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incidents resulted in at least 17 and possibly 19 fatalities.
All of these miners might have been positively impacted
(survived) by the presence of a refuge chamber on the
working section.

Based on the disaster analysis and numerous other
NIOSH research efforts associated with the utility of
refuge alternatives, the significant opportunity today is to
recognize that refuge alternatives can be useful to facili-
tate escape from the mine as well as to serve as a safe ha-
ven of last resort. The potential of refuge alternatives to
save lives will only be realized if mine operators develop
comprehensive escape and rescue plans that incorporate
refuge alternatives. Such an approach would be far supe-
rior to one in which refuge chambers are simply placed
into the mine to comply with a regulation. Thus, it does
make sense to use refuge alternatives because it is likely
that miners’ lives could be saved.

Practicality. The practicality of refuge alternatives
encompasses whether or not they can be implemented,
moved and maintained in underground coal mines. Ref-
uge chambers are commercially available and have been
successfully installed in underground coal mines abroad
and, to a limited extent, in the U.S. Although there are no
documented cases of successful use of a refuge chamber in
an underground coal mine in an emergency, there is no ev-
idence to suggest that refuge chambers or alternatives are
impractical, but their use will be challenging. The instal-
lation of refuge alternatives and the moving and mainte-
nance of such chambers will require an ongoing effort on
the part of mine operators. There was a concern that the
moving of refuge alternatives to advance or retreat with
mining could be difficult and possibly impractical. After
a thorough investigation of this issue including numerous
site visits, it was found that the moving of refuge alterna-
tives can be done safely and feasibly (NIOSH, 2006a).
Also, it is thought that it may be impractical to implement
viable refuge alternatives in the few mines that operate
in very low coal, e.g. less than 914 mm (36 in.). The find-
ing of the NIOSH research is that refuge alternatives, to
facilitate escape and to serve as a refuge of last resort, are
practical for use in most underground coal mines,
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Providing and maintaining a survivable atmosphere
has generally been solved by chamber manufacturers.
Oxygen is supplied from breathable grade (99% pure
with no harmful contaminants) oxygen bottles, flowing
through manifolds and ball float meters (Fig. 3). Carbon
dioxide scrubbing has been accomplished in a number of
ways including passive lithium or soda lime curtains (Fig.
4), and air, or battery-powered fans pulling contaminat-
ed air through soda lime cartridges (Fig. 5). The control
of heat and humidity was not an issue for the inflatable
chambers since there is considerably more surface area
for the heat to dissipate. Initially, this was a problem in
the rigid steel chambers, but recent simulation testing and
short duration human occupancy testing has indicated
that the steel chambers can also be operated at apparent
temperatures below 35° C (95° F), the WV standard for
the combination of heat and humidity.

Basic human needs such as water, food and toilet fa-
cilities can and have been successfully addressed by all
chamber manufacturers. Allin all, there is no reason to
believe that miners using a refuge alternative can not
survive for the NIOSH recommended minimum duration
of 48 hours.

Simulation testing

NIOSH, as part of its research and as required in the
MINER Act, evaluated the performance of the West Vir-
ginia approved refuge chambers. NIOSH developed a
protocol to simulate human occupancy based on a spe-
cific set of performance standards. The protocol was sub-
sequently peer-reviewed and implemented.

The goals of the evaluations were limited to investi-
gating the CO, scrubbing, oxygen flow rates and the heat
index (i.e., apparent temperature during chamber op-
eration). In addition, the overall deployment and opera-
tion of the chambers were observed and evaluated. Of
critical importance was a chamber’s ability to maintain
a breathable atmosphere. This included maintaining O,
above 19.5%, CO, below 0.5%, and a maximum ‘appar-
ent-temperature’ of 35° C (95° F). The protocol defined
the means of simulating human occupancy to facilitate
the evaluation of the chambers as follows: xygen
flow rate was measured and removed from tuc cuamber
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sponse, MSHA published a Notice of Proposed Rule
Making on Refuge Alternatives for Underground Coal
Mines on June 16,2008 (MSHA, 2008). At the time of the
preparation of this ript, the co t period was
closed, public hearings completed and MSHA was in the
process of developing the final rule. The proposed rule
contains many of NIOSH's recommendations found in
the report to Congress, as well as solutions to other criti-
cal issues, a result of ongoing communications as part of
the MSHA/NTOSH Refuge Alternatives Working Group
and MSHA's diligent investigative efforts since passage
of the MINER Act.

Summary and conclusions

The 2006 mine disasters and subsequent passage of
the MINER Act has led to the development, testing and
deployment of refuge alternatives in underground coal
mines in the U.S. Specifically, a number of manufactur-
ers have researched, developed, built and supplied refuge
chambers to the coal industry.

The state of West Virginia has passed legislation re-
quiring the use of refuge chambers in all the underground
mines of that state and has approved a number of refuge
chambers. MSHA has proposed rules for the use of refuge
alternatives in all U.S. underground coal mines. NIOSH
has conducted numerous research efforts to investigate
the utility, practicality and survivability of refuge alterna-
tives in underground coal mines, performed survivability
analyses of a number of chambers and provided recom-
mendations for use in the rule making process. Finally, all
research has led to the conclusion that refuge alternatives
have the potential for saving the lives of mine workers if
they are part of a comprehensive escape and rescue plan
and if appropriate training is provided. ll

Disclaimer

The findings and conclusions in this report have not
been formally disseminated by the National Institute for
Occupational Safety and Health and should not be con-
strued to represent any agency determination or policy.
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