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MINE SAFETY

Monitoring provides more
than movement detection
Deformation monitoring is vital to staff safety and project management, writes Trimble Monitoring’s Jesse Huff*

D

eformation monitoring is a
critical component of safe
mining operations. Constant,
robust evaluation of potential
movement data is paramount in
making decisions regarding the
safety of people, production and
the environment. Providing this data
in a clear, user-friendly format ensures
components such as slope stability,
structural integrity and potential
movement hot-spots are communicated in a standard format across
multiple professional disciplines.

WHY MONITOR?

An integrated
monitoring
setup using
Trimble Zephyr
3 Geodetic
GNSS antenna
and Trimble
Monitoring
prism
overlooking an
openpit mine

Monitoring a mining operation is
typically viewed as a critical safetyof-life system. Monitoring may be
required in the approved project
plans, and monitoring systems also
present opportunities to streamline
certain operations and more effectively manage the site.
In basic terms, a monitoring system detects movements. This could
range from velocity changes to
the rates of shrinkage and swell.
Deliberate measurements are
repeated over and over so that,
when movement becomes suspected, steps can be taken to

shore up a slope or mitigate the fall
areas beneath the risk area.
Expert analysis and interpretation
of the data greatly increases the
chance to be better prepared for –
or even sometimes prevent – failures,
such as a slip or collapse. With this
information at hand, it is easier to
make decisions that can protect lives,
as well as reduce or eliminate costly
repairs.
The biggest benefits from monitoring are gained through an automated system. Rather than manually
collecting measurements, which can
be more costly due to staff hours
required and which introduces more
risk to the surveyor or engineer on
site, automated monitoring provides
a constant, real-time data set that
allows project stakeholders to confidently make data-based decisions.
Once the system is set up and running, life safety is increased and
everyone on site can focus their time
and energy on keeping operations
running smoothly.
In more safety-critical and hazardous settings, such as tailings dams,
an automated monitoring system
significantly reduces the need for
surveyors and engineers to be

on-site, greatly reducing exposure
to this typically highly toxic environment. This is yet another way monitoring helps maintaining life safety.

WHERE TO BEGIN?
Local government, mine authorities,
and/or regulations will provide the
timeline requirements that determine when a mine must incorporate
monitoring. When monitoring is
added to the operations, it could
be at the start of a project or once
a certain depth in the ground is
reached. Once timing is determined,
the next step is to decide whether
an automated or manual monitoring
system would best suit the site.

AUTOMATED OR MANUAL?
Specific details from the type of site
to how long it will be in operation,
communication systems available and
the type of mining methods being
used are taken into account when
designing the monitoring system.
In the case of an underground
mine, communication poses several
challenges. Line of sight can be difficult and sometimes impossible to
achieve, and power and communications access are typically not plentiful.
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This is an example where manual
monitoring (also called periodic or
campaign monitoring) is the most
effective way to monitor deformation, performed by a surveyor on at
least a daily basis. Once the surveyor
collects the measurements, the data
must be processed – checked for
errors and against previous data
points – before the detection of a
potential failure (i.e., landslide or
collapse) and decisions around mitigation of an impending hazard can
be made.
For surface mines, a short-term
project on a site with reliable communication services and clear lines
of site across the project might be
well suited with manual monitoring.
However, large and long-term surface mines present the perfect
opportunity to employ automated
monitoring (sometimes referred
to as fixed or real-time monitoring)
to predict slope stability.
This type of system provides a
constant data set, in real time, rather
than relying on snippets of data
collected periodically. It also offers
additional safety measures that are
not realised in a manual set-up.
It is important to note that automated does not mean maintenance
free. An automated monitoring system keeps a constant watch on the
thresholds established for extreme
temperatures, ground velocity, displacement data or data gaps, and
when those are exceeded, project
stakeholders are engaged to make
necessary adjustments. Having
experts on site who know what to
do with the data is key to the
success of any monitoring system,
manual or automated.

WHAT INSTRUMENTS COMPRISE
A MONITORING SYSTEM?
Manual monitoring systems generally
consist of a total station and an RTK
Global Navigation Satellite System
(GNSS) receiver. These are the tools a
surveyor needs to collect deformation
data, which is then added to either a
spreadsheet managed by the surveyor
or input into a software program that
automatically analyses the data.
An automated system relies on
the same basic set of equipment in
addition to prisms and geotechnical
sensors. Depending on the communication options available on-site,
additional hardware may be needed.
All of these pieces together will
measure and collect the data
needed to watch for trends over
time that could help predict a failure.
The final piece of an automated
system is the software program
used to collect and analyse the data.
Following is a list of hardware and
software options to consider when
building a monitoring system:
• Total stations: The workhorse of
a monitoring system, total stations
are an optical instrument used
to measure angles and distance.
The Trimble S-Series stations are
ideal for a dusty mine environment
because of their frictionless drive.
The patented Trimble MagDrive
(magnetic-driven) technology
prevents wear on the instrument,
as opposed to instruments with
motors that tend to wear out in
harsh environments.
• Prisms: To acquire accurate measurements, total stations measure
to prisms. Manufactured to high
precision, they provide reliable
targets for total stations to make
accurate and repeatable measurements. The number of prisms
needed depends on the size of
the project as well the type of
mining. Some very large operations can have hundreds of prisms
in a single pit.
• GNSS receiver: They collect highly
accurate location data, which is
critical to a mining operation that
is watching for any changes in the
landscape.
• Geotechnical sensors: Necessary
to collect different types of data
such as tilt, distance or angular
deflection. Geotechnical sensors
complement positional data by
providing high-precision and high
frequency measurements for
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specific variables. In mining environments, these sensors are used
for structural monitoring of tailings dams and mine walls as well
as collecting environmental data
for weather, hydrology, and soil
measurements.
Communication devices: These
are used to connect sensors to
software. Several options are available to address project conditions
and requirements. From unreliable
to non-existent cellular or internet
connectivity to hills that block visibility between total stations and
servers, there are challenges in
the mining environment when it
comes to reliable communication.
Technology such as the Settop M1
data collector helps to overcome
these obstacles.
Software: The right software will
connect all the dots, informing
project stakeholders in real time
of potential risks, increasing the
opportunity to mitigate situations
before they become a catastrophe.
Trimble’s platform for real-time
displacement monitoring –
Trimble 4D Control (T4D) –
configures optical, GNSS and
geotechnical sensors, manages
monitoring data, applies geodetic
corrections, reports, visualises and
shares analysis with project stakeholders. T4D also generates automatic alerts when predetermined
thresholds are hit.

The mining world is certainly no
stranger to deformation monitoring.
But it can be difficult to determine
the right monitoring system. When
selecting a monitoring system, ask
the questions posed in this article to
protect people, production and the
environment.

*Jesse Huff is Trimble Monitoring’s regional sales manager for the Americas and Asia-Pacific.
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Trimble S9 total
station at a
copper mine in
the Democratic
Republic of
the Congo

