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INTRODUCTION

What is the National Occupational Research Agenda?

The National Institute for Occupational Safety and Health, NIOSH, an agency of the Centers for
Disease Control and Prevention, CDC, has established a program to stimulate research and
technology transfer that is designed to reduce accidents and industrial disease in the workplace.
This program is called the National Occupational Research Agenda, NORA. On their web site
(NORA, 2011), they describe the agenda and its goals.

NORA is a partnership program to stimulate innovative research and improved workplace
practices. Unveiled in 1996, NORA has become a research framework for NIOSH and the
nation. Diverse parties collaborate to identify the most critical issues in workplace safety and
health. Partners then work together to develop goals and objectives for addressing these
needs. The following types of information help develop the program’s priority-setting process:

e The numbers of workers at risk for a particular injury or iliness
e The seriousness of the hazard or issue
* The probability that new information and approaches will have an impact

Participation in NORA is broad, including stakeholders from universities, large and small
businesses, professional societies, government agencies, and worker organizations.
Involvement ranges from providing input electronically to volunteering for a Sector Council.

The program entered its second decade with a new sector-based structure to better address
research to practice in workplaces. The national agenda will be developed and implemented
through the NORA Sector Councils.

What is the role of the NORA Sector Councils?

For manageability, NIOSH has aggregated industries into ten major sector groups (listed below)
and with its partners, has formed ten corresponding NORA Sector Councils to develop and
promote implementation of the National Occupational Research Agenda. In addition, a Cross-
Sector Research Council will promote coordination across NORA Sector Councils, for example,
to identify opportunities for common research across sectors.




NORA Sector Group NAICS Code
Agriculture, Forestry & Fishing 11
Construction 23
Healthcare & Social Assistance 62
Manufacturing 31-33

Mining (except Oil and Gas Extraction) 21

Oil and Gas Extraction 211, 213111 & 213112
Public Safety 93212, 92214, 92216 & 62191
Services (except Public Safety) 51-56, 61, 71-72, 81 & 92

Transportation, Warehousing & Utilities 48-49 & 22

Wholesale and Retail Trade 42 & 44-45

Sector definitions follow the North American Industry Classification System (NAICS, 2007).

Participation in the NORA sector councils is broad, and includes stakeholders from universities,
large and small businesses, professional societies, government agencies, and worker
organizations. The diversity of NORA Council members is one key to its success.

It should be noted that although Qil and Gas Extraction is included in the NAICS code for
Mining, a separate NORA Sector Council was formed for the Oil and Gas Extraction industry
sector.

Each Sector Council is tasked with identifying the most prominent safety and health needs of its
sector and developing a strategic plan—the sector’s contribution to the national Agenda—to
address those needs. The strategic plans seek to highlight the most important research
questions, recognize priority safety and health concerns, understand the most effective
intervention strategies, and disseminate information on ways to implement those strategies to
achieve sustained improvements in workplace safety and health practice. Implementation plans
for the nation will then be developed based on the sector strategic plans.

What is role of the NORA Mining Sector Council?

NIOSH established a NORA Mining Sector Council in 2005 and then re-established it with new
membership and a renewed charge in 2009. Membership is in two categories: member and
corresponding member. A list of members follows and more information about them is included
in Appendix A. Significantly, the Society for Mining, Metallurgy, and Exploration, SME, has
identified two of the Council members as liaison to its Board of Directors, thus endorsing directly
the activities of the Sector Council. A number of NIOSH scientists and engineers have
participated as Corresponding Members and they will be identified with their respective
Objective Sub-Groups.




In creating the NORA Mining Sector Council, NIOSH considered the long and tragic history of
fatal and disabling accidents in the mining sector. It also noted the nation’s response to this
record when it created, in 1910, the Bureau of Mines, and then, in 1995-1997, transferred the
responsibility for research in mining safety and health to NIOSH. Additionally, the nation
created and enforced rigorous safety and health codes for the mining industry, first through the
Bureau of Mines and, since 1977, through the Mine Safety and Health Administration (MSHA)
within the Department of Labor. Hence, unlike many decentralized industries in the United
States, mining has had a research focus for over a century and a national enforcement focus for
more than 50 years. It should be noted that the individual states had provided safety
enforcement much earlier than national involvement and continue to fulfill that role vigorously to
this day.

The greatest number of people working underground in U. S. mines was during World War |.
The incidence of fatal accidents during that period is now seen as unconscionable. As noted,
however, in an MSHA Fact Sheet (MSHA, 2011), the numbers of fatalities and injuries have
been falling dramatically and almost monotonically since those days. A table illustrating some of
the data is reproduced below.

Fatalities and Injuries for All Mining (Coal & Noncoal)
Year Average Annual Average Annual
Deaths Injuries
1936-1940 1,546 81,342
1941-1945 1,692 82,825
1946-1950 1,054 63,367
1951-1955 690 38,510
1956-1960 550 28,805
1961-1965 449 23,204
1966-1970 426 22,435
1971-1975 322 33,963
1976-1980 254 41,220
1981-1985 174 24,290
1986-1990 122 27,524
1991-1995 99 24,201
1996-2000 86 17,500
2001-2005 62 12,952
2006-2007 69 11,800




More recent information suggests that the trend will not decline to zero fatalities without further
applied research and enforcement effort. In recent years we have seen coal-mine disasters of
the sort that we thought were extinct. MSHA records the following fatality totals: 2006, 74;
2007, 67; 2008, 53; 2009, 34; and 2010, 71. In a year such as 2009, with 34 fatalities, there
was no major disaster. In the other years, the upward perturbations can be linked directly to a
major incident or disaster. Named for the mine in which they occurred, the tragedies at Sago
(2006), Crandall Canyon (2007), and Upper Big Branch (2010), in particular, have led to swift
legislative response.

Further stimuli to the work of the NORA Mining Sector Council are consideration of accident
rates, both non-fatal with days lost and non-fatal with no-days lost, and the prevalence of
occupational diseases. In the latter case, we have some knowledge of conditions such as
noise-induced hearing loss and of dust-based diseases such as silicosis and coal-workers'’
pneumoconiosis, but uncertainties remain about their true extent. We know less about other
occupational diseases such as contact dermatitis, stress-related cardio-vascular diseases, and
the like. While data gathering on accidents leading to fatalities has become very reliable,
reporting of other kinds of accidents and of the incidence of disease is less reliable.

If the nation is to continue its admirable trend in the reduction of the hazards of mining and the
improvements in mine safety, it will need an organized and concerted research effort to do so.
Increased enforcement of existing laws may partially achieve this result but we may also need
different, more internally driven forms of enforcement. We may also need further technical
advances in mining systems, accompanied by advances in safety management systems, that
increase their inherent level of safety. The NORA Mining Sector Council has much defined for it
to do.

What is the Vision and Mission of the Mining Sector Council?

After the Sector Council co-Chairs were able to obtain member agreement on initial statements
of sector Vision and Mission, both statements were refined further in a teleconference with the
co-chairs and selected members and corresponding members of the Council.

VISION

Mine safety and health research will provide a workplace where miners will have their quality of
life unimpaired by accidents or disease. Benchmarks for this vision will be progressive and
continuously improving, having miners’ occupational safety and health statistics better than any
previous year in mining, setting the best practice world-wide, and with individual mine units —
large or small — supporting the Vision.

MISSION

The NORA Mining Sector Council will produce a current and renewable strategic plan for
national research needs in mine safety and health. Guided by developing statistical analyses
that are tempered by the expertise of Council members, the plan will identify those long-term
research and development goals that most likely will achieve the Vision. As the plan matures, it
will provide priority for these goals. The plan will examine existing NIOSH Office of Mine Safety
and Health Research goals along with future goals that may be uncovered through the
operation of the Sector Council. Suggestions for action that are nested under the individual
goals will be the basis for mid- and short-range research that may be performed by academia,
government, and industry.




Who is the target audience?

The National Mining Agenda provides guidance on prioritization of safety and health issues to
industry, labor, federal, state, and local governments, as well as to experts in professional
associations, academia, and public interest/advocacy groups. It can be used to improve health
and safety of mine workers by providing areas of focus for partnering efforts. The Agenda will
provide guidance to investigators concerning where information is lacking and what gaps need
to be addressed in future research.

What process was used to develop the goals for the National Mining Agenda?

At its first meeting, the NORA Mining Sector Council considered the elements of strategic
planning: guidance by statements of vision and mission; definition of long-term objectives;
assignment of achievable sub-objectives to each major objective category; provision for
adoption of sub-objectives by active research entities; creation of a system of monitoring of
achievement of sub-objectives; and provision for renewal of the entire strategic plan. To help
the Council achieve these elements within the confines of a one-day meeting, a schedule and
agenda for the all-day meeting in Phoenix, AZ, was assembled by the co-chairs and distributed
to the NORA Sector Council Members before the meeting.

Since the overarching goal for a NORA Sector Council is to provide a research agenda for the
Nation, it is meant to be broader than any one agency or organization. Nonetheless, and unlike
most other industrial sectors in the United States, NIOSH has an Office of Mine Safety and
Health Research (OMSHR) that maintains research laboratories in Pittsburgh, PA, and
Spokane, WA. The development of this NORA Mining Sector Research Agenda was done with
an acute awareness of the goals and capabilities of the OMSHR and, thus, the goals of the
Council's agenda are to be separate but linked.

Because the OMSHR has its own strategic plan and its own advisory committee, the Mine
Safety and Health Research Advisory Committee, MSHRAC, an official federal advisory board,
the Sector Council took a moment to review the distinctions between MSHRAC and NORA. (see
Appendix B for details). Essentially, the Mining Council will write a strategic plan for the entire
country and all of its research and development entities, whether government, higher education,
or industry related, while MSHRAC will advise the OMSHR on its research program within the
confines of its budget. The NORA Mining Sector Council received a lot of input from NIOSH
personnel and is certainly aware that the NIOSH research program represents many topics that
will bear fruit in the near future. Nonetheless, the Council strives to set objectives that are
broader than those in the NIOSH strategic plan and also somewhat longer in term.

After the vision and mission statements were considered and approved by the Council
Members, the next step, that of defining long-term goals, was undertaken by first developing a
framework for Mine Safety and Health Research Objectives. To this end, the Council spent
some time reviewing a logical framework for its objectives. In organizational terms, they looked
at a taxonomy of objectives. As might be guessed from the complexity of the issue, the final list
blends several of the different taxonomic cases.

Commodity: Enforcement of mine safety and health codes is done by commodity. MSHA is
divided into coal and metal and non-metal. Within the latter grouping, metal mines and non-
metal mines such as quarries for construction materials are treated differently. This commodity-
based division is seen also in the labor movement where the United Mine Workers of America is
dedicated to coal and several other unions divide up the metal and non-metal commodities.
When some of the distinctions among the mining methods are considered, there is logic to this
division. Fires and explosions, while not exclusive to coal, certainly characterize the bulk of the




coal-mine disasters. Ground control for bedded deposits such as coal has many practical
differences from that used for deep metal mines. Ventilation techniques, again with many
similarities in theory, have many differences in practice, particularly for deep metal mines.

Given the historical commodity enforcement basis, however, there may be many more
similarities than differences: underlying scientific principles do not distinguish among
commodities. The pernicious impact of excessive dust in the ventilating air can be found in all
commodities. The application of technology across commodity boundaries has blurred the
differences among them. Of all the examples that can be given of methods and technologies
that cross commodity boundaries, perhaps the biggest is the application of digital techniques to
monitoring and control of mining methods. Keeping in mind a commodity-based framework for
certain research objectives such as fire and explosion, the Council decided to explore other
ways of framing its objectives.

Human Impact: Accidents that cause injuries and conditions that lead to disease are the
targets for research. If there were no humans in a mine, then there would be no incentive for
research. Precisely, it is those technologies and conditions that impact human health that are
the prime targets for research. An examination of current research programs from the NIOSH
Mining Program web site (http://www.cdc.gov/niosh/mining/) shows that many of their programs
are impact driven: disasters, dust-based diseases, noise-induced hearing loss, accidents, and
fatalities. Yet, while the reduction of fatalities is a noble objective, it is not rapidly defined in
terms of actions. To do that, we need to look at system failures and the sources of accidents.

Source of Impact, System Failures: A mine disaster, particularly one of fire and explosion, is
a result of a failure of the ventilation system in combination with a failure of one or more
technical systems and/or one or more failures of human behavior. The latter could include
smoking, ignoring or avoiding fire alarms or warning signs, tolerance of unsafe conditions, or
intentional disabling of safety equipment. To be fair to the bulk of the conscientious mine
workers, disasters often also result from un-seen system failures such as short circuits, faulty
equipment, unforeseen ground conditions, sudden changes in the weather, and the like. While
not as deadly, many other kinds of accidents and system failures are the result of the same kind
of combination of precipitating conditions.

Consequently, the Council considered whether or not a logical framework based on impact
sources would be sufficient to define all objectives. The answer, as can be seen in the list of
objectives, is no.

Combination Logical Framework: In the case of disasters and many deleterious impacts on
human health, the Council created objectives that are impact based: disaster prevention,
disaster response, and health. The remaining objectives are based on reducing or removing
system failures: human behavior, mine design and management, ergonomics, and ventilation.

This combination categorization started with suggestions made by the co-chairs in the material
sent in advance of the meeting. Although the suggestions were there in the beginning, the
Council began its discussion with a clean slate. They started from the vantage point of mining
conditions that most need to be addressed through research. As these research targets
accumulated, they were sorted into objective categories that turned out to be not much different
from that suggested by the chairs. As Council Members discussed potential research targets,
they were sorted into like categories. When the meeting was nearly over, some trading of
targets into other categories was done so as to improve the logic of placement. The categories
became the research objectives, of which there were originally eight, and the targets became
the sub-objectives. Subsequently the objectives were reorganized in order to streamline the
Agenda and reduce redundancies. As a result, there are 7 major objectives for the National
Mining Agenda.




How were the Objectives developed?

At the first meeting of the Sector Council, Members were asked to share their particular interest
in mine safety and health. As the conversations on mining research developed, Members with
particular interests helped to identify the health and safety research objectives that would meet
the needs of the U.S. mining industry. Once the needs were written and sorted, Members were
asked to serve on subcommittees that would eventually flesh out the strategic goals for each
area along with a written narrative that could become the basis for a National Mining Agenda.
The following eight areas were selected for emphasis:

Disaster Prevention

Disaster Response

Health

Atmospheric Control, Ventilation
Behavioral

Operations and Management

e D s KO o

Mine Design and System Improvements for Normal Operations
8. Ergonomics also known as human factor engineering

Council members were then assigned to sub-committees established for each area and were
asked to determine research objectives. The Sector Council members who were linked to each
of these categories are identified in Appendix C. Notes taken during the teleconferences were
transcribed by the co-chairs and circulated to the teleconference attendees for their review and
approval.

In its second annual meeting, the Council was able to refine objectives and suggest points of
duplication. Given the significance of many of the identified research issues, duplication was
not surprising. As a result of that meeting, some of the sub-objectives in 4. Atmospheric
Control, were moved to 3. Health, and Objective 6. Operations and Management, was
redistributed in its entirety to other Objectives, namely to 1., 5., and 7. No research sub-
objective was lost in this re-organization. The Agenda, however, has been given clarity and, we
hope, increased significance. The revised organization is the one that is seen in the Table of
Contents of this document.

References

Mine Safety and Health Administration, MSHA, 2011, Information found on the World-Wide Web
at URL: www.msha.gov, specifically,
http://www.msha.gov/IMSHAINFO/FactSheets/MSHAFCT2.HTM.

National American Industry Classification System (NAICS), 2007, Information found on the
World-Wide Web at URL: http://www.census.gov/eos/wwwi/naics/.

National Occupational Research Agenda, NORA, of the National Institute of Occupational
Safety and Health, NIOSH, 2011, information found on the World-Wide Web at URL:
www.cdc.gov/niosh/nora.




10
THE OBJECTIVES

OBJECTIVE 1: REDUCE THE LIKELIHOOD OF DISASTERS IN MINES

Before beginning the discussion of this objective, it is helpful to delineate several terms of
reference. A disaster in mining is an accident that results in multiple fatalities, normally five or
more. An investigation into the causes of mine disasters shows that they are one of, or a
combination of, four things: fire, explosion, collapse of ground, and inundation. Disasters are
usually, but not exclusively, associated with underground mining. A great deal of research has
been dedicated over the past century to the prevention of mine disasters and there have been
substantial rewards, in terms of the reduction of fatalities from disaster, from this research.
Unfortunately, the recent downward trend in worker fatalities has reversed in the last few years.
The topic of disaster prevention remains core to the agenda of research needed in mine safety
and health.

Normally, surface mining or surface facilities associated with underground mining are not as
prone to disasters as are underground mines. Nonetheless, in recent history, two of the worst
disasters ever recorded occurred in surface facilities: Aberfan in Wales, UK, in 1966 and Buffalo
Creek in West Virginia, US, in 1972. Both were due to the collapse of refuse piles compounded
by improper management of surface water. A substantial reference work on proper construction
methods was issued by the Mining Enforcement and Safety Administration, MESA, (the
predecessor to MSHA) and it has been recently revised and re-issued by MSHA (Second
Edition, Engineering and Design Manual, Coal Refuse Disposal Facilities, available on line from
MSHA at www.msha.gov). The Sector Council members believe that the science and
technology needed to build safe impoundments exists but that vigilance is needed to prevent
the recurrence of such disastrous accidents.

This discussion recognizes that many of the objectives proposed in the Sector Council’s draft
agenda are aimed at preventing disasters. Nonetheless, disaster prevention can be more
effective when considered as a whole, rather than attacking individual pieces of the problem
separately. The integrated report is more complete by allowing this redundant approach.
Because the subcommittee looked at the problem in an integrated way, the sub-objectives in
Objective 1. blend one into the other and need to be examined in the same integrated fashion in
which they were created.

1.1 Develop Early Warning Systems, i.e. Mine-Wide Monitoring Systems to Prevent Mine
Disasters

Various forms of monitoring systems are applied routinely in mining. Perhaps the oldest and
most consistent of these is the interruption of electrical supply by circuit breakers and ground-
fault interrupters when they sense electrical short circuits. Circuit breakers are designed to
protect equipment from electrical overloads and ground fault interrupters protect workers from
shock. The past several decades have seen the development of atmospheric monitoring
systems (AMSs) including remotely monitored fire and carbon monoxide, CO, detectors.
Remote monitoring is also routinely performed on the health of transportation systems,
particularly of conveyor belts.

1.1.1 Identify steps to make Atmospheric Monitoring Systems reliable tools for the
prevention of disasters.

A conservative attitude toward protecting miners from risk prevents major changes in
ventilation circuitry from occurring while miners are underground. This means that
current AMS normally observe (monitor) but do not react (control). The degree of
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intelligence built into current systems is primitive compared to other non-mining
industrialized applications. Several coordinated research steps will be needed to make
AMSs into reliable tools for the prevention of disasters.

1.1.2 Link monitoring data with interactive mine simulators.

The first research step is to link monitoring data with interactive mine simulators. This
will allow the simulator to state whether the data are consistent with the model and, also,
to predict the consequences when contaminants are detected in the ventilating air
stream. An intelligent AMS should reduce risk.

1.1.3 Develop accurate and reliable AMSs that provide feedback on a real-time basis.

A related research task is to make AMSs accurate and reliable. We know that humans
have a tendency to ignore warning signals if they have been exposed to a series of false
positives. Humans do not want to be responsible for an expensive cessation of mining
for what turns out to be a false alarm. Research is needed to drive opportunities for
error out of the system and to create a strong sense of confidence in the system. A
research goal is to have intelligent and reliable AMSs that give feedback on a real-time
basis.

1.1.4 Develop rapid and error-free methods of data entry that provide real-time updates.

Mining systems are dynamic. Every day sees substantial changes in the structure of a
mine. Intelligent AMSs need to have real-time updates in the various computer-based
simulators that give them their intelligence. The system must have enough information
to give real, not confusing, messages. Rapid and error-free methods of data entry are
needed so that, should an alarm be sounded, the system correctly identifies the source
of the alarm and predicts the correct steps to be taken to remedy the condition.
Resolving the question of whether to fight a local fire or to withdraw personnel rapidly
may hinge critically on the simulator knowing the actual configuration of entries around
the fire. If express-delivery workers can enter and receive information instantly into
hand-held data-entry devices, we should be able to create similar but intrinsically safe
devices for mining.

1.2 Integrate Engineering (Technical) Controls into Mine Design to Reduce Risk.

The discussion written just above leads naturally into the concept of reducing risk by re-
engineering the system. Major hazard risk assessment methods should be utilized to identify
conditions that need attention. Two issues arise: the first is the question of the consequences of
change, as above; the second is the limited opportunity to create equipment changes when so
much mining is undertaken in existing mines or their expansions. The introduction of longwall
mining in coal increased levels of safety at the coal-mine face but also introduced new forms of
accidents. Automation of longwall face advance has caused injuries to workers who were in the
wrong place when the face advanced. The topic of mine design for enhanced safety is pursued
further in Objective 6 for issues of safety and health that, while significant, do not necessarily
involve a disaster.

1.2.1 Research non-inhibitory ways to expand the intrinsically safe review beyond
ignition sources into all sources of a disaster.

Usually, advances in technology are introduced by manufacturers to enhance the sale of
their equipment. Researchers should be developing protocols to be used by equipment
designers and manufacturers that compare technological developments to the causes of
all major disasters and serious injuries. The subcommittee is aware that all new
equipment for certain mining applications must be submitted for an assessment of its
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intrinsic safety against ignitions. It believes that research should be undertaken to find
non-inhibitory ways to expand this review into other potential sources of a disaster.

Develop safety protocols for retrofitting old mines and for extending the life of
existing mines.

Recent price rises in metals, both noble and base, has meant that there has been strong
activity in re-opening old, previously abandoned mines. Increased material values also
cause older and deeper mines to be kept in production. Extending the life of older mines
requires different designs than do new mines. The research into re-engineering mine
systems for improved safety should include protocols for retrofitting old mines and for
extending the life of existing mines. The reactivation or extension of a mine should not
expose workers to an increased level of risk.

Determine the handling characteristics of biodiesel fuels.

If advances in equipment design are routinely compared to the causes of disaster, then
designers might avoid pitfalls. For example, the use of biodiesel fuels for their improved
fume and smoke characteristics has led to increased incidences of equipment fires.
Biodiesel is a solvent for rubber and has caused weakening of hoses and gaskets,
which, in turn, leak fuel onto ignition sources. In parallel to the research into the health
effects of biodiesel, there should have been research into its handling characteristics.

1.3 Determine the Impact of Depth on Mine Design

Life extension for mines includes the very real potential for going deeper and deeper. For a
period in the history of mining, surface mining of massive low-grade deposits provided the
expansion needed by the market place. While surface mining will continue unabated, projects
such as Resolution Copper, slated to begin mining at 10,000 feet of depth, open up a whole
new range of research issues. Whether intended for coal or for copper, future mines will be
deeper, hotter, gassier, and have more ground-control issues.

g i By |

1.3.2

Define the challenges and associated risks of mining at depth and, based on
risk/benefit analyses, determine research that is needed to improve safety.

~ Coal mining, particularly in the west, is already going into depths that are greater than

current systems can handle safely. The effect of depth is compounded by pre-existing
tectonic stresses that create a complex ground-control problem. We know of one set of
advancing longwalls that was tried in the United States. Advancing systems were used
by the British National Coal Board to deal with depth impacts and the mitigation of
subsidence. They were expensive and labor intensive. While we are tempted to
suggest research programs for mining coal at depth, the subcommittee believes that the
first research step should be to define the challenges of mining at depth, collect
information on various technologies that respond to these challenges, define the risks
associated with these challenges, and then, based on best risk/benefit analyses,
determine the research that is needed.

Research potential heat and ground-stress conditions for block and panel cave
zones that are deep enough to avoid singularities from the surface.

In hardrock mining, the subcommittee is concerned that there is little information about
block and panel caving systems applied at depth. Previous systems were shallow
enough that the cave zone intersected the surface. Research should be undertaken into
the potential stress conditions for cave zones that are deep enough to avoid singularities
from the surface. The reduction of heat in deep mines by ventilation controls, including
cooling systems, has been prohibitively expensive and has led to the abandonment of
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mining in deep deposits such as Butte, MT, and at the Homestake Mine in South
Dakota. Concerns exist related to the impact of high-levels of heat in the wall rock on
the safety and efficacy of chemical explosives.

1.3.3 Identify the challenges of deep mining in metal and non-metal mining and then
define the research needed to reduce hazards.

Similarly to the recommendation for deep coal mining, a research project should define
the challenges of deep mining in metal and non-metal mining and then define the
research programs needed to respond to these challenges.

1.3.4 Study the challenges of underground mining for thick coal deposits.

Finally, as we considered the questions of going deeper for the recovery of mineral
deposits, we observed that some of our western coal deposits, now mined by surface
methods, were much thicker than mined by traditional eastern U.S. coal-mining
methods. A similar study of the challenges of underground mining for these thick
deposits should be undertaken. The subcommittee knows that versions of top-slice
mining have been developed for thick coal seams, also multiple-lift longwalls, and
suggests that issues of ground control, ventilation, and worker safety should be
submitted to a thorough risk-analysis review to produce an active list of needed research
projects.

OBJECTIVE 2: IMPROVE MINE DISASTER RESPONSE

In an introductory discussion of this objective, the Sector Council members realized that the
topic of Disaster Response has, through recent tragedies, become highly politicized. They hope
to be able to discriminate among the three broad concerns that will arise during the formulation
of this objective: research needed, enforcement methods, and the political issues derived from
recent mine disasters.

The discussion was dominated by underground coal-mining issues because that is where the
recent disasters occurred. The group did not lose sight of the fact that metal and non-metal
underground mines and surface mines of all sorts need to have input into this critical objective.

2.1 Improve Communications and Tracking Systems in Mines

2.1.1 Develop hardened communication systems that can survive any disaster in which
workers can survive.

As a general conclusion, the most pressing area for research is a communication system
that can survive any disaster in which workers can survive. A large-scale effort should
be carried out to test various systems of communications and the methods to harden
these communication systems against violent disruptions. Perhaps it will require cable
embedded in a trench in the mine floor or roof or barrier pillars; perhaps it will require
periodic hard links to the surface; however, if there is any single item that will improve
nearly every aspect of disaster response, it is the ability to locate and communicate with
potential survivors. A miner’s ability to use these systems while escaping, navigating,
and wearing breathing apparatus is necessary to take advantage of the technology
advances.
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Develop integrated communication systems and AMSs capable of sensing and
relaying information in real time about the conditions existing in the mine.

Secondarily, such a communication system should be capable of sensing and relaying
information about the conditions existing in the mine without providing additional ignition
sources. Research concerning what this information should be and what is needed to
feasibly obtain it in both emergency and everyday operations should be considered.

Develop hand-held displays for communication systems and AMSs.

Repeatedly, we have said that reliable and current information about the status of a mine
needs to be in the hands of miners. Research into MSHA-approved permissible or
intrinsically safe hand-held displays that are linked to the atmospheric monitoring system
and other such monitoring systems that might be developed, e.g. roof control, is
important. If these devices can be integrated into normal operations, they will be
maintained and comfort in their use will be obtained.

Develop real-time analytical programs for AMS data.

Development of real-time analytical programs for these data that will give up-to-the-
minute condition reports for the mine is important.

Investigate inertial guidance systems to determine their utility for tracking.

Inertial guidance systems based on gyroscopes are being tested by at least one
manufacturer for miner location devices. These need to be evaluated and prototype
devices tested. NIOSH noted that they have a vigorous program to develop
communications and tracking devices and the group supported this work while
emphasizing device portability and survivability.

Study the feasibility of establishing a mine-wide emergency-response system that
would provide the information needed by responders.

One component of a mine-wide information system during an emergency is a functioning
mine-wide information system in normal conditions. Research should be conducted into
the feasibility of establishing a mine-wide system that would provide the information
needed by responders for the various types of disasters that might be encountered. The
system could doubly function as a means of preventing disasters by informing workers of
potentially hazardous conditions in parts of the mine not normally visited.

Identify unintended consequences that may occur with new advanced
communication systems.

Research, development, and, indeed, implementation of advanced mining
communications systems are well underway. Research is needed to identify unintended
consequences that may occur with these new systems. For example, how well do they
work, if at all, when the miner is wearing a Self-Contained Self-Rescuer (SCSR)? What
maintenance and reliability complexity will be added to the overall mining system with
these communication systems? The new communication systems are not passive; will
their internal power requirements, often provided by batteries, create new challenges?

2.2 Improve Command and Control during Mine Disasters

During an emergency that has the potential to become a disaster (five or more fatalities), it is
critical that the command and control structure be in place quickly and understood by all.
Because of the number of entities involved: mining company, federal and State enforcement
bureaus, local and State first responders, miners’ representatives, media, and family members,
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the lines of authority and responsibility are not always clear. To be of value, research in this
domain must be aware of current federal and State regulations that control activity during a
disaster response; a summary of applicable federal regulations is provided here.

Current Federal Law and Regulations

Current federal mining regulations require that, on each shift, underground coal mines employ a
Responsible Person who will take charge during an emergency, and who will have been trained
each year in the following areas, as prescribed by MSHA's Office of Educational Policy and
Development:

(i) Organizing a command center;

(i) Coordinating firefighting personnel;

(iii) Deploying firefighting equipment;

(iv) Coordinating mine rescue personnel,;

(v) Establishing fresh air base;

(vi) Deploying mine rescue teams;

(vii) Providing for mine gas sampling and analysis;
(viii)  Establishing security;

(ix) Initiating an emergency mine evacuation;

(x) Contacting emergency personnel; and

(xi) Communicating appropriate information related to the emergency.

In addition, the Responsible Person is charged with having current knowledge of the assigned
location and expected movements of miners underground, the operation of the mine ventilation
system, the locations of the mine escapeways and refuge alternatives, the mine communication
system, any mine monitoring system, locations of firefighting equipment, the mine's Emergency
Response Plan, the Mine Rescue Notification Plan, and the Mine Emergency Evacuation and
Firefighting Program of Instruction. The recently required tracking systems now provide the
Responsible Person with the location of the miners at least up to the time of the disaster. The
regulations further require that each miner is trained in evacuation procedures, including the
donning of SCSRs in smoke at least once each year.

Each mine must also have a written Emergency Response Plan that is reviewed at least every
six months by MSHA (MINER Act). This plan would typically include crucial telephone numbers
of responders, and must include, for example, the phone number of a driller who has agreed to
quickly respond to an emergency for the purpose of drilling an escape hole.

Comments on the Regulations

The current requirements form a sensible approach on how to be prepared for rare events. One
primary problem is that a complete list of items can likely never be included in an emergency
plan for two major reasons: (1) the widely varying nature of the emergencies; and (2) the
volume of material would grow so large that it would be unlikely to be read during an
emergency. Except for referring to phone numbers and a brief checklist, realistically it is
unlikely that the entire emergency plan will be studied during an emergency in any case; thus
the need for pre-training of the responsible person. Updating the information for the many
contacts in the emergency plan is a further problem, partly because the information will change
slowly and the changes will be easy to overlook.

MSHA has established three centers for Mine Emergency Operations (MEOs) located in
Pittsburgh, Beckley, WV, and Price, UT to respond to mine disasters, nation-wide. These
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centers are equipped with specialized equipment for communications and mine-atmospheric
sampling to quickly assess the nature of the disaster.
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Create comprehensive operational protocols for emergency responses.

The MEO has organized a great deal of information about mine emergencies. There is a
feeling among the Council, based largely on past experience, that research may be
needed to create comprehensive and operational protocols that can be implemented
quickly and assuredly at the time of an emergency and that are applicable to large and
small mines. These protocols should clearly define, delineate, and systematize lines of
responsibility and authority in both the mining company and the safety agencies such
that the response may be implemented quickly at minimum risk.

Practically, during an emergency, a key issue is cooperation between the company
personnel and regulatory personnel. MSHA issues a “103k or |" order, which gives them
authority to approve all rescue activities to protect life. However, MSHA is not intimately
familiar with the mine, thus the mine personnel must still be in charge of the rescue, but
with the obvious need to confer with both federal and State regulators on key decisions.
The company must also organize the key supporting functions: taking care of and
updating the families, the security providers, the media; getting medical assistance and
possibly coroners; organizing staging areas for rescuers; providing the needed maps
and other information; providing general and specific instructions to rescuers both before
and during the in-mine activity; obtaining needed equipment such as pumps or nitrogen
tankers; and providing food and drinks for all of the above. While the Responsible
Person is responsible for the workers in the mine, it is obvious that he or she will, at the
very least, need staff support during the time of the emergency. As soon as the
responsible person becomes aware of a reportable emergency, there are multiple tasks
to accomplish in a very short time. A system for delegating duties and a local
emergency response structure may be needed to address these tasks efficiently and
develop a credible response plan.

Determine the benefits and effectiveness of comprehensive operation protocols.

A section of the protocol should be dedicated to communication with emergency first
responders (local and State police, EMT’s, fire departments, etc.), also to family
members, miners’ representatives, and representatives of the media. Moreover,
simulations and drills will be needed to see if these protocols can be followed during
times of stress. A critical part of this research will be to see if these protocols can
improve on the existing system. Although a few regulations in the mine safety laws deal
with how to proceed at the time of a disaster, the actual structure is often, by nature, ad
hoc and this may lead to mistakes and delays. The panel is cognizant, as noted earlier,
that long written protocols are unlikely to be read in the midst of an emergency, thus the
challenge will be for the implementation to be ingrained in the entire response team by
effective training before the emergency. New training, competency assessment, and
exercise design methods may require research to perfect. The Responsible Person
must lead the response until the command center is staffed and functioning.

Develop the Responsible Persons’ training needed for emergency responders.

How best to train and assess the competency of the Responsible Person during the
stress of an actual emergency is another area that is open to research.
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Identify the best methods for transferring decisions to rescue teams and keeping
real-time records of these messages.

Emergencies may unfold over time such as when underground fire fighters find that they
cannot control a fire and must evacuate. Others, such as structural collapse,
inundations, or explosions, occur nearly instantaneously, yet knowledge and
understanding of the emergency may unfold only over time. Hence, the first problem for
the Responsible Person is to recognize early that a potential disaster is in the making
and that he or she needs to immediately call MSHA and the State agency, as required
by law. Related to this problem is to plan a credible response that satisfies MSHA that
all persons are being protected. While MSHA will issue a “k or j" Order and may take
charge of the mine, more often the company, as owner of the mine and the entity first on
the scene of the emergency, has a continuing responsibility for it and will name the
executive(s) to fulfill this responsibility during the emergency. MSHA has authority to
approve all response plans involving personal safety. Again, looking at recent past
experiences, while there is a Responsible Person somewhere at the mine at the time of
the incident, he or she may be superseded by a company official who becomes the lead
person in the command center. During this time of uncertainty, key decisions may not
be made or, if made, approved by MSHA and implemented in a timely fashion.
Research into ways of streamlining this decision-and-approval process is needed. As
noted earlier, cooperation between the company, federal, and State officials is key.
Decisions must be made quickly and must be the consensus of all three groups. A
further complication is that small mines may not have the capacity to mount a full-scale
response and immediately need additional support. This is often true in establishing
external communication systems because landlines become blocked by incoming calls.

As stated above, emergencies may take many forms and the protocols will need to be
tailored to each major kind. Even though the protocol itself may be comprehensive,
hence lengthy, its abstract into check lists must be brief and understandable in times of
stress. Because needed contact data (telephone numbers and e-mail addresses)
change so rapidly, there needs to be a regular verification and up-date checks. Studying
the best methods for transferring decisions to command center participants, approval
agencies, and rescue teams and keeping real-time records of these messages may be a
worthwhile area of research.

Determine if electronic telephony can be used effectively in breathing
apparatuses.

High-quality voice and data communications, utilizing electronic telephony to and within
response teams from the operations command center, could reduce errors and speed
reporting. At present, the practice is for someone from the command center to brief
teams on their tasks and identified hazards before they enter the mine. Teams in the
mine are reached by relaying information via phone to the fresh-air base, which, in turn,
relays the information to the team electronically. There may be more efficient ways to
effect this communication.

Improve the location and tracking of mine structures and the personnel within
them to provide for rapid response during an emergency.

Research on improved location and tracking of mine equipment, infrastructures, and
personnel is essential to provide low-risk rapid response during an emergency. Normal
mine mapping needs to become real-time and verifiable. Mobile machinery and its
operators need to be located at any time. If these developments can enhance normal
operating conditions, they will be maintained so as to be available at the time of an
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emergency. Because refuge alternatives are designed to be moved from time to time,
each move needs to be documented as it happens. Automating this process with
survivable machine tracking may improve daily-operations efficiency and assist timely
response planning.

Determine how emergency response drills can be enhanced by virtual reality
technology.

Drills for emergency evacuation are a current coal mining requirement. Research is
needed to see how these drills and emergency response scenarios can be enhanced by
virtual reality technology. This research will need to be guided by assessments of
effectiveness.

Assess the effectiveness of current mine rescue exercises and propose improved
versions.

Mine Emergency Response Development (MERD) training may be provided to groups or
as contests approved by MSHA for mine rescue teams. Research can assess the
effectiveness of current exercises, degree of standardization achieved, and propose
improved versions. Full-scale emergency drills that engage all potential responders are
necessary to confirm emergency system functionality. Additional benefit may be
achieved if independent audits and reporting on lessons learned and best practices are
made available to the industry.

Assess the effectiveness of current mine emergency training program (MERITS)
exercises and propose improved versions.

NIOSH has, in the past, developed a mine emergency training program (Mine
Emergency Response Interactive Training Simulation or MERITS) in which participants
from a mine act out a simulated emergency in a control-room setting using a computer
program that responds to the actions of those in the exercise. The trainees are provided
with information about a small coal mine, its emergency response plan and its
communication system, and are then given information about an incident as if it was
realistically unfolding. This software must be upgraded for modern computer operating
systems so that it may be more widely applied. There may be opportunities to expand
the number of scenarios modeled and expand it to include all Responsible Persons and
staff each year.

Create guidelines for preparing comprehensive mine emergency response plans.

Mine emergency response plans are required for each coal mine and are meant to be a
valuable resource during an emergency. The results of the various research
recommendations should be written in a way that they can make these plans realistic,
locally applicable, easily followed, and beneficial during an emergency. These plans
need to consider each major type of emergency that may unfold for the mine in question.

2.3 Survivability

The group recognized that current mining technology cannot protect miners against certain
kinds of high-impact emergencies, particularly explosions. Consequently, prevention of
emergencies is an extremely high priority; it is noted that another sub-committee will be working
on this topic.
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Develop design protocols for mine planning that consider the types of
emergencies that could occur in specific types of deposits and at the particular
mine locations.

Mine designs and the consequent mine plans need to consider most carefully the types
of emergencies that could occur in the type of deposit and geographic location:
explosions, fires, major structural collapse, ventilation failure, and inundation. It is
recognized that all mining operations are by nature adapting to changing geologic and
operational conditions; therefore, it is essential that when the mine plan is modified, the
original design assumptions are reviewed by competent professionals before changes
are instituted. One possible process for doing this is completing a Major Hazard Risk
Assessment. This assessment should be connected to the real-time collection of mine-
status data suggested in sub-objective 1.1.4. Develop rapid and error-free methods of
data entry that provide real-time updates.

Develop rugged, redundant location and tracking sensors that can survive
disasters.

The issue of survivability of personnel cannot be considered in isolation. Survivability of
the mine structure, its infrastructure and its communication systems is a critical part of
the discussion on refuge structures and evacuation and escape that will follow.
Repeatedly, the group identified the need to know in-mine conditions during an
emergency. Survival of sensors and monitors is a critical part of acquiring this
knowledge (see sub-objective 2.1.1. Develop hardened communication systems that can
survive any disaster in which workers can survive.). Intelligent and real-time analysis of
the data that come from these sensors is also needed to assess the conditions during
the emergency. Location, environmental, and tracking sensors that can survive an
incident are needed. Design for ruggedness, low maintenance, intrinsic safety, and
redundancy is a research topic. Equally, if a sensor fails, the time and cause of failure
and, in the case of mobile ones, its location at the time of failure are data that can be
analyzed in a simulator to produce useful information about the emergency.

Conduct research to improve the survivability of all of the elements of mine
infrastructure.

If miners are to respond appropriately during or after an emergency, they will need
power, water, and communication links. Research into which structures are essential to
the survivability of these elements and how infrastructure can be made more resilient is
important.

2.4 Improve Refuge Alternatives and their Use

A refuge alternative is a structure, either fixed or mobile, close to the working face into which
miners can go for survival during a disaster. Seeking refuge is an alternative to escape. Their
use is now mandated by federal regulation but many questions remain for which research is
needed.

241

Identify requirements for the next generation of refuge alternatives.

Research is needed on the next generation of refuge alternatives; NIOSH personnel are
aware of this need. Refuge alternatives are required in both coal and metal/non-metal
mines today and have been installed under emergency coal regulations. Apparently,
there is no nationally approved alternative for the ones already installed, in part because
they are difficult to test under full-scale conditions and because no protocols are
available for manufacturers who wish to undertake the expense of testing and approval.
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One possible method for developing protocols would be to assemble a group of experts
from government, industry, trade associations, and manufacturers who would conduct a
consensus-driven process for the development of standards upon which these protocols
may be based. The protocols can then be referenced by the approving agencies and
used by the refuge alternative manufacturers to complete the testing and approval
process.

Mines have different refuge needs depending on their mining conditions, seam height or
vein thickness, rates of advance, and number of expected refuge occupants; some may
plan to use them as way stations along escape routes, which makes airlock sizing
critical. Low-coal mines have other criteria that may make inflatable refuges more
attractive. Mines with elevated ambient temperatures could face undesirable
environmental conditions such as elevated temperatures inside of portable refuge
alternatives, if adequate cooling is not provided. There are a number of design,
operation, and occupation issues that have been identified and are in need of research
as the next generation of refuge alternatives evolve. These include postural conditions,
control interface, survivability, tolerability, mine rescue, training, and psychological
issues.

This research should include the study of refuge alternatives that have been involved in
recent mine emergencies. Recommendations for future design requirements should be
based on observations, tests, and sound scientific research.

Develop criteria for deciding whether to remain in a refuge structure or to
evacuate from the mine.

Entering a refuge is a last recourse. Itis a decision that should be based on good
knowledge that evacuation and escape contains more risk than does barricading (in the
structure) and awaiting rescue. The more knowledge that miners have about conditions
during and after the emergency, the more likely they are to make a good decision about
leaving or staying. It was noted that today's miners have doubts about using a refuge for
protection. Research is needed in the development of criteria for making this decision
and for training on the use of these criteria, including handy checklists.

A secondary concern is how miners perceive approaching rescuers, how best to rescue
multiple miners in a possibly hazardous atmosphere, and how to treat injured miners.

Develop survivable data displays and their supporting systems.

The development of survivable displays that will give miners information about
conditions is also needed. These displays may be portable or fixed within the refuge
alternatives (this recommendation links back to sub-objective 2.1.1. Develop hardened
communication systems that can survive any disaster in which workers can survive.).

Determine the optimal location for caches of safety gear and refuges.

Research is already underway on the optimal location and spacing of caches of rescue
gear and refuges. It is clear that this research needs to be continued and expanded.

2.5 Improve Evacuation and Escape Procedures

The alternative to seeking refuge is for workers to seek to escape the disaster site within the
mine. This decision should be fact-based but also needs to consider human concerns about the
unknown; a number of research issues are involved in making this decision wisely.
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Determine if mine and ventilation plans needed to select escape routes can be
built into tracking and communication devices that miners could wear.

Again, it is critical that workers involved in an emergency have information on the status
of the mine and rescue plans, reinforcing the recommendations for research on location
and tracking devices along with survivable atmospheric monitors. Based on information
received from those who have escaped disasters, it is critical that miners know the mine
and ventilation plans well enough to select alternative routes for escape if needed.
Perhaps research would be worthwhile to determine if this can be built into tracking and
communication devices that miners would wear.

Identify effective forms of escape training.

Escape drills need to be made rigorous and comprehensive, incorporating situations
where miners are challenged with decision-making, the necessity for team-building,
change of leadership, and handling of stressful situations. Research into forms of varied
drill simulation would enhance the effectiveness of the training. This is especially critical
given the limited time for training and the wide variety of topics in which miners may be
required to be trained.

Most agree that escape is the first option miners should try after an emergency. In the
case when miners may be injured or unable to escape, they may need assistance. The
first available miners for assistance are coworkers. This is referred to in Australia as
‘inseam assisted escape”. It is a natural response to want to help colleagues but
training may not have taught miners how to protect their own safety.

Develop technology to provide face-located or mobile displays of mine conditions
that allow workers to evacuate even through obscurant fog.

Research to provide face-located or mobile displays of mine conditions would allow
workers to evacuate even through obscurant fog.

Determine if existing devices that can see through obscurant fog can be made
intrinsically safe.

Vision systems that can see through dust, fog, or smoke exist within the military.
Thermal Imaging Cameras are used successfully in a variety of applications including
coal-mine trouble shooting, rescue and fire fighting. Research might be undertaken to
see if these devices can be made intrinsically safe for application in the mine.

Investigate the escape and rescue functions that robots are better suited to
accomplish than people.

The group did not discuss at any length the subject of location of workers utilizing robots,
or removal of workers from the face through the agency of remote-control or robotic
mining but these are considerations. Exploration robots have been developed with
mixed success. A review of available technology would serve to guide future research.

2.6 Improve the Use of Self-Contained Self-Rescuers (SCSR’s) and W-65 Self Rescuers
Used in Hardrock Mines

It was mentioned that most models of Self-Contained Self-Rescuers (SCSR) are not
comfortable to wear or to use. Personnel in the midst of an emergency may never have
experienced this discomfort and may misinterpret it to mean that the instrument is not working.
Resistance to breathing and increased temperatures of the air could cause a miner to believe
that the rescuer should be removed.
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Develop an SCSR simulator to allow miners to experience their use in an
emergency.

At the very least, researchers should develop a low-cost SCSR simulator that would
allow miners to experience what it is like to wear an SCSR during an emergency.

Develop SCSRs that are easier to use and that accommodate internal voice
communication devices.

Subsequently, research should be undertaken to develop SCSRs that are easier to use
and that accommodate voice communication devices in them. One suggestion was that
a transparent breathing hood or a full-face mask SCSR would provide these desirable
conditions, although such device would also have to accommodate the wearing of a
hardhat.

Study problems that might be encountered while removing and re-donning
SCRS’s.

Miners may need to change SCSR units in the midst of conditions such as smoke or
highly noxious atmosphere. A study of the problems that might be encountered while
removing and re-donning the units might be a worthwhile exercise, to determine if there
may be unforeseen problems, an