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Averting Mining
Hazards Using
Emerging Technologies

by Miguel Angel Reyes

Electrical Engineer

NIOSH - Office of Mine Safety and
Health Research

INJURIES SUFFERED DURING MACH-
INE maintenance and repair tasks
continue to plague the mining indus-
try. From 2003 to 2012, these types
of accidents accounted for the high-
est number of recordable incidents
in stone, sand and gravel operations.
The severity of these injuries can vary
widely and range from cuts and bro-
ken bones to permanent disabilities
and fatalities. The most severe cases
often involve entanglements where
workers are caught in a machine’s
pinch points when they attempt to
perform maintenance-related tasks
while the equipment is running
or energized.

A review of the U.S. Mine Safety
and Health Administration’s min-
ing injury statistics reveals cases in
which equipment was not properly
de-energized prior to machine guards
being removed. This practice creates
a particularly dangerous situation in
which entanglements and other types
of traumatic injuries can occur. Other
cases involved maintenance person-
nel removing guards for a routine task
and forgetting to replace them after
the task was completed, only to have
another mine worker get injured due
to improperly guarded equipment. A
more serious type of entanglement

accident is when a worker is very
close to or on unguarded equipment
that has been properly de-energized
for maintenance and another worker
restarts the equipment unaware that
someone is in harm’s way.

Over the years, the mining indus-
try has taken positive strides to
solve these types of problems and
has developed programs to train
employees to follow established pro-
cedures for locking out and tagging
out equipment prior to maintenance
and properly removing and replac-
ing machine guards to reduce the
entanglement hazards. However,
these problems still occur at alarm-
ing rates. Researchers at the Office

of Mine Safety and Health Research
(OMSHR) are investigating a tech-
nology-based solution designed to
provide additional layers of protec-
tion against these types of accidents.

Conventional Safety Approach
Title 30 Code of Federal Regulations
prescribes machine guarding require-
ments based on miner safety and
health objectives. While mine opera-
tors use different strategies to com-
ply with these requirements, the
ultimate goal is to properly guard
equipment to eliminate entangle-
ment hazards that can result in
inadvertent contact between mine
personnel and equipment. While
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administrative controls such as
strategically placed “Caution” signs
are encouraged because they are
designed to alert mine workers of the
inherent dangers, the hazard itself
still exists. Training programs estab-
lished by individual mine sites may
contribute to successfully reducing
these types of accidents by educat-
ing workers on performing their jobs
safely, but they do not guarantee
miner safety.

Despite these approaches, unsafe
practices might still be present.
Workers might be concerned about
production time lost when prop-
erly de-energizing equipment, they
might not take the time and travel
the distance to properly de-energize
equipment at control centers, or they
might underestimate or misunder-
stand the dangers present in per-
forming a specific task. Although
administrative controls and training
programs have had a positive impact
in reducing accident likelihood, they
also highlight the need and opportu-
nity for additional protections that

can be provided through engineering
controls such as automatic machine
guard monitoring and detection of
personnel performing potentially
hazardous tasks.

Technology-Based Solutions
The OMSHR is actively investigat-
ing emerging technologies to pro-
vide additional levels of protection
against traumatic injuries suffered
by those performing machine main-
tenance and repair tasks. Researchers
have applied radio frequency iden-
tification technologies to construct
a wireless communications network
designed to simultaneously monitor
machine guards and detect the pres-
ence of workers performing mainte-
nance and repair tasks around static
haulage equipment. The wireless
network is used to transport infor-
mation from all over the mine to a
centralized location - typically a
mine’s central office. OMSHR investi-
gations have focused on the system’s
performance, including the accuracy
and reliability of the hardware and

wireless network used to perform the
monitoring tasks.

Optional Data Transmission

A review of RFID technologies led
researchers to a commercially avail-
able communication and tracking
system currently being used in
underground coal mines. This sys-
tem is designed to track mine per-
sonnel and transmit their location
over a wireless network - similar to a
home Wi-Fi network - to the surface.
The system uses uniquely numbered
beacons, each of which transmits
identifying information that can be
used to monitor the location of indi-
vidual assets (e.g., tools, equipment
or vehicles) or workers throughout
the mine. The system can be easily
configured to cover large areas by
installing several devices that com-
municate with each other.

Researchers leveraged this tracking
system’s features to monitor machine
guards and detect when they are
removed before and replaced after
maintenance tasks are completed.
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Machine guard monitoring hardware installed on conveyor.

In addition to transmitting loca-
tion, the beacons were repurposed
to detect the machine guard interac-
tions based on simple switch read-
ings. This means that when a guard is
removed, the beacon transmits infor-
mation to show that a switch is open.
If the guard is replaced, the beacon
transmits information to show that
a switch is closed. This data is trans-
mitted over the wireless network to
the centralized location, where the
user interface collects and displays
the information being transmitted
by each of the beacons.

Machine Guard Monitoring
After applying the data transmis-
sion feature, OMSHR researchers then
investigated methods to integrate the
machine guard monitoring capabili-
ties on a conveyor. Implementing this
feature involved wiring mechanical
and magnetic switches to individual
machine guards. A separate study
evaluated a number of mechanical
switches and non-contact, magnetic
switches that were selected based on
ease of integration, cost and reliabil-
ity. Ultimately, the magnetic switches
were determined better choices for
machine guard monitoring due to
the benefits afforded. These types of
switches were also less susceptible to
rain and dirt and therefore were not
affected in the mine environment.
In a follow-up OMSHR study, the
magnetic switches were installed on
a conveyor's frame and were activated

by a strong magnet installed on the
machine guards. These non-contact
switches were activated when the
guard’s magnet was pulled away
from the sensing switch. The system
was installed and trialed at a stone
quarry in the northwest United States
and deployed to monitor guards on
a radial stacker conveyor in one
location of the mine and a support
column’s guards in another loca-
tion. The study involved removing
and replacing guards in sequential
order, followed by removing pairs of
guards to ensure that the network
was not overloaded and the data was
accurately transmitted. The data was
transmitted accurately and reliably
in all cases.

Detection of Personnel

The machine guard monitoring
feature is part of an integrated sys-
tem that can also be used to actively
detect workers in pre-defined zones.
The same uniquely numbered bea-
cons were used to develop the per-
sonnel location feature. This feature
is different from existing tracking
systems because the beacon system
detects the presence of personnel
in specific areas rather than track-
ing personnel throughout the entire
mine. This provides another layer
of protection useful to reduce the
possibility of inadvertent machine
startups when personnel are working
in areas where they are not easily
seen. The system was tested in the

Example of area where technology-based personnel detection
may be installed.

laboratory to investigate its accuracy
in detecting personnel in pre-defined
zones configurable by adjusting the
power settings, effectively increasing
or decreasing the size of the zone.
Automatic detection of personnel is
especially useful in dusty environ-
ments where video cameras may not
be effective in spotting mine workers
around large equipment or tunnels.

Working Toward a Safer Mine
Wireless machine guard monitor-
ing and detection of personnel are
two benefits afforded by leveraging
emerging technologies to provide
added mine worker protection. By
simultaneous wireless monitoring of
machine guard status and the pres-
ence of personnel in areas where
structures and equipment obstruct
the line of sight, mines can reduce
the likelihood of traumatic acci-
dents that historically occur where
administrative controls and train-
ing may be insufficient. Further,
these technologies may ultimately
be used to monitor other operational
and safety-related data to create a
mine-wide network of information.
The integration of such wireless
safety technologies is expected to
improve the safety of miners by pro-
viding additional protections against
machine-related injuries. The OMSHR
continues to work on improving these
technologies and developing partner-
ships to translate research findings
into safer mines for safer miners. W
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Stone, Sand & Gravel Association A guiding principle of the stone, sand and gravel industry’s work is the commitment to doing
November/December 2014 all that is possible to ensure the safety and health of its workers. This principle is imbedded
Volume 30, Number 6 in the operations and culture of the business. The aggregates industry has made significant

strides in improving worker safety and health. For instance, this past year marked the

13th consecutive year in which aggregates operators improved over the year-earlier, record
low level of injury incidence. The industry’s injury rate now stands at just 2.11 injuries per
200,000 hours worked. NSSGA remains dedicated to the promotion of safe and healthful
working conditions, development of effective miner training programs, and the expansion of
mine safety and health outreach and communication to further reduce injuries and illnesses.
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