Requirement of Slope Monitoring & its principles

Introduction:

Dump slope and bench slope instability is one of the major concerns for the mining industry/mine
owner, government regulators/statutory bodies, and environmental groups keeping in view the
damage of surface infrastructure/loss of property, sustainability of mines, safety of personnel,
economic, and environmental impacts. So, accurate assessment of the dump slope and bench slope

stability is utmost importance for its proper and effective management.

The depths of open-pit mines have been increasing in the last few decades. This transformation
generates a vast amount of waste rock material per unit mining area imposing a significant economic,
social and environmental liability on the mine operators.

The waste dump material is accommodated as internal dumping within the mined-out area or external
dumping outside the mined-out area but within the leasehold area of the mine. The external dumps
are less efficient in land use and handling of dump material as compared to the internal dumps.
However, it reduces the adverse impacts of the mining process and operation but increases the risk to
the social and environmental domains, upon its failure.

The stability of bench slope and dump slope is affected by the combined effect of various parameters.
These parameters are related to either manmade activities namely blasting, excavations, HEMM
induced vibrations or naturally occurring phenomena like earthquake, presence of geological
discontinuity within a mine (eg. faults) or in the vicinity of the mine area, development of tension

crack near the top of a slope, rainwater seepage etc.

Dump slope and bench slope instability can be assessed by two ways: 1) using various analytical
approaches (FEM, DEM and LEM) in prevalent Geo-mining conditions. 2) using various monitoring
techniques (geodetic and non-geodetic). Further, accuracy of predicted movement of dump slope and
bench slope surface using different analytical approaches remain a concern due to their own
limitations in terms of detailed inputs required (especially geological and Geo-technical parameters)
for better prediction of slope surface movement. Hence, dump slope and bench slope surface are
required to be monitored during mining or post mining operation using suitable monitoring
techniques to accurately assess any possible movement of dump slope and bench slope surface and to

check the accuracy of predicted instability.
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Monitoring Techniques:

A common technique to determine slope stability is to monitor the small precursory move-
ments which occur prior to collapse. Monitoring of slopes must be done in accordance with
DGMS (Tech.) circular no. 2 Dhanbad dated 09.01.2020 and DGMS (Tech.) circular no. 3
Dhanbad of 2020 dated 16/01/2020.

Monitoring can be done using following measurement techniques:

1. Geodetic Measurement Technique
It includes use of instruments such as Total Stations, Terrestrial Laser Scanners,
GNSS (Global Navigation Satellite System) receivers.

2. Geotechnical Methods
It includes use of instruments such as Extensometers, piezometers, tiltmeters and
accelerometers.

3. Geophysical Methods
It includes use of seismic surveys and electrical resistivity of soil.

4. Remote Sensing
Remote Sensing often operates from aircraft or spacecraft platforms and uses electro
magnetic waves emitted, reflected or diffracted by the sensed objects.
It includes the use of instruments like radar, Lidar and Optical Camera
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In-addition, for comprehensive monitoring, satellite-based radar interferometry techniques may be

added with above mentioned techniques.

General guidelines:

1.

2
3
4.
5

Points undergoing movement of Omm to 2mm per day are monitored once per month.
Points undergoing movements of 2mm to 5mm per day are monitored once per week.
Points undergoing movements of 5mm to 10mm per day are monitored once every 2 days.
Points undergoing movements of 10mm to 50mm per day are monitored once per day.

Points undergoing movements of greater than 50mm per day require continuous observation.
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