during lifetime of structure
2. Transportation (road, rail, sea) Risk probability of death/injury for every Km travelled
3. Industry (manufacturing, power production) Risk probability of death/injury per person per number of hours worked





Radon
· = Gas that is a natural outcome of the decay of uranium in rocks and soil
· When inhaled can damage tissue in the lungs – hazard when released into living space
· It is the second leading cause of lung cancer in North America
· The gas  odorless, colorless making it hard to detect
· 5-10% of homes have high Radon Levels
· Moves quickly
· Through non-saturated soil, can seep into homes (basement most at risk)
· Higher risk during winter – reduced air circulation

Radiation
· Pathways for radiation are inhaling or ingesting is (food or drink)
· Effects can be seen days after exposure
· OR can be seen a long time after, turn into chronic disease (cancer)
· OR can be passed on through genetics = birth defects
Source of Radiation
1. Mining of Uranium 
· Canada: North Saskatchewan/Ontario
· Mines produce waste called; Tailings *radio active hazard
2. Production of electricity
· Uranium is used in Nuclear reactors
3. Nuclear Reactors
· Located in the eastern half of North America
· Must be near a source of cooling i.e. lakes, rivers 
· Located where lots of electricity is needed – highly populated
· Nuclear energy = a clean source of energy because is does not emit greenhouse gases 
4. Nuclear Accidents
· Nuclear meltdowns occur – overheating of nuclear reactor
· Happens when heat exceeds cooling systems
· During fuel rods are melted and wells of reactor core is melted
· Hot liquid can seep into soil

Examples – Nuclear Accidents
1. Three Mile Island Accident
· Worst nuclear disaster in the U.S. 1979
· One of the two reactors had a partial meltdown
· Caused by failure of one of the valves that controlled the cooling water to enter the reactor
· No direct injuries occurred, minor amounts of radiation escaped
2. Chernobyl Accident
· Worst nuclear disaster in the world, 1986
· Caused by a flawed design, an operating error that disregarded safety regulations
· The plant exploded 
· 30 dead workers, 2500 deaths caused indirectly 

Nuclear Energy
· The concern from pervious accidents halted nuclear development for some time
· Greenhouse gases have become a concern, need for an alternative source of energy
· Ontario wants to close all coal plants by 2017, in order to achieve that they must start using nuclear energy
· Refurbishing, and making new nuclear reactors 

Oil Spills
· Commonly occur in marine areas
· Can also occur on land – pipeline burst
· Harms the environment – that can take months-years to clean up
· Oil harms animals, seeps into feathers affecting their ability to store heat
Exxon Valdez Oil Spill
· Caused by an oil tank striking a rocky reef off south coast of Alaska, 1989
· Region is habitat to many sea animals i.e. otters, seals, whales etc.
· 75L of oil spilled – because of the location was very difficult to clean
Deep Water Horizon Oil Spill
· Caused by oil rig that exploded in the Gulf of Mexico, 2010
· 11 workers died in explosion caused by methane gas 
· 8.5 million L of oil escaped the well and lasted for 5 months
· After several failed attempts the well was finally sealed with cement
· Spill affecting beaches, and wetlands along the coast
· BP was given blame for the spill, due to cost-cutting choices on maintenance 






Infrastructure Failure
· Minneapolis Bridge Collapse 2007 
· Bridge collapsed during rush hour
· Too much weight from cars & construction 
· Bridge supports were not the proper thickness
· Tacoma Narrows Bridge Collapse 1940, Washington 
· Collapse of a suspension bridge
· No deaths
· Caused by high winds
· Bridge design was poor no opening for wind was built

Space Shuttle Accidents
1. Challenger
· Exploded 73 seconds into flight
· All 7 crew members killed
· Caused by a faulty ‘O-Ring’ seal that led to the release of hot gas
· Debris found all over the Atlantic Ocean
2. Columbia
· Disintegrated on trip back to earth
· Piece of the installation broke off, damaged the left wing
· Pieces of the shuttle found around Texas and Louisiana 

Wildfires
· Began when trees first evolved 350 million years ago
· Most wildfires start naturally, lighting or volcanic eruptions
· After fires vegetation completes its cycle from early colonizing plants to a mature eco-system

Adaptation to Wildfires
· Many species are evolved to avoid fires
Ex. oak and redwood bark resist fire damage
· Promote life of species after a fire
Ex. some pine trees have seeds that open after a fire (hot temperature)

Wildfire History
· Increase amount of charcoal in sediment, suggest high amounts of fire
· Why they happen?
· Warmer dryer climate
· Increased use of fire by humans (i.e. cooking, heat, clearing land)

Elements of a Wildfire
· 3 elements
· 1. Oxygen 2. Fuel 3. Heat – without all three fire with disappear
· Plants store CO2 – during a fire the CO2 is released back into the atmosphere

3 Phases to Wildfire

1. Pre-Ignition Phase 
· Pre-heating
· Vegetation reaches temperature at which is can ignite, as it heat it looses water
· Pyrolysis
· Chemical process – degradation of large hydrocarbon molecules into smaller ones 
· Occurs in presence of heat, can come from nearby flame
2. Combustion Phase
· Pre-heating and pyrolysis produce fuel gases that ignite
· Phase begins with ignition
· Ignition confines repeatedly as fire moves 
Types of Combustion
· Flaming Combustion – rapid high temperature  fuel to heat characterized by; flames, and large amounts of unburned material
· Smoldering Combustion – areas with burned material and ash that covers new fuel
3. Extinction Phase
· Combustion ceases
· No longer sufficient heat or fuel to sustain fire

Transfers of Heat
· 3 processes control the transfer of heat
1. Conduction
· Transfer of heat from molecule  molecule contact
2. Radiation
· Transfer of heat in form of invisible waves
3. Convection
· Transfer of heat by movement of liquid or gas





Transfers of heat within Wildfires
· Mainly radiation (waves) + convection (liquid/gas) transfers
· Heat from radiation increases the surface temperature of the fuel 
· Air is heated becomes less dense, rising air removes heat from the zone replaces it with oxygen which sustains the fire

Fuel
· Leaves, woody debris, bushes, dead organic material etc.
· Decaying materials (ex. trees) dry and burns easily
· Density of the forest – contains lots of fuel

Topography
· Fuel content can vary by slope orientation
· North-hemisphere has south facing slopes = warm & dry
· Slopes that are exposed to wind are drier
· Wildfires burning steep slopes, burn upslope 

Weather
· Wildfires common following drought – dry
· Dry thunderstorms with lightening 
· Wind can help pre-heat unburned material
· Wind can carry embers from fire –spreads fire

Types of Fires
· Classified by layer of fuel that is allowing fire to spread
1. Surface Fire
· Travel close to the ground
· Burns leaves, shrubs, twigs etc. 
· Varies in intensity, moves slowly
2. Crown Fires
· Moves fast on forests top
· Flaming combustion
· Can be fed by a surface fire that moves up
· Driven by strong winds
· Common in Boreal Forests – Canada B.C. + Canadian Shield

Effects of Wildfires
· May leave behind hydrophobic soil 
· Cause chemicals by burning vegetation, that can last long after fire
· Increase of smoke particles, haze can be felt far from source of fire
Linkages to Climate Change
· Climate change can increase the intensity of wildfires
· Affects temperature and precipitation – can lead to droughts
· Insect infestation can cause disease making forest more susceptible to fire 
· I.e. Mountain Pine Beetle 
· Beetle has destroyed forests throughout Canada
·  80% of Mt. Pines will be impacts by 2013
· B.C. will feel impact
· Poses threat to Alberta’s Pine Forest
· Warmer weather has allowed them to stay alive through winter in B.C.
Impacts of Wildfire
· Lead to town/city wide evacuations
· Road closures, airport closures
· North America has organized evacuation programs to minimize death rate
· Exposer to smoke from fire can cause health issues  - respiratory problems
Impacts on Animals
· Most escape fires unharmed
· Rodents go underground, bigger animals can usually outrun
· Sea species can be effected by contaminated sediment from fire 

Natural Service Functions: Wildfire
· Reduces competition for sunlight and moisture
· Surviving & new species grow sunlight reaches forest floor
· Triggers seed opening, flowering
· Ash left behind rich in carbon provide nutrients to soil
· Fire removes surface litter
· Removes weak/diseased trees, minimizing beetle infestation 


Example; Yellowstone National Park
· Series of lightning strikes set off 50 fires (1988)
· Policy set that fires started naturally needed to burn themselves out
· This was controversial because it was hot and dry with lots of fuel, political pressure kicked in and fire fighters were called
· Fire was beyond control, and burnt for several months 
· Too much fuel in the area




Fire Management
· Objective: control fires so it benefits the eco-system while not damaging property, or life
·  Canada’s fire season: April-October
· Research fire systems of the area
· Satellite images provide predictions of fire potential areas

Fire Suppression 
· Steer fire into area with no fuel  “Fire Break”
· Fire Breaks – rivers, lakes, open roads etc.
· Artificial Fire breaks include – clearing land, bulldozers anything to stop fires path

Prescribed Burns
· Intentionally set fires to eliminate built-up fuel
· Difficulties with predicting weather and fuel conditions – fire needs to be safety controlled 

Snow Avalanches 
· A mass of snow with many cubic meters in volume that separates from the snowpack
· Rocks, soil, and ice can also move in the same motion, but the term avalanche is only used for snow
· Intensity of the avalanche – depend on slope steepness, snowpack stability and weather
Two Types of Avalanches
1. Point-Release Avalanche
· Begins after heavy snowfall
· Sliding snow causes more snow to slide with it causing trough to widen
2. Slab Avalanche 
· A snowpack can fracture along a weak parallel to the surface
· Moves as a cohesive (together) block leaving a steep scarp (blank steep slope)
· Most dangerous
· Have buried weak layers formed by the wind




Avalanche Potential
· New snow that has not been bonded with the snowpack is more likely to slide
· Compacted snow is less likely to move
· Snow above vegetation level and large boulders more likely to slip

Wind
· Blowing snow can accumulate on ‘lee-slope’  ???
· Can deposit layers of broken snow crystals on to unbroken snow crystals and can become weak

Avalanche Motion
· Rapid moving 35km/h creates cloud of powdered snow
· Fast Avalanches can go up to 200km/h
· Some strong enough to climb opposing slope

Avalanche Triggers
· Occur soon after snowstorms
· Daytime avalanches – sun warms upper part of snowpack 
· Avalanches that harm or kill humans, triggered by humans usually
· Some are triggered unintentionally by explosives 

Avalanche Paths
· Start Zone: area where snowpack first fails
· Track: area where avalanche reaches max velocity
· Run-out Zone: area of deceleration and snow deposition 

Terrain (land) Factors 
· Slope angle is the most important factor
· Most avalanches occur on slope angles between 25-60 degrees
· Bellow 25 degrees – snow does not slide easily
· Above 60 degrees – little snow on the top
· Orientation of the slope is another important factor
· Slopes facing the sun – more likely to have daytime avalanches
· Other factors include; vegetation, and topography of the slope

Regions at Risk
· 50cm of snow – to form a snowpack
· In Canada; Rocky Mountains

Links to other Hazards
· Earthquakes can cause avalanches
· Climate change can increase snowfall

Natural Service Functions
· Similar to Landslides can cause ecological disturbance
· Can create plant and animal diversity
· Creates new habitats/open areas

Minimizing Risk
· Building roads, buildings etc. outside dangerous areas (can be shown on hazard maps)
· Splitting wedges on sides of buildings to avalanche goes around
· Mounds (hills) and Berms (flatland) used to deflect avalanche
· Avalanche Shields – built over roads so avalanche can go on top without disturbance 

Strength and Stability Tests
· 3 major ways to test the stability of a snowpack
1. Shovel Test  isolating section of snow and placing pressure on uphill side
2. Compression Test  Put vertical force on snowpack, detects weak layers
3. Rutschblock Test A skier pushes and jumps on a section of snow to detect cohesion of snowpack

Avalanche Rescue
· Motion of snow kills about 25% of victims
· Survival depends on depth and length of burial
· 90% survive within 15mins, 50% within 35mins, 0% within 2hours
· Cause of death; hypothermia and/or suffocation

Avalanche Survival Aids
1. Avalanche Cord  10m rope drags behind person while skiing or, snowboarding
2. Avalanche Transceiver  portable device emits radio signals helps locate victim fast
3. Avalanche Dogs  can detect human scent over widespread areas, fast

Solar Systems
· Cloud of gas and dust in space  supernova
· Founded 4.6 billion years ago
· Nebular Hypothesis  explosion made waves in space, causing cloud to collapse creating a Solar Nebular 

Formation of Planets
· Solar Nebula rotates 
· Center of cloud gets hotter – sun outer edges cooled caused clumps of particles to stick together creating planets
· 8 planets, 60 moons, millions of bolides
· Order: Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranium, Neptune

Components of Outer Space

Galaxy  A cluster of billions of stars, our solar system makes up a tiny portion of the Milky Way
Star A hot glowing ball of gas; it creates energy by converting hydrogenhelium  Star Life Cycle  depends on its mass, when try dies lots of energy released ‘supernova’
Sun  A star, closest to earth, temperature 15 million degrees C inside and 6000degrees C on the surface, which is called ‘photosphere’. Energy from the sun controls earth’s climate

Bolide 
· An extraterrestrial body that travels through space
Ex. 	Asteroid – Is a rock metallic material, originated in the asteroid belt
Meteoroid - smaller particles ranging from dust to objects a few meters across
Meteor – meteoroid that has entered earths atmosphere
Meteorite – meteoroid that strikes earths surface
Commit – known by glowing tail of gas and dust
· Rocky core surrounded by ice
· It lights as gases are released from ice heated by solar radiation
· Hailey’s Commit – most famous because it is visible on earth every 75 years, 2061



Airbursts
· Bolides travel at speeds of 12-72km/s
· They heat up upon entering earths atmosphere creates bright light
· Object may explode in an airburst or will collide with earths surface
Ex. Tunguska Airburst
· Destroyed 2000km of forest
· Determined an airburst because no carter was ever found
· These events only occur on earth approx. every 1,000 years

Impact Craters
· Provide evidence of past meteor impacts
· “Ejecta blanket” debris and rock that blow out of crater
· Become less deep over time, rock, water start to fill 
· Barringer Crater, Arizona 50,000years old 
Complex Impact Craters
· Rim that collapses under extreme faulting and center floor rising following the impact, 6km wide 
Simple Impact Crater
· Less that a few km wide, no uplifted center
Craters
· More common on the moon, because they cant happen in bodies of water 
· Land can repair/fill 
Manicouagan Crater  complex, center of Quebec, 100km wide and 241 million years old, ‘breccia’ eroded and is now a ring shaped lake

Mass Extinctions
· Geologic abrupt changes in climate, plate tectonics, volcanoes, bolides or human impact
· 5 major extinctions have occurred in the last 500 million years, 6th is current occurring
Ex. KT Boundary Mass Extinction
· Asteroid caused abrupt cooling
· Caused extinction of dinosaurs, plants and animals 
· Discovered because of large amounts of indium in rock, crater was found in 1991 under seawater in Mexico





 Risk and Managing Hazard Impact
· No asteroids in the asteroid belt = no threat to earth
· Asteroid orbit can be changed by colliding with something else
· Space Guard monitors all near-earth orbits 1km wide 
· If an asteroid was coming for earth it could be detected decades in advance
· Blowing up asteroid not recommended fragments will rain down
· Nuclear explosions can change orbit course – best solution 

Air Pollutants
· Issues have occurred for 100s of years
· Industrial revolution made it more widespread
· Primary source was burning of coal, now coal plants are turning into nuclear plants in some countries
· Definition: an airborne substance that threatens the health of people, animals or vegetation
Human sources: fixed/mobile
· Industries, vehicles, airplanes
Natural sources:
· Dust, sand, volcanic eruptions, forest fires

Primary Air-pollutants
· Enter the atmosphere directly 
· Ex. exhaust from vehicles
Secondary Air-pollutants
· Chemical reactions in the air
· Ex. acidic pollutants that form when gases react with water vapor

Common Pollutants
· Comes from animal emissions, decomposing and automobiles 
Carbon Monoxide toxic, odorless gas resulting in combustion of fossil fuels
Sulfur Dioxide  foul-smelling gas resulting in combustion of fossil fuels
Nitrogen Oxide  Gas that reacts with shortwave solar radiation to produce smog
Volatile Organic Compound Gas = hydrogen + carbon i.e. Methane

Smog  name comes from smoke + fog, common in urban/highly populated areas, comes from vehicles, can be a health issue for those with weak immune systems



Factors Affecting Air Pollution
1. Wind Speed  High winds encourage dispersal, spreading
2. Inversions  Occurs when warn air lays over cool air, air can not rise – happen nightly (law; smoke stacks must be higher than inversion levels)
3. Topography  Hills and mountains can prevent pollution from spreading horizontally, or valleys surrounded by hills and mountains can be exposed to major pollution 

Groundwater
· Found underground, cracks of soil, sand, and rocks
· Materials are permeable – because water can get through them
Contamination
· Most places obtain drinking water through groundwater
· In 2000 E. coli was found in groundwater, killed 7 in Ontario
· Bacteria came from fertilizer manure that leaked into a well during heavy rain fall

Social Hazard
· Societies harming other societies
· Death and injuries caused by wars
· 120 million dead from war in the last 100 years, 150 wars occurred since 1945

Dubious Weapons
· To cause destructions and harm to people and the environment
Environmental Warfare
· Use of dubious weapons to harm the environment 
Ex. Triggering an avalanche, setting fires, intentional oil spill etc.

Napalm
· Thickening agent mixed with gas used in bombs
· Can cause severe burns and suffocation – releases large amounts of carbon monoxide 
· During Vietnam War – Napalm used, killed 1 million
Agent Orange
· Code word used by U.S. 
· Herbicide used to clear forest, jungle to eliminate food supply, hiding 
· 25 million archers were destroyed, 500,000 children born with defects

Post War Hazard/ Basic Needs
· Homelessness, displacement
· Unused weapons (bombs) pose threat
· Social conflicts
· Food shortages – indirect consequence
· International trade interrupted – limited goods

Geological Violence
· Targets places and living spaces, human settlement “place annihilation”
· Elimination of habitats and landscapes
· Ex. Genocides-> group of people being attacked b/c of race, religion, political, and ethnic grounds i.e. Hitler Holocaust, Rwanda Genocide Hutu vs. Tutsi

War on Culture
· Violence against buildings or institutions that are historically or symbolically significant 
· Destroys peoples heritage 
· Outlawing languages, religions, customs – forced assimilation i.e.
 Aboriginals in North America

Risk During War
· Death and injury 
· Living standard 
· Urban highly populated areas more at risk

WW2 Characteristics
· Deaths of more civilians than soldiers
· Attacks on domestic property, public institutions
· Uprooting populations causing separation
· Landscape violence – where dead bodies lay


ONLY THING MISSING
GEOG 2152F: Geography of Hazards 

Video: Firewars

1.  What is a blow-up? 



2.  How did Native Americans use fire?




3.  What changes in U.S. national fire policy came from the giant wildfire of 1910? 




4.  Describe the story behind the real Smokey the Bear.  What is Smokey’s objective?



5.  What is the purpose of setting an escape fire?
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