August 18, 2008

Patricia W. Silvey

Director, Office of Standards, Regulations & Variances
U.S. Department of Labor

Mine Safety and Health Administration

1100 Wilson Boulevard

Arlington, VA 22209-3939

Re: Comments of the National Mining Association on MSHA's Proposed Rules
Refuge Alternatives for Underground Coal Mines (73 Fed. Reg. 34,140; RIN
1219-AB58)

Dear Ms. Silvey:

Set forth below and in the attachment to this letter are the comments of the
National Mining Association (NMA) on the Mine Safety and Health Administrations
(MSHA) Notice of Proposed Rulemaking (NPR) amending 30 C.F.R. Parts 7 and 75,
published in the Federal Register for June 16, 2008.

Introduction

At the outset let us express our appreciation for having the opportunity to comment
on this important rulemaking intended to “improve ... preparedness for mine
emergencies and require refuge alternatives underground to protect persons
trapped when a life-threatening event occurs that makes escape impossible.”

73 Fed. Reg. 34,141

All who work in or around the coal industry support efforts to enhance miner safety
and to enhance the likelihood of survival in the event that miners cannot escape in
an emergency situation. Escape remains the basic tenet and while we strive to
provide the tools and training required to make it successful, we likewise recognize
that one of the basic underpinnings of the Mine Improvements and New Emergency
Response (MINER) Act of 2006, which NMA supported, was to enhance the
likelihood that miners would survive while awaiting rescue.

During the course of the public hearings comments have been offered regarding the
expedited timeframes imposed by the MINER Act for MSHA to complete the
rulemaking mandated by the act and whether, in this instance, adequate time was
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provided to ensure that pre-fabricated refuge facilities would perform as expected
during emergency conditions. We share these concerns. Never before has the
industry been required to implement potentially life-saving technology of this
magnitude without it first having been subjected to rigorous testing, including
testing underground to ensure that it will be available for miners in the event of an
emergency. While we respect the hard work that has been performed by the
industry, working with researchers at the National Institute for Occupational Safety
and Health (NIOSH), state regulatory authorities and chamber manufacturers within
these severely compressed timeframes, one simple fact remains - no chamber has
ever been deployed underground to test its functional capacity and life saving
capability. Miners deserve better. They deserve to know that the safety tools they
might have to rely upon to sustain them while awaiting rescue have undergone the
full range of testing necessary to validate that they will perform as expected.
Unfortunately such is not the case here.

However unpalatable and politically difficult this might be, we urge the agency to
defer final action on this NPR until these units have been thoroughly tested,
including human-subject testing, in the underground environment.

While this recommendation will be untenable to some, we encourage the agency to
recall the decision-making process employed following enactment of the Federal
Coal Mine Safety and Health Act of 1969.' Faced with a deadline to require
underground coal mine operators to purchase and deploy self-contained self-
rescuers (SCSR), the agency delayed implementation to resolve outstanding
technical questions regarding the safety and functional utility of the devices. While
the agency was confident that SCSR’s were “reliable and safe to use and store in
underground mines”? it also believed additional field testing was required to
determine how miners would be affected by the use of these devices in actual
underground emergency applications.> The delay, which afforded time for in-mine
testing, culminated in the total redesign of at least one unit. We believe that
outstanding questions regarding the operational readiness and functional capacity
of pre-fabricated rescue chambers obligates the agency to follow a similar course of
action and to forego issuance of a final rule unit these critical, life-saving issues are
examined and resolved.

The knowledge that will be gained by pursuing this approach will provide essential
information to guide the agency as the final rule is developed. Our concern, shared
by many, is that failure to follow this approach creates the possibility that miners

! The 1969 act required coal mine operators to give all underground coal miners self-rescue devices
that would protect them from poisonous gases for at least one hour. The initial regulatory
requirements implementing this were superseded by new final regulations on Nov. 21, 1978 whose
effective date was delayed 6-months beyond the regulatory implementation deadline.

2 42 Fed. Reg. 54,243 (Nov. 16, 1977)

3 The agency’s decision to delay implementation was upheld by the Court. See Council of Southern
Mountains v. Secretary of Labor, (653 F. 2d 573 (D.C. Cir. 1981)
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will go without this valuable protection for an indeterminate period of time and,
more importantly, that these facilities might fail to provide the life support
capabilities required during an emergency. We cannot tolerate even the remotest
likelihood of such an outcome and the failure to conduct underground testing before
finalizing this rulemaking creates the possibility that this might occur. Importantly,
it should be noted that adoption of our deferral/testing recommendation does not
mean that miners will go without protection. Program Information Bulletin P07-03
(PIB)* which the agency issued on Feb. 8, 2007 remains in effect today and ensures
that miners are provided with a 96-hour supply of breathable air.

Should the agency not choose to follow the approach recommended above, we urge
the agency to recognize as was reflected in the report to accompany the MINER Act
that:

... good safety practice is often an evolving concept based upon experience
and technological development.[and that] ... each underground coal
environment is unique and that what works effectively in one setting may not
be optimal in the next.

U.S. Senate Report No. 109-365, pg. 3

The final rule, if it is to achieve the objectives outlined in the MINER Act must
recognize and reflect these principles, namely, that safety is enhanced through
experience and technologic development and that each mine is unique. The NPR
recognizes this by providing several means by which a mine operator can provide a
facility for miners can seek refuge in the event of an emergency. Given the great
diversity of operations in the underground coal sector, the varying geologic
conditions that exist and the particular needs of each workforce, we encourage the
agency to maintain the full suite options proposed.

Specific Comments

Service Life

Unfortunately, the NPR contains, in certain instances, prescriptive requirements
that will undermine the individualized approach envisioned by the Congress. For
example, the preamble language contained in § 7.501 Purpose and Scope
discusses, without explanation, fixed service-life limits for pre-fabricated self-
contained units and components. Neither the preamble nor the supplemental
materials in the rulemaking docket contain justification for this one-size-fits-all
approach. Similarly, the industry’s limited in-mine experience with these units
provides little, if any, information to support this determination. We believe the

* Program Information Bulletin No. P07-03, Implementation of Section 2 of the MINER Act of 2006:
Options for Providing Post-Accident Breathable Air to Underground Coal Miners. (Feb. 8, 2007). The
PIB required operators to provide “Each miner [with] a 96-hour supply of breathable air located within
2000 feet of the working section.”
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preamble, consistent with Congressional intent, should be revised to reflect MSHA
acceptance, upon submission of necessary documentation, of the manufacturer’s
recommended service-life limits, rather than apply an arbitrary deadline to all units.
In the event that a manufacturer chose to not seek a different service-life, the 10
year structure and 5-year component timeframes in the NPA could be retained as
the default service-life limits.

Grandfathering of Purchased and/or Delivered Pre-Fabricated Refuge Units

As was discussed by numerous withesses during the public hearing, operators have
placed purchase order and begun taking delivery of refuge chambers believing they
would be accepted for purposes of compliance with the agency’s final rule, once
promulgated. This certainty, while implied in the preamble to the NPR (pg.
34,142), has been called into question causing grave uncertainties about the
compliance status of these units and, more problematically, raising the prospect of
operators deciding to defer delivery of additional units until promulgation of the
final rule. We were encouraged by the comments offered by Patricia Silvey,
Director, Office of Standards, Variances and Regulation, MSHA who stated in
response to a question posed during the first public hearing conducted on the NPR
that:

...a refuge alternative that was approved by the state or
in an operator’s approved ERP ... would be accepted for
the maximum - for the estimated service life or a
maximum of 10 years.

Hearing transcript, July 29, 2008 at 23

It is imperative that the agency unconditionally accept state approved units as
meeting all requirements of the final rule. Moreover, to avoid the possibility that
deliveries will be deferred or delayed due to remaining uncertainty, we call upon the
agency to provide clarity and finality to this question as soon as practical, even in
advance of publication of the final rule.

Just as has occurred with other safety technology introduced into underground
mines, improvements to the current generation of units can and will be made as
the industry and manufacturers gain experience with the operation and durability of
these units underground. It is crucial that miners have confidence that these units,
which historically have been viewed with extreme skepticism, will provide the life
sustaining capabilities that have been advertised. As such, we believe that MSHA
should require modifications to existing units only if it is determined that the units
design and functional capabilities will not, if properly maintain and operated,
sustain life for the required period of time.
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Pre-Fabricated Refuge Facilities — Structural Design

Central to our concerns are the requirements in § 75.1506(a)(1) which would
require pre-fabricated rescue facilities to provide at least 15 square feet of floor
space and at least 60 cubic feet of volume per anticipated occupant. The agency
has received, both during the hearings and in written testimony, extensive
comments questioning the foundation for this requirement and its historic basis. We
agree with others that these requirements cannot, and should not, be considered
life sustaining. Rather, the limited information considered by NIOSH and reflected
as a recommendation in their report®, upon which the agency’s NPR is based, were
designed to provide comfort for persons who might be confined for prolonged (2
week) duration. Even if one were to accept the need to consider these criteria, the
NPR design standards are in conflict with and far exceed the refuge facility specific
standard developed and implemented in Directive D5 to implement the South
Africasn Mine Health and Safety Act of 1996 -- 0.6m? minimum per person floor
area.

Attached to these comments is a report prepared for NMA by Dr. Joel Haight, an
associate professor of energy and mineral engineering at Penn State University. As
reflected on his curriculum vitae, Dr. Haight specializes in human factors
engineering and has conducted research in work physiology and occupational
biomechanics, all of which are applicable to this issue. Dr. Haight’s analysis, which
was limited to an evaluation of the proposed floor space and volume requirements
in proposed § 75.1506(a)(1), recommends as values reasonable to sustain life:

e 7.5 ft*/person unrestricted floor space for seated refuge and 9.4ft*/person
for supine refuge; and as reasonable to sustain life
e 30ft’/person unrestricted volume

The significance of this issue cannot be understated. As noted earlier, deliveries of
pre-fabricated refuge facilities have begun and are occurring on an almost daily
basis. The existing units have been desighed and engineered to provide occupants
with, at minimum, 96-hours of life sustaining support and to maintain an apparent
temperature below 95 degrees Fahrenheit. Additionally, the units are designed to
conform to mine specific considerations, including space limitations. We have been
advised that the criteria of the NPR if unchanged, has the potential to reduce (de-
rate) projected occupancy by as much 60 percent. It is important to recognize that
mine operators, in order to comply with the requirements of PIB No. P07-03 which
many viewed as premature given the on-going NIOSH study and the pendency of
MSHA rulemaking, committed tens of millions of dollars to purchase these
potentially life saving devices. To now impose requirements that effectively render
these units non-compliant is unwarranted unless the agency can document that the

®> Research Report on Refuge Alternatives for Underground Coal Mines, Office of Mine Safety and
Health, National Institute for Occupational Safety and Health, Dec. 2007.

6 Review of Best Practices Regarding the Use of Refuge Chambers in South Africa, Bluhm Burton
Engineering (PTY) Ltd. BBE Report No. 5207 (Sept. 2007).
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units will not, if properly maintain and operated, sustain life for the required period
of time.

Shelter Location and Positioning

Section 75.1506 and 1507 contain, among other things, requirements related to the
location and positioning of shelters in proximity to the working section or where
mechanized mining equipment is being installed or removed. Additionally, the
preamble explanation of this section identifies considerations, not specified in the
regulatory text, to be considered in making these determinations.

While the requirements in this section are in large part tailored after the
recommendations contained in the NIOSH report’ portions have been ignored that
should be considered prior to promulgation of the final rule. For example, the
NIOSH report discusses whether “the presence of escape shafts or other means of
exiting the mine could effectively eliminate the need” for outby refuge alternatives.

NIOSH’s recognition that outby refuge alternatives could, in certain instances, be
unnecessary is premised upon a detailed study performed for the institute by
Foster-Miller.® Among other things Foster-Miller conducted a detailed analysis of 12
past mining disasters to determine if refuge facilities would have had a positive
impact on the outcome. The report’s conclusion, illustrated in Table 4, page 22, is
that in no instance would outby refuge facilities have been beneficial to the
outcome of the tragedy. Based upon this finding, we encourage the agency to
include in the final rule authority for district managers to, on a upon site-specific
case-by-case basis, approve plans not containing provisions for outby refuge
facilities.

Section 75.1506 (b)(1) requires refuge facilities to be located “"Between 1,000 feet
and 2,000 feet from the working face...” This provision, derived from the NIOSH
report is in conflict with the placement standard which operators must meet to
comply with the West Virginia statutory requirement that chambers be located
“within 1,000 feet”. We join with the West Virginia Coal Association and urge that
the final rule be revised to require the place of refuge facilities “within 2,000 feet of
the working face and from locations where mechanized mining equipment is being
installed or removed.”

Section 75.1506(e)(1) would prohibit persons, other than those referred to in
section 104(c) of the Mine Act from working in an area where a refuge alternative
has been removed from service. We recommend that this section be amended to
permit persons to continue to work, if the operator provides, in such instance
barricade materials on the section and the additional SCSR’s along with instructions

7 Id at 5.

8 Foster-Miller Phase II Report under contract to the National Institute for Occupational Safety and
Health, Refuge Alternatives in Underground Coal Mines, Report No: NSM-080020-1839 (Dec. 2007).
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to the crew that an alternative plan is in place and the specifics of the plan. MSHA
has recognized other situations in the mining process where this occurs and rather
than require withdrawal from the area, the operator is permitted to continue
working while precautions are approved by the agency. For example, when the
tailgate or headgate of a longwall is blocked and only one escapeway exists the
agency permits mining to continue once the operator has submitted a plan to the
district manager for review and approval. Similarly, operators are permitted to
continue operating where the CO monitoring on a beltline fails. In such instances
the mine continues to operate provided the operator physically examine the beltline
for hazards until corrected. We believe protective measures can be implemented to
permit the section to continue operating while ensuring miners are protected in the
event of an emergency and urge the agency to recognize this, as it has done in
other circumstances.

More problematic than the distance requirement, is the requirement in

§ 75. 1507(a)(11)(i) and (ii) which impose significant limitations on where a refuge
facility can be placed in proximity to the working face and other designed locations
or designated pieces of equipment. While we are cognizant of the need, as
identified in the preamble to accompany this section, to protect refuge facilities
from “potential damage from a working face explosion and ... the potential of a fire
a certain areas or equipment” (Fed. Reg. 34,161) we believe these provisions are
misdirected and create the potential for introducing unnecessary risks. Review of
the Foster-Miller report and our collective experience leads us to conclude that the
risk of damaging a pre-fabricated refuge facility during movement and placement,
and more importantly, the safety risk to miners as they maneuver these to comply
with the placement requirements far outweigh the potential that these will be
damaged by an event at the locations designated in the proposed rule. Should the
agency not agree to delete these provisions, we would encourage that the final rule
include authority for the district manager to approve an alternate location in the
Emergency Response Plan.

Conclusion
In their written submittal, the West Virginia Coal Association remarked:

...I'lll observe there has been unprecedented criticism levied towards
MSHA over the past two years than ever before in the history of the
agency. That is a fact - plainly and simply. Some of it deserved,
perhaps, some not.

This comment succinctly captures the industries frustration with the myopic
approach the agency has employed in implementing the MINER Act. Rather than
pursue a holistic approach the agency via its numerous regulations, policy
statements, guidance documents, etc. has created a patchwork regulatory scheme
lacking consistency or proper reasoning. To understand this one need look no
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further than the self-contained self-rescuer (SCSR) provisions contained in the final
Emergency Mine Evacuation Rule. °

In § 75.1714-4 the rule specifies locations where SCSR’s are to be stored.
Subsection (d) (1) provides authority to place SCSR’s in hardened rooms “designed
and constructed to the same explosion force criteria as seals”, i.e. locations with
seals capable of withstanding an explosive force of at least 50 psi. Contrast this to
the requirement of the proposed rule that a refuge facility constructed in place must
be capable of withstanding a 15 psi overpressure wave. Simply out, these
conflicting requirements prohibit operators from storing SCSR’s in in-place refuge
facilities. We have yet to understand the logic behind these inconsistent
approaches.

In closing let us reiterate our recommendation that the agency defer issuance of a
final rule until additional testing, including in-mine human subject testing is
completed. Miners and operators alike must have confidence that the technology
we are introducing into the mines, especially technologies that may be called upon
to provide vital life-sustaining services in the event of an emergency, have
undergone and passed rigorous, comprehensive testing. Such is not the case
today.

Sincerely,

7 Ul

Bruce Watzman
Vice President
Safety, Health & Human Resources

° Emergency Mine Evacuation, Final Rule, (71 Fed. Reg. 71,429)(Dec. 8, 2006)
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Abstract

Regulations have been proposed by the Mine Safety and Health Administration (73 Fed.
Eg. 34140) that will require mining companies to provide temporary safe haven, i.e., a
refuge chamber, for miners trapped in an underground mine while they await rescue.
This regulation proposes values for unrestricted floor space and volume for each miner
in such a refuge chamber of 15 ft?/person of floor space and 60 ft*/person volume. The
agency has acknowledged other proposals, namely the National Institute for
Occupational Safety and Health (NIOSH) recommended 15 ft* floor area and 85 ft°
volume and have asked for comments (NIOSH, 2007). It has been suggested that
occupancy in this chamber should be designed for at least 96 hours — a rescue time
goal. Four days of occupancy and the need for food, acceptable quantity and quality
of breathing air, temperature control, appropriate humidity, light, communications
capability, etc, would suggest that the space and volume requirements for each

individual be maximized.

There are available recommended continuous-occupancy limits and evacuation and
convergence cluster limits from the National Fire Protection Association and the Society
of Fire Protection Engineers (NFPA, 2008; SFPE, 2002) for use in comparison. These
limits define the maximum and minimum floor space requirements needed by humans
for long term and very short term occupancies and they were used to define the
boundary conditions for this evaluation. 96 hours, depending upon the perspective,
could be considered a mid-term occupancy, thus the floor area and volume should be
something between the minimum space required for evacuation and the maximum
space required for continuous occupancy. The boundary conditions for evacuation
(7ft*/person, which is where congestion and restricted movement begin) and continuous
occupancy in a general industrial to high-hazard occupancy of 100 ft?/person can set
the acceptability limits (NFPA Fire Protection Handbook, 2008). For a midrange
occupancy period, one may be tempted to establish a value in the middle of that range
— which would be 53.5 ft?/person. However, given the nature of the underground mining
Joel M. Haight, Ph.D. 3
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environment where space is at a premium, especially in an emergency case, other
factors must be considered. Therefore, one would expect that this midrange number
would have to be much lower. While, in this type of a situation, one would suggest as
much space as possible due to respiratory needs and the potential length of stay, it is
understood again that space is at a premium. Therefore, for these reasons, it is
suggested that for seated positions, 7.5 ft¥person be considered. For height limited
chambers where a supine position is required, it is suggested that 9.4 ft?/person be
considered (6’3" person 18” wide). It is suggested, however, that the MSHA and NIOSH
limit of 15 ft*person unrestricted floor space be evaluated for feasibility and where
space constraints allow it, to account for potential onset of claustrophobia that may

result from 96 hours in confined quarters.

Breathing air is of concern in a mine collapse incident, and respiration rates are likely to
be higher than resting respiration rates due to the potential for panic and metabolic
increases related to reaching the chamber and any other necessary duties performed
upon arrival. Under optimum conditions, the NIOSH recommended 85 ft?/person
unrestricted volume in the chamber should be considered, however, since breathing air
is going to be manufactured and exhaled air filtered, 30 ft¥/person volume is sufficient
for life to be sustained for 96 hours. (Astrand and Rodahl, 1986)  While military
standards indicate that short term tasks can be safely performed in spaces as small as
24 ft*/person, the expectation is that their standards are for short term occupancy (MIL-
HDBK-759C, 1995). In an environment in which breathing air will be manufactured,
volume may be less of an concern, so it is possible that a volume credit may be
considered. However, filtration and conditioning efficiency and effectiveness may be

improved if the volume is higher due to lower contaminant loading.

Joel M. Haight, Ph.D. 4
Penn State University
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1.0 Introduction

The idea of protect-in-place or defend-in-place is not new. It has long been a concept
considered by engineers, architects and fire protection engineers. It has also been the
recommendation of fire fighters to provide areas along the evacuation route to keep the
risk of exposure to fire and/or smoke low through keeping people in place in a
ventilated, compartment-protected enclosure until they can be rescued. (Institute for
Research in Construction, 2002) In a surface emergency, an individual may have three
choices as to how to respond to that emergency. He/she can evacuate, hopefully,
through a number of exits, he/she can make an effort to stop or control the emergency
or he/she can go to a place of refuge and wait to be rescued. (Schroll, 2002) In an
underground mine, the exit option may not be available and in a collapse case,
controlling the emergency may not be an option either. In response to a number of
recent mine collapse cases, the Mine Safety and Health Administration has proposed a
regulation that would require the installation or placement of refuge chambers in the
mine. One form of refuge chamber that can be deployed in a mine emergency is a pre-
fabricated compartment structure that provides a place of safe refuge into which miners
can secure themselves in the event of an emergency. These units are designed to
provide safe breathing air for various, but extended periods of time.

(www.strataproducts.com, accessed 4 August 2008) It is the “waiting for help” part of

the taking refuge option that Schroll (2002) referred to that creates difficulty for the
underground case. While waiting for help in a surface fire, fire fighters may be able to
respond within an hour to rescue those in an area of safe refuge. In the underground
mine collapse case; the rescue may not be so rapid and may range from a few hours to

several days.

The expected occupancy duration in the proposed regulations for the design of these
chambers is 96 hours. Given this potentially extended rescue time, appropriate

consideration has to be given to life sustaining factors associated with refuge chamber

Joel M. Haight, Ph.D. 5
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capabilities. Available literature on emergency response, including refuge chambers,
suggests consideration for food, acceptable quantity and quality of breathing air,
temperature control, appropriate humidity control, light, communications capability,
ventilation of expended breathing air, propensity for claustrophobic response, etc.
(NFPA, 2008; SPFE, 2002; Astrand and Rodahl, 1986; ASSE, Brown, 2008; NIOSH,
2007, MIL-HNBK-759C, 1995). Many of these considerations would suggest that the
unrestricted space and volume requirements be maximized; however, underground
space is not plentiful, especially in low coal situations. In an emergency situation, it
cannot be expected that human comforts would be maximized. In contrast though, by
comparison to the do-nothing option (being left in a dark, air restricted, cold, wet mine
for an extended period of time), a refuge chamber, represents a significant
improvement, especially considering its capacity to remove the miner from an
environment containing potentially toxic air, t even if the refuge area and volume were

less than the proposed amounts.

From the perspective of a trapped miner, the amount of time being discussed (96 hours)
that may be required in a mine rescue situation is characteristically long and therefore,

an effort should be made to design as much space and volume as is feasible.

The idea of claustrophobia comes to mind in an underground setting, however, it is not
extensively addressed here as it is assumed that an underground miner, by virtue of
his/her chosen profession is not affected by this condition. . However, working in a
mine where movement into and out of the mine is not restricted and being trapped in the
mine for 96 hours are two different situations. Since there is little in the literature about
claustrophobia in a refuge chamber, it is none-the-less treated here at least, briefly.
Optimally, it is this phenomenon that would lead to a recommendation for consideration
for a feasibility and special constraint evaluation for as much as 15 ft?/person in floor
space, conditions permitting. While a miner may not be affected while working

underground in normal conditions, it is not fully known how he/she will react when

Joel M. Haight, Ph.D. 6
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trapped. It is disconcerting to think about being confined to 15ft* for four days, however
when considering the environmental limitations that may be present, the recommended
alternative values contained in this opinion are sufficient to maintain miners safety and

to a lesser degree, comfort, while awaiting rescue.
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2.0 Purpose, Scope and Objectives

2.1 Purpose

The purpose of this evaluation is to provide an opinion on the proposed space and
volume requirements of a proposed mining regulation noted in the Federal Register/
Vol. 73, No. 116 (section 75.1506) from the Mine Safety and Health Administration
(MSHA). . This evaluation is intended for use in the development of comments by the

National Mining Association concerning this proposed regulation.

2.2 Scope

The scope of this evaluation is limited to evaluation and comment on the adequacy the
proposed floor space and volume in the refuge chambers proposed in MSHA's

regulation in section 75.1506 paragraph (a) (1).

2.3 Objective

The objective of this evaluation is to compare the proposed floor space and volume
requirements contained in the proposed regulation for refuge chambers used in
underground coal mines to other similar criteria established for human occupancy in
other similar standards, consensus guidelines, general emergency response literature,

etc.

Joel M. Haight, Ph.D. 8
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3.0 Methodology

The methodology used for this evaluation was an extensive literature review. No new
inventions were discussed or considered. It was an effort to explore regulations,
consensus standards, general, good engineering practice among other sources. An
attempt was made to draw distinctions and connections between this proposed mining
application and similar applications in other industries, occupancies, or surface type
applications. A comparative analysis format was used; however, direct comparison was
not possible as the published emergency response literature is focused on rescue within

a much shorter time frame than what the mining application is based on.

A range of floor space options was considered using continuous occupancy, short
duration tasks in temporary work spaces and evacuation capacity guidelines from the
National Fire Protection Association, the Society of Fire Protection Engineers and
military standards. (NFPA, 2008; SFPE, 2002, MIL-HNBK-759C, 1995) A mid-range
within these boundary limits was determined and then adjusted downwards to give
consideration to the limited space availability in an underground setting. The MSHA
proposed volume limit was compared against the work physiology literature, military
standards and the NIOSH recommendation. This analyst could find no stated
unrestricted volume limits, so the basis for consideration was a resting and a working
(or panicked) respiration rate. Since, with the current design of refuge chambers,
breathing air would be manufactured within the chamber, this comparison does not yield
a direct answer. However, it does provide a foundation for an opinion. Resting
respiration rate is found in the literature to be about 6.0 liters/minute/person, but working
respiration rates (one that would more closely simulate a panicked or fear-generated
respiration rate), can be as high as 100 liters/minute per person. (Astrand and Rodahl,
1986; NIOSH, 2007) This would suggest that to provide adequate, clean breathing air,
the more volume available the better. This was evaluated to determine if it was possible

to help assure a more efficient filtering of expended breathing air.
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4.0 Results, Discussion and Conclusions

MSHA has proposed 15 ft* floor area and 60 ft° volume for the refuge chambers.
While there is no requirement for nor adequate coverage of this temporary safe haven
application in the research literature to help facilitate making a definitive
recommendation, the NFPA Life Safety Code, MIL-HDBK-759C and the work
physiology literature give us a basis for opinion and recommendation. With these
boundary considerations and the special limitations of an underground mine, 7.5
ft?/person floor area for seated refuge and 9.4 ft¥person for supine positions is
reasonable for unrestricted floor space. Although, 15 ft¥person would be more
desirable, these suggested limits are acceptable when considered in combination with
appropriate controls on breathing air availability and quality. Volume limit has not been
researched as much as the floor space limit, so it is difficult to determine an appropriate
number because volume can be sacrificed as air supply and ventilation improves.
Recognizing that some of the miners are likely to be operating at an elevated respiration
rates (possibly as high as 100 liters/minute/person - some of this is attributable to the
trek to arrive at the chamber from as much as 1000 feet away and some may be due to
a heightened state of stress or even panic), in the opinion of this analyst, 30 ft*/ is a
more reasonable volume to suggest to sustain life. Although, with greater volumes and
the subsequent air handling load increase, the contaminant load per m® of air handled in

any filtration system may result in a longer useful life of the system.

Opinion:

e 7.5 ft’/person unrestricted floor space for seated refuge and 9.4 ft?/person
for supine refuge — reasonable to sustain life

e 30 ft’/person unrestricted volume — reasonable to sustain life

Joel M. Haight, Ph.D. 10
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