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In response to the Mine Safety and Health Administration (MSHA) Request for Infonnation (RF1) on Refuge 
Alternatives for Underground Coal Mines, the National Institute for Occupational Safety and Health (NIOSH) 
offers these comments on questions presented in the reopening of record notice published in the September 18, 2015 
Federal Register [80 FR 56416] . Text from the notiee is in italics. 

Page 56417: III. Questions and Issues for Discussion 

A. Built-In-Place Refuge Alternatives 

In its report, ''Facilitating the Use of Built-In-Place Refuge Alternatives in Mines, ''RI 9698, 
NIOSH makes recommendations on the use of built-in-place shelters, as a type of refuge with a 
superior environment when compared to tent and steel pre-fabricated structures~ The report 
addresses three issues: (1) Locating built-in-place refuges further from the face than the 
1, 000-foot limit required under the existing standard; (2) providing a consistent process for the 
design and approval of refuge stoppings; and (3) delivering a reliable supply of clean, 
breathable air to a built-in-place refuge. NIOSH recommends allowing operators to locate built­
in-place refuges further than 1, 000 feet from the face, but only if the refuges: 

• Provide a constant supply of air into the refuge via either a protected compressed air line 
or a borehole from the surface. 

• Provide a minimum of 85 cubic feet of space per occupant. 

• Maintain the interior of the refuge under positive pressure when not in use to ensure that 
the refuge contains breathable air immediately on entry and to keep contaminated air 
from entering the refuge when miners enter. 

MSHA invites comments and information on the following issues: 

1. How would MSHA 's acceptance of built-in-place refuges located further from the/ace and 
meeting the above criteria affect your decision on whetfter or not to install a built-in-place refuge? 
Discuss the relative merits of location versus design and performance. Please comment on the 
advantages and disadvantages of NIOSH's recommended approach for built-in-place refuges; the 
feasibility of installing built-in-place shelters in different' mine settings; the risks related to a refuge 
location that is further away from the working face; and the benefits of a bui/t;-in-place refuge's 
environment and performance characteristics. 

Comment: By comparison to portable refuge alternatives, built-in-place (BIP) refuge alternatives (RAs) 
are more substantial in size and are constructed in place by the mine operator [NIOSH 2015]. In an 
emergency when immediate escape is not possible due to toxic gases or a blocked escape way, BIP RAs 
offer the potential to provide miners with an improved psychological and physiological environment, 
both because the available air makes the space more comfortable and due to the larger amount of space 
provided per occupant [NIOSH 2015]. Boreholes or protected compressed air line air supply systems 
also provide a much higher probability of there being communications to the RA [NIOSH 2015]. 

Despite the advantages ofBIP RAs, as culTently designed, they cannot be moved frequently. Movement 
of the RA location is required to keep up with dynamic mining production, and it would be impractical 
to keep BIP RAs within 1,000 feet (ft) of the nearest working face, as prescribed in 30 CFR 75.1506(c), 
because of the number of times the RA would hav~ to be rebuilt. Currently, there are approximately 19 
BIP RAs in U.S. underground coal mines; however, all of these are located outby the face area and none 
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are designed to be advanced with the working face [Shumaker 2015]. The usage of BIP RAs that can be 
advanced with the working face will only be practical if three issues can be addressed: 

locating BIP RAs further from the face 
providing a consistent process for the design and approval of RA stoppings 
delivering a reliable supply of clean, breathable air to a BIP RA 

To investigate the first issue-the possibility of locating BIP RAs further from the face-NIOSH used 
three approaches to determine the distance that miners coul'd travel from the face, given the 120 minutes 
of breathing time afforded by currently available self-contained self-rescuers (SCSRs), The available 
120 minutes of breathing time is based on 30 CFR 75. l 714-4(a)( 1), which requires the mine operator to 
provide "at least one additional SCSR, which provides protection for a period of one hour or longer,' for 
each person at a fixed underground work location." NIOSH used three approaches to address this issue: 
examining the current distance criteria for mandated SCSR storage cache locations; performing a 
timeline study based on worst-case SCSR·usage times; and examining established travel times and 
escape probabilities determined from past NIOSH and U.S. Bureau of Mines research [NIOSH 2015]. 

To address the second issue-design and approval of RA stoppings-NIOSH analyzed the criteria that 
engineers must consider when submitting RA stopping designs for approval under the requirements of 
MSHA' s Refuge Alternatives for Underground Coal Mines rule and MSHA guidelines for coal mine 
seals. Using the MSHA application guidelines as a model, NIOSH developed extensive guidelines for 
RA stopping design applications as well as specifications for an exemplary RA stopping design. The 
exemplary stopping design is presented in NIOSH [2015] to illustrate how the proposed design 
guidelines can be applied in preparing a design submittal to MSHA District Managers for approval 
[NIOSH 2015]. 

To explore the third and critical issue-delivering a reliable supply of clean, breathable air to a BIP 
RA-NIOSH considered the available technologies approved by MSHA for providing breathable air to 
an RA via a protected compressed air line. NIOSH also analyzed practical and technical considerations 
for the surface compressor station and the protected compressed air line [NIOSH 2015]. 

A NIOSH study established conservative maximum distances from the face to RAs for various entry 
heights based on the assumption that miners have 90 minutes of available travel time in the escape way 
to reach an RA [NIOSH 2015]. Based on these findings, mines could locate BIP RAs at distances from 
the working face based on the guidance provided by the table below. This table suinmarizes the study 
findings based on entry height with the maximum face-to-RA distance determined by rounding down the 
shortest distances from the three approaches used in the analysis to the nearest thousand feet [NIOSH 
2015]. As noted in the rightmost column, the maximum distance that BIP RAs could be located from the 
face increases as entry height increases. 

Allowing mines to locate BIP RAs at greater distances from the working face, as shown in the table, has 
several advantages: (1) a higher likelihood of the BIP RA avoiding damage from both primary and 
secondary explosions that often occur at the face area, which also increases the likelihood that the 
communication system to the RA survives a disaster; (2) a reduction in the number ofBIP RAs required 
to be constructed; and (3) the introduction of a wider variety of BIP RA designs, which could potentially 
improve the safety as well as the psychological and physiological comfort and mental well-being of 
confined miners [NIOSH 2015]. 
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Approach 3: 

Approach 1: Approach 
Based on Maximum BIP 

NIOSHand RA distance 
Based on 2: Based on 

BOM from the face 
Entry height mandated worst-case 

established (based on most 
SCSR storage SCSR usage 
cache locations times 

travel times and conservative 
.escape distances) 

probabilities 

<40in 2,200 ft 2,640 ft not applicable · 2,000 ft 

>40-<50in 3,300 ft 3,960 ft not applicable 3,000 ft 

>50-<65 in 4,400 ft 5,280 ft 6,000 ft 4,000 ft 

>65in 5,700 ft 6,480 ft 6,500 - 7,000 ft . 5,000 ft 

Despite these advantages, consideration should be given to allowing mines to locate RAs further from 
the face only if they employ new RA technologies that meet several criteria-specific pressure 
requirements for the interior atmosphere, the provision of a constant supply of air, and additional RA 
space per occupant-as detailed in a NIOSH study [NIOSH 2015]. 

2. Discuss the advantages and disadvantages of the following methods of providing breathable air in 
refuges: Using supplied air from the surface versus using air from cylinders stored underground; or 
delivering surface supplied air through a borehole directly into a built-in-place refuge versus 
compressed air lines run through the mine. 

Comment: A borehoie from the surface directly into the BIP RA allows a constant supply of fresh air 
to the BIP resulting in breathable air immediately upon entry and positive pressure to keep 
contaminated air from entering the RA [NIOSH 2015]. However, using a borehole to deliver air from 
the surface to the BIP RA may be impractical due surface rights issues, drilling costs, and the need to 
drill additional boreholes as mining advances. In some cases, using compressed air lines, protected by 
burial' in the mine floor and/or mechanical means, to deliver breathable air to' a BIP is more practical 
[NIOSH 2015]. The use of protected compressed air lines also has limitations and design 
considerations such as the location of the compressed air source, drainage of condensate, connection of 
the air line to the BIP RA, and air delivery limits (i.e., how far air can be carried through a compressed 
air line before pressure losses become too great) that should be considered [NIOSH 2015]. 

Using compressed air and oxygen cylinders to provide purging and breathable air is less desirable 
because this results in less occupancy space inside the chamber [NIOSH 2015]. In addition, the 
chamber would not initially have clean air or positive pressure to keep contaminants out. In this case, 
additional SCSRs must be available in the RA to sustain miners until the RA can be adequately purged 
of contaminated air. 

3. Discuss options for piping air over several miles through a mine to provide a clean air supply and 
sufficient air pressure to a built-in-place refuge when a borehole directly into the refuge is 
unavailable. What issues remain to be addressed for the protection of piping used to provide 
compressed air to a refuge? 
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Comment: NIOSH is actively performing research on RAs under the project "Advancement of Refuge 
Alternatives for Underground Coal Mines." As part of this project, NIOSH is planning to perform 
research to develop guidelines for RA air supplies. Based on these guidelines, NIOSH plans to evaluate 
(install) two RA air delivery systems in the Experimental Mine. NIOSH also plans to develop 
guidelines for the use of boreholes, protected compressed air lines, and cryogenic air supplies for use in 
mob~le and BIP RAs. In addition, NIOSH is currently collaborating with the University of Kentucky to 
perform research related to protected compressed air lines including piping distances; air line size, 
durability, and materials; and methods to protect compressed air lines from an explosion. 

4. What are the risks and benefits to miners' safety, if any, if a constant air supply from the sulface 
is provided to a refuge and exhausted from the refuge into the mine, as opposed to exhausting to the 
sulface? 

Comment: If constant air can be supplied from the surface to an RA, the main benefit is that the miners 
will have an "endless" duration of available breathable air. This then allows [NIOSH 2015]: 

more time for assessing conditions and planning a safe rescue 
maintaining an adequate positive pressure to keep contarnirtants out 
more effective C02 purge due to adequate ventilation 
accelerated removal of other toxic gases and particles. (e.g., smoke) 

Some of the risks are [NIOSH 2015]: 
if the air flow rate is too high, some of the occupants might experience a draft or wind 
effect inside the chamber which may be uncomfortable (feel cold) if in its direct path 
the noise of the constant airflow might be intolerable over time -
the quality of the breathing air may degrade over an extended period of operation if the 
filtration system is not serviced [ANSI 1997] 

Exhausting the air into the mine as opposed to exhausting to the surface may or may not be a problem 
depending on different situational factors. 

• If exhausting into the mine, there is no effect on the miners if the pressure within the mine 
does not build up to levels to cause decompression sickness or caisson disease (DCS). If the 
miners are subjected to DCS, then decompression chambers need to be available for use in 
treatment when they exit the mine. 

• If air is exhausted to the surface, there are back-pressure piping issues and additional cost of 
retum air plumbing to consider. 

5. What are the advantages and disadvantages of using SCBAs with refill stations as compared to 
using SCSRs with caches in escapeways? 

Comment: Open-circuit self-contained breathing apparatus (SCBAs) used together with refill stations 
offer an alternative to exchanging SCSRs from a cache during mine escape. There are two systems that 
could be used. The first, using high pressure compressed air, has been deployed in Australian mines 
since 1994, such as in Oaky Creek Coal Mine, Tieri, Queensland and a few U.S. mines since 2007, 
such as in BHP Billiton San Juan Coal mine, Farmington, NM. In this system, the Refill Station stores 
breathing air in high pressure,(6,000 pounds per square inch (psi)) cylinders and fills the high pressure 
( 4,500 psi) bottle on an SCBA directly on demand by the user through a refill line. To make the most 
efficient use of the stored air, the cylinders in the Refill Station are arranged as banks and deliver air via 
an auto-cascading pneumatic circuit. The SCBAs are typically one hour duration units. 
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The second system uses cryogenic (Liquid) air. The Cryogenic Refi!l Station stores liquid air in a large 
dewar where it is prevented from evaporating by maintaining the cryogenic temperatures ( ~318°F) using 
a Cryocooler. The dewars of the cryogenic SCBAs (CryoBA) are filled directly from the station using 
filling lines similarly to the air stations. The CryoBA has about twice the duration (two hours) for a 
similar sized SCBA. 

Advantages of using SCBAs with Refill Stations 

• The escape breathing apparatus (SCBA or CryoBA) is the same unit and never replaced 

during escape 

• Quick and easy to don apparatus and isolate lungs 

• Cooler air and easier to breathe 

·• Positive pressure in facemask/hood that keeps contaminants out in case of a leak 

• User can monitor the available air supply via pressure gauges (SCBA & Refill Station) 

• Verbal communication possible through facemask/ hood 

• SCBA is refilled while being worn and user is breathing from the apparatus while refilling 

• Remaining air in the Refill Station can be used by miners awaiting rescue 

• Training is done with actual units that can be restored back to service after use 

Disadvantages of using SCBAs with Refill Stations 

• Proper fit of facemask on persons with facial hair 

• High initial capital cost, then low maintenance cost 

• Maintenance on two components of the system - SCBAs and Refill Stations 

6. Discuss and describe new and improved technology for built-in-place refuges' designs. What is the 
impact of these designs on the cost of built-in-place refuges? For example, would a moveable wall or 
other modular design make the use of a built-in-place refuge more feasible and economical? 

Comment: The costs of the existing BIP RAs range from $50,000 to $150,000, depending mainly on 
stopping and door system costs and borehole costs [NIOSH 2015]. Examples of design considerations 
for BIP RAs are provided in NIOSH [2015]. · 

B. Miners' Ability to Communicate During Escape 

Miners' ability to communir:ate with each other can be critical during mine emergencies. Under existing 
rules, miners use self-contained self-rescue (SCSR) escape respirators that have a mouthpiece. A self­
contained breathing apparatus (SCBA) has a full-face respirator mask. Miners must remove the 
mouthpiece of an SCSR to speak, or remove the full-face respirator mask of an SCBA to communicate 
clearly. These actions expose miners to deadly gases in the mine atmosphere. 
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7. Discuss the challenges assoFiated with providing two-way communication when using escape 
SCBAs or SCSRs. What technologies, such as voice amplifiers or wireless communication systems, 
are available for escape SCBAs or SCSRs that can enhance voice communication among miners? 

Comment: Escape SCBAs use a facemask with an integrated speech diaphragm for communication. 
SCBA manufacturers use this technology as-standard in their current products. In the case of the SCSRs, 
current units use a mouth or bite piece which makes verbal communication difficult. Current NIOSH 
research is addressing this limitation by developing facepieces that allow the option of breathing from 
the SCSR without a bite piece while communicating. Two prototypes of hoods with inner half masks 
have been developed for integration to SCSRs in the past two years. These prototypes are scheduled for 
further testing and integration into the next generation of SCSR prototypes being developed_ at NIOSH 
in conjunction with the U.S. Navy. Some challenges in these hood/mask designs were making them 
packable (material flexibility) lightweight and incorporating a small but effective speech diaphragm. 
Small embedded microphones and ear pieces may be explored in these facepieces to test the feasibility 
of interfacing to mine radios and other mine wide communications networks. 
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