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Abstract

This paper describes technology that hasbeen identified for underground mine emergency responders.
Mine rescue teams are often called upon to save lives during an underground emergency such as a
fire, explosion, roof fall, or water innundation. It is extremely important that team members are
provided with adequate exploration equipment and that they are properly trained in the use of that
equipment. A series of mine rescue training, in-mine smoke training, and mine emergency response
development (MERD) exercises, was developed, conducted, and evaluated by the National Institute
for Occupational Safety and Health (NIOSH) in cooperation with state agencies and companies. The
training exercises were held at NIOSH’s Lake Lynn Laboratory and operating mines during 1995 to
the present. This effort resulted in improved technology and training for mine rescue teams, fire
brigades, first responders, and miners in general. For example, existing technologies were identified
to help responders during exploration and recovery operations. These included various chemical light
shapes, strobe lights, light vests, and laser pointers to identify team members. Most of these devices
may be used to mark underground areas and certain mine materials. Also, strobe lights were used
for mapping out escapeways and lasers were used to negotiate travel through smoke. Thermal
imaging systems allow rescue personnel to see in darkness and through dense smoke and easily locate
missing or trapped personnel and heated areas. A hands-free communication system showed potential
for enhanced communications between team members, the fresh air base, and command center. A
new team lighted-lifeline allows for flexibility in movements of team members during routine tasks
and allows them to easily find their usual position on ¢ lifeline. Of all the technology evaluated by
underground personnel, laser lights and lifelines were most beneficial in leading personnel to safety
and out of the mine in smoke-filled passageways. A positive-pressure inflatable escape device
(IED)/airlock, was used to isolate the “hazardous” environment from fresh air and allow rescue team
members to traverse through. Aninflatable feed-tube partition that can rapidly block large openings, -
such as underground passageways or tunn i, and simultaneously provide a feed-tube for high-
expansion foam generators was also deployed during the simulations. These technological
advancements can improved the state of readiness for rescue personnel and increase the chances of
survival for personnel escaping from underground emergencies.









to see other team members, who were wearing the light vest, in darkness and in smoky entries.
Several mines are also considering the use of light vests for personnel working around moving
machinery.

Strobe Lights

Another area examined was utilizing high-

intensity strobe lights (xenon-white flash tube)

strategically located in the entries to map out

an esc: e route for evacuating miners during

an emergency. These weather resistant strobe

lights, with interchangeable reflective lenses,

are compact and lightweight (100 gm) and

provide visibility of 180°. The triangular

shaped (9-cm each side by 4-cm high), lithium

AA battery powered strobe lights could be

remotely activated by a wireless through-the-

earth signaling system such as the one installed

at LLL. Ideally, underground sensors would

monitor the gases and smoke in the

. . passageways during a fire. By interfacin

Figure 1"Ml,ne rescue team member these data with a computer, they best escapg

wearing the light vest. route could be determined and the appropriate
strobe lights remotely turned on.

During the in-mine rescue team simulations conducted at LLL, strobe lights were positioned in the
center of the entry about 1.8-m from the floor and in the entry crosscuts predetermined to be the best
escape routes. The strobe lights were activated y the wireless, through the earth signaling system.
Rescue team members were told that a roof fall had occurred and severed the main
communication feline. Team members detached themselves from the main communication/lifeline
and successfully followed the strobe lights out of the smoke-filled entries to the fresh air base. Team
members felt that by keeping their cap lamps off, the strobe lights were easier to follow. Five strobe
light colors (red, green, blue, amber, and clear) were evaluated by 271 miners. The most visible color
in the nontoxic white smoke was green and the least visible color was amber.

A similar simulation was conducted for underground mine personnel in a Western mine. Miners, in
groups of five, entered smoke-filled (nontoxic white smoke) passageways and ywed strobe lights
to the fresh air base. Not only did this exercise allow miners to travel throu; 10ke in their mine
(many for the very first time), but it gave them an opportunity to evaluate the strobe lights as an
escape aid. Miners felt that placement of strobe lights at decision points was quite helpful and
interfacing these devices with an audio output would enhance the use of strobe lights for mapping
escapeways. The miners felt that the colored reflectors currently mounted in the center of their
entries would not have helped them.



The concept of strobe lights to identify escapeways and marking mine obstacles was successful in
experiments at the Lake Lynn Mine and several isolated passageways of a Western mine. In a larger
mine, the uncertainties inherent in a complex ventilation system would complicate this process
considerably. Additional research would be required to evaluate the feasibility of using  ese devices
in larger mines and incorporating audio output with each strobe lij | unit. -

Laser P« 1iters

Commercial laser pointers are compact, lightweight, affordable, and have high quality beams. They
utilize laser diode technology and several of these handheld battery powered pointers have ranges of
up to 732-m. Two class IIla laser pointers, red and green, were evaluated by rescue team members.
The red laser pointer, with a wavelength of 645 nm and output power of 3-5 mW, can operate
continuously for 8 hours. The green laser pointer, with a wavelength of 532 nm and an output power
of 1-3 mW, can operate continuously for 2-3 hours. The green wavelength appears brightest to the
eye, so a high power is not required. Beam diameters are less than 1-mm.

These pointers, shown in figure 2, are mounted to the side of the miner’s helmet with Velcro or to
their cap lamps with hose clamps. The momentary on/off switch is modified to stay on. The team
captain is fitted with the green laser and the tailperson with the red laser. The laser beams were
highly effective in the smoke-filled entries, allowing team members to easily determine the location
of the captain and tailperson and to stay in better alignment across the entry during exploration.

During other smoke training exercises, @
laser pointer was effectively used to negotiate
travel through a smoke-filled passageway.
Approximately 25 participants during each
exercise traveled 300-m in a nontoxic smoke-
filled entry, using a lifeline to lead them to
fresh air. Visibility ranged from 0.3 to 0.9-m
and there were no tripping hazards in the
entry. Two to three participants entered the
smoky entry at 40 to 60-sec intervals, until all
participants were headed toward the fresh air
base. Another participant followed this group
with only the laser pointer to direct them to
the other end (no lifeline) and with their cap
lan turned off. The beam ofthe laser pointer
was continuously moved up and down and left to right. When the beam hit the rib, roof, )or, or
other participants, a spot was seen. The participant with the laser reached the fresh air base at the
same time as the first participant who entered = smoke. The concept of laser pointers was
successful in experiments at the LLL and an operating mine. Additional research would be required
to evaluate the feasibility of using a higher power lasers to identify escape routes in smoke-filled
entries or surface structures.

Figure 2.-Laser beam shining through smoke.












Germanium lens that filters out everything except 8 to 14-micron infrared radiation. The helmet-
mounted IR imaging system weighs 4.8 kg. A rechargeable nickel cadmium battery pack provides
30-min of continuous, uninterrupted use at ambient temperature.

The first demonstration of the Cairns IRIS in an underground mine was conducted at Lake Lvnn
Laboratory on February 8, 1996. The capabilities of the hands-free thermal imaging camera in e
smoke-filled mine passageways suggested that it indeed had merit for reducing the time required for
mine rescue exploration. However, the simulations suggested that new protocols need to be
developed when mine rescue teams explore with these IR devices, because the team member with the
thermal imaging camera can travel smoke-filled entries much morer: idly than other team members.
A drawback of the Cairns Iris is the weight of the helmet-mounted system. Due to it’s weight, the
system cannot easily be passed on to other team members and could not be used in low coal mine
seams. Cairns Iris recently introduced the Cairns-Viper, a hand-held thermal imager. It offers
superior image quality, and the innovative, 180-degree rotating display provides comfortable viewing
from any position. It enables the user to see from 0.9-m to infinity.

The Agema 550 System is a high-performance handheld IR camera. It has digital voice recordings,
color images, and storage capabilities. The spectral range is 3.6 to 5.0-microns and weighs 2 kg. It
can easily be passed on to other team members or a small dis; 1y can be added to the camera for all
team members to view. The major advantage is that the images, shown in figure 3, can be
downloaded to a computer for analysis or interfaced directly to a monitor for debriefing at the
command center.

A Flir System called FireFLIR, is used in
onjunction with SCBA’s and is easily attached to
1e underside brim of most standard firefighting
elmets for hands-free operations. It is completely
:lf-contained viewing apparatus with no external
ables or components to catch or to impair
1ovement. The spectral range is 8 tol4-microns.
he device weighs less than 2 kg and images can be
iewed in either black and white or color.
.dvanced optics and display offer natural depth
erception and orientation. It is also designed to
asily view either IR and visual viewing modes.
he FireFLIR is quickly and easily handed off to
ther team members.

Figure 3.-A thermal image of a rescue team in
dense smoke after building a roof support.  The Argus Thermal Imaging Camera (TIC) can
also see through smoke and darkness. It is
ergonomically designed for comfort and utility, is handheld, and has an angled viewfinder. Moreover,
the TIC accommodates a variety of users’ positions from standing to lying prone. In low coal
exploration, the innovative design reduces potential neck strain and, when used in a stooping position,
helps to prevent the back of the helmet from hitting the SCBA, which can occur with the helmet-
mounted version. It can easily be passed on to other team members for viewing the thermal image.












By using the new lighted team lifeline, team members have freedom of movement between the captain
and tail-person. They can visually see the rope, their own position and are more flexible to do
activities such as carrying supplies, erecting stoppings and constructing roof supports. The team
lifeline also alleviates tripping and falling problems. The electroluminescent fiber of the light vest
allows team members and personnel working in darkness, smoky conditions or around moving
machinery in low light areas to be seen more easily.

Escape from complex underground passageways could be improved by using a continuous lifeline.
Utilizing directional cones and double cones on the lifeline would not only lead personnel escaping
in smoke-filled entries in the right direction, but also alert them that an obstacle of some sort is
nearby.

The m-Comm communications system shows merit. Utilizing the voiceducer, with the present
radiating transmission line at Lake Lynn Laboratory, has shown potential for improved wireless
communications for mine rescue teams. Additional research is required to incorporate the antenna
into the main lifeline.

The thermal imaging cameras have merit for mine rescue exploration and recovery in the smoke-filled
mine passageways. However, the simulations suggested that new protocols need to be developed
when mine rescue teams explore with these IR devices, because the team member with the thermal
imaging camera can travel smoke-filled entries much more rapidly than other team members.

Both inflatable devices have shown merit in providing a relatively rapid method for isolation of a mine
fire and use with a foam generator for fire suppression, or for personnel escape and rescue. The
inflatable partition can r: idly block large openings, such as those in underground mines, and
simultaneously provide a teed-tube for high expansion foam. The inflatable escape device could be
used as an airlock system during exploration by mine rescue teams and could be rapidly advanced as

mine recovery operations progressed.

These ter nological advancements can improve the state of readiness for rescue personnel and
increase the chances of survival for personnel escaping from underground emergencies.
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