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Slope Stability Hazards in Mining

ÅOpen pit mining creates the highest man-made rock faces 

on earth ïpresenting slope stability hazards.

2Bingham Canyon Mine, Utah.  Pit slopes up to 3,500 feet (1,100 m) high.



Slopes can present a 

hazards to assets
(personnel, equipment, ore reserves)
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Gold Mine - Montana



Coal Mine - Wyoming
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Copper Mine - Arizona
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Slope Monitoring

ÅDetect movement

ÅMeasure displacement

ÅDetermine displacement trend

ïUniform

ïDecelerating

ïAccelerating
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Slope Monitoring Methods
(Low to High Tech)

ÅVisual observation

ÅCrack monitors

ÅWireline extensometers 

ÅSurveying with prisms

ÅSlope Stability Radar

ÅLiDAR

ÅInSAR
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Crack Monitoring 
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ÅSmall cracks at the 

top of the pit or 

unstable area are 

often an early 

warning sign of 

instability.

ÅCrack monitoring 

can start with simple 

makeshift devices 

as soon as the crack 

is noticed. 
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Wireline Extensometer

Wireline tensioned 
w/weight & pullies

Extensometer

End of line anchored beyond crack



Surveying with Prisms

ÅPrecise (millimeter 

precision) 3-axis 

slope movement 

monitoring of very 

large areas.

ÅMost widely used 

slope monitoring 

system in mining.



12

Slope Stability Radar 



Slope Stability Radar (SSR)

ÅSub-millimeter distance 

range measurements 

between antenna and 

continuous points on 

slope over a set scanned 

area.

ÅRange up to 3 ½ km.

ÅRapid ñtacticalò 

deployment and setup.



Time of 

Failure

SSR Data Presentation

Velocity of two selected pixels in scanned area

Critical alarm velocity
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LiDAR
(Light Detection and Ranging)

ÅUses speed of light to measure distance from instrument.

ÅGround- or aerial-based surveys.
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ÅHigh precision, geo-referenced, 3-D ñpoint cloudò data 

and imagery of rock faces.

Examine rock faces from inaccessible perspectives 

(drone-based systems).

Obtain detailed geometry of cracks, fractures, joints, 

and other discontinuities on the rock face.

Point-cloud computer analysis software can plot 

discontinuity data and determine potential rock slope 

failure modes.

LiDAR Capabilities
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ÅDrone based 3-D point cloud image of a failing pit slope 

(not a photograph).   Images constructed from millions 

of geometric data points:

LiDAR Capabilities
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Å3-D point cloud image of a rock face.

ÅPrecise geometry of the discontinuities can be extracted 

from the data.

LiDAR Capabilities


