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Figure 1.—Training improvements
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“] think if they went to hands-on
training, or even a special class—
like so many people at a time and
just let them use a fire extinguisher.
Let them experience high-expan-
sion foam. A section of people,
they know about the fire suppres-
sion systems on different pieces of
equipment, but to actually activate
it, I don’t think there’s too many
people that's actually done it.”

A fire brigade member at one mine
carried the notion of what would con-
stitute good hands-on training a step
further:

“Start out with several individuals
per unit. Teach them at least the
basics, as far as putting on the air
equipment, the bunker gear, give
them just the basics of really being
afireman. .. And that's the key, as
opposed to waiting 35 or 40 min-
utes for somebody else to show
up. By that time, it could be so far
out of control that it can’t be
handled by anybody, 1 think.”

Apparently, most of the miners had
given some thought to ways in which
the work force could become better
prepared to fight fires. Their sugges-
tions ranged from simple ideas, such as
seeing for themselves where various
fire-fighting equipment is found at the
mine to full-scale drills underground
using nontoxic smoke generators.

Besides identifying ways in which
teaining could be enhanced, most
workers also suggested organizational
and technological improvements that

20 40 60 80
Miners, percent

might be made at their mine to
enhance fire-fighting capabilities. Many
of these items dealt with beuer
communications and ranged from such
things as developing a crew plan to
regularly cleaning and maintaining
signs. Other concemns voiced by some
respondents were perceived shortcom-
ings in equipment availability or 2 lack
of adequate water pressure at their
mine. Thus, although the need for
hands-on training was uppermost in the
minds of those miners interviewed,
several thought of ways to augment this
instruction by improving the system.

System Improvements

In a mine fire, early detection
maximizes the potential for escape
from, and control of, the fire because
more time is available to successfully
execute thiese procedures [Kissell and
Litton 1992; Conti and Litton 1992].
Generally, miners responding during the
incipient stage of a fire (a fire too
small to present a significant threat)
increase their chances of extinguishing
the fire, provided that they have
adequate fire-fighting equipment and
skills [Conti 1994]. To optimize the
detection process, the choice of fire
sensors (smoke, carbon monoxide,
thermal) to detect a fire plays a major
role. However, this choice is also
tempered by the reliability and
sensitivity of the detectors used. A

related factor is the number of sensors

required, because cost, both in capital
expenditures and in labor needed to
maintain a system, increases as the
number of sensors increase. Several

mine fire detection research studies are
reported in Conti and Litton [1993],
Dobroski and Conti [1992], Edwards
and Morrow [1995], Egan [1993], and
Litton et al. [1991].

Additionally, an operation should
have a preventive maintenance schedule
in place to ensure that all detection and
suppression devices work properly
[Grannes 1988; Grannes et al. 1990].
Moreover, because early detection is of
little value unless a quick response is
mobilized, 2 mine should have an
established warning and communication
protocol that is tested and refined, as
needed. Evacuation of personnel from
an underground mine can require
considerable time. Therefore, it is
important that a warning alarm signal
be able to quickly reach all workers
underground and those on the surface
[Hjelmstad and Pomroy 1991; Zamel
1990]. Recent research has shown that
the alarm mode of commercial smoke
sensors can be interfaced with a
portable remote (wireless) transmitter
to trigger either a partial or full mine-
wide alert. This warning system is
undergoing testing at NIOSH's Lake
Lynn Laboratory near Fairchance,
Fayette County, PA [Mattes et al. 1983;
Conti and Yewen 1997]. Preliminary
test results indicated that underground
receivers could be used to flash cap
lamps and activate remote stations
when an encoded signal was received.
Examples of remote stations that could
be activated might include strobe lights
with audio outputs to indicate
evacuation routes and the inflation of
positive-pressure inflatable escape
devices [Weiss et al. 1996]. This
technology displays the ability to
transmit from compact, portable, and
semiportable receiving and decoding
equipment. This paves the road to
transceiver applications, such as
emergency two-way messaging for
refuge stations or mine rescue
operations; remote monitoring of fire
sensors and sump pumps; and remote
control and monitoring of other mine
equipment, such as conveyor belt
systems and haulage traffic control.
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sample, a sizable portion of those
interviewed had not walked their
escapeways within the past year. A
successful attempt to put out a fire
might well hinge upon the responder
having some skill in the use of a fire
extinguisher. Many miners sampled,
however, had only used one in an
emergency. That is hardly the situation
in which to learn good technique.
However, the percentages of miners
that had some fire response training as
either a volunteer fire-fighter or as part
of 4 mine fire brigade are perhaps
reflective of firms encouraging
employees to expand upon skills that
may be of direct, long-term benefit to
both the work organization and the
community.

It appears from the data gathered
in this study [Vaught et al. 1996] that
there are two types of missed opportu-
nities at some operations. On one hand,
good fire drills could incorporate not
only an opportunity to learn from the
experiences of others through
discussions or reenactment of past

incidents, but might also provide a
variety of hands-on experiences in using
emergency equipment as well. The
better structured and preplanned they
are, the more teaching that could take
place in 4 reasonable timeframe. On
the other hand, occurrences of incip-
ient fires provide opportunities to look
back, evaluate, and enhance prevention,
detection, and response capabilities.

By and large, the picture that
emerges from this study is one of
variability from mine to mine.
Significantly greater percentages of
interviewees had walked their
escapeways at some operations than at
others. The same was observed for
those who recently participated in fire
drills. The broad types of training
offered to the work force also varied,
with some mines relying heavily upon
discussions and lectures as the main
vehicle for developing fire response
skills. Some mines tended to more
formally integrate learning from their
ongoing fire and smoke experience as
a means for maintaining fire prevention,

Conceptual representation of a mine,

depicting capabilities of a

communication and signaling system /7

N

detection, and response communica-
tions within the work force. With little
variability, all mines seemed to take the
threat of smoke and fire seriously.
However, the median frequency of
reported smoke at two mines was at
least once per week, whereas at
another it was about once per year.
The most consistent part of this picfure
is captured by the percentage of miners
(70%) across all seven mine sites who
have, at some time during their career,
fought a fire underground. This
suggests that fire is a constant (i.e.,
fires will always occur).

At times, little difference is found
during the incipient phase between
most fires that go unreported and one
that results in a mine being sealed. It is
simply that the latter either were not
detected quickly enough or were not
responded to properly. To achieve
enhanced mine fire preparedness,
mining companies will need to sharpen
their strategy with regard to available
technology and equipment while
investing increased time and effort in
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