Slope Monitoring Methods
In the Mining Industry.




Slope Stability Hazards in Mining

A Open pit mining creates the highest man-made rock faces
on earth T presenting slope stability hazards.




Slopes can present a
hazards to assets

(personnel, equipment, ore reserves)
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Coal Mine - Wyoming
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Copper Mine - Arizona
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Slope Monitoring

A Detect movement
A Measure displacement

A Determine displacement trend




Slope Monitoring Methods
(Low to High Tech)

A Visual observation

A Crack monitors

A Wireline extensometers

A Surnveying with prisms
A Slope Stapility: Radar:
A LLIDAR

A INSAR



Crack Monitoring

A Small cracks at the
top of the pit or
unstable area are
often an early
warning sign of
iInstability.

A Crack monitering
can start with simple |
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Surveying with Prisms

A Precise (millimeter
precision) 3-axis
slope movement
monitoring of very
large areas.

A Most widely used
slope monitoring
system in mining.




Slope Stability Radar
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Slope Stability Radar (SSR)

A Sub-millimeter distance
range measurements
between antenna and
continuous points on
slope over a set scanned
area.

A Range up to 3 ¥ km.

ARapid fitact |
deployment and setup.




SSR Data Presentation
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LIDAR
(Light Detection and Ranging)

A Uses speed of light to measure distance from instrument.
A Ground- or aerial-based surveys.
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LIDAR Capabilities

A High precision, geo-referenced,3-D fipoi nt <c | o1
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

fallure modes.

16



LIDAR Capabilities

A Drone based 3-D point cloud image of a failing pit slope
(not a photograph). Images constructed from millions
of geometric data points:
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LIDAR Capabilities

A ¢ D point cloud image of a rock face.

A Precise geometry of the discontinuities can be extracted
from the data.




