


If measurements are recorded, it also becomes possible to
determine how well a particular area of hangingwall was
examined. The quality of entry inspections could then be
audited. It is hoped that the combination of improved risk
maps and improved audit will encourage better quality entry
examinations and improved safety.

Proposed future application

It is unlikely that barring will be automated in the near
future, but it is proposed that a small robot could be sent in
to the stope to do the entry examination remotely. Such a
robot could be remote controlled, or ultimately become
autonomous. In either case, performance of the process can
be monitored.

Robots are already being applied in dangerous situations
such as in the search for survivors after the World Trade
Center disaster in 20013,14. There are still a number of
challenges, particularly in developing a robot that can
manoeuvre and survive in a hard rock mine, and in providing
a robot with a manipulator that can bar. But it is reasonable
to expect that with the rapid progress in robotic technology,
the day is not far off when a mobile platform such as the
iRobot PackBot in Figure 7 could travel into a stope and
conduct an entry inspection using a combination of remote
sensing tools, and potentially then mark off dangerous areas
with spray paint.

Case study 2: temperature and heart rate monitoring

There has been research undertaken in South Africa on the
stresses that miners are exposed to, particularly heat stress,
since the 1930s. In the 1960s, 27.5°C wet bulb was
discovered to be the upper limit of environmental
temperature underground for unacclimatized men performing
physical work15. Later, a very similar limit (28°C wet-bulb)
was found to be applicable to cognitive ability: miners cease
to think clearly at temperatures above the limit12.

However, the limit was set following extensive testing on
a cohort of fit young men. With time, the demographics of the

South African mining population are changing, as the
average age of miners increases, women join the workforce
in greater numbers, and the diseases such as AIDS and TB
become more prevalent. All these factors (age, fitness,
gender, disease) affect the body’s ability to work, and its
response to heat and other environmental stressors.

The Physiological Strain Index is one technique that can
assist in monitoring and managing heat stress, and allow the
effect of other stressors to be quantified. The methods
described here could equally be applied to other measures of
work stress.

Physiological strain index

In order to quantify the effect of work on the human body,
Moran and his co-workers10 proposed the Physiological
Strain Index or PSI. The index is calculated as a combination
of heart rate and core body temperature, and ranges from 0
to 10. A level of 5 is regarded as moderate, while levels
greater than 7 are regarded as potentially dangerous.

In Figure 8, heart rate and body temperature are graphed
for a miner during a shift at an underground hard rock mine.
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Figure 7—The iRobot PackBot8

Figure 8—Heart rate and temperature for a miner before and during an underground shift
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Annotated on the graph are the activities performed at
various times. The resting heart rate is between 60 and 80
beats per minute, with a corresponding temperature of 37°C.
As the miner undertakes different physical tasks, the
immediate response in heart rate is obvious, followed by a
slower increase in core body temperature.

In Figure 8, heart rate was measured using a Polar heart
rate monitor, strapped around the chest. Core body
temperature was measured using a CorTemp ingestible core
body temperature sensor from HQInc7. The sensor (Figure 9,
left) is a single use capsule about 2 cm in length that is
swallowed by the subject. It transmits temperature wirelessly
to a data logger worn by the subject (Figure 9, right). The
data logger also logs the signal from the Polar heart rate
sensor worn by the subject.

In Figure 10, the measurements from Figure 8 are
converted into PSI. It is now apparent that the subject’s PSI is
steadily increasing during the shift, due to the work being
done and because the subject’s body is not allowed sufficient
time to recover following extensive physical effort. The long
recovery time following exercise may be because of high
ambient temperatures, or due to low levels of physical fitness.

Identifying and quantifying safety risk

The most immediate benefit of measuring PSI is to alert the
miner or team leader to the potential danger of heat stroke in
a member of a team. The core temperature alone would
provide a measure for the onset of heat exhaustion and
subsequent heat stroke, and could be used as an alarm to
initiate standard procedures that are already in place. The
advantage of subjective measures of heat exhaustion is the
elimination of misdiagnosis.

Determining quality of processes

High PSI can be an indication of an environment which is too
hot, of physical activity that is too strenuous, or of individual
susceptibility to heat stroke. If PSI instrumentation such as

that presented here is incorporated into an AziSA system in a
working place, it then becomes possible for a team leader to
monitor the state of the whole team, which should differ-
entiate between individuals who are susceptible, and high
effort or hot workplace. Additional sensors would confirm
workplace temperature.

The team leader is now in a position to manage the
situation: manage the individual, manage the workload or
manage the environment. At a higher level, operators in the
control room will be able to see PSI across the mine, and use
that knowledge to manage their heat stress programmes and
ventilation. For example, PSI measured together with location
may reveal areas where miners spend time that should be
cooler to lower PSI, such as waiting places or stations.

▲
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Figure 9—The CorTemp ingestible core body temperature sensor (left)
and its data recorder (right)

Figure 10—PSI calculated from the measurements plotted in Figure 8

Photograph courtesy of Gizmodo
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If PSI and workplace temperature data are being logged
by an AziSA system, histories will be built up for individuals.
It is then possible to identify changes in individual responses
to temperature with time. Long-term changes may imply that
individuals are no longer adapted to hot environments and
may have to be moved to cooler occupations. Short-term
changes imply that the individual may be ill or unable to
manage heat stress for other reasons. In either case, having
objective data makes management simpler and reduces the
opportunities for conflict caused by subjective management
decision making.

Proposed research

At present, the ingestible pill is a barrier to the widespread
take-up of PSI. As it is single use, it is a major cost, and there
are also communication problems to be overcome in getting
miners to ingest the pill. Research is therefore focusing on
using other measurements as proxy for core body
temperature, or even using just heart rate as an indication of
physiological strain.

At present, there is a move towards measuring functional
work capacity. While functional work capacity indicates
whether individuals can undertake particular activities, there
is a question about how well it measures response to typical
underground activities. Research can be undertaken using
PSI as a tool to determine functional work capacity in the
actual underground environment.

PSI can also be included in a suite of measures to
research the broader issue of work stress. For example, do
high noise levels increase worker stress? Research is
proposed to examine the consequences of several
simultaneous stresses and their effect on worker physiology
and therefore productivity.

Conclusion

The quest for zero harm requires tools at three levels:

➤ At the lowest level, risks need to be identified, so that
appropriate measures can be taken to mitigate them

➤ At a higher level, processes need to be in place to
ensure that risk identification is taking place

➤ At the top level, there need to be systems that ensure
mine-wide compliance, and that also allow connections
to be made for particular risks across different work
places.

None of these three tools requires technology, but
technology can greatly facilitate the identification of risks at
individual, workplace and mine level and can enable real-
time monitoring of safety critical parameters and subsequent
processes in a manner that is not possible without it.

None of the technology can replace the requirement for a
culture of safety among workers. But it can provide a
framework that can facilitate such a culture.
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