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*The tragedy of landslides: 

*Three people died in the West Salt Creek Landslide 

*The slide killed 51 year old Mesa County Road and 

Bridge Department worker Clancy Nichols, his 24-

year-old son Danny who was a geologist and 

District Water Manager 46-year-old Wes Hawkins.  

*On Saturday, March 22, 2014, at 10:37 a.m. local 

time, a major mudflow occurred 4 miles east of 

Oso, Washington, United States, when a portion of 

an unstable hill collapsed, engulfing a rural 

neighborhood, and covering an area of 

approximately 1 square mile (2.6 km2). Forty-

three people were killed. 

*Heavy rain in Vargas Venezuela triggered a 

landslide in December 1999 that killed 30,000 

 

 



Mass wasting, is the geomorphic process by which soil, sand, and rock move 

downslope typically as a mass, largely under the force of gravity, but frequently 

affected by water and water content. 

 

 

Types of mass wasting include creep, slides, flows, topples, and falls, each with its 

own characteristic features, and taking place over timescales from seconds to 

years.  

 

 

Mass wasting occurs on both terrestrial and submarine slopes, and has been 

observed on Earth, Mars, Venus, and Jupiter's moon Io. 

 

 

 

When the gravitational force acting on a slope exceeds its resisting force, slope 

failure (mass wasting) occurs.  

 

 

The steepest angle that a cohesionless slope can maintain without losing its 

stability is known as its angle of repose.  

 



 

Factors that change the potential of mass wasting include: change in slope angle, 

weakening of material by weathering, increased water content; changes in 

vegetation cover, and overloading. 

 

 

Water can increase or decrease the stability of a slope depending on the amount 

present.  

 

Small amounts of water can strengthen soils because the surface tension of water 

increases soil cohesion.  

 

This allows the soil to resist erosion better than if it were dry.  

 

If too much water is present the water may act to increase the pore pressure, 

reducing friction, and accelerating the erosion process and resulting in different 

types of mass wasting (i.e. mudflows, landslides, etc.).  

 

 



A good example of this is to think of a sand castle. Water must be mixed with sand 

in order for the castle to keep its shape. If too much water is added the sand 

washes away, if not enough water is added the sand falls and cannot keep its 

shape. Water also increases the mass of the soil, this is important because an 

increase in mass means that there will be an increase in velocity if mass wasting is 

triggered. 



Types of mass movements: 

 

Types of mass movement are distinguished based on how the soil or rock moves 

downslope as a whole. 

 

Creeps 

Soil creep is a long term process. The combination of small movements of soil or rock 

in different directions over time are directed by gravity gradually downslope. The 

steeper the slope, the faster the creep. The creep makes trees and shrubs curve to 

maintain their perpendicularity, and they can trigger landslides if they lose their root 

footing. The surface soil can migrate under the influence of cycles of freezing and 

thawing, or hot and cold temperatures, inching its way towards the bottom of the 

slope forming terracettes. This happens at a rate that is not noticeable to the naked 

eye. 

 

Landslides 

A landslide is a rapid movement of a large mass of earth and rocks down a hill or a 

mountainside. Little or no flowage of the materials occurs on a given slope until heavy 

rain and resultant lubrication by the same rainwater facilitate the movement of the 

materials, causing a landslide to occur. The common forms of landslides are slump, 

debris slide, rock slide, rock fall, debris fall and avalanche. 



Flows 

Movement of soil that more resembles fluid behavior is called a flow. These include 

avalanches, mudflows, debris flows, earth flow, lahars and sturzstroms. Water, air and 

ice are often involved in enabling fluidlike motion of the material. 

 

Slump 

A slipping of coherent rock material along the curved surface of a decline. Slumps 

involve a mass of soil or other material sliding along a curved surface (shaped like a 

spoon). It forms a small, crescent-shaped cliff, or abrupt scarp at the top end of the 

slope. There can be more than one scarp down the slope. 

 

Falls 

A fall, including rockfall, is where regolith cascades down a slope, but is not of 

sufficient volume or viscosity to behave as a flow. Falls are promoted in rocks which 

are characterized by presence of vertical cracks. Falls are a result of undercutting of 

water as well as undercutting of waves. They usually occur at very steep slopes such 

as a cliff face. The rock material may be loosened by earthquakes, rain, plant-root 

wedging, expanding ice, among other things. The accumulation of rock material that 

has fallen and resides at the base of the structure is known as talus. 



*Geology: 

*The mesa is topped by a hard volcanic basalt. This 

layer, formed approximately 10 million years ago by 

basalt flows, suppressed erosion compared to the 

surrounding sedimentary rock layers, which 

suffered rapid downcutting from the action of the 

Colorado and the Gunnison rivers.  

 

 



The Grand Mesa is the largest flat top mountain in the world.  It is about 

500 square miles in area and reaches 11,000 feet above sea level and is 

about 6000 feet above the surrounding valley floors. Over 300 lakes, 

including many reservoirs created and used for drinking and irrigation 

water, are scattered along the top of the formation. The Grand Mesa is 

flat in some areas, but quite rugged in others. 



 



































Total Inflow ≈ 30cfs (60 acre-ft/day) 



05-28-14 

Wednesday 

05-30-14 

Friday 

Block Pond: 

Surface ≈ 1 acre 

Depth: 

 Wednesday ≈ 7’ 

      Friday ≈ 15’ 



Existing end of the stock 

Driveway 





















LiDAR – What is LiDAR? 

 

LiDAR is a Portmanteau 

 

Portmanteau is a blend of two words in linguistics. 

 

Some common Portmanteaus are Brunch or Smog  

 

In this case, LiDAR’s root words are the combination of Light and Radar 

 

Lidar (also written LIDAR or LiDAR) is a remote sensing technology that measure 

distance by illuminating a target with a laser and analyzing the reflected light. 

 

Lidar is popularly used as a technology to make high-resolution maps, with 

applications in geomatics, archaeology, geography, geology, geomorphology, 

seismology, forestry, remote sensing, atmospheric physics, airborne laser swath 

mapping (ALSM), laser altimetry, and contour mapping. 



Lidar was developed in the early 1960s, shortly after the invention of the laser. 

 

 

 

In 1971, Lidar was used during Apollo 15 mission to map the surface of the moon. 

 

 

 

Lidar uses ultraviolet, visible, or near infrared light to image objects. It can target 

a wide range of materials, including non-metallic objects, rocks, rain, chemical 

compounds, aerosols, clouds and even single molecules.  A narrow laser-beam can 

map physical features with very high resolution. 

 



Wavelengths vary to suit the target: from about 10 micrometers to the UV 

(approximately 250 nm). Typically light is reflected via backscattering. Different 

types of scattering are used for different lidar applications. 

 

 

Airborne lidar sensors are used by companies in the remote sensing field. It can be 

used to create DEM (digital elevation models); this is quite a common practice for 

larger areas as a plane can acquire 3-4 km wide swaths in a single flyover.  

 

Greater vertical accuracy of below 50 mm can be achieved with a lower flyover, even 

in forests, where it is able to give you the height of the canopy as well as the ground 

elevation. 



 

 

Lidar data must be interpreted.  The lowest reading would be considered the 

ground.  Canopy’s and rock formations will also reflect back higher (in 

elevation) readings. 

 

 

 

Even stream pebble counts (of dry streams) could be extracted from Lidar data. 

 

 

 

Canopy heights are often found using Lidar data.   

 

 

 

The following is Lidar data from the West Salt Creek Landslide. 





Pond DEM at gage Height of 

3.91’ at 0800 on 6/30/2014 

With photo at same time 

• Both islands in upper 

left of pond modeled 

well 









Notice the stream going through the well pads 

Now with new Lidar data, the new stream courses can be predicted 

accurately given the existing ground conditions. 



Notice the old slide to the left of the new slide and the stream paths that resulted. 







If you were to look closely at satellite images of the slide on Google Earth, the 

pond at the headwall lays on an uphill slope.  The imagery does not make sense 

due to the ground moving in the slide and the topography being different now.  

But if you take the satellite images of the slide and lay them over Lidar Data, 

the imagery corresponds to the topography. 

 

 

 

 

 

 

 

 

 

 

 

 

Google Earth does not have updated topo data, so the new topography has not 

yet been recorded and does not correspond to the imagery. 
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Pond storage is only 400 acre feet, 2cfs for a day is 

an acre-ft. The storage pond should overtop during 

spring runoff in May/June.  Pond should be silted in 

by then and hold water better. 











Army Corp of Engineers used FLO-2D software modeling and concluded: 

 

 

 

 

 

 

 

 

 

 

 



Hydrologically, there is little consequence of the sag pond overtopping the block and 

creating a flood event.  There is so much topography and roughness and infiltration 

capacity of the slide debris that as long as we don't some how move the block again it 

could move towards a flow in=flow out situation. 

 

Since a catastrophic release of the sag pond producing “a wall of water” is not 

expected,  the focus has been shifted to studying the potential for a second movement 

of the block due to increased pore pressure in the bock as a result of a higher pond 

level. 


