
Mass Movements 

http://www.youtube.com/watch?v=f9CeDGY5QuQ 
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Calabria,	
  Italy	
  

	
  Avalanche	
  and	
  Glacial	
  Outburst	
  Flood,	
  Alps,	
  France	
  

h:ps://www.youtube.com/watch?v=SlGTirtRP4c	
  

h:ps://www.youtube.com/watch?v=XC9AqJlaCj4	
  

Unknown	
  locaNon,	
  possibly	
  Pakistan	
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Abbott 2006 



3 

Abbott 2006 
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Abbott 2006 
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Rainfall February 1996 
Impact in Washington State 
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US 12 east of Wenoma WA 
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North Stevenson: West of Loop Road 
and Maple Hill Road junction 15 
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Rainfall February 1996 
Impact in Oregon 
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Dodson, OR 1996 
Debris flow 

http://www.flickr.com/photos/44740122@N08/4408334810/in/photostream 
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Other Places, Other Times 

December 2007, US 30 Woodson, Oregon 
http://www.oregonlive.com/weather/index.ssf/2012/12/threat_of_heavy_rain_on_satura.html 
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Wilson	
  River	
  Highway	
  
1991	
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Site E 

Site B Site A 
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The Bridge of the Gods: Bonneville Slide 35 



The Bridge of the Gods: Bonneville Slide 36 
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Some Landslide Cautions . . 
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Some	
  Floods	
  

Houston,	
  May	
  2015	
  

h:ps://www.youtube.com/watch?v=wnD3D-­‐4fA9c	
  

Portland,	
  OR	
  February	
  1996	
  

h:ps://www.youtube.com/watch?v=1AGSFFOSfz0	
  

Flash	
  flood	
  in	
  the	
  Narrows,	
  Zion	
  NaNonal	
  Park	
  

Some	
  flash	
  floods	
  in	
  the	
  Mojave	
  Desert	
  

h:ps://www.youtube.com/watch?v=W3akkSEGFhI	
  

h:ps://www.youtube.com/watch?v=kV4aF4AZtY0	
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Flooding 

What is a flood? 
What causes floods? 

1. High tides 
2. Storms Surges 
3. Extreme Rainfall 



√	
  
Surface 

Aeration Zone 

Water Table Pw = Pa 

Unconfined 
Ground Water 
Pw > Pa 

Pw < Pa 
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PercolaNon	
  Path	
  



Ground water flow in the Subsurface 

During extreme rainfall, all streams become gaining streams. 
During a flood, rainfall exceeds percolation into the subsurface 
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Historical Floods 
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1996 Chehalis, Washington 
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www.oregonlive.com 



1996: I-5 at Centralia, WA 
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seattletimes.nwsource.com/. ../04/2004052211.jpg 



1996 Portland looking south from Broadway Bridge 
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Other Floods 



The Dallas, 1894 (?) 
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June 14, 1903 Heppner OR 
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May 1948 Vanport Flood 
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Johnson Creek 1964 
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Oaks Bottom and Amusement Park 1964 
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December, 2007 
57 



Tillamook, Oregon January, 2009 
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newslincolncounty.com/.../ 12/tillamook-flood.jpg 



Trask River in flood, January 2011 
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http://www.flickr.com/photos/50732610@N04/5361602158/in/photostream 



The buoyant force on an object is 
equal to the weight of the fluid 

displaced by that object 

Archimedes’ Principle 
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Forces on Vehicles Crossing 
Streams 

Buoyancy Force 

Stream Force 
 
 
Friction Force 

The car will float downstream when: 
Stream Force  > Friction Force 

 
Vehicle Weight 

61 



62 

•  Water weighs 62.4 pounds/cubic foot, 
and cars displace a lot of it 

•  The pressure exerted by moving water 
increases with the square of its velocity 

•  Water, sand and mud reduce the 
frictional forces that hold a car in place 

•  Water clarity and lighting conditions 
conceal the condition of the roadway 
beneath you 

Some Water Physics Facts 



Fighting a Losing Battle 

•  Width: 5.5 feet 
•  Length: 14 feet 
•  Ground Clearance: 10 

inches 
•  Weight: 3,400 pounds 

However, 1 foot of water displaced by this vehicle weighs: 
(5.5’ x 14’ x 1’ x 62.4 lbs./cu.ft.) = 4,805 pounds 
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Something a Little Bigger 

•  Width: 6 feet 
•  Length: 18 feet 
•  Ground Clearance: 18 

inches 
•  Weight: 5,040 pounds 

1 foot of water displaced by this vehicle weighs: 
(6’ x 18’ x 1’ x 62.4 lbs./cu.ft.) = 6,739 pounds 
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Stream Forces on Vehicles 
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F=AkV2, k=1.4 for square-cornered objects 
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65 Water Velocity * 14’ vehicle length and 10” clearance 
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Stream Forces on Humans 

* Force on each leg 
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h:ps://www.youtube.com/watch?v=7YiB2-­‐yHyuo	
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