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EMERGENCY RULEMAKING PETITION
Qctober 22, 2013

The Honorable Joseph Main

Assistant Secretary for Mine Safety & Health
U.S. Department of Labor

1100 Wilson Boulevard

Arington, VA

Dear Mr. Secretary:

As you will see below, the National Mining Association (NMA) is filing with you this
emergency rulemaking petition. It requires your immediate attention to ensure that the
safety of the Nation's underground coal miners will not be compromised due to the
newly recognized potential hazards associated with the currently required fleet of refuge
chambers in underground coal mines.! We ask that you respond to this request by Nov.
5, 2013.

More specifically, pursuant to the authority of section 101 of the Federal Mine Safety
and Health Act of 1977 and section 553(e) of the Administrative Procedure Act, NMA
hereby petitions the Mine Safety and Health Administration {o amend the mandatcry
safety standard for underground coal mines contained in the Secretary’s regulation at
30 C.F.R. § 75.1506(a)(2) and (3) to provide that mine operators will have until Dec. 31,
2018 to continue to use their existing fleet of refuge chambers.?

We seek your adoption of this new deadline because resolution of the heat, humidity,
and (especially) the purging hazards identified by the NIOSH research we discuss in
more detail below are very likely to remain problems for many months (if not years).
Whether retrofitting the existing fleet of currently deployed refuge alternatives will be

! These hazards began to be known to MSHA as fong ago as May 2010. However, MSHA apparently took na
action. Infraat?

? As you know, this Dec. 31, 2018 date is currently provided in 30 C.F.R. § 75.1506(a}(3) permitting all
prefabricated refuge alternatives in service prior to March 2, 2009, and approved by states and accepted by MSHA
in approved Emergency Response Plans, ta rermain in service until Dec. 31, 2018, or until replaced, whichever
comes first,
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necessary, or whether a new generation of refuge alternatives will be required is simply
unknown at this time. NMA believes, however, that the heat, humidity, and purging
hazards discussed below will present enormously significant problems at least through
the end of 2018. To be very clear, Mr. Secretary, NMA's concerns are not intended to
disrupt efforts to provide miners with last resort life-saving technology. Rather, our
concerns are driven by the aforementioned NIOSH research which we commit to
immediately analyze, along with MSHA, NIOSH, refuge alternative manufacturers,
representatives of miners, and all other stakeholders as soon as it is publicly available.

NMA'’s objective in this entire effort is (as is the stated objective of the current rules) to
provide coal miners with “refuge altlernatives that are practical and will increase the
chance for survival for persons trapped in underground coal mines, when integrated into
the mine’s comprehensive escape and refuge plans.”

Of course, during this time, the fleet of refuge alternatives currently deployed and
approved in the emergency response plan of every underground coal mine in the United
States will remain available to miners. Should it be possible to solve the problems
identified in the NIOSH research prior to Dec. 31, 2018, and correct them in the field,
the NMA would support establishment of a reasonable deadline prior to Dec. 31, 2018.

The details of the basis for making this urgent emergency request follow.

First (and identical to the extension request we filed in response to the agency’s
Request for Information regarding refuge chambers), there is an urgent need for all
stakeholders to have the opportunity to obtain and review new, but as yet unpublished,
studies conducted by the National Institute for Occupational Safety and Health (NIOSH})
regarding the ability of currently deployed and retrofitted prefabricated self-contained
refuge chambers to: (1) purge potentially deadly levels of carbon monoxide (CQ) that
may enter the main chamber; and (2) maintain humidity and ambient temperatures at
levels that will permit miners to survive, in place, for no less than 96 hours. NMA and
other parties had anticipated NIOSH would have released peer-reviewed, pre-
publication copies of these documents by now. In particular, it was our understanding
that the pre-publication, but peer-reviewed purging study was to have been made
available on or around Oct. 9. However, perhaps because of the just-ended
government shutdown, we have nof been able to obtain either of these studies as yet.

Furthemmore, as noted above, while we have yet to receive the pre-publication versions
of NIOSH's studies, a PowerPoint presentation we have seen summarizing the purging,
heat, and humidity hazards identified in these studies (and we understand you have
seen the same presentation) categorically calls inio question the ability of both the

¥ see Proposed Rules for Refuge Alternatives for Underground Coal Mines, 73 Fed. Reg. 34,140 {Mon., June 16,
2008) at 34,141. See also a similar statement in the final refuge alternative rules, published in the Federal Register
for Dec. 31, 2008. 73 Fed. Reg. 80,656, at 80,657.



existing cadre of units, as well as those being retrofitted in accordance with § 75.1506,
to provide life-saving capabilities in the event of an emergency.

You should know too that an NMA member company, using the Freedom of Information
Act (FOIA), has since May 29, 2013, been attempting to seek information available from
NIOSH about its ongoing research on refuge alternative hazards. Responses to these
FOIA inquiries have been slow, sporadic, and incomplete, due to the fact that it is the
FOIA Office of NIOSH’s parent agency, the Centers for Disease Control (CDC), which
controls responses to FOIA inquiries. Nevertheless, significant information about the
heat and humidity hazards has been obtained. We discuss key portions of that
information below. However, information about the purging hazard has nof yet been
produced by the CDC.

NMA hastens to add, Mr. Secretary, that these problems exist despite refuge alternative
manufacturers working hard (in cooperation with your Approval and Certification Center
(A&CC)) to comply with the requirements for Part 7 approval and mine operators having
deployed units in accordance with § 75.1506.

Second, NMA remains very concerned that Part 7 approval by MSHA of refuge
alternative breathable air, air monitoring, and harmful gas removal components of
refuge alternatives will not be completed by the end of this year. This concern has been
exacerbated by the inability of the A&CC to carry on its work during the government
shut-down. In addition, if approvals are granted, mine operators (working with refuge
alternative manufacturers) will not be able to retrofit their fleets of deployed refuge
alternatives to Part 7 specifications by the end of the year. Indeed, in the case of some
operators who have constructed units consisting of 15 psi stoppings in a secure space
and in an isolated atmosphere, those operators are being required by MSHA to seek
Part 7 approval (as applicants) of the breathable air, air monitoring, and hamful gas
removal components of these refuge alternatives. We add that those 15 psi refuge
alternatives are approved by MSHA in the emergency response plans of these mines.

On this important point, NMA must remind you that, in the preamble to the final rules for
refuge alternatives, published on Dec. 31, 2008,4 MSHA anticipated that Part 7
approvals would be completed by Dec. 31, 2009.° As it turns out, in reality, it has taken
five years to approach the accomplishment of what MSHA predicted would take only
one year. And, as we speak, a number of breathable air, air monitoring, and harmful
gas removal components of refuge alternatives have yet to be approved under Part 7.

Even more importantly, it seems clear to us that the NIOSH research on heat, humidity,
and (especially) purging at issue here, is validated properly, will necessitate significant
{but as yet unknown) revisions to the current Part 7 requirements.

* 73 Fed. Reg. 80,656.
° i0. 80,682.



Specific Information in Support of NMA Emergency Petition

in support of this emergency petition we offer the foilowing specific information.

On Dec. 19, 2007, Dr. Jeffrey L. Kohler, Ph.D., (Associate Director of NIOSH for Mining
and Construction and head of NIOSH's Office of Mine Safety and Health) delivered to
then Governor Joe Manchin of West Virginia and Ronald L. Wooten, Director of West
Virginia’s Office of Miners’ Health and Safety a letter summarizing NIOSH's research
and planned report to Congress.® In his letter (copy attached), Dr. Kohler outlined four
areas of refuge alternatives that were of significant concern, based on NIOSH's work:

+ Oxygen: Two of the four refuge alternatives had oxygen flow rates less than
minimum value.

» Carbon dioxide: Three of four refuge alternatives were unable fo provide
adequate scrubbing of carbon dioxide.

+ Apparent temperature: Two of the four refuge alternatives developed an
apparent temperature greater than the specified maximum value.

e Purging: NIOSH stated that its work indicated that the “purging” capability of the
refuge alternatives (i.e., the capability of the chamber to clear contaminated air
from within the chamber each time the chamber door is opened to the outside)
could be “problematic”, and

» Operating instructions for refuge alternatives were difficult to understand and in
one case erroneous.

Nevertheless, Dr. Kohler expressed confidence that many of the shortcomings observed
by NIOSH could be addressed quickly. Manufacturers did address the vast majority of
these and other concems, and today’s refuge alternatives are greatly improved over the
designs first approved in West Virginia.

In December 2009, NIOSH provided its only known public update to its January 2008
report to Congress. See, “Update on refuge alternatives: research, recommendations
and underground deployment,” ER Bauer and JL. Kohler, Mining Engineering, Dec. 2009
(copy attached). In the update, NIOSH continued to express optimism about refuge

§ Section 13 of the Mine Improvement and New Emergency Response Act of 2006 {MINER ACT} (Pub. L. No. 109-
236}, enacted on lune 15, 2006, required NIOSH to conduct research, including field tests, concerning the utility,
practicality, survivability, and cost of various refuge alternatives.in an underground coal mine environment. NIOSH
was required to report on this research to the Congress and to the Secretary of Labor, no later than 18 months
from the date of enactment. The NIOSH report was published in January 2008. That, in turn, triggered an
obligation on the part of the Secretary of Labor to respond to the NIOSH Report in 180 days, including, if he chose
to do so, proposing regulatory changes. The Secretary {through MSHA) proposed regulations for refuge
alternatives in underground coal mines in the Federal Register for June 16, 2008 {73 Fed. Reg. 34,140). The
preamble to the proposal stated that it included MSHA’s response to the NIOSH report {id.), and that the agency
had “determined that refuge alternatives are practical and will increase the chance for survival for persons trapped
in underground coal mines, when integrated into the mine’s comprehensive escape and rescue plans.” /d. at
34,141, These regulations were finalized on Dec. 31, 2008 {73 Fed. Reg. 80,6586).









requirements to be modified based on the very serious problems reflected in Dr. Bauer's
update.

OCEI issued its final report to NIOSH on Dec. 3, 2010 (copy attached). The report
listed six different tasks that were performed under the NIOSH contract:

Task 1 - Provide a brief description of the thermodynamic heat
transfer processes, i.e. radiation, convection and conduction,
accompanying the occupation of a refuge chamber during a
mine emergency;

Task 2 - Develop heat transfer equations and an appropriate
heat transfer modeling program;

Task 3 - Determine the baseline predicted maximum apparent
temperature (heat + humidity) inside one rigid steel refuge
chamber for an ambient mine temperature of 55°F and
expected heat load and humidity at full occupancy

Task 4 - Provide the correlation between internal apparent
temperature and a range of external mine temperatures {55 to
95°F, or until no heat transfer occurs) for one rigid steel refuge
chamber at full occupancy;

Task 5 - Provide an estimate for occupancy de-rating based on
the expected internal apparent temperature remaining at or
below 95°F for various mine temperatures using the results of
Task 4, for one rigid steel refuge chamber; and

Task 6 - Provide an estimate of the maximum time of acceptable
occupancy, atthe manufacturer's recommended full capacity,
and the estimated internal apparent temperature remaining at
or below 95°F, resulting from a range of external ambient mine
temperatures (55 to 95°F, or until no heat transfer occurs} for
one rigid steel refuge chamber.”

The results of these tasks contained in the QCEI report presented to NIOSH reinforced
the information relayed by Dr. Bauer earlier in 2010. Among their more alarming
conclusions, QCEI| stated that (emphasis added):

+ Task 6 requested a time of acceptable occupancy, at full capacity and internal
apparent temperatures at or below 95°F, for various external mine
temperatures. Figures 19 through 27 illustrate these relationships. Figure 19
illustrates that at full capacity, 60°F external mine temperature, and
regardiess of the RH [relative humidity], the apparent temperature



reaches 95°F in approximately 9 hours, reaching a maximum of 102.5°F
in approximately 40 hours after occupation. At higher external mine
temperatures of 75°F and 90°F, as shown in Figures 20 and 21, time of
acceptable occupancy is reduced dramatically. Similar results for 10 and 8
miners are presented in Figures 22 and 27.

o Under the conditions considered in this report (see Figure 2), it only takes a few
hours for a single person to increase the level of humidity to full saturation.
Therefore, the humidity level must be kept under control for successful use of
chambers.

e Presently refuge chambers are not designed to withstand the potential
excessive heat created by a fire. As discussed in this repor, increases in the
mine environment temperature could reduce or even reverse the heat flow from
the chamber. This issue should be addressed on a priority basis in future work.

Based on Dr. Bauer's May 2010 presentation, NIOSH Contract No. 254-2010-M-34264,
and the resulting OCEI repor, It appears to NMA that there have been concerns about
the performance of refuge alternatives under post-accident mine conditions for at least
three years, and that these concerns have not been shared with stakeholders and
appropriately addressed as part of the Part 7 approval process.

The current Part 7 approval application process requires manufacturers to specify in
their application the maximum mine temperature for full occupancy at which the
component may be used. Upon approval, the various components are required to “be
conspicuously labeled to show your company’s name, model number, the maximum
mine temperature for full occupancy, and the assigned MSHA [component] Approval
number.”

In addition, mine operators are required to submit in their MSHA approved Emergency
Response Plans the estimated maximum mine temperature at the locations where
refuge alternatives are deployed. Together, the component temperature ratings and
mine temperature information are intended to assure that miners are afforded safe
conditions for 96 hours in a refuge alternative deployed as a last resort in an emergency
situation.

After NIOSH received the OECI report in Dec. 2010, additional research was performed
under contract for NIOSH in 2011 and 2012 that further demonstrated the significance
of mine temperature. In the Executive Summary of “Underground Mine Shelter Thermal
Analysis: Final Report,” Klein, M. and Rynes, P., ThermoAnalytics Incorporated, Aug.
17, 2012, (the “Thermal Analysis Report”, copy aftached) the authors presented the
following conclusions:

» The analysis indicates that certain thermal conditions, known to occur
underground, could cause extreme physiological stress to miners over a four-day
period within a refuge chamber.



¢ The mine ribs, roof, and floor in close proximity to the occupied shelter do not
behave as an infinite heat sink. Consequently, the type of material found in the
seam, and the seam size, affect the thermal environment that miners experience.

» Air flowing through the mine at the location of the occupied shelter can
significantly affect its temperature, either positively or negatively, depending on
the temperature of the air.

« Increasing the thermal mass of the rigid shelter tends to keep the interior
temperatures lower by absorbing more heat generated within the shelter.

Id. at Page 3 of 39.

This work demonstrates that the interaction between refuge alternatives and the mine
environment is more complex than has been previously understood and accounted for
in the Part 7 approval process. NMA is not at all confident that refuge alternative
components currently approved under Part 7 have demonstrated the required 896 hours
of safety required for such approval. This is not because of a failure of the particular
components, but because the performance of the approved products has not taken into
consideration that the particular characteristics of the mine environment that can
materially affect the maximum number of miners who can use the refuge alternative
during the 96 hour penod. Refuge alternative manufacturers have not had the benefit of
this work during the Part 7 approval application process. The interaction of these
factors needs to be addressed in the Part 7 approval process, to assure that both
miners and operators can have confidence in their deployment in underground coal
mines.

The importance of appropriately considering these factors can be seen in the Upper Big
Branch (UBB) disaster. Because of changes in mine femperature after the explosion at
UBB the refuge alternatives, had they been deployed at the mine, may not have
provided a safe environment for miners. The refuge alternatives deployed at UBB
appear to have been similar to the 26-miner unit evaluated in the Thermal Analysis
Report (“Tent — 26 people.”) UBB’s maximum mine temperature was listed in its ERP as
60 to 75 degrees F.” The examination records of UBB’s refuge alternatives reflect that
mine temperatures at the location of the refuge altematives was between 60-65°F.

However, one spotter recovered from the longwall face area at UBB retained its data-
logging ability after the explosion. The spotter's data reflected that the explosion heated
the mine air to around 91°F and drifted down to 79°F approximately thirteen hours later.
It is reasonable to believe that as the explosion travelled through UBB a similar increase
in ambient mine temperature occurred. The unfortunate point that must be stated is that
even if the UBB miners closest to the longwall face had managed to retreat {o the
closest refuge alternative the unit may not have provided the life-saving protections
believed before rescue teams were able to reach them.

The State of West Virginia, along MSHA and NIOSH, worked with operators and
manufacturers in an effort to provide miners such as those at UBB a safe refuge when



escape was impossible because of a disaster. No one intended to provide any miner
with a false or misplaced sense of security. Nor was it anyone’s intent to suggest that
compliance with the law carried anything less than the “chance for survival” intended by
the combined efforts of all those involved in bringing refuge alternatives to market and
deploying them in underground mines.®

In fact, NMA believes that the relationships that have developed between refuge
alternative manufacturers, operators and MSHA—by working closely together during the
Part 7 approval process—can serve to improve miner safety in addressing these issues.
Many refuge alternative manufacturers have already developed performance based
ratings based on ambient mine temperature. Operators and MSHA have used this
information to establish maximum occupancy ratings for individual mines, and this
information is routinely supplied (and subsequently approved) in Emergency Response
Plans. Moreover, the Thermal Analysis Report does not appear to suggest that the
current Part 7 approval process could tead to dangerous conclusions in mines where
the ambient mine temperature is 70 degrees or less.

Experience, however, indicates that it is vital to have the performance information for
refuge alternatives at temperatures above a mine’s normal maximum temperature. The
mine environment at UBB changed in the hours immediately following the explosion, to
such an extent that the survivability of the deployed refuge alternatives may have been
affected. It is imperative that miners be able to determine the safest length of time
offered by a refuge alternative so that they do not choose to seek refuge under
conditions that are dangerous. It is equally imperative that rescuers understand exactly
how post-accident mine conditions affect the chances for mine rescue. Simply stated,
when time is of the essence, it is most important to know how much time you have.

Refuge Alternatives’ Problems with Purging are Potentially of Even Greater Concern

As stated earlier, NIOSH first raised concerns regarding the ability of refuge alternatives
to purge carbon monoxide in Dr. Kohler's Dec. 2007 letter to Governor Manchin and Mr.
Wooten:

NIGSH did not develop and execute a quantitative evaluation of
chamber purging or positive-pressurizing ability, but our work-to-
date indicates that this could be problematic for all four
chambers, and that an alternative may be required.

In fact, the extent of NIOSH’s concerns was relegated to footnote 10 in its report, as
follows:

® See 73 Fed. Reg. 80,657: “MSHA reviewed NIOSH's report and determined that refuge alternatives are practical
and, when integrated into the mine’s comprehensive escape and rescue plan will increase the chance for survival
for persons trapped in underground coal mines.” {Emphasis added.}
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It is unclear whether all commercial chambers can purge
contaminated air from the chamber; this will require further
investigation.

Based on NIOSH's aforementioned briefings, it is clear that further investigation has
only clarified the nature and gravity of the agency’s early concerns.

On July 10, 2012, Dr. Eric Bauer emailed the authors of the Thermal Analysis Report
and invited them to submit an abstract reflecting their progress to a session he was co-
chairing at the February 2013 Society of Mining Engineers annual meeting in Denver,
Colorado. It appears that Dr. Bauer may have sent a similar invitation to other
researchers performing refuge alternative research under contract for NIOSH. One of
the abstracts presented at the session co-chaired by Dr. Bauer covered three
dimensional modeling of refuge alternative purging.

It appears that this and perhaps other research has demonstrated that the current
guidelines for refuge alternatives fail to provide for sufficient purging capacity to prevent
contaminated air from contaminating the chamber. it further appears that the ability of a
refuge alternative to purge contaminated air may be a significant limiting factor in
determining their capacity.

In the preamble fo the Final Rule on Refuge Alternatives, MSHA stated:

MSHA has performed limited carbon monoxide purge testing
that indicates a 50 percent carbon monoxide concentration
reduction with each purge. In PIB P07-03, under Safe Haven
Assumptions providing breathable air, MSHA addressed carbon
monoxide (CO) purging. Purging “efficiency” was estimated to
require compressed air cylinders providing at least three times
the amaunt of safe haven volume. Miners are to be inside the
volume being purged wearing an SCSR until purging is
accomplished. The Agency anticipated using compressed air
cylinders as necessary to reduce Safe Haven concentration to
less than 25 parts per million (ppm) for safe havens with a
captive volume {(not using positive pressure forced air from
either a compressed air line or borehole from the surface).'”

tn addition, the preamble stated:

MSHA reviewed data from previous accidents and found that a
carbon monoxide concentration of 999 ppm may exist following
an explosion arfire. It is necessary to evaluate the effects of

" 73 Fed. Reg. 80,666.
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the higher concentrations on the instruments because the
higher limits may exist prior to purging the airlock.™)

NIOSH's research indicates that MSHA's adoption of a 400 ppm carbon
monoxide reference standard for determining the effectiveness of harmful gas
removal components (see, 30 C.F.R. § 7.508 (c)(2)) may result in insufficient
capacity to purge carbon monoxide concentrations of 999 ppm or more. In

effect, while MSHA acknowledged that carbon monoxide concentrations of 999
ppm may exist following an explosion or fire, the existing regulations and Part 7
approval requirements provide miners no information regarding the level of CO at
the refuge alternative and whether the purging capacity of the refuge alternative
will allow them safe refuge, or whether they should head to the next SCSR
cache.

NMA recognizes that there are going to be practical limits to the amount of carbon
monoxide or other harmful gases that can be neutralized or eliminated by purging, while
at the same time maintaining the portability of refuge alternatives. The problem is that
the current Part 7 approval process fails to acknowledge that carbon monoxide
concentrations in excess of 400 ppm may exist and that miners faced with such a
situation are not currently informed of how such high concentrations affect the capacity
of the refuge alternative—nor are they trained on what concentrations of carbon
monoxide render the refuge alternative uninhabitable.

While the ability of current refuge alternatives to purge such high concentrations of
carbon monoxide may be in NIOSH’s unreleased reports, NMA does not believe that
the question has been adequately addressed by MSHA during the Part 7 approval
process. It is absolutely essential for miners to know the purging limits of refuge
alternatives, and they must be trained on how to determine if the mine environment is
safe for the deployment of a refuge alternative. Without such knowledge and training,
miners may perish rather than make further efforts to escape or reach SCSR caches.

NMA regrets that it was unable to receive a copy of NIOSH’s data on this matter. NMA
believes that the purging issue is of potentially greater concern than the heat and
humidity problems discussed at length, earlier. The purging issue could affect every
refuge alternative, and every miner. Even if MSHA disagrees about the gravity of the
heat and humidity issues raised by NIOSH research, NMA believes that the purging
issue alone is of sufficient importance to justify providing the additional time we are
requesting.

Miners Need Appropriate Training on Refuge Alternatives.

Mr. Secretary as you are knaw very well, mine emergencies present miners with life-or-
death decisions. NMA is concerned that, cumulatively, the problems raised by

" 4. 80,674.
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NIOSH’s research, may leave miners with an false sense of security. Contrary to the
view held by some, based on our understanding of NIOSH’s research, we cannot simply
teach and train the nation’s miners on how to deploy and operate a refuge alternative,
and tell them that they will be able to survive for four days.

Should you reject our emergency rulemaking petition and leave your current rule intact,
MSHA’s message to the nations miners will be that refuge alternatives and components
that have been approved under Part 7 will provide a safe haven if they are operated
according to manufacturer specifications. In our view, NIOSH’s work calls this message
into question. While the underlying reasons for granting our petition are based in the
performance of refuge alternatives, it is even more important that we provide miners
with an honest appraisal of their safety so that they can make educated decisions if they
are forced to choose between seeking refuge in a refuge alternative, or making another
attempt at escape.

Mr. Secretary, for all the reasons stated above, we believe it is in the interest of all
stakeholders for MSHA, on an urgent, emergency basis, to extend the deadline so as to
permit the consideration and analysis of this crucially important NIOSH information in
advance of operators having to remove from service the current cadre of prefabricated
units, as well as to achieve an orderly transition to Part 7 compliance.

NMA is prepared to work immediately with you and your colleagues, as well as with
NIOSH and all other stakeholders to:

e analyze the new NIOSH research and validate it; and

e work cooperatively with all parties to develop any necessary revisions to 30 C.F.R.
Parts 7 and 75.

We look forward to your rapid and favorable consideration of this urgent request. In
light of its emergency nature (and as noted at the outset of this letter), please let us
have your answer to this petition no later than Nov. &.

Sincerely,

7Ll

Bruce Watzman
Aftachments
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December 19, 2007

Mr. Ronald Wooten

Director, Office of Miners' Health, Safety & Training
West Virginia Department of Commerce

1615 Washington Street East

Charleston, West Virginia 25311-2126

Bear Mr. Wooten:

Thank you for meeting with me on December 19, 2007 to discuss information that the National
Institute for Occupational Safety and Health (NIOSH) in the Centers for Disease Control and
Prevention of the United States Department of Health and Human Services has recently
generated that may have an immediate impact on the heaith and safety of mine workers within
the State of West Virginia.

NIOSH conducts a program of mining safety and health research as a part of its portfolio of 32
accupational safety and health programs. Section 13{(a} of the Mine Improvernent and New
Emergency Response Act of 2006 ("MINER Act”) requires that NIQSH “provide for the conduct
of research, including field tests, concerning the utility, practicality, survivability and cost of
various refuge alternatives in an underground coal mine environment, including commercially-
available partable refuge chambers.”

Section 13(b) mandates that “[N]ot later than 18 months after the date of enactment of this Act
(June 15, 2006}, the National Institute for Occupational Safety and Health shall prepare and
submit to the Secretary of Labor, the Secretary of Health and Human Services, the Committee
an Health, Education, Labor and Pensions of the Senate, and the Cammitiee on Education and
the Workforce of the House of Representatives a report concerning the results of the research
conducted under subsection {a) including any field tests.”

Shortly after passage of the MINER Act, NIOSH began to discuss the elements of an
appropriate refuge chamber testing protocol with many different stakeholders including
representatives from the State of West Virginia. As a result of those discussions, NIGSH
agreed to include in the peerreviewed testing protocol certain parameters designed to assess
the ability of refuge chambers o meet certain key regulatery pravisions recently pramulgated by
the State of West Virginia.

NIOSH understood before commencing testing at its Lake Lynn Experimental Mine that the

State of West Virginia refuge chamber approvals were based on data and calculations provided
by the manufacturers, as certified by a registered professional engineer. Furthermore, NIOSH
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understood from a preliminary review of refuge chamber capabilities, and from a meeting
betwaen NIOSH scientists and members of the State of West Virginia Task Force, that several
areas of chamber performance were of significant concern. These areas were: (1) level of
oxygen when miners cccupied the chamber; (2) level of carbon dioxide inside the chamber
when miners occupied the chamber; (3) apparent temperature inside the chamber when miners
occupied the chamber; {4) the “purging” capability of the chamber, i.e., capability of the chamber
to clear confaminated air from within the chamber each time the chamber door is opened fo the
outside; and (5) other specific areas such as set-up time and operating instructions.

NIOSH is now preparing a report entitied “Reporf of Research on Refuge Allernatives™ to meet
the requirements of Section 13(a) and (b) of the MINER Act. The NIOSH Report will be
assembled in December of 2007, submilled to the parties named in Section 13(b} of the MINER
Act, and will be disseminated in early January,

However, NIOSH believes that findings in the four areas of chamber performance that are of
significant concern to ihe State of West Virginia and need fo be communicated to the State prior
to the formal completion of the Repart. NIOSH understands refuge chambers mandated by
Woest Virginia Regulation Code, Title 56, Series 4, Section 8 will shortly be moved underground
for operational use by miners in the case ¢f an emergency. Since findings from our field testing
raise issues about the performancea of such refuge chambers, NIOSH believes it is imperative to
inform you of our findings as soon as possible before deployment of refuge chambers.

What follows is a brief summary of our findings to date.
NIOSH conducted refuge chamber testing by NIOSH scientists at its Lake Lynn Laboratory.
Various phases of the testing of each chamber were observed by representatives from the West

Virginia Task Force and the Mine Safety and Health Administration's Approval and Certification
Center. Results of testing four refuge chambers from different manufacturers were as follows:

(n Oxygen {O3)

Two of the four chambers had an O; flow rate less than the specified minimum value.

(2) Carbon dioxide (CO,)
Three of the four chambers had a CO; level in excess of the specified maximum value;
and practical difficulties with the process of scrubbing were observed, to a greafer or
lesser extent, in all four chambers.

{3) Apparent Temperature

Two of the four chambers developed an apparent temperature greater than the specified
maximum valuea.

4) Purging
NIOSH did not develop and execute a quantitative evaluation of chamber purging or

positive-pressurizing ability, but our work-to-date indicates that this could be problematic
far all four chambers, and that an alternative may be required.



(5) Operating instructions

Instructions provided with the chambers were sometimes difficult to understand, and in
one case, the instructions for CO; scrubbing were erreneous. None of the chambers
contained “quick start” instructions and most lacked comprehensive instructions to deal
with maifunctions or problems in critical systems.

NIOSH believes that many of the experimentally observed shoricomings can be addressed
quickly through improved engineering design, minor technical modifications, and/or the use of
improved instructional materials. Indeed, based on our pretiminary feedback to the
manufacturers, changes may have already been implemented, but we do not have first-hand
knowledge of these changes. However, NIOSH would be pleased to evaluate the efficacy of
any changes made to improve chamber performance.

As you are already aware, NIOSH is not an approval and certification agency. Findings from
NIOSH's refuge chamber testing should be correlated with other sources of data on refuge
chamber performance and with the experience of users. NIOSH does believe that laboratory
testing of refuge chamber parformance may be a valuable adjunct to any governmental refuge
chamber approval and certification process.

Thank you for meeting with me on December 19, 2007 o discuss these important findings.

Sincerely,

== KR

Jeffery L. Kohler, Ph.D.
Director, Office of Mine Safety and Health

JLK/me

(v The Honecrable Edward M. Kennedy
Chair, Committee on Health, Education, Labor, and Pensions
U.S. Senate

The Honorable George Miller
Chair, Committee on Education and Labor
U.5. House of Representatives

The Honorable Richard Stickler
Assistant Secretary for Mine Safety and Health
U.S. Department of Labor

John Howard, M.D.
Directer, National Institute for Occupational Safety and Health
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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 Lime of the
preparation of this mannoscript, the comment period was
closed, public hearings completed and MSHA was in the
process of developing the final rule. The proposed rule
containg many of NIOSH's recommendations found in
the report to Congress, as well as solutions to other criti-
cal ixgues, 4 result of ongoing communications as part of
the MSHA/NIOSH Refuge Alternatives Working Group
and MSHA's diligent investigative efforits since passage
of the MINER Act.

Summary and conclusions

The 2006 mine disasters and subsequent passage of
the MINER Act hag led to the development, testing and
deployment of refuge alternatives in underground coal
mines in the US. Specifically, a number of manufactus-
ers have researched, developed, built and supplied refuge
chambers to the coal indusiry.

The statc of West Virginia has passed legislation re-
quiring the vse 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
sltermatives in all US. underground coal mines NIOSH
has conducted numerous research efforts to investigate
the atility, 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 fed 1o the conclusion that refuge alternatives
bave the potentini for saving the lves of mine warkers if
they are part of a comprehensive escape and rescue plan
and if appropriate training is provided. B

Disclaimer

The findings and coaclusions in this repart 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 ar policy.
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Finite Element Simulation of Mine Refuge Chambers

1. _INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH) has contracted
O’Donnell Consulting Engineers, Inc. (OCEI) to provide an understanding of the heat
transfer mechanisms associated with mine refuge chamber occupancy and the correlation

between variables involved in the performance of refuge chambers.

The purpose of this research task is to address the heat and occupancy issues associated
with the use of refuge chambers in underground mining operations. In particular, there is
an interest in addressing the relationship between the chamber internal apparent
temperature and external ambient mine temperature. It is also desirable to understand the
de-rating capacity of refuge chambers based on the expected internal apparent
temperature as Lhe external mine temperatures increase. Finally, knowledge of the time it
will take for a chamber to reach 95°F apparent temperature at full cccupancy given
varying external mine temperatures is desired. This research considers the specific heat
load and humidity generated by occupants, carbon dioxide scrubbing system, and other
known heat and humidity sources, as well as chamber specific information.

The following tasks, listed in the Statement of Work (SOW), are addressed in this Report:

Task 1. - Provide a brief description of the thermodynamic heat transfer
prtocesses, i.¢. radiation, convection and conduction, accompanying the

occupation of a refuge chamber during a mine emergency;

Task 2. - Develop heat transfer equations and an appropriate heat fransfer

modeling program;
Task 3. - Determine the baseline predicted maximum apparent temperature (heat
+ humidity) inside one rigid steel refuge chamber for an ambieni mine

temperature of 55°F and expected heat load and humidity at full occupancy;
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Task 4. - Provide thc correlation between internal apparent temperature and a
range of external mine temperatures (55 to 95°F, or until no heat transfer occurs)

for one rigid steel refuge chamber at full occupancy;

Task 5. - Provide an estimate for occupancy de-rating based on the expected
internal apparent temperature remaining at or below 95°F for various mine

temperatures using the results of Task 4, for one rigid steel refuge chamber; and

Task 6. - Provide an estimate of the maximum time of acceptable occupancy, at
the manufacturer’s recommended full capacity, and the estimated internal
apparent temperature remaining at or below 95°F, resulting from a range of
external ambient mine femperatures (55 to 95°F, or until no heat transfer occurs)

for one rigid steel refuge chamber.
2. OVERVIEW OF REFUGE C BER FUNCTIONAL REQUIREMENTS

Following several coal mine accidents, safety legislation was approved in 2006 to
provide refuge chambers miners could access while waiting (o be rescued. These refuge
chambers are to provide the miners with necessary oxygen, food, water, livable
temperature, and a way of eliminating harmful gases such as carbon dioxide and carbon
monoxide for up to 96 hours. Due to the possibility of power loss in the mine as a result
of an accident, all necessary life support systems must be designed to function
independently of the mine’s normal electric power system. Maintaining an acccptable
combination of temperature and humidity, which defines the apparent temperature inside
the chamber, is of major concern. Other important issues are the methods of providing
oxygen, eliminating carbon gases from the air inside the chamber, and reducing the

humidity in order to sustain miners’ lives.

There are two types of temporary refuge chamber designs presently available, hard-shell

(mctal) and inflatable soft-shell (vinyl or rubber) units. The condition inside a hard-shell
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chamber at the time of the accident or insidc a soft-shell chamber right after it is inflated
is referred to berein as the chamber Initial Condition. If the hard-shell chamber has been
sealed prior to entering the mine, the temperature, humidity, oxygen level, and carbon
dioxide level are the same as when the unit was sealed. If the chamber has been accessed
while in the mine, the Initial Condition would be similar to that of the mine interior
environment. As miners enter the chamber, the temperature, humidity, and carbon gas
levels begin to rise, and the oxygen level begins to decrease. The chamber temperature
can be maintained at a safe level as long as the heat generated inside the chamber gets
transferred to outside the chamber. The chamber air temperature and humidity rise as the

mine environment temperature outside the chamber rises.

‘The best scenario for the chamber interior temperature is to reach an acceptable steady
state condition following the initial rise in the chamber’s interior temperature. However,
the ability to achieve this acceptahle steady state condition depends on the mine’s
environment temperature. If the mine environment temperature is high, the steady state
apparent temperature may not be acceptable to support the miners. An increase in the
internal chamber temperature due to the heat generation from the miners’ bodies and the
scrubbers reduces the heat transfer from the chamber to the surroundings, further
increasing the chamber temperature. In addition, providing sufficient oxygen,
eliminating carbon dioxide from the air inside the chamber, and keeping the humidity
under control are necessary for sustaining miners’ lives. The apparent temperature,
which is a measure of an acceptable temperature, is based on the combination of heat and
humidity. MSHA has limited the apparent temperature to 95°F for refuge chambers. The
apparent temperature as a function of relative humidity and dry bulb temperature is
presented in Table 1 and as a graph in Figure 1. Thc oxygen and carbon dioxide can be
calculated based on the number of miners and their occupancy time period independent

of the unit interior temperature.

Theoretically, if the oxygen supply is unlimited, the carbon gases are removed using

scrubbers, and humidity is kept under control vsing desiccants many miners can survive
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much longer than the required 96 hours. The exception is if there is excessive heat

generated in the mine in the close vicinity of the chamber.
3. TONTROL ¥ TRANSIENT REFUGE CHAMBER CONDITIONS

In addition to providing the necessary food, water, and sanitary facilities that are outside
the scope of this study, maintaining proper levels of oxygen, carbon gases, temperature,
and humidity are essential to support the ininers in a refuge chamber. Human breathing
consumes oxygen and expels carbon dioxide and water vapor. Therefore, in 2 closed
system like a refuge chamber, the consumed oxygen needs to be replaced and carbon
dioxide needs to be removed. The ratio of carbon dioxide produced to oxygen consumed
is defined as the “Respiratory Quotient”. The Respiratory Quotient varies from 0.8 to 1.0
depending on the person’s activity level. Based on the MSHA regulations, breathing
supplies should be designed to provide 1.32 CFH of oxygen and remove 1,08 CFH of

carbon dioxide per miner.

The concentration of oxygen in the earth’s atmosphere is approximately 20.8%. Air is
considered oxygen deficient when oxygen concentration falls below 19.5%: The effects
of various oxygen concentration levels are tabulated in Table 2. According to 30CFR
Part 7.508 the recommended level of carbon dioxide in the chamber should not exceed
1.0%. The elTects of various carbon dioxide concentration levels and the exposure times
on humans are shown in Table 3. The physiological tolerance time for various carbon

dioxide concentration levels is tabulated in Table 4.

Therc is always the possibility of high concentration of carbon monoxide in the chamber
due to nearby fire and explosions in the mine. According to MSHA (30CFR Part 7.508)
the recommended level of carbon monoxide in a refuge chamber is 25 ppm. An increase
in the concentration from 200 to 800 ppmn could result in headaches to convulsion in 45

minufes and insensibility in about 2 hours.
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Oxygen may be provided in the chamber by different methods such as bottles of
compressed medical grade oxygen stored in the chamber. Carbon dioxide may be
removed using chemicals such as lithium hydroxide or soda lime. The use of these
chemicals results in generating or removing heat from the chamber that should be taken
into account in the heat transfer and analyses. Detailed analyses and efficiency of various
methods of replacing the consumed oxygen and removing the carbon gases are feasible
but are not in the scope of this study. Such analyses should be included for accurate

modeling and simulation of refuge chambhers.

According to 30CFR Part 7.505, refuge chambers should withstand 15 psi
overpressurization for 2 seconds and 300 °F flash fire. Design modifications could be
made to the chambers to make them more robust against potential external loads resuiting
from fire and explosions. These loads could be in the form of overpressurization,
pressure spikes during short time periods, dynamic blasts, and impacts from projectiles
such as cribs and roof fall materials. Design improvement and modifications could be
accomplished using reliable finite element modeling and simulations. Such analyses
could be used to quantify the improvements that could be achieved by various design

changes.

An tmportant factor in maintaining a livable environment in a refuge chamber is the air
relative humidity. The relative humidity “®” of an air-waler mixture is defined as the
ratio of the partial pressure of water vapor “p¢* in the mixture to the saturated vapor
pressure of water “Pys“ at the same temperature. Relative humidity is nommally

expressed as a percentage by the following equation:
D = (ps/ Pys } X 100%

Graphs in Figure 2 show that it takes less than 18 hours for a single miner to fully
saturate the air at 90°F temperature with zero humidity in a 464-cubic feet chamber.
Time to 100% saturation decreases linearly with increase in percentage of initial
saturation. For instance, for the initial chamber at 90°F temperature and 75% humidity

ratio, the time to 100% saturation would be less than 4.5 hours. For the same chamber at
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60°F, the time to saturation with 0% and 75% relative humidity would be less than 7
hours and 2 hours, respectively. The calculation detail is presented in Appendix A.
Graphs in Figure 2 also indicates that the change in temperature has a small effect on the
partial water vapot pressure, however, it has a large effect on the saturated water vapor

pressure, as shown in Figure 3.

Table 1. Apparent Temperaturc Chart

Relative TEMPERATURE (°F)

Humidity (%) 707580 8 90 935 100 105 110 115 120 125 130 135
0 64 6973 78 83 87 91 95 99 103 107 111 117 120
5 64 6974 79 84 88 93 97 102 107 111 116 122 126
10 657075 80 85 90 95 100 105 111 116 123 131
15 657176 81 86 91 97 102 108 115 123 131
20 66 72 77 82 87 93 99 105 112 120 130 141
25 66 72 77 83 88 94 101 109 117 127 139
i 67 7378 R4 90 96 104 113 123 135 148
35 67 7379 85 91 98 107 118 130 143
40 68 74 79 86 93 101 110 123 137 151
45 68 74 80 87 95 104 115 129 143
50 69 75 81 88 96 107 120 135 150
55 69 75 81 89 98 110 126 142
60 70 76 82 90 100 114 132 149
65 70 76 83 91 102 119 138
70 70 77 84 93 106 124 144
75 70 77 85 95 109 130 150
80 71 78 86 97 113 136
85 7 78 87 99 117 140
90 71 79 88 102 122 150
95 71 79 89 105 126
100 72 80 90 108 131
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Apparent Air Temperature vs Dry Air Temperature
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Figure 1. Apparent Temperature v. Dry Bulb Temperature and Relative Humidity

Table 2. Effects of Oxypen Concentration Levels

Concentration of Oxygen in Air

(percent by Volume) Effect on the Human Body
Over 24 Increase risk of fire
18 Slight increase in breathing rate
17 Faster, deep breathing, possible
impaired judgment
15 Dizziness, buzzing in ears, rapid
heartbeat
13 May lose consciousness with
prolonged exposure
9 Fainting, unconscicusness
Life endangered
6 Convulsive movements, death
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4. HEAT TRANSFER MECHANISM IN REFUGE CHAMBERS (SOW Task 1)

Heat generated in the chamber gets transferred to the chamber’s interior walls, through
the walls, and then to the mine environment. Heat is transferred by conduction,
convection, and radiation from heat sources inside the chamber, namely from miners’
bodies and scrubbers, to the chambers interior wall through the air. Due to low air
conductivity, the amount of heat transferred by conduction is small. Since there is air
movement inside the chamber, most of heat is transferred by convection. There is also
some radiation heat transfer within the chamber, Heat is transferred though the chamber
wall thickness by conduction only. Due to the chamber’s thin wall thickness and its
material conductivity, there is a mimmal heat flow resistance and a small temperature
drop across the chamber’s walls. Adding insulation fo the walls protects the chamber
from external heat due to fire and cxplosions, however, it also reduces the chamber’s
beneticial heat flow to the outside when chamber’s inside temperature is higher than the
outside. The benefits of increasing the wall’s external heat wansfer surfaces, such as
installing fins, can be quantified using finite element modeling. Fins should be protected

from getting darnaged during hauling and placement of the chamber inside the mine.

From the chamber outside wall surfaces heat is transfeired by convection and radiation to
the mine’s interior surfaces, The amount of heat transferred by conduction in the air is
small. Since the air flow outside the chamber is stagnated, the heat transfer coefficient
between the chamber exterior surfaces and the air is relatively small, resulting in a low
convection heat fransfer. Due to low heat transfer by conduction and convection,
radiation heat transfer is the prominent heat transfer mode. Radiation is affected by the

level of humidity in the air surrounding the chamber.
Appropriate heat transfer models were developed to simulate the heat flow between the

chamber internals and the mine environment. Finite element technology was employed to

construct and perform the analyses.
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5. FINITE ELEMENT ANALYSES (SOW Task 2)

5.1 Geometry
A three-dimensional model of a typical mine refuge chamber was constructed to quantify

the heat flow between a refuge chamber and its surroundings. This model consisted of
more than 37,000 three-dimensional solid elements. The finite element model included
the chamber, men, carbon dioxide scrubber, and the mine environment. Model
dimensions were based on one of the Strata’s hard-shell refuge chambers that was made
available for evaluation. This chamber was designed to hold up to 20 miners. The
overall dimensions of the mode]l were 96 wide 72” tall and 1157 long with 0.25” thick

walls, resuiting in approximately 464 ft* of internal volume.

A cross-section of the chamber showing two miners sitting across from each other, a box
in front of them representing a dioxide carbon scrubber, and the mine walils is presented
in Figure 4. Figure 5 shows the 3-dimensional view of the chamber, cut and expanded at
the middle. The finite element mesh density of the chamber model is reproduced in

Figure 6. This model was built to simulate the chamber performance for up to 20 miners.

52 Steadv State Analyses

A number of three dimensional finite element steady state thermal analyses were
performed on the above-described model simulating various conditions. These
conditions were based on varying the number of miners in the chamber, the temperature
of the mine walls, and the air temperature outside the chamber. The heat flow from each
person was set at 400 BTU/hr and their skin temperature was set at 93°F. The heat flow
generated by the carbon gas serubbers was set at 87 BTU/(hr-person).

Figures 7 through 11 show dry bulb temperature distributions in the chamber for the case
of 20 miners with the mine wall and air temperature at 60°F, Figure 7 shows 3-D view of
the air temperature distribution on a vertical plane across the center of the chamber.

Figure 8 shows 3-D view of the air femperature distribution on a vertical plane at the
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center of the chamber. These graphs show the increase in the air temperature near the
carbon dioxide scrubber. The air temperature distribution on the plane across the body of
a miner sitting in the middle of the chamber is reproduced in Figure 9. Figures 10 and 11
show the air temperature distribution on two horizontal planes at the miners’ head and

feet levels, respectively.

The temperature values throughout the chamber are averaged to represent the average dry
bulb temperature in the chamber. Generally the mine’s air and wall temperatures are
approximately the same and in equilibrium unless an explosion or fire occurs. The effect
of the change in the mine’s air and wall temperatures and also the number of miners on
the average dry bulb temperature in the chamber are presented in Figures 12 and 13.
Figure 12 shows the average dry bulb temperature in the chamber for 10, 14, 16, and 20
miners when the mine’s air and wall temperature were equal. Figure 13 shows the
change in the average dry bulb temperature in the chamber for 20 miners vs. mine wall

temperatures of 55 to 95°F for mine air temperatures of 55, 65, 75, 85, and 95°F,

All above temperature plots are for the chamber dry bulb without accounting for
humidity in the air. The combination of the air temperature and humidity defines the
apparent air temperature (see Figure 1 and Table 1) which is the measure of “feels like”
comfort for the human body. Figures 14, 15, and 16 show the change in the apparent
temperature of the chamber at various levels of relative humidity for 20, 10, and 8 miners

vs. the change in the mine’s equal air and wall temperatures, respectively.

5.3 Transient Analvses
Transient thermal analyses were performed to determine the time that it takes from when

the miners enter the chamber until the thermal condition inside the chamber reaches
equilibrium. All temperatures were set to 60°F at time equal to zero. The change in the
chamber average dry bulb temperature for 8, 10, 14, 16, and 20 miners when the mine’s
air and wall temperature were equal to 60°F is plotted in Figure 17. This plot indieates
that the temperature in the chamber reaches the steady state condition in about 36 hours.

This data is plotted on a semi-log scale in Figure 18. The change in the chamber apparent
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air temnperature for 20 miners when the mine’s air and wall temperature were equal to
60°F, 75°F, and 90°F are plotted in Figures 19, 20, and 21, respectively. Similar plots for
10 and 8 miners in the chamber are plotted in Figures 22 through 27.

54 Ana' -2s Results
Finite element heat transfer analyses results show that for the refuge chamber considered
herein, the heat flow from the chamber to its environment is more sensitive to the mine

interior wall temperature than the air temperature surrounding the chambet.

Analyses results show that the chamber air gets oversaturated in a relatively short time, It
takes less than 1.8 hours for 10 miners to fully saturate the air ai 90°F temperature with
zero humidity in a 464-cubic feet chamber. This shows the importance of humidity level

in extending the capacity and occupation times of mine refuge chambers.

54.1 SOW Task3

Task 3 in the Statement of Work {(SOW) involved determining the baseline predicted
maximum apparent temperature with an ambient mine temperature of 55°F and full
occupancy. Figure 14 iliustrates this relationship for ambient mine temperatures of 55°F
to 95°F, The apparent temperature for various relative humidity at an ambient mine
temperature of 55°F varies from approximately 82 to 97°F. For instance, ai dry
conditions, the predicted maximum apparent temperature is approximately 82°F while at
100% RH, the maximum predicted apparent temperature is 97°F, Similar results for 10

and 8 miners are presented in Figures 15 and 16, respectively.

542 SOW Task4

Task 4 involved providing the correlation between intermal apparent temperature and a
range of external mine temperatures, again at full occupancy. Figure 14 also illusirates
this relationship. The internal apparent temperaturc reaches 95°F at various external
temperatures and internal RHs. For instance, the apparent temperature reaches 95°F at

80°F mine temperature and 50% RH. At 100% RH, the chamber is estimated to be above
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95°F apparent temperature at 55°F mine temperature. Similar results for 10 and 8 miners

arc presented in Figures 15 and 16, respectively.

543 SOW Task5

Task S5 requested an estimate of occupancy de-rating for various external mine
temperatures with the chamber remaining at or below 95°F apparent temperature.
Figures 14 through 16 provide an estimate of the occupancy de-rating needed as the
external mine temperatures increase. Where each of the RH lines cross the 95°F apparent
temperature line indicates the external temperature at which occupancy de-rating must
occur. For instance, if occupancy is halved to 10 miners as shown in Figure 15, the
exterior mine air/wall temperature can be only 62°F at 100% RH and as high as 95°F at
dry interior conditions for the chamber’s apparent temperature to remain at or below

95°F.,

54.4 SOW Taskeé

Finally, Task 6 requested a time of acceptable occupancy, at full capacity and internal
apparent temperatures at or below 95°F, for various external mine temperatures. Figures
19 through 27 illustrate these relationships. Figure 19 illustrates that at full capacity, 60°F
external mine temperature, and regardless of the RH, the apparent temperature reaches
95°F in approximately 9 hours, reaching a maximum of 102.5°F in approximately 40
hours after occupation. At higher external mine temperatures of 75°F and 90°F, as shown
in Figures 20 and 21, time of acceptable occupancy is reduced dramatically. Similar

results for 10 and 8 miners are presented in Figures 22 and 27.
6. DISCUSSION AND RECOMMENDATIONS

The work performed herein was concentrated on the basic heat transfer mechanisms
governing the heat flow and heat balance between a typical refuge chamber and its
surrounding environment in the mnine using finite element analyses. There are many
variables involved in designing and evaluating the capacity of a reliable refuge chamber

to support miners for a desired time period. These variables include temperature,
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humidity, oxygen, carbon dioxide, carbon monoxide, chamber’s dimensions, chamber’s
material of construction, chamber’s fire resistancy, chamber’s sfructural integrity when
subjected to external pressure, and the chamber’s placement in the mine for optimum heat
flow. Under the conditions considered in this Report (see Figure 2), it only takes a few
hours for a singlc person to increase the level of humidity to full saturation, Therefore,

the humidity level must be kept under control for successful use of chambers.

At the present time, in order to design or evaluate the performance of a refuge chamber, a
comprehensive heat transfer, thermodynamics, and structural analyses must be
performed. These analyses involve computational fluid dynamics (CFD), finite element
(FIZA) analysis, and engineering calculations. OCEI recommends performing an
extensive parametric evaluation of the effects of all the variables involved in the design
of a reliable refuge chamber. In these transient evaluations, the chamber dry bulb
temperature and relative humidity as a function of time will be monitored and quantified.
A detailed evaluation of all heat sources (the sensible and latent heat loads) in the
chamber including humans, chemical reactions, scrubbers, and other equipment will be
included. The exact concentration of gases present in the chamber will be considered to
make sure the system is functioning as required for maintaining livable conditions for
miners, Factors affecting the flow of heat between the chamber and the mine include
mine air transient temperature due to potential fire or explosions, mine wall temperature
gradient, air flow and movement around the chamber (if any), level of humidity and gases
in the mine air affecting the radiation from the chamber to the mine walls. conductivity of
the mine wall materials, and distances between the chamber outer surfaces and the mine

walls,

Based on the results of such a study, an interactive stand-alone sofiware program can be
developed for design and verification purposes covering various designs of rcfuge
chambers, without having to perform time consuming CFD and/or FEA analyses and

simulations on each individual unit.
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Certain input values and assumptions for the above-mentioned work may need to be
verified by testing, experimentation, or physical modeling. To reduce the cost and
increase the efficiency of these verification tests, CFD and FEA nodeling can be

employed to define the test procedures and parameters.

Presently refuge chambers are not designed to withstand the potential excessive heat
created by a fire. As discussed in this Report, increases in the mine environment
temperature could reduce or cven reverse the heat flow from the chamber. This issue

should be addressed on a priority basis in future work.
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Figure 12 shows predicted relative humidity in the 26 person tent. Initial temperature in the tent and mine was set to
70°F, and initial humidity was set to 40%. The mode! predicted the humidity to rise to 100% in 18.5 minutes. Based
on this result, relative humidity was 2ssumed 0 be constant 100% in subsequent models.
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Flgure 12 - Predicted interior relative humidity vs. time for 26 person tent (70°F inital mine tetnperatore, 40% initial
RH)

*Note: The humidity model described above accounted for sweat evaporation from the people, moisture output
by the CO; scrubber, and moisture transport from the shelter. It did not account for condensation on the walls of
the shelter. The relative humidity inside of the shelter may not reack 100% if some of the evaporated moisture
condensed on the shelter walls.
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It was predicted by the models in Task 3 that the rigid steel shelter provides a safer thermal environment than the
inflatable tents because it takes more energy to heat up. The thickness (thermal mass) of the steel shelter was varied
in order 1o gain a better understanding of the thermat behavior, Figure 32 shows the results of varying the thickness
of he steel shelter. For the "thin steel” case, ali frame and sheet metal paris of the shelter were changed to 1/16"
thick, reducing the total shelter weight from 21,277ibs to 6318lbs. The "thick steel" shelter had the same frame as
the baseline shelter, but all sheet melal parts were twice as thick as baseline. As expected, the thick steel shelter
stayed cooler because of the extra thermal mass. Figure 33 shows the shelter thermal mass effect on eceupant core
temperature, while Figure 34 shows surface temperatures for the thin steel and thick steel cases.

The "high emissivity” case in Figure 32 used the baseline shelter, but the thermal emissivity of the surfaces was
raised from 0.9 to 0.95. This was a small change with a small effect on interior air temperature, but in general a
higher thermal emissivity will allow more heat to radiate to the mine seam.

BO°F was used as the initiz] mine and shelter temperalure because that case was shown to be stressing for the
occupants (Section 3.2, Figure 24). A thermally stressing case was chosen so that differences in shelter construction
would have a more significant impact on the shelier lemperatures.

Shelter Sheher Frame Skin Surface interior Ajr
Model Meterial Weight(Ib) Thickness Thickness Emissivity Temp @ 96hrs
Baseline — [steel | 21277 wl Wow Py 94.00 |
High Ermissivity Steel 21,217 W Ve 0.95 93,83
Thin Stael —— | Steel 6,318 171" 1/16" D9 95.41
Thick Stee i | Gea] 28586 W i o1 _0.9 8368
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Rigure 32 - Matetial effects on the rigid shelter interior air temperature (14 people, 80°F initia) temperature)
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From; Pete Rynes <plr@thermeanalytics com>
Sent; Friday, July 13, 2012 1G;:54 AM

To: Bauer, Eric R. {CDC/NIOSH/OMSHR)
Subject: Re: Abstracts for SME Annual Meeting
Enc,

if you can stay till the afternoon of the 16th {~2pm), there would be time to visit the Quincy Mine:

hito:/fwww.keweenawheritagesites.org/site-guincy mine.ohp

It's a pretty interesting place 1o visit.
Pele

On 7/10/2012 11:07 AM, Bauer, Eric R. (COC/NIDSH/OMSHR} wrate:
Gentlemen,

As | beliave we have discussed previousty, f wouid like each of you to consider submitting an abstract for
the Society of Mining Engineers (SME) Annual Meeting, Feb. 24-27, 2013, to be held in Denver, CO. 1am
co-chair of a refuge session. The abstract should be 150 to 200 words that describes the research you
have completed, or expect to complete, under the contracts with NIOSH. If accepted, | would hope that
you can provide a paper and then attend and present at the meeting.

Please note that any travel expenses will be your responsibility.

Alf abstracts must be submitted by August 16 so the sooner you can get me a Word document the
better. | believe that as the session co-chair | must submit the abstracts.

Glve me 3 calf to discuss.
Thanks, Eric

Eric R. Bauer, PhD, PE, Mining Engineer

Musculoskeletal Disorders Team | Human Factors Branch
Dffice of Mine Safety and Health Research

NIOSH | Pittsburgh Research Laboratory

PD Box 18070 | 826 Cochrans Mill Road

Pittsburgh, PA 15236

Ph 412-386-6518
Fax 412-386-6764
Email ebguar@cdg.cov

www.cdc.gov/nipsh/mining
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mental limit based on the Steadman Apparent Temperature was specified. An
analysis of polential limiting chermal conditions was uoderraken, The major con-
clusion was thal an ooctpant surragate would be an effective tosting vehidle ta
demonstrate RA capacity end that a thermal limit is nol necessary. In summary,
the following recommendations were mede for lesting an RA: (1) beat generation
at 115 W per occupant; (2) reasonable surropate occupant can be achieved nsing e
standard drum with a wetted surface to represent sweating; (3) an upper limit skin
wemperature of 93 «F {35 «() for a surrogate occupant {this decisian is independ-
ent of a limit on the RA envimnment} and (4) a limit based on the Steadman
Apparent Temperature limit can be set higher {(e.g., 105 to 115 «F).

Detailed Thenmal Analyais of an Underground Mine Shelter to
Evaluate Thermal Burden on Mine Workems

M. Klein, M. Hepokaski and P. Rynes; Thermal Modeling Group,
ThermoAnalytics, Inc, Calumet, MI

Mine refuge shelters are designed 1o protect mine workers ffom hazardous eovi-
ronmental conditions after 2 mine disaster. These shelters primarily provide clean
air and sustenance until conditions within the mine either become safi for human
occupation or an evacuahon it feagible. Prolonped exposure to elevated empera-
ture and humidity levels can result in a heat siress condition in which the human
body is unable to maintain its core temperaturs, Consequently, thermal candi-
tions within the shelter itself can pose a risk to human safety over time. A detailed
thermal model of 2 mine refige shelter was created to evaluate the thermal bur-
den imposed on a group of mine workers over an extended period of time, A
moisture model was developed to track the transient changes in humdity s:thin
the chamber, including evaporation from sweat and respiration; moisture from
the air cleaning equipment; and condensation on the walls. An integrated ther-
moregulation model was used 1o sirrmitate the bumans and to provide a measure
af the degree of heat stress in Lerms of Lheir core temperature.

Three-dimensional CFD Modeling of Purging From
Refuge Chamber

L. Wang, M. Thiruvengadam, J. Tien and Y. Zheng, Missouri §&T,
Rolla, MO

The MINER Act of 2006 mandated that all underground coalmines must insmll
and maintain refuge chambers, They are also commonly used in metal and non-
metal mines. Refuge chambers serve as a temporary shelter in case of emergency.
Several factors affect the pedformance of a refuge chamber: heat production n-
side the chamber and introduction of € when chamber doors are opened. This
study examines the CO purging process and to determine total air quantity and
time necessary to lower the CO concentration to safe levels for different inlet/ ont-
let confguradons using three-dimensional simmlation technigue. The study uses
Reynolds Averaged Navier Stokes and continuity equations along with the
species transport model assuming uniform air-CO mixing imnally in the refuge
chamber, The heat transfer of any kind is neglected and the purging process is as-
sumed to take place isothermally. The standard k-= made] is utilized for sipalat-
ing nurbulence in the fow field. This research provides nseful guidelines in devel-
oping an efficient strategy for purging refuge chamber

Refugr Chambers in US Coal Mines
C. Slaughter, I.. Wang and J. Tien; Missouri 5&T, Rolla, MO

With the passage of the Mme Improvement and New Fmergency Response Act
of 2006 (MINER Act of 2006} and the Mine Safety and Health Administrations
Refuge Shelter Final Rule, coal mines were required to have available Refuge
Alternatives for emergency situations. These alteynatives have been in place for §
years and many valuable insights have been gained in their use, design and loca-
tion vaderground, This paper will conduct a preliminary survey of refuge cham-
ber use in the coalfield and lessons learned by coal companies and give some gen-
eral consensus gwdelines for the practical nse of Refuge Chambers.

Lonovations In Cryogenic Breathing Technnlogies
C. Blalock; BCS Life Support, LLC, DeLaund, FL

For a number of years the state-of-the-an for breathing technology in mine res-
oie, and selfrescue has been open-circuit compressed air, or closed circuit re-
breathers, While there have been improvements made 1o these devices, there are
shll significant limitadans, mostdy concerning hear, and duration. The advent of
the refuge alternative echoed the same limitations, and then some. Limited space
for air supply systems forced the use of compressed axygen, iniroducing a new set

111

of hazards. And, heat elimination is stll a naggung problem. The vse of oyo-
genic liquid air has long been seen by some as a pie-in-the tky solution 1o many
of these issues. In fact, NASA has been using liquid air for decades, but for a few
nagging technical issues, LAir has not been adopled for widespread use. Recent
developments have begged a new look at Cryogenic Life Suppon, triggening a
joint research project between NASA and NIDSH to develop these innovations.

Coal & Energy:
Surface Mining II

Chair: G. Buchan, Alpha Natural Resources, Waynesburg, PA
lniroductions

Fatigue Failure Modeling of Cable Shovel Dipper

M. Raza' and S. Frimpong?; 'Mining Engineering Dept., Missouri
S&T, Ralla, MO and Mining Engineering Dept., Missouri S&T,
Rolla, MO

Cable shiovels are the primary excavation unils for many surface mining opera-
tiong, Modern cable shovels can scoop 1004 tons per pass. Dunng the excavation
operation the shovel front-ead assembly is subjected to considerable stresses re-
sulting in stress loading and fhiture. Further, the repeared loading and unloading
cycles cause the fatigne failure in cable shovel compenents, specially the front-
end components (i.e. teeth, dipper-n-teeth assembly, and dipper). The stress and
fahigue failure of shovel components resuitin reduced efficiency, increased down-
time, and higher operating costs for the shovel, This research, after modeling the
stress lpading of the shavel, models the fatigue behavier and crack propagaton
life of the cable shovel dippe. The fatigue behavior is modeled in MSC
ADAMS/FATIGUE software and the fatigue-life for different crack lengths, at
the critical parts of the dipper, is estimated for dipper. The research ig critical to
enhance the health and longevity of the cable-shovel and is expecied to con-
tribute towards better understanding of the shovel failure, resulting in improved
economic lives of the frant-cnd components.

The Economic and Technical Aspects of Material Handling
Methods in Taft Coppex Project

B. Asi; Minung Indusiry, Kavoshgaran Consulting Engineers Co,,
Tehran, Islamic Republic of Iran

Focusing on reducing costs by providing the best solutions and increasing the
production. rate with the most advanced automarion techniques will get a high
profitable operation. Taft Copper Complex is located in Yazd province TRAN,
TCF consists of two copper mines are about 11km apart, concentrator plant and
leaching plant. Plants feed will be supplied from both deposits. In this research
handling methods and their synchesis in a handling system of TCP for transport-
ing the crushed ore from mines to concentrator plant have been assessed. Then
engineering and economical caleulations of a material flow have been done. The
conceptual design for alternative handling systems has been done. The costs for
alternative systems have besns compared to Lhose developed for raditional meth-
ods Consequently the hest practical technology to move the material has been
chasen. After analyzing truck versns belt haulage, it has been shown turning w
overfand belt conveyor systems are mora profitable The resulrs show belt haulage
equipment, maintenance and power cozts are lower, ton-for-ton, than other meth-
ods of moving bulk materials.

Green Ficld Project Surface Coal Mine in Mississippi

V. Lund, M. Jones and I. Bogunovie; North American Coal
Corporation Liberty Mine, Bailey, MS

Chver the past 15 years, the challenges facng the mining industry bave changed
significantly, North American Coal developed & green field kgnite surface mine
in central Mississippiin the lare 1990's and is currently in the process of develop-
ing its second greenfield operaran in sourh-eastern Mississippi. This newest op-
eraticn is currently in the first year of development and is scheduled to go into
production in the third quarter of 2013. This paper highlights the challenges and
differences mine management encountered throughout the development phase of
the mine and the expected pressures of a new surface lignite mine,



