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Preface

The single most valuable asset in any organization, including organizations
within the mining industry, is its human resources. The ingenuity of employees
leads to effective and efficient utilization of all other resources and to achievement
of the economic and social goals of the organization. Protection of employees from
hazards in the occupational environment is important both from the humanitarian
point of view and for the overall welfare of the organization. It is fundamental for
sound management, for the health and safety of the miners, and for the survival
of the company in a competitive world. An often-quoted saying states: “The safest
mine is the most profitable mine.”

The enhancement of mining workplace health and safety requires the recog-
nition that mining remains hazardous and that vigilance in addressing the haz-
ards can never be relaxed. Miner health and safety are major concerns for mine
management, labor organizations, and government. This concern has manifested
itself in four control mechanisms: (1) regulatory control through the passage of
laws and regulations; (2) legal and social control through compensation laws for
occupation-related injuries and health deterioration; (3) medical control through
periodic examinations; and (4) engineering control through the design and opera-
tion of mines according to the best reccommended practices. An important aspect
of all these approaches is the search for new tools and techniques that will further
enhance hazard control. Ultimately, to create safe mining environments, improved
tools and techniques must be successfully integrated and applied in the industry.

X
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X PREFACE

The evaluation of research contributions by the National Institute for Occu-
pational Safety and Health (NIOSH) Mining Research Program is the focus of this
report. The National Academies was asked to evaluate the research activities of the
NIOSH Mining Program in terms of relevance, the impact of the program on the
health and safety of workers, and the significance of research to emerging issues in
mining. In response to this request, the Committee to Review the NIOSH Mining
Safety and Health Research Program was formed, composed of experts from
industry, academia, and labor organizations. The committee comprises recognized
experts in surface and underground mining, coal mining, metal and nonmetal
mining, mining health and safety, mining research, industrial hygiene, technology
transfer, rock mechanics, and acoustical engineering. The committee reviewed
extensive documentation provided by NIOSH on Mining Program research; held
both open- and closed-session meetings; visited multiple NIOSH research facili-
ties; heard from representatives of industry, government, labor, manufacturers, and
consultants; and requested and reviewed written input from stakeholders.

This report finds that good progress has been made in the improvement of
mine worker health and safety, with continuous decreases in the incidence and
severity of diseases, disasters, and fatal and non-fatal accidents. The NIOSH Min-
ing Program has identified and conducts research in seven areas of greatest need:
respiratory disease prevention; noise-induced hearing loss prevention; cumulative
musculoskeletal injury prevention; traumatic injury prevention; mine disaster
prevention and control; ground failure prevention; and surveillance, training, and
intervention effectiveness.

Despite a sharp decrease in available funds between 1998 and 2005, the NIOSH
Mining Program has made major contributions to the engineering control of haz-
ards in the workplace and the development and transfer of new knowledge to the
mining industry. Yet miners continue to experience diseases, disasters, fatalities,
and injuries. As recent coal mine disasters have shown, safety concerns of mine
operations require constant monitoring and control.

Mine safety and health research by the federal government should continue
to be an important component of efforts to make mines safer in the future.
The development of an appropriate balance between addressing currently known
problems and preparing for emerging problems is essential for a research agency.
The more challenging mining environments expected in the future (e.g., deeper
deposits, multiple seams, mining seams beneath previously mined-out seams) will
require enhanced health and safety research. The changing workforce demograph-
ics and the changing nature of the work itself require adequate resources for the
technology transfer and training program development necessary to create a more
knowledgeable workforce in which evidence-based innovations are implemented

Copyright © National Academy of Sciences. All rights reserved.
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and sustained. Given the impending critical shortage of trained manpower at all
levels in the mining industry, there is an immediate need to find and train replace-
ment personnel.

Raja V. Ramani
Commitee Chair
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PDM Personal dust monitor

PEL Permissible exposure limit

PIB Public Information Bulletin (MSHA)

PMF Progressive massive fibrosis

PPE Personal protective equipment

PRL Pittsburgh Research Laboratory

psf Pounds per square foot

r2p Research to practice

REL Recommended Exposure Limit

SAE Society of Automotive Engineers

SCSR Self-contained self rescuer

SME Society for Mining, Metallurgy and Exploration

SRL Spokane Research Laboratory

STE Statement of Test and Evaluations (MSHA)

STOP Support Technology Optimization Program (software)
SX-EW Solvent extraction-electrowinning

TC Total carbon

TRAM Training Resources Applied to Mining Conference
TTG Technology Transfer Group (USBM)
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XxXVi ABBREVIATIONS AND ACRONYMS

UMWA United Mine Workers of America
USBM U.S. Bureau of Mines
USPHS U.S. Public Health Service

WMA Wyoming Mining Association
WMSD Work-related musculoskeletal disorder
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Summary

ABSTRACT The U.S. mining sector employs approximately 331,000 people
but has one of the highest fatality rates of any U.S. industry. Fatalities, injuries,
and disasters, although less frequent than in the past, continue to occur, and
health concerns posed by gases, dusts, chemicals, noise, extreme temperatures,
and other physical conditions continue to result in chronic and sometimes
fatal illnesses. In the last three decades, improvements in mining technology,
equipment, processes, procedures, and workforce education and training have
resulted in greater safety and health.

In conjunction with planned reviews of up to 15 of the National Insti-
tute for Occupational Safety and Health (NIOSH) research programs, the
National Academies convened a committee of experts to review the NIOSH
Mining Safety and Health Research Program (Mining Program) to evaluate
the relevance of its work to improvements in occupational safety and health
and the impact of NIOSH research in reducing workplace illnesses and inju-
ries. Relevance was evaluated in terms of the priority of work carried out and
its connection to improvements in workplace protection. Impact was evaluated
in terms of its contributions to worker health and safety. The committee was
also asked to assess the program’s identification and targeting of new research
areas, and to identify emerging research issues.

Although responsibility for controlling workplace exposure to mining
health and safety hazards lies with others, the Mining Program can be ex-
pected to contribute to reduction of these workplace hazards through its
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research and information dissemination. The committee concludes research
of the Mining Program is in high-priority areas and adequately connected
to improvements in the workplace. A rating of 4 on a five-point scale (where
5 is highest) is appropriate. Contributions of the program to improvements
in workplace health and safety during the period evaluated (1997 to 2005)
are considered major in some areas (respirable disease prevention, traumatic
injury prevention), moderate in some areas (hearing loss prevention, ground
failure prevention), and likely in a number of areas (disaster prevention,
musculoskeletal injury prevention). Mining Program outputs are evaluated,
accepted, and incorporated into stakeholder operations, and training outputs
find wide use in the industry. The Mining Program is moderately engaged in
technology transfer activities. A score of 4 for impact is appropriate.

To increase its effectiveness, the program should more proactively iden-
tify workplace hazards and establish more challenging and innovative goals
toward hazard reduction. Interaction with other NIOSH programs should be
increased, as should interactions with extramural researchers, and the Mine
Safety and Health Administration (MSHA) when research needs are closely
aligned with MSHA'’s shorter-term and legislative requirements. Partnering
with industry should be done more broadly such that research results can be
more widely applied within the industry. The program should make better use
of MSHA and other surveillance data, and work to make these surveillance
programs more robust. A more strategic dissemination agenda is suggested
that would incorporate training into the strategic goals of all research areas
and explicit plans for transfer to small business worker populations.

The committee concludes the NIOSH Mining Program makes essential
contributions to the enhancement of health and safety in the mining indus-
try. The ability of the program to expand its research and transfer activities
in ways recommended in this report, however, is critically dependent on the
availability of funding.

It is predicted that the U.S. mining industry will be challenged to produce more
than 1.8 billion tons of coal annually by the year 2030, compared to current pro-
duction of 1.1 billion tons (Energy Information Administration, 2006). Aggregate
(sand, gravel, and stone) industry production is likely to grow, and increasing metal
prices and an increased demand for metals and nonmetallic minerals worldwide
are also predicted. Increased demand and production will ultimately lead to new
technologies—and new hazards—in the workplace. The continued occurrence of
accidents, injuries, and illnesses in the mining industry requires continuous and
vigorous research on the detection and elimination of hazards that threaten the
health and safety of miners. Advances in mining practices and procedures have
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greatly enhanced mine worker health and safety. The National Institute for Occu-
pational Safety and Health (NIOSH) Mining Safety and Health Research Program
(and the former U.S. Bureau of Mines) has played a large role in these improve-
ments. Continued quality research by the NIOSH Mining Safety and Health Re-
search Program (hereafter called the Mining Program) should take into account
changing technologies, practices, and procedures in the mining workplace.

In September 2004, NIOSH contracted with the National Academies to con-
duct a review of NIOSH research programs. The goal of this multiphase effort is to
assist NIOSH in increasing the impact of its research in reducing workplace illness
and injury and improving occupational safety and health. The National Academies
agreed to conduct this review within the Division on Earth and Life Studies and
the Institute of Medicine. A committee was appointed to develop a set of guidelines
for use in the evaluation of NIOSH research programs. The evaluation criteria are
presented in the so-called Framework Document (Appendix A). The Mining Pro-
gram is the second program to be reviewed using the established guidelines.

The National Academies organized an ad hoc committee to evaluate the Mining
Program. The Committee to Review the NIOSH Mining Safety and Health Research
Program reviewed the program to evaluate the relevance and impact of its research
on workplace health and safety, as well as to identify significant emerging health
and safety issues in the mining workplace. Specifically, the committee was asked
(1) to assess the Mining Program’s progress toward reducing workplace illness and
injury, providing numerical scores, on a five-point scale for both relevance and
impact of the research (Box S-1); (2) to consider how well the Mining Program
targets new research to areas most relevant to future improvements in workplace
protection; and (3) to identify significant emerging health and safety issues in the
mining workplace.

The committee used the Framework Document criteria for its evaluation. The
evaluation was based largely on an evidence package presented to the committee
by the Mining Program (NIOSH Mining Program Briefing Book, http://www.cdc.
gov/niosh/nas/mining/), on presentations made by program managers and research-
ers during committee meetings and site visits to multiple NIOSH facilities, and on
oral and written communications from several stakeholder groups. The committee
reviewed documents related to NIOSH and the former U.S. Bureau of Mines. As
an aid to its evaluation, the committee theorized what an “ideal” mining research
program would comprise and identified the major issues that such a program
would address.

Copyright © National Academy of Sciences. All rights reserved.



Mining Safety and Health Research at NIOSH: Reviews of Research Programs of theNational Institute for Occupational Safety and Health
http://www.nap.edu/catalog/11850.html

4 MINING SAFETY AND HEALTH REsEarcH AT NIOSH

BOX S-1
Five-Point Scales Used for the Rating of Relevance and Impact

Rating of Relevance

5 = Research is in highest-priority subject areas and highly relevant to improvements
in workplace protection; research results in, and NIOSH is engaged in, transfer
activities at a significant level (highest rating).

4 = Research is in high-priority subject area and adequately connected to improvements
in workplace protection; research results in, and NIOSH is engaged in, transfer
activities.

3 = Research focuses on lesser priorities and is loosely or only indirectly connected to
workplace protection; NIOSH is not significantly involved in transfer activities.

2 = Research program is not well integrated or well focused on priorities and is not
clearly connected to workplace protection and inadequately connected to transfer
activities.

1 = Research in the research program is an ad hoc collection of projects, is not
integrated into a program, and is not likely to improve workplace safety or health.

Rating of Impact

(&)
1

Research program has made a major contribution to worker health and safety on
the basis of end outcomes or well-accepted intermediate outcomes.

4 = Research program has made a moderate contribution on the basis of end
outcomes or well-accepted intermediate outcomes; research program generated
important new knowledge and is engaged in transfer activities, but well-accepted
intermediate outcomes or end outcomes have not been documented.

3 = Research program activities or outputs are going on and are likely to produce
improvements in worker health and safety (with explanation of why not rated
higher).

2 = Research program activities or outputs are going on and may result in new
knowledge or technology, but only limited application is expected.

1 = Research activities and outputs are NOT likely to have any application.

NA = Impact cannot be assessed; program is not mature enough.

ASSESSMENT OF RESEARCH RELEVANCE AND IMPACT

There has been a marked decrease in disasters, injuries, illnesses, and occupa-
tional diseases in the mining industry over the last several decades. This decrease
is the result of many efforts including those of mine managers and workers, labor
organizations, federal and state enforcement agencies, equipment manufacturers
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and suppliers, researchers, and others. Research and development are important
components of the total Mining Program effort to make mines safer and healthier
worksites. In assessing the contributions of the Mining Program to improvements
in worker health and safety, the committee was asked to provide scores for both
relevance and impact as per criteria in the Framework Document (Box S-1).

On the basis of its review, the committee assigned a score of 4 for relevance and a
4 for impact to the Mining Program.

In evaluating relevance and impact, the committee considered funding, re-
source allocation, number of employees, and the manner in which stakeholder
input is obtained and incorporated into the research program. Program activities
were considered in terms of their contributions toward achieving strategic goals
and toward the quality and quantity of outputs. Particular attention was paid
to the acceptance and use in the industry of developed technologies, guidelines,
procedures, and training tools. The manner in which the Mining Program inte-
grated surveillance, research activities, outputs, and technology transfer activities
to achieve strategic goals was also considered.

PROGRAM PLANNING AND STRATEGIC GOALS

The seven strategic research areas identified by the Mining Program are (1)
respiratory disease prevention; (2) noise-induced hearing loss prevention; (3) cu-
mulative musculoskeletal injury prevention; (4) traumatic injury prevention; (5)
mine disaster prevention and control; (6) ground failure prevention; and (7) sur-
veillance, training, and intervention effectiveness. The program’s mission, accord-
ing to the Mining Program Briefing Book, is to “eliminate occupational diseases,
injuries and fatalities from the mining workplace.” Strategic and intermediate goals
and performance measures have been established for each priority area.

The Mining Program mission cannot be accomplished solely through what
NIOSH terms “a focused program of research and prevention.” Workplace im-
provements are dependent on the ability to transfer research results into practice,
but the Mining Program has no power to require or enforce implementation of
its recommendations. External factors affect every aspect of the program, often
preventing the realization of projected outcomes. A political climate favorable to
the support of mining health and safety research and of the resulting recommen-
dations is necessary. The level of annual funding for the Mining Program, specific
appropriations to enhance research facilities, and additional funding for specific
research areas are critically dependent on the input from several sources. These
include industry, labor, the administration, and members of Congress.

The Mining Program’s mission and goals are appropriate, but the Mining
Program should establish more challenging, innovative goals and attendant
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objectives. Strategic and intermediate goals should be stated more precisely, and
performance measures should be tied more closely to goals. In some cases, the
committee could not establish clear connections between specific projects and
goals. Goals and priorities should be reviewed regularly for appropriateness. The
Mining Program solicits proposals from internal researchers to initiate new proj-
ects. Although these researchers are recognized by their peers for their expertise,
they may not have the breadth of knowledge required to develop multidisciplinary
proposals encompassing multiple strategic goals, a direction the Mining Program
should take to be more effective.

At present, the Mining Program establishes research priorities primarily in
response to stakeholder input or current events. This helps ensure the applicability
of its research outputs. However, the Mining Program should take a more proac-
tive approach to identifying and controlling hazards, including those that arise
from changing mining conditions and technologies, thus eliminating the associ-
ated potential illnesses and injuries. Using surveillance data in combination with
expanded external input to identify key priorities would help the Mining Program
develop a more proactive approach to hazard identification and control.

The establishment of more challenging goals, specifying associated objectives
and activities, and taking a more proactive stance toward identifying and respond-
ing to mining hazards would propel the Mining Program along a strategic course
toward becoming an ideal program for the future.

EFFECTIVE INTERACTIONS

The Mining Program should increase interaction with other NIOSH pro-
grams including the Division of Respiratory Disease Studies, the Division of Safety
Research, and the Division of Surveillance, Hazard Evaluations, and Field Studies.
Ideally, research personnel with medical, epidemiological, engineering, geologi-
cal, and industrial hygiene experience should work together as a research team to
help address workplace issues including research about the organization of work.
Program management should be more involved in envisioning worthwhile intra-
and interprogram interactions. Additionally, full advantage should be taken of
the NIOSH Mine Safety and Health Research Advisory Committee by adequately
challenging it with substantial assignments. The advisory committee’s findings,
conclusions, and recommendations should be considered more fully in the Mining
Program’s decision-making process.

Interaction with the Mine Safety and Health Administration (MSHA) should
be enhanced in areas where research needs are closely aligned with MSHA’s
legislative and shorter-term priorities. The committee recognizes the benefits of
partnering with MSHA to improve miner health and safety.
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The Mining Program should fully utilize outside technical expertise through
avibrant extramural and contract research program. Given the cost of developing
expertise to conduct innovative research, the Mining Program should take advan-
tage of external expertise through an extramural research program. The extramural
program should include both externally initiated research and contractors working
on NIOSH-initiated research. This approach has an additional benefit of producing
highly trained personnel for the industry at large, as well as for its own program.

Effort should be made to partner more broadly such that guidelines and
processes are most relevant to the entire mining community. The Mining Pro-
gram has an extensive list of partners within industry and academia. Partnering
with specific mining companies is beneficial and key to technology transfer, but
the committee is concerned that resources are directed toward developing solu-
tions to problems that are site specific and not directly applicable through adapta-
tions to the mining industry at large. The committee strongly believes the Mining
Program should continue to develop international partnerships in the interest of
contributing globally what technologies it can and to incorporate developments
made internationally into the domestic workplace.

SURVEILLANCE AND MONITORING

The Mining Program should make better use of MSHA and other existing
surveillance data and work to make these surveillance programs more robust.
The Mining Program has access to a MSHA-maintained database of mining-
related incident, injury, and illness data and conducts some surveillance on a
project-specific basis. The committee considers the collection of surveillance data
of utmost importance in monitoring mine worker health and safety conditions
and in determining the effectiveness of Mining Program activities. An improved
surveillance system would allow the Mining Program to evaluate intervention ef-
fectiveness, which should be incorporated into the strategic goals of all its relevant
research areas.

More robust and better methods of monitoring in situ safety conditions in
mines should also be developed. Research is needed to minimize safety risk to
underground workers and to evaluate the potential for damage to surface facili-
ties such as dams, buildings, pipelines, and road cuts whose failure could cause
injury to persons on or near mine property. Recent advances in remote sensing,
telemetering, and diagnostic methods should be evaluated, improved, and made
known to mine operators for timely detection and avoidance of underground and
surface mine hazards.
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OUTPUTS

The Mining Program should place greater emphasis on outputs preferred
by mining operators, miners, and other nontechnical users.

TRAINING PROGRAMS AND TECHNOLOGY TRANSFER

The Mining Program efforts in the area of technology transfer (NIOSH’s
research to practice program), while commendable, are not proportionate to its
efforts in the conduct of safety and health research. A good understanding of
potential impacts of research outputs is necessary if reccommendations are to be
adopted by industry and guidelines and standards are to be promulgated by MSHA.
While there is an appreciation of this fact, it is unlikely that the technology transfer
processes in place will achieve the desired results. Much of the responsibility for
technology transfer is in the hands of project researchers who cannot be expected
to be expert in the technology transfer issues involved. A more proactive, aggres-
sive, and strategic dissemination agenda is suggested, one that is informed by
research about the diffusion of new technologies, processes, and practices. The
Mining Program should determine the likely end users of its research results,
and develop demonstration projects that show the feasibility and effectiveness
of interventions.

Just as the committee recommends that surveillance be incorporated into all
relevant research areas, training should be incorporated into the strategic goals of
all research areas. To improve training effectiveness, the Mining Program should
determine the likely end users of its research results. Most Mining Program out-
puts are useful for small business, but plans for technology transfer of all project
outputs should explicitly include how small business worker populations will
be served.

Fiscal year 2005 funding for research to practice in the Mining Program was less
than 5 percent of the total budget. The need for dedicating adequate resources to de-
veloping a more knowledgeable workforce should be appreciated. Better and more
focused methods of delivering outputs and documenting resulting intermediate
outcomes are needed. Technology transfer activities should be sharpened with new
programs and additional resources. New research in technology transfer is needed
to determine the most effective ways to improve training procedures and practices
and to transfer knowledge to achieve implementation and sustainability.
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IMPACT IN THE WORKPLACE

It is difficult to isolate contributions made by the Mining Program to the great
improvements in health and safety in mining. Improvements are due to improved
mine design, operational procedures, new equipment and technology, new laws and
compliance, and educational assistance from MSHA and state regulatory agencies.
The Mining Program has had influence in all these areas, but the extent of this
influence cannot be quantified.

When improvements in health and safety could not be directly attributed to the
Mining Program, the committee considered the indirect influence of the program’s
research and transfer activities. If program outputs and transfer activities could
potentially impact the workplace, some credit for improvements was given. The
committee also considered how to assess the contributions of long-standing re-
search programs, some of which date back to the former U.S. Bureau of Mines. The
process of moving research from concept to completion can be long, but the time
to move from completion to widespread implementation can be even longer. The
committee decided to consider some research predating the move of the program
from the U.S. Bureau of Mines to NIOSH.

Examples of health and safety improvements resulting from Mining Program
efforts include the following:

+ Respiratory disease prevention. Long-standing research has resulted in
significant progress in bringing ambient coal dust concentrations below mandated
levels. Data show the prevalence of coal worker’s pneumoconiosis has been decreas-
ing for those employees of long tenure (>20 years), but stable for those of shorter
tenure (Pon et al., 2003). The Mining Program and the Personal Dust Monitor
Partnership are in the final stages of field evaluation of the personal dust monitor.
There is general agreement among mine management, labor organizations, and
MSHA that the personal dust monitor has great potential to assist the determina-
tion of control and evasive measures necessary to guard against high exposures in
the workplace.

+ Hearing loss prevention. Noise-induced hearing loss prevention is a re-
cently renewed research area for the Mining Program. Surveillance projects are well
directed toward relating exposures to noise sources, but impact data are unlikely to
be available for many years. NIOSH has developed a mobile hearing loss detection
lab that can be transported to any worksite to conduct hearing clinics for up to four
persons at a time. Trained technical personnel administer hearing loss tests and
provide feedback on results. This mobile lab has the instrumentation to perform a
wide range of research tasks, and from all indications, it has been used extensively
for educating miners on avoiding noise-induced hearing loss in the workplace.
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* Ground failure prevention. The Mining Program has worked with op-
erators and manufacturers to develop and test more than 40 new roof support
technologies between 2000 and 2005. Computer software developed by the Min-
ing Program to analyze pillar stability is now an industry standard and is used by
MSHA and state regulatory agencies to evaluate mine permits resulting in safer
longwall operations. Other projects such as roof surface controls are likely to pro-
duce safety benefits, but end outcomes have not yet been well documented.

+ Cumulative musculoskeletal disorder prevention. The Mining Program
has worked with the International Union of Operating Engineers to collect data
on ergonomic-related factors for use in research on improved ergonomic design
of mobile equipment. No data exist to document impact on worker health and
safety, but several outputs, such as a low-height shuttle car seat design, a more er-
gonomically designed truck seat, and improved dragline work stations, have been
incorporated in the workplace. The Mining Program has also developed a partner-
ship with an operating surface coal mine to reduce work-related musculoskeletal
disorders. The program provided guidance, direction, and training on customizing
and implementing a sound ergonomic process. Outputs with value to stakeholders
have been generated.

It is often impossible to statistically document changes in behavior, or improve-
ments in health and safety, resulting from Mining Program activities. Presentations
to the committee, particularly from labor representatives, MSHA, and mining com-
panies, revealed that the results from Mining Program outputs are being evaluated,
accepted, and incorporated into operations. Training products are being used in the
industry, and the Mining Program is engaged in technology transfer activities.

The committee concludes that Mining Program research focuses on high-pri-
ority areas and is adequately connected to improvements in the workplace. The
program is moderately involved in transfer activities. Contributions to improve-
ments in health and safety in the workplace are considered major in some areas
(respirable disease control, traumatic injury prevention), moderate in some areas
(hearing loss prevention, rock safety engineering), and likely in a number of areas.
Mining Program outputs are accepted and incorporated into stakeholder opera-
tions. Mining Program research and training programs are vital to continued im-
provements to health and safety in the workplace.

TARGETING OF NEW RESEARCH

To address the second part of its charge, the committee assessed the Mining
Program’s progress in targeting new research to areas most relevant to future im-
provements in workplace protection by considering two factors: (1) the relevance
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of current research and (2) the targeting of new research to areas most relevant
for future needs.

To a large extent, the Mining Program is doing research that is relevant to
the present and future of the mining industry. Relevant and productive research
depends on funding and other external factors, as well as on available expertise
and facilities. Short- and longer-term needs should be considered when allocating
resources to address current and emerging issues. Flexibility to respond rapidly to
needs dictated by current events should be built into the Mining Program, along
with greater ability to pursue paradigm-changing research. Notwithstanding, the
program has included new research areas in its portfolio. New research in areas such
as chemical hazards and improved communications and training, and expanded
research in areas such as noise prevention, surveillance, and repetitive injury pre-
vention, show that the Mining Program is, in a limited manner, addressing the
needs of the future.

EMERGING ISSUES

To address the third part of its charge, the committee considered emerging
issues that may affect future mine worker health and safety. The Mining Program
should stay aware of pertinent current and emerging research, including research
being done internationally, and be prepared to act on potential health and safety
issues. Future workforce issues may differ from today’s, especially as older workers
retire and a new workforce enters the industry. Issues of small-mine workers and
the issues associated with increasing numbers of contract workers should also be
considered. Continuing to work with industry, organized labor, MSHA, academia,
and international partners will help the Mining Program determine future needs.
Both internal and external peer review could be useful for selecting projects.

The committee identifies workforce capacity and related issues as the most
crucial of emerging issues the Mining Program should deal with, but the committee
also considered the physical conditions to which the future mining workforce will
be subject. Similar concerns were raised more than 30 years ago during a major
revision of the research mission of the U.S. Bureau of Mines (Theodore Barry &
Associates, 1972), but it should be noted that operation size, numbers of miners,
and technologies in use are quite different today than in the past.

Changes in the industry will result in a number of changes in the physical
environment for the mine worker. As the mining industry becomes more auto-
mated, the Mining Program should be prepared to deal with issues associated
with increased remote control and automated equipment and systems. Future
mining is likely to be carried out under more difficult conditions and depths in
excess of 600 m. Automation is often seen as a means of reducing exposure, but un-
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foreseen consequences of automation should be identified. The Mining Program
should be prepared to provide reccommendations to safeguard health and safety
as best strategies for mining deep resources are developed. Environmental and
occupational hazards of deeper mines should be evaluated. Similarly, the health
effects of mixed exposures, such as diesel exhaust, hydrocarbons, and noise, as
well as the combined effects of mixed noise (continuous and impulse-impact)
environments, need to be addressed. There is also the potential for an increase
in radon-related illnesses given a resumption of uranium mining. As the United
States increases its reliance on nuclear energy, the extent and effects of radon
and radiation exposure in the presence of these other potential chemical agents
should also be considered.

Other emerging areas of concern include nanoparticles in mine atmospheres,
the toxic effects of heat and noise, more physically taxing working conditions
(fatigue and increased musculoskeletal disorders), extended shifts, escape and
survival equipment, changing communication technology requirements, and the
effects of new regulations. The committee is also very concerned about the future
performance of the Mining Program itself. The Mining Program should seriously
attend to workforce replacement issues expected within its own organization in
the short term to ensure a supply of capable researchers as its older researchers
retire.

The mining industry has long been dealing with problems arising from gas,
dust, heat, humidity, ground pressures, machinery, and electricity. There is a need
for research that cuts across these issues. For example, as underground coal mine
production increases, technologies need to be developed to limit emissions of
methane and dust as well as to safely support larger roof spans. Health and safety
problems should be approached in a systems framework that encompasses ad-
vances in monitoring and characterization technology and a greater understanding
of cause-and-effect relationships.

FINAL REMARKS

The committee’s review has revealed several areas in which the Mining Program
would benefit from self-examination and redirection. Recommendations are given
throughout the report, and those that are applicable program-wide are synthesized
in Chapter 7, and summarized in Box S-2. The Mining Program makes essential
contributions to the enhancement of health and safety in the mining industry. It
should take the lead in providing knowledge and expertise in discussions on im-
proving mine health and safety. The ability of the Mining Program to expand its
research in ways recommended in this report, however, is critically dependent on
the availability of funding.
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BOX S-2 Overarching Recommendations

Below are a number of overarching committee recommendations. Recommendations are
made throughout the report, and those applicable program-wide are synthesized in Chap-
ter 7. Other recommendations related to specific Mining Program research areas are found
in Part 1l (Chapters 8-14) of this report.

Strategic Goals and Project Selection

Establish more challenging, innovative goals and attendant objectives.
Take a more proactive approach to identifying and controlling hazards.

Interaction Effectiveness

Increase interaction with other NIOSH programs.

Enhance interaction with the Mine Safety and Health Administration (MSHA) where
research needs are closely aligned with MSHA’s legislative and shorter-term
priorities.

Fully utilize outside technical expertise through a vibrant extramural and contract research
program.

Partner more broadly such that guidelines and processes are most relevant to the entire
mining community.

Outputs

Place greater emphasis on outputs preferred by mining operators, miners, and other
nontechnical users.

Surveillance and Monitoring

Make better use of MSHA and other existing surveillance data and work to make these
surveillance programs more robust.
Develop more robust and better methods of monitoring in situ safety conditions in mines.

Technology Transfer and Training Programs

Develop a more proactive, aggressive, and strategic dissemination agenda that is
informed by research about the diffusion of new technologies, processes, and
practices.

Determine the likely end users of Mining Program products.

Develop demonstration projects that show the feasibility and effectiveness of
interventions.

Include how small business worker populations will be served.

Incorporate training into the strategic goals of all research areas.

continued
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BOX S-2 Continued

Emerging Issues

Stay aware of pertinent current and emerging research, including international research,
and be prepared to act on potential health and safety issues.

Be prepared to deal with issues associated with increased remote control and automated
equipment and systems.

Be prepared to provide recommendations to safeguard health and safety as best
strategies for mining deep resources are developed.

Address the health effects of mixed exposures, such as diesel exhaust, hydrocarbons,
and noise, as well as the combined effects of mixed noise (continuous and impulse-
impact) environments.

Consider the extent and effects of radon and radiation exposure in the presence of other
potential chemical agents as the United States increases its reliance on nuclear
energy.

The Mining Program should seriously attend to workforce replacement issues expected
within its own organization in the short term to ensure a supply of capable
researchers as its older researchers retire.

Copyright © National Academy of Sciences. All rights reserved.
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Introduction

The National Academies was asked by the National Institute for Occupational
Safety and Health (NIOSH) to conduct a review of up to 15 of its research pro-
grams. The Mining Safety and Health Research Program is one of the first to be
reviewed under this arrangement. The Committee to Review the NIOSH Mining
Safety and Health Research Program was constituted to review the program (here-
after referred to as the Mining Program) with respect to its impact, relevance, and
future directions. In particular, the committee addressed the following:

1. Progress in reducing workplace illness and injuries through occupational
safety and health research by analyzing relevant data about workplace illness and
injury and evaluating the effect that Mining Program research has had in reducing
illness and injuries;

2. Progress in targeting new research to the areas of occupational safety and
health most relevant to future improvements in workplace protection; and

3. Significant emerging research areas that appear especially important in
terms of their relevance to the NIOSH mission.

The committee used the assessment framework developed by the National
Research Council-Institute of Medicine Committee to Review the NIOSH Research
Programs (hereafter referred to as the Framework Committee). For cases in which
impact is difficult to measure, the committee measured performance using existing
intermediate outcomes (e.g., changes in stakeholder behavior) to estimate impact.

15
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The committee considered not only what the Mining Program is producing but
also whether NIOSH research can reasonably be credited with changes in workplace
practices or whether such changes are the result of factors unrelated to NIOSH. At
the request of NIOSH, the performance of externally funded research and training
programs was not evaluated. This report presents the results of the committee’s
review. Committee recommendations are made to facilitate the Mining Program’s
ability to conduct the most relevant research, resulting in the greatest positive
workplace impact.

FRAMEWORK COMMITTEE EVALUATION GUIDELINES

The Framework Committee developed guidelines for the evaluation of NIOSH
research programs. The resulting Framework Document (Appendix A) is a working
document subject to revisions on the basis of input from the various evaluation
committees and input from the interested public. The Framework Committee devel=
oped a flow chart (Figure 1-1) to guide the evaluation committees. The Framework
Document provides the rationale to be used by the evaluation committees in
determining final scores for impact and relevance. A final report outline was also
suggested. This committee closely followed the suggested guidelines.

INFORMATION GATHERING

To conduct its evaluation, the committee reviewed a substantial amount of
material submitted by the Mining Program in the form of the Mining Program
Briefing Book (NIOSH, 2005a). This book contains more than 900 descriptive
pages of Mining Program goals, activities, and impacts. NIOSH and the Mining
Program made 17 presentations to the committee during open session meetings,
and the committee interacted with more than 40 Mining Program employees dur-
ing site visits. The Mining Program also responded to additional written requests
for information from the committee. Appendix B lists written and electronic ma-
terials received from NIOSH during the course of this review.

In addition to information from the Mining Program, the committee heard nine
stakeholder presentations during an open session meeting, including from the acting
director of the Mine Safety and Health Administration (MSHA), labor union repre-
sentatives, equipment manufacturers, and training consultants. Additional input was
received in written response to a broad call for input sent to stakeholders identified by
the Mining Program, as well as to professional organizations, state regulatory entities
and associations, and other individuals recommended by committee members.

Summary statements in this report are based on the synthesis of this informa-

Copyright © National Academy of Sciences. All rights reserved.
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tion, previously published reports, and the combined expertise of the committee
members.

REPORT ORGANIZATION

The Mining Program makes an essential contribution to the mining industry.
The critique and recommendations in this report are derived from the need for
more of the kind of research it does. The report is relevant to MSHA, policy mak-
ers, industry, engineers, scientists, miners and their representatives, and anyone
concerned with the health and safety of miners and the economic well-being of
the mining industry.

The report is divided into two parts. Part I (Chapters 2 through 7) reviews
the Mining Program as a whole. An overview of the Mining Program, with major
subheadings parallel to the flow diagram of Figure 1-1, is provided in Chapter 2.
Factors that affect the relevance of program research are discussed. The commit-
tee presents its assessment of the “ideal” mining program for comparison to the
NIOSH Mining Program in Chapter 3. Chapter 4 specifically addresses charge 1
and provides an assessment of relevance and impact. Chapters 5 and 6, respectively,
provide the committee’s assessment of program progress in targeting new ideas
(charge 2) and identifies emerging health and safety issues in the mining industry
(charge 3). The committee synthesizes recommendations made throughout the
report that are pertinent program-wide to the Mining Program and includes them
in Chapter 7.

Part IT (Chapters 8-14) provides detailed assessments of each of the Mining
Program’s seven strategic research areas. The chapters are each organized to parallel
the flow diagram in Figure 1-1. Recommendations specific to each program area
are provided in Part II.

THE U.S. MINING INDUSTRY

Mining can be divided into two categories, underground and surface, and
further classified based on the commodity mined—coal or metallic-nonmetallic.
The United States is the second-largest producer of coal in the world, with an an-
nual output of approximately 1.1 billion tons (Energy Information Administration,
2006). Surface mining accounts for approximately two-thirds of the production
of U.S. coal. More than 97 percent of metallic and nonmetallic mining is done in
surface mines.

The U.S. mining sector employs approximately 331,000 people. Table 1-1 shows
the breakdown of the mining workforce by commodity, and includes contractors
to show the prevalence of that population in the mining sector. Figure 1-2 shows
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TABLE 1-1 Distribution of Mining Workforce
by Commodity and Number of Contractors

Employed in 2005

Mining Commodity No. Employed
Coal 81,891

Sand and gravel 45,240

Stone 81,005
Nonmetallic minerals 23,039
Metallic minerals 30,395
Contractors 72,269

Total 333,839

SOURCES: NMA, 2006; contractor data from MSHA, 2005.

60
50 +—
40 +— D % of total establishments
= employing X workers
S 30 4
E B % of total mining workers at
establishments employing X
20 T workers
10 +—
il B , ,

1t09 10 to 19 20 to 99 100 or more

FIGURE 1-2 Chart showing distribution of U.S. mining establishments by worker population, and
distribution of mining workforce by size of mining establishment as of March 2004. SOURCE: BLS,
2005a.

the percentage of mining operations employing certain numbers of workers, and
the percentage of the total mining workforce employed at mines of certain sizes,
as of March 2004. Nearly three-fourths of mining establishments employ fewer
than 20 workers. Table 1-2, based on MSHA data,! compares the number of mines

ISee http://www.msha.gov/stats/PART50/wq/2005/table7.pdf [accessed March 22, 2007].
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by commodity and employment for the years 1996 and 2005. Approximately 94
percent of all mines employ fewer than 50 people.

HISTORICAL PERSPECTIVES

Mining Safety and Health

Mining has historically been regarded as a dangerous industry due to the
unenviable record of frequent disasters and accidents in its early years. Though
mining has one of the highest fatality rates of any U.S. industry (BLS, 2006), it is
important to recognize the great improvements in mining technology, equipment,
processes and procedures, and workforce education and training that have resulted
in greater safety. Major decreases in mine fatalities, fatality rates, and incidence of
non-fatal days lost are evident when comparing past and present statistics. Figure
1-3 shows the dramatic decrease in the incidence of fatalities in the mining sector
from 1910 through 2004. Fatalities, injuries, and disasters, although less frequent,
continue to occur in the industry.

mmm Coal I Metal and Nonmetal =—Taotal

4000

"M
TV

2000

L AM
v \/\

Number of Deaths
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1925
1928
1931
1934
1937
1940
1943
1946
1949
1952
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1958
1961
1964
1967
1970
1973
1976
1979
1982
1985
1988
1991
1994
1997
2000
2003

FIGURE 1-3 Mining deaths in the United States, 1910-2004. SOURCE: http://www.msha.gov/stats/
charts/chartshome.htm [accessed July 19, 2007].
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3.5 [0 Number —8— Age-adjusted rate —a— Crude rate
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FIGURE 1-4 Numbers of deaths, crude mortality rates, and age-adjusted mortality rates for U.S. resi-
dents aged 15 or older, with coal worker’s pneumoconiosis recorded as an underlying or contributing
cause on the death certificate, 1968-1999. SOURCES: NCHS, 2002; NIOSH, 2002. Available online at
http://www2.cdc.gov/niosh-Chartbook/imagedetail.asp?imgid=322 [accessed October 5, 2006].

Health concerns are also a major issue in the mining industry. Health hazards
posed by gases, dusts, chemicals, noise, extreme temperatures, and other physical
conditions have been apparent to miners and the industry for a long time, result-
ing in numerous chronic and sometimes fatal illnesses. Considerable progress has
been made in hazard control through improved mine engineering and operation
by developing better indices of exposure, by better control of working conditions,
and by exposure reduction (i.e., removing the hazard from the worker or the
worker from the hazard). Figure 1-4 shows the mortality rate for the period 1968
to 1999 due to coal worker’s pneumoconiosis, a fatal lung disease acquired through
exposure to respirable coal mine dust.

Mining Safety and Health Research

The story of mining research in the United States is tied inextricably to the cre-
ation of the U.S. Bureau of Mines (USBM) by the Organic Act of 1910. The charge
to the USBM was to investigate methods of mining, including specifically
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+ safety of mines and the appliances best adapted to prevent accidents;

+ possible improvement of conditions under which mining operations are
carried on;

+ treatment of ores and other mineral substances;

+ use of explosives and electricity; and

+ prevention of accidents.

Over the years, USBM activity increased in many areas due to the passage of
enabling and industry-specific health and safety legislation. Health and safety re-
search was conducted by the USBM from its inception. From 1941 through 1966 the
USBM, within the Department of the Interior, had programs for health and safety
inspection, research, and education and training. The inspection program had the
authority to enforce regulations in coal mines related to fires, explosions, travel, and
inundations. In 1966 the USBM gained similar authority over metal and nonmetal
mines. In 1969 the USBM combined its health and safety and mining research pro-
grams. In 1973, health and safety enforcement authority was transferred from the
USBM to the newly created Mine Enforcement and Safety Administration (MESA)
within the Department of the Interior, and reorganized again in 1977 as the Mine
Safety and Health Administration (MSHA) in the Department of Labor, where it
remains today. The contributions of the USBM to mining, materials processing,
metal beneficiation, waste treatment and handling, and mineral statistics, among
other areas, is a testimony to its diverse functions.

Complementary to work at the USBM, mining-related health research began
in the 1930s within the Division of Industrial Hygiene of the U.S. Public Health
Service. A series of epidemiologic studies was started to determine the pathologic
effects of various types of dust, including silica, nonsiliceous, and coal dust. These
resulted in the development and application of engineering and medical controls
at the workplace (Doyle, 1979; Weeks, 1993). In 1969, the Federal Coal Mine
Health Act identified an important role for the Secretary of Health, Education
and Welfare (now the Department of Health and Human Services, DHHS) in the
development and promulgation of health and safety standards and the conduct of
studies, research, experiments, and demonstrations on various mine health topics.
These provisions remained essentially unchanged until the Federal Mine Safety and
Health Act of 1977 was enacted. Meanwhile, the Occupational Safety and Health
Act of 1970 created the Occupational Safety and Health Administration (OSHA),
within the Department of Labor, and the National Institute for Occupational Safety
and Health in DHHS.

The USBM was closed in 1995 by congressional order. The health and safety
research programs of the USBM were transferred to the Department of Energy on
an interim basis in 1995 and permanently to NIOSH in the Centers for Disease
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Control and Prevention (CDC) in 1997. The USBM’s work in mining productivity
improvement, also responsible for the saving of many lives, was discontinued.

Since becoming part of the CDC, the Mining Program has continued to build
on the USBM’s excellent foundation for improving mine health and safety. The
contributions of the USBM to improved safety in mines are unquestioned in a
number of areas including fire and explosion control, ventilation practices, rock
dusting, explosives, methane control, airborne dust control, and miner training
(NRC, 1990). Consistent with the vision and mission of NIOSH, the Mining Pro-
gram now works to improve safety and health at mining sites through research
and prevention and to eliminate occupational diseases, injuries, and fatalities from
mining.

Since 2000, the Mining Program began transitioning into what it describes
as a “program-based” approach (NIOSH, 2005a). The Mining Program currently
conducts research in seven strategic priorities to direct its research activities and re-
sources: (1) respiratory disease prevention; (2) noise-induced hearing loss preven-
tion; (3) cumulative musculoskeletal injury prevention; (4) traumatic injury pre-
vention; (5) mine disaster prevention and control; (6) ground failure prevention;
and (7) potential adverse outcomes from changing conditions in the industry.
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Programmatic Evaluation
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Description of the Mining Program

The marked decrease in disasters, injuries, and illnesses in the mining indus-
try is due to the work of many, including mining companies and their managers,
unions and their representatives, equipment suppliers, and engineering service
firms, as well as personnel in government and academic institutions. Government
agencies and academics provide important input to the plan-do-check-act (or con-
tinuous improvement) control cycle. The National Institute for Occupational Safety
and Health (NIOSH) Mining Program is the only federal agency doing health and
safety research for the mining industry.

This chapter provides a description of the overall Mining Program in the
context of the evaluation flow chart (Figure 1-1). The first five major headings
(Goal Definition and Project Selection, Inputs, Activities, Technology Transfer,
and Outputs) correspond with boxes A-D, respectively, in Figure 1-1, although
technology transfer is considered a subset of box C in that figure. The final ma-
jor heading (Factors Affecting Relevance) addresses specific topics listed in the
framework document (Appendix A) that may impact the program’s goal selection,
impact, or relevance. Much of the information in this chapter was derived while
evaluating the Mining Program’s seven strategic research areas, detailed in Part II,
Chapters 8-14.

27
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GOAL DEFINITION AND PROJECT SELECTION

The Mining Program uses the Centers for Disease Control and Prevention
(CDC)-NIOSH “surveillance cycle” method of operation (NIOSH, 2005a). The
use of surveillance data, stakeholder input, and risk or loss control requirements
to define research priorities and set overall goals is still in a developmental stage.
The Mine Safety and Health Administration (MSHA) is the primary collector and
disseminator of fatality, injury, accident, and illness data, and the Mining Program
consolidates, interprets, and disseminates the data and its own research findings.
Based on research results, the Mining Program then makes recommendations to
improve health and safety. In general, the maximum time frame for which the Min-
ing Program sets goals is 15 years. Projects generally have lives of only 3 to 5 years,
consistent with the time boundaries established for intermediate goals.

MSHA fatality data, such as shown in Table 2-1, influence the Mining Program’s
research agenda. Between 2000 and 2004, ground failure, powered haulage, ma-
chinery, explosions, and electricity accounted for nearly 90 percent of underground
fatalities. Powered haulage, machinery, and slip, trip, and fall of miners accounted
for more than 75 percent of the fatalities in surface mining. Other MSHA statis-
tics include both non-fatal days-lost (NFDL), and non-fatal no-days-lost (NDL)
injuries and illnesses. According to the MSHA 2004 public file, 81 percent of newly
reported occupational illnesses arose from repetitive trauma (43 percent), hearing
loss (21 percent), and dust-induced lung disease (17 percent) (MSHA, 2004a).

The interests of the mining community, according to the Mining Program,
include ground control, training, machinery and electrical safety, ergonomic prac-
tices, and blasting health and safety. Stakeholders identify the need to be responsive
to impending or newly enacted regulations, and identify dust monitoring and
control, noise-induced hearing loss prevention, diesel emissions control, and di-

TABLE 2-1 Causes of Mining Fatalities (2000-2004)

Underground Mining Surface Mining
Percentage of Percentage of
Event Total Fatalities Event Total Fatalities
Ground failure 28 Powered haulage 37
Powered haulage 21 Machinery 25
Machinery 17 Slip, trip, and fall 14
Explosions 16
Electrical 10
Other 8

SOURCE: NIOSH, 2005a.
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saster prevention and response as four areas of greatest need for Mining Program
research.

Low-frequency but high-severity events such as explosions deserve special at-
tention in evaluating research needs. As shown in Table 2-1, explosions account
for 16 percent of underground mining fatalities, but individual multiple-fatality
events draw much attention. Ground failures, on the other hand, account for 28
percent of underground mining fatalities, but with fewer fatalities per event, receive
less attention. Research is needed to assess the likelihood of high-severity events
and to develop new measures for monitoring and control, given changes in mining
conditions, methods, designs, and technologies.

To enable comparison of disparate outcomes and events and aid decision mak-
ing, the Mining Program uses a decision-making or project-selection hierarchy
to rank the importance of specific events. The hierarchy, in descending order of
importance, is as follows (NIOSH, 2005a):

. Incidents with multiple fatalities

. Permanent disability and/or disfigurement

. Serious or severe injury with long and/or painful rehabilitation
. Lost time and wage events

. Costly injuries not listed in the above categories

. Potentially dangerous incidents not resulting in injuries

. Hazards

NN U s W N~

Using this approach, the Mining Program identifies respiratory disease prevention,
hearing loss prevention, repetitive or cuamulative musculoskeletal injury prevention,
traumatic injury prevention, disaster prevention, and ground failure prevention as
the areas of greatest research need (NIOSH, 2005a). The Mining Program also
identified surveillance and training as a seventh research area. Strategic and inter-
mediate goals with time-bound quantitative measures have been defined for each
of these areas.

Two recent NIOSH-sponsored studies by external groups on emerging min-
ing technologies prioritize technologies requiring research attention (Peterson et
al., 2001; NRC, 2002). Some recommendations in these studies address emerging
health and safety issues and may influence the Mining Program’s goal setting
decisions. Recommendations in these studies are discussed in Chapter 5 of this
report.

According to the Mining Program (NIOSH, 2005a), project selection begins with
an intramural call for concept papers, which are evaluated for how well the needs of
the program are met, the likelihood of success, and any potential impact. Proposals are
subject to external peer review. Detailed funding proposals, following Department of
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Health and Human Services (DHHS) and CDC research grant protocols, are requested
from the authors of the most promising papers. Pilot projects may be funded to deter-
mine the viability of certain promising concepts.

INPUTS

Funding and Personnel Resources

The most important resource in any organization is its people. People provide
the knowledge, skills, and creativity that make a whole greater than the sum of its
parts. The committee reviewed human resource and funding allocations to deter-
mine how the Mining Program uses public funds.

NIOSH requested a detailed evaluation of the Mining Program budget not
be conducted. Funding for mining research at the U.S. Bureau of Mines (USBM)
in 1995 was approximately $52 million, which included $10 million for advanced
mining system research and $42 million for health and safety research. Funding for
health and safety research was approximately $26 million when it was transferred
to NIOSH. Mining Program total funding for 2005 was approximately $30.6 mil-
lion, with discretionary funds amounting to $6.67 million (compared to $25.4
million and $7.52 million, respectively, in 1998). Table 2-2 shows the distribution
of Mining Program funding and full-time equivalents (FTEs) for 2005 among its
research areas and strategic goals.

Table 2-3 shows the percentage change in funding levels and FTEs in 2005
compared to 1998. The annual increase in funding was only $1.7 million, between
1998 and 2004, limiting the amount of discretionary funds available to the mining
program. In 2005, however, there was a $3.6 million increase in funding, allowing
the discretionary budget, which had decreased from the initial $7.5 million to $3.4
million in 2004, to increase to $6.6 million.

The four traditional areas of mining health and safety research—respiratory
disease prevention, traumatic injury prevention, ground failure prevention engi-
neering, and disaster prevention—account for more than 56 percent of funding,
60 percent of FTEs, and 70 percent of projects. Problems in these four areas are as
old as mining itself and have commanded tremendous attention in the past.

The data in Table 2-3 show a major realignment of funding and FTEs between
Mining Program research areas. The table indicates an 8 percent decrease in person-
nel (the equivalent of 23 FTEs) between 1998 and 2005. The decrease in funding
and FTEs in the “multiple goals” category may be indicative of the redistribution
of resources to other, more specific goals. Decreases in FTEs in disaster prevention
(from 56 to 38) and traumatic injury (from 70 to 37) are quite large and may be
partially due to attrition.
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TABLE 2-3 Changes in Funding and FTEs in 2005 in Relation to

1998 Levels
Percentage Increase

Strategic Goal Funding FTEs
Respiratory diseases 83 27
Hearing loss 186 178
Cumulative musculoskeletal disorders 67 25
Traumatic injuries -21 —47
Disaster prevention -8 -32
Rock safety engineering 29 —4
Surveillance and training 131 50
Multiple goals —24 -22
Total 20 -8

SOURCE: Data from NIOSH, 2005a.

Loss of experienced personnel in the near future may create major voids in
some research areas. There has been a critical shortage of mining safety and health
research professionals for more than a decade (Watzman, 2004), particularly in
specialized areas such as explosions, fires, and rescue and recovery research. The
committee is concerned the knowledge and experience needed to conduct high-
quality disaster prevention research may be compromised without timely hiring
and training of new personnel.

Increased funding for respiratory disease prevention research is appropriate
in view of emerging issues associated with diesel particulate matter in coal, metal,
and nonmetal mines and activities associated with use of the personal dust moni-
tor (discussed in Chapter 8). The growing recognition of issues associated with
noise-induced hearing loss, work-related musculoskeletal disorders, and a need for
increased surveillance and documentation of hazards in mining results in increased
demand for research in these areas (discussed further in Chapters 9, 10, and 14,
respectively). There is also a demand for dissemination and training research as
mining technologies change, workers are faced with more or different hazards, and
the aging workforce is being replaced with inexperienced miners.

Facilities

Committee members visited Mining Program facilities at the Pittsburgh Re-
search Laboratory (PRL), the Lake Lynn Laboratory (LLL), the Spokane Research
Laboratory (SRL), and the Missile Test Site (MTS). The committee was given an
overview of important research facilities and equipment, and brief descriptions of
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research projects. This review encompasses only the most important laboratories
and equipment observed by the committee.

PRL is a large research complex that has been in place since the founding of
the USBM. It has large-scale equipment and specialized laboratory facilities for
research, development, and testing purposes, as well as an experimental mine and a
safety research coal mine. Among the notable safety research facilities at PRL are the
mine roof simulator, the servo-controlled MTS Systems Corporation load frame,
the human performance research mine, and motion analysis capture system.

LLL consists of an old surface quarry and underground limestone mine leased
by the USBM in 1982. There are extensive facilities for conducting major explo-
sion, fire, ventilation control, emergency escape, and training procedures research.
Other research involving practices and full-scale equipment can also be performed.
NIOSH is exploring the feasibility of purchasing this facility. The continued and
permanent availability of the LLL facility should be pursued.

SRL has been in place since 1951 when the USBM moved its Northwest Re-
gion’s Mining Division to Spokane. Being close to the deep hard rock mines in the
Northwest, SRLs focus had been on ground control problems in those mines, but
now encompasses a broader range of mining health and safety topics. Among the
notable facilities at SRL are the seismic laboratory, the soil-rock properties labora-
tory, and the human factors engineering laboratory.

The MTS facility, located about 20 miles west of Spokane, originally a U.S.
Department of Defense missile launch location, is a well-secured complex with
underground and surface buildings surrounded by adequate space to accommodate
large equipment and large-scale mining research. The dynamic materials testing
laboratory with a split Hopkinson pressure bar for measuring dynamic strengths
in close proximity to explosive forces is located at this site.

The health laboratory facilities at both PRL and LLL are excellent and world
class. The Mining Program has excellent facilities for research on noise-induced
hearing loss prevention. The equipment and physical infrastructure for acoustics
research are excellent. Most notable are the National Voluntary Laboratory Ac-
creditation Program (NVLAP) accredited, 1,300-m? reverberation chamber and a
new 1,300-m? hemi-anechoic facility, both of which are large enough to test full-
size underground mining equipment. Facilities for continuous miner and longwall
dust control studies and dust and diesel exhaust measurement instrumentation
are recognized as among the best in the world by the committee, universities, and
industry, based on the uniqueness of the facility and the fact that the facility is used
by researchers from the United States and abroad. An industrial hygiene laboratory
at SRL contains varied equipment needed for industrial hygiene field investigations
and projects. The chemistry laboratory at SRL contains an inductively coupled
plasma (ICP) spectrometer.
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The Mining Program also owns large mining equipment (continuous miner,
roof bolter, and conveyor sections) to perform laboratory-scale research. Facility
improvements and acquisition of high-quality testing equipment have increased
its research capacity. Tests can now be conducted under better-controlled condi-
tions. Given that discretionary funding is approximately 20 percent (Table 2-3), the
Mining Program has made great progress with available resources.

It is worth noting that some Mining Program contributions to safe equipment
design, mine design practices and procedures, operational guidelines, and measur-
ing instruments would not have resulted without its access to unique research fa-
cilities. With respect to safety research, ground failure prevention research facilities
at PRL, particularly the Mine Roof Simulator, are regarded as having contributed
to a better understanding of the interaction of mine roof and supports and to the
development of more effective roof support design. The facilities at LLL are used
by external investigators from the United States and abroad. The ability to con-
duct full-scale tests to study the initiation, propagation, and control of explosions
and fires is unique. The facilities for ergonomic and human factors engineering
research at both PRL and SRL are unique and provide state-of-the-art, real-time
monitoring and analysis systems for greater safety at the workplace. The seismic
and dynamic testing laboratories at SRL and MTS are also unique facilities for
studying ground control problems arising from improper understanding and ap-
plication of explosive forces.

The Mining Program conducts research for several projects in cooperation with
mining companies and equipment manufacturers using the mines of participating
companies as laboratory facilities. The ability to do mine-scale research is particu-
larly advantageous, and research results are transferred quickly to participating
mines. Another advantage of this arrangement is the research infrastructure for
future on-site research is in place.

The combination of traditional laboratory equipment, large-scale permanent
facilities, and ready access to working mines is regarded by the committee as a
particular strength of the Mining Program, allowing the program to conduct re-
search at all scales under realistic conditions. With the rapid advancements in the
technology of automated data acquisition and processing, it is a challenge to keep
laboratory facilities modern and maintained. The committee recognizes the limited
discretionary funds available to the Mining Program. Unless adequate funds are
set aside for maintenance and upkeep of the Mining Program’s unique facilities,
deterioration could impede NIOSH research capability.

Stakeholders and Stakeholder Input to the Committee

Stakeholders are a major source of external review and input into the Mining
Program process. The Mining Program has partnerships and links with several
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international mining research and development institutions, university research-
ers, professional and industry organizations, unions, and state and other federal
agencies. To get viewpoints from as broad a range of stakeholders as possible, a
letter requesting input regarding Mining Program relevance and impact was sent
to stakeholders identified by NIOSH, as well as to professional organizations, state
regulatory entities and associations, pertinent members of the National Academy of
Engineering and to individuals identified by committee members. Responses could
be phoned in to National Academies staff or sent to the committee by mail, e-mail,
fax, or the committee’s anonymous online comment form accessible via the Na-
tional Academies and NIOSH web sites. The committee requested NIOSH provide
information regarding the link to NIOSH employees. The committee heard from
representatives of mining companies, labor, equipment manufacturers, individuals
who provide training services, and federal and state government agencies having
jurisdiction over some aspect of health and safety in the mining industry.

The Mining Program and MSHA

The 1977 Federal Mine Safety and Health Act created the Mine Safety and
Health Administration in the Department of Labor to carry out the enforcement,
rulemaking, training, and technical assistance functions of the act. MSHA is a
major NIOSH stakeholder and supports Mining Program objectives.

With regard to NIOSH and MSHA, the 1977 act specifically states (Federal
Mine Safety and Health Act of 1977, P.L. 91-173, as amended by P.L. 95-164, Title
I, Section 101(a)(1)):

When the Secretary [of Labor] receives a reccommendation, accompanied by appropriate

criteria, from the National Institute for Occupational Safety and Health that a rule be pro-
mulgated, modified, or revoked, the Secretary must, within 60 days after receipt thereof,

refer such recommendation to an advisory committee. . . , or publish such as a proposed
rule. . ., or publish in the Federal Register his determination not to do so, and his reasons
therefor.

Although the Mining Program and MSHA serve different roles within their re-
spective organizations, their objectives are the same: to eliminate workplace threats
to miner health and safety. External factors affect both MSHA and NIOSH, includ-
ing the political environment, mining technologies and conditions, and major mine
incidents or disasters. The intent of relevant statutes seems to be that NIOSH play
a significant role in researching solutions to health and safety problems and MSHA
take timely action on recommendations from NIOSH. MSHA serves a vital role in
the transfer of Mining Program outputs to the mining industry.

Through its enforcement process, MSHA generates a comprehensive database
of mine-specific data that inform the mining community of problems on all scales.

Copyright © National Academy of Sciences. All rights reserved.



Mining Safety and Health Research at NIOSH: Reviews of Research Programs of theNational Institute for Occupational Safety and Health
http://www.nap.edu/catalog/11850.html

36 MINING SAFETY AND HEALTH RESEARCH AT NIOSH

This database is a unique asset to both MSHA and NIOSH. Similar data are not
widely available for other industries. It is apparent from a review of the develop-
ments in several research areas that the Mining Program and MSHA are working
together—often in a partnership with industry, labor, and manufacturers—to find
realistic solutions to complex problems. MSHA and the Mining Program work
together to define the problems and approaches revealed in the analysis of mining
emergencies. According to MSHA, however, the National Occupational Research
Agenda (NORA) approach, while beneficial for driving health and safety improve-
ments, may not be responsive to MSHAs research priorities from a regulatory
perspective or to its more immediate requirements.

The Mining Program and MSHRAC

The Federal Coal Mine Health and Safety Act of 1969 (P.L. 91-173) required
the appointment of a mine safety advisory committee by the Secretary of the
Interior and a mining health advisory committee by the Secretary of Health, Edu-
cation and Welfare. The advisory committees would provide the agencies with an
evaluation of research agendas and accomplishments and future directions. The
advisory committee to the Secretary of Health and Human Services was the Mine
Health Research Advisory Committee (MHRAC), made up of representatives from
government, labor, industry, and academia. MHRAC was housed in NIOSH and
held meetings with stakeholders annually.

With closure of the U.S. Bureau of Mines in 1995 and permanent transfer
of mine health and safety research to NIOSH in 1997, MHRAC evolved into the
Mine Safety and Health Research Advisory Committee (MSHRAC) with following
purposes (NIOSH, 2006a):

The Mine Safety and Health Research Advisory Committee shall advise the Secretary,

HHS; the Director, Centers for Disease Control and Prevention (CDC); and the Director,

National Institute for Occupational Safety and Health (NIOSH), CDC, on the conduct of

mine health research, including the making of grants and entering into contracts for such

research, 30 U.S.C. 812(b)(2), Section 102(b)(2). The Committee shall also advise on the

conduct of mine safety research. The Committee shall evaluate the degree to which: 1)

the mine research activities of the National Institute for Occupational Safety and Health

conform to those standards of scientific excellence appropriate to Federal scientific instruc-

tions in accomplishing objectives in mine safety and health; 2) the mine research activities,
alone or in conjunction with other known activities inside and outside of NIOSH, address
currently relevant needs in the field of mine safety and health; and 3) the research activi-

ties produce intended results in addressing important research questions in mine safety

and health, both in terms of applicability of the research findings and translation of the

findings.
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Based on a committee review of minutes from the last several MSHRAC
meetings, and the fact that MSHRAC has not met for 2 years (as of May 2006),
it is apparent that its great potential has not been fully utilized. MSHRAC’s role
appears to be largely informational rather than advisory. The committee believes
MSHRAC could provide useful feedback to the Mining Program on all aspects of
the research program, including evaluation of its relevance and impact, establish-
ing objectives, identifying emerging targets for research, and effective application
of research resources.

Intra-NIOSH Interactions

The Mining Program interacts with some NIOSH cross-sector (hearing loss,
respiratory disease) and sector (construction) research programs. These are natural
allies. The appointment of a single manager for both the Mining and the Construc-
tion Programs was described during a presentation by the director of NIOSH as a
starting point for improving intra-agency interaction, although it was also pointed
out that the programs remain separate and distinct.

The Mining Program would benefit from increased interaction with other
NIOSH programs including those within the Division of Respiratory Disease Stud-
ies, the Division of Safety Research, and the Division of Surveillance, Hazard Evalu-
ations, and Field Studies. Based on written responses to direct committee questions
(NIOSH, 2006b), there is “little” or “no” interaction between the Mining Program
and 8 of the other 22 NIOSH research programs, “moderate” interaction with 5
programs, and “strong” interaction with the 9 remaining programs. The nature of
the interactions was not made clear. For example, there have been NIOSH-recom-
mended exposure limits for at least four hazards with direct relevance to mining
(respirable coal mine dust, silica, noise, and nitrogen dioxide), but it is unclear how
the Mining Program interacts with programs developing the recommendations.
The potential for interaction has been enhanced with the 2006 reorganization of the
NIOSH program portfolio into NORA sector and cross-sector programs.! Similar
research is now grouped into a sector- or cross-sector based program with discrete
strategic goals understood agency wide.

Because researchers should be fully occupied with their own research and de-
velopment activities, management needs to be responsible for identifying where
interactions would be beneficial.

1See http://www.cdc.gov/niosh/NORA/default.html for the rationale behind the switch to this or-
ganizational system.
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Surveillance Inputs

NIOSH (http://www.cdc.gov/niosh/topics/surveillance/default. html) defines sur-
veillance as

the systematic, ongoing collection and or acquisition of information on occupational dis-

eases, injuries and hazards; analysis and interpretation of surveillance data; dissemination

of data or information derived from surveillance to appropriate audiences for prevention
and control; and development of surveillance methodology.

The committee considers surveillance a major activity of any health and safety
program. It is not limited to disease observation, but includes all manner of data
and information gathering pertinent to achieving the program strategic goals.
Surveillance data acquisition, analysis, interpretation, and dissemination of results
are all important for an effective program.

The Mining Program uses data collected by MSHA (per 30 CFR Part 50) exten-
sively. All mining-related accidents are reported to the MSHA district manager who
decides if an investigation is warranted. In the case of accidents involving fatalities
and injuries, or incidents involving, for example, ignitions, fires, or inundations,
MSHA conducts an investigation and issues a report. Because of the availability
of these data, the NIOSH Fatality Assessment and Control Evaluation (FACE)
program does not investigate fatalities in mining. The Mining Program does not
conduct its own sentinel event? field investigation activities; instead, it relies entirely
on MSHA reports on fires and explosions to identify potential issues. The Min-
ing Program also obtains data through the Bureau of Labor Statistics (BLS). The
program has access to the Census of Fatal Occupational Injuries database and the
Survey of Occupational Injuries and Illnesses. Data from these sources are useful
for comparative studies of mining and non-mining occupations.

Other NIOSH programs provide surveillance data to the Mining Program,
for example, surveillance data on coal worker’s pneumoconiosis (CWP) collected
by the NIOSH Division of Respiratory Disease Studies (DRDS) under the 1977
Mine Health and Safety Act. In the course of conducting specific research, Mining
Program investigators have collected their own limited surveillance data on dust,
diesel particulate matter, and noise exposure, and on musculoskeletal disorders.
These data serve several functions, including validating research hypotheses and
measuring the effectiveness of control actions. Because the data is collected to meet
specific research needs, their use is limited in a broader context.

NIOSH also conducts surveillance through its Health Hazard Evaluation (HHE)
program. An HHE is a workplace study conducted on the basis of a specific request

2A sentinel event is an unexpected, or risk of an unexpected, death or serious physical or psycho-
logical injury.
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to assess potential worker exposure to hazardous materials or conditions. Over the
past 28 years, there have been approximately 32 HHEs related to mining opera-
tions, although only one in the last decade. That HHE, conducted at the request
of the United Mine Workers of America, involved an assessment of health effects
associated with exposure to a hydraulic fluid emulsion used in longwall shields.
A proposed HHE studying underground coal mine worker exposure to hydrogen
sulfide will involve the Mining Program, and contribute to the ultimate develop-
ment of engineering solutions.

Sole reliance on MSHA data is not good under all circumstances, because
MSHA data collection is collected for enforcement purposes. Surveillance tech-
niques employed may not be appropriate for specific research purposes.

ACTIVITIES

The Framework Committee defines activities as “the efforts and work of the
program, its staff, and its grantees and contractors” and suggests separately evalu-
ating research and transfer activities. Mining Program activities are the subject of
detailed evaluation in Chapters 8-14 of this report and are not described here.

Acknowledgment by peers from other government agencies and larger profes-
sional circles gives some indication of the relevance of Mining Program research
and projects. In the last 10 years, several investigators from PRL and SRL have won
prestigious awards for their publications and research accomplishments. In addi-
tion to recognition from the Federal Executive Board, U.S. Public Health Service,
Centers for Disease Control and Prevention (CDC), and NIOSH, awards have come
from professional and technical societies such as the Society for Mining, Metallurgy
and Exploration; the American Society of Civil Engineers; the Mine Ventilation
Society of South Africa; the Society of Automotive Engineers; the American Rock
Mechanics Association; the National Society of Professional Engineers; the Ameri-
can Industrial Hygiene Association; the American Road and Transport Builders
Association; and the International Society of Mine Safety Professionals. Products
of the Mining Program have garnered several R&D 100 Awards (recognition as one
of the 100 most important research innovations of the year) from Re&D Magazine.
The awards cover research in respiratory disease prevention, traumatic injury
prevention, ground failure prevention, mine disaster prevention, musculoskeletal
disorder prevention, surveillance and training, and technology transfer.

TECHNOLOGY TRANSFER

Resources for technology transfer activities are limited. Increased funding to
determine the most effective research to practice (r2p) strategies would aid resource
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allocation for transfer activities. The r2p program involves a translational process,
whether the object to be translated is a complex technology, a procedure or work
technique, conceptual (principles) knowledge, or practical (how-to) knowledge
that can be embedded in informational products. For many problems in the United
States, the state of the science (what researchers collectively know about solutions
to a given problem) and the state of the art (what industry and other practitioners
collectively do to help their members or constituents with a given problem) coexist
more or less autonomously, each realm of activity often having little effect on the
other. This situation has been referred to as a “quality chasm” by the Institute of
Medicine (IOM, 2001), a “problem of translation” by the National Cancer Institute
and the Agency for Healthcare Research and Quality (Kerner et al., 2005), and a
challenge of “going to scale” by health policy entrepreneurs (Berwick, 2003).

Government agencies and philanthropic organizations have tended to see the
closure of evidence-practice gaps as a problem of doing dissemination, that is, of
distributing information about research results through familiar communication
channels such as conferences, workshops, continuing education, proceedings, ar-
ticles, and increasingly, web sites. A different route to redressing evidence-practice
gaps is funding research about dissemination, or what in certain federal agencies
is termed translational research (Dearing et al., 2006).

In the U.S. industrial and commercial sector, money committed to research
and development is dwarfed by investments made to move products and services
to the marketplace and consumers. Typically, more than 66 percent of total project
costs are spent in packaging, marketing, distribution, and sales support (Kotler
and Roberto, 1989). The Mining Program FY 2005 intramural budget was $30.7
million. The money committed to r2p for that same year in mining was approxi-
mately $1.25 million. A large proportion of NIOSH resources, as is common for
federal agencies, goes to research, with a correspondingly low percentage (about 3
percent) going to ensure that NIOSH-developed and supported innovations benefit
mining safety and health. The committee suggests that more funding be dedicated
to learning which r2p strategies are most effective in translating the products of
NIOSH work to industry. Alternatively, partnerships could be developed to pro-
vide industry funding and support for research on translation strategies, which
would also help ensure appropriate industry participation in this process. In other
countries, especially Australia, industry-funded programs have greatly expanded
academic and government efforts in mining health and safety (e.g., CRCMining
[an industry-government funded Cooperative Research Center] and the Australian
Coal Association Research Program).
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Extramural Research

The extramural research program within the Mining Program is relatively new
and small. Currently, extramural research funding accounts for approximately one-
third of NIOSH research overall, but only a small fraction of the Mining Program
(NIOSH, 2006a). A total of 28 grants have been awarded since 1998. These grants
were selected on the basis of two mining-specific requests for applications (RFAs)
encompassing high-priority areas of mining and an additional general RFA from
NIOSH. At the request of NIOSH, the committee did not review the extramural
research program, but it recommends a review be conducted.

Extramural investigations encompass epidemiology, health effects, engineer-
ing controls, and technology transfer and training. Two technology transfer and
training projects (1999-2004, 2005-2009) are the largest extramural projects and
amount to approximately $1 million of the Mining Program budget per year. The
minutes of the July 2003 MSHRAC meeting suggest these programs require focus.
The Mining Program also funds a limited amount of contract research from its
intramural program. There have been seven projects in the past 5 years, totaling
approximately $2 million. The committee is not able to determine the success of the
extramural programs based on information received from the Mining Program.

OUTPUTS

Outputs, as described by NIOSH and the Framework Committee, include
recommendations, reports, publications, workshops, databases, and conferences.
They may be presented as, among other things, training and education materials,
demonstration programs, tools and methods, best practices or technologies de-
veloped, and licenses and patents. Quality outputs lead to desirable outcomes. An
intermediate outcome reflects an assessment by stakeholders outside NIOSH (e.g.,
mine operators) of the worth of NIOSH research and/or its products and provides
evidence of NIOSH output being put into practice. Some outputs are intended
for use by researchers, engineers, scientists, and academics; others are translated
more explicitly so that their content or format is more understandable, relevant,
attractive, or involving for nonscientific users, including miners, mine managers,
equipment operators, consultants, industry vendors, specialty and mass media
journalists, and elected officials. All outputs are direct evidence of NIOSH work.

Some activities such as collaborations can also legitimately be conceptualized as
outputs, because the collaboration itself is a result of NIOSH efforts. Cooperation,
coordination, more intensive collaboration, and eventual formal partnering can be
considered important outputs leading to desirable intermediate outcomes. Tech-
nology and knowledge transfer is greatly facilitated through such relationships.
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It is possible to assess the quality of all types of outputs. Common metrics for
assessing the quality of publications, for example, include journal impact factors
that numerically score how often the articles in a journal are cited and bibliometric
citation counts. Translated outputs such as videos, web sites, brochures, workshops,
and new behavioral worksite routines may be tailored to communicate information
most effectively to increase the likelihood of knowledge gained, attitude forma-
tion, action, and maintenance of a newly adopted and implemented innovation in
practice. An indicator of the quality of a translated output is the extent to which
the output design is based on systematic feedback from intended users. Summative
results of user perception, understanding of learning objectives, and potential for
adoption ratings (Dearing and Meyer, 1994) are other output quality assessment
tools.

Mining Program Outputs

The Mining Program provided lists of outputs from 1996 to 2005 (NIOSH,
2005a). Outputs are identified by title, author, type, relevant citation, year of
publication, and relevant strategic goal. Publications are classified by type, such
as peer-reviewed or non-peer-reviewed journal articles, conference proceedings,
NIOSH or USBM numbered reports, or Technology News articles. Nearly 5 percent
are published in Technology News, a one-page flyer distributed by NIOSH, usually
announcing a milestone in research, technology ready for transfer, or an opportu-
nity for cooperative research and development.

The annual output of the Mining Program has remained fairly stable over the
last 10 years, varying from 110 to 176, for a total of 1,428 between 1996 and 2005.
Topically, these concerned ground failure prevention (30 percent), traumatic injury
prevention (20 percent), mine disasters (17 percent), surveillance and training (16
percent), and respiratory disease prevention (15 percent). Noise-induced hearing
loss prevention and cumulative musculoskeletal disorder prevention are the top-
ics of 11 percent. Some outputs encompass more than one strategic area and have
been counted more than once.

In terms of distribution by output type, officially published documents exclud-
ing web content and policy publications account for 82 percent (N = 1,175). Web
content and policy publications account for another 2 percent (25) and 3 percent
(40), respectively. During this same period, the Mining Program conducted 111
workshops, seminars, or open industry briefings, accounting for 7 percent of
outputs. The remaining outputs consist of videos (20), training programs (18),
software (8), patents (15), and standards (6). More than 51 percent of the pub-
lications are in conference proceedings. About 20 percent are in peer-reviewed
journals. NIOSH or USBM numbered publications (e.g., Reports of Investigations,
Information Circulars) account for about 11 percent.
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The topical distribution of outputs is understandable in view of the previous
discussion regarding the evolution of the Mining Program. A great deal of attention
has been paid in the last 30 years to the problems of ground failure prevention,
traumatic injury prevention, and respiratory disease prevention. The committee
expects an increased number of outputs in noise-induced hearing loss prevention
and cumulative musculoskeletal disorder prevention in future years, given the in-
creased emphasis in these areas. The Mining Program appears to collectively direct
its efforts toward the production of more and better research, essential to quality
maintenance and recognition by international research organizations. Publications
are the dominant output form, and conference papers and peer-reviewed journal
articles dominate other less formal types of publication. Media and formats com-
monly used by nonscientists, non-engineers, and non-academics, however, are in
little evidence. The Mining Program seems to focus less on outputs that are more
directly applicable in the workplace.

Further discussion of specific outputs is found in the detailed discussion of the
program’s seven strategic research areas (Chapters 8-14).

FACTORS AFFECTING RELEVANCE

The Framework Document (Appendix A) directs the committee to consider a
variety of factors while assessing the relevance of the Mining Program. These factors
include the severity and frequency of risk factors, the numbers of workers affected
by potential research outputs, the extent to which the program addresses the issues
of gender and vulnerable populations, the extent to which the program addresses
the needs of small businesses, the appropriateness of health effects versus interven-
tion research, the structure and content of the program, and the consideration by
the program of stakeholder input. The next sections discuss these factors.

Vulnerable Populations

The Framework Committee defines vulnerable populations as “groups of work-
ers who have (1) biological, social, or economic characteristics that place them at
increased risk of developing work-related conditions and/or (2) inadequate data
collected about them. Vulnerable populations include disadvantaged minorities,
disabled individuals, low-wage workers, and non-English speakers for whom lan-
guage or other barriers present health or safety risks (see Appendix A).”

The committee recognizes that certain groups in the mining population de-
serve special consideration from the Mining Program:

1. Women. MSHA does not track the number of women employed in mines
(Vanessa A. Stewart, MSHA, personal communication to Raja V. Ramani, January
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30, 2006), but according to the U.S. Bureau of Labor Statistics, women made up
approximately 7 percent of the domestic mining workforce in 2005 (BLS, 2005b).
This figure does not distinguish office workers, mill and plant workers, and con-
tractor workers from those working in hazardous mining conditions. The Mining
Program does not currently conduct significant research targeting specific needs
of the female mining population.

2. Mine-related services and auxiliary operations. Large operations usually
involve extensive surface facilities, including preparation plants, mills, shops, and
yards. While mining health and safety research may have some general applicabil-
ity to workers in these locations, the major focus of current research is generally
on large coal mines. This is understandable based on the history of the regulatory
environment, funding, and health and safety statistics. Health and safety issues for
workers in mine-related services and auxiliary operations should be considered.

3. Small mine operations. It would be worthwhile for the Mining Program
to consider the specific needs of mine workers in operations with fewer than 20
employees. Approximately 83 percent of all miners in 2005 were employed in such
operations (Phillip H. Nicks, MSHA, personal communications to Raja V. Ramani,
June 2, 2006; see Table 1-2). Historically, this population has experienced a greater
rate of injuries and fatalities than workers at larger mines (NRC, 1982), and it has
been reported that the health and safety experience of small mines is somewhat
poorer than that of larger ones (Lauriski, 2003). Although many mining health
and safety problems and solutions may be the same for operations of any size,
small operators may have less access to problem-solving resources (for example,
engineering and operating expertise, training resources). It is important for the
Mining Program to consider this factor when planning and conducting its research
and disseminating its research findings.

4. Contract workers Contractors are assuming an increasingly important role
in operations such as drilling and blasting, materials handling, and servicing and
repair, particularly in surface coal and nonmetallic mining operations. As shown in
Figure 2-1, contractor hours increased from approximately 4 to 14 percent of the
hours worked from 1984 to 2004, whereas the total hours worked (operator and
contractor hours) in mines have decreased by 25 percent (MSHA, 2004a). Since
contractor employees are often a more mobile group than regular employees, it is
difficult to monitor and quantify their exposure to risk. Additionally, this popula-
tion may not have ready access to training resources available to the traditional
worker. The problem has many facets, not all of which can be addressed through
research. Therefore, the Mining Program, MSHA, and industry need to work to-
gether to develop effective surveillance and control programs to account for the
needs of this population.

5. Retired workers. Many illnesses result long after chronic exposure and may
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FIGURE 2-1 Number of hours worked by operators and contract workers in the mining industry
from 1984 to 2004. Total hours represent the combined number of operator and contractor hours.
SOURCE: MSHA, 2004a.

not manifest themselves until some time after retirement. Retired miners should
be regarded as a population with a potential for mining-related health problems
or injuries, and the committee recommends efforts to monitor their health status
after retirement.

Although the Mining Program has indicated it does not identify “one popula-
tion within the domestic mining community . .. as more vulnerable than another”
(NIOSH, 2006¢), the Mining Program is engaged in completing a National Survey
of the Mining Population (see Table 14-2) that will ultimately enable the calcula-
tion of risk factors and experience-specific injury rates including those associated
with vulnerable populations. The Mining Program is also an active participant in
NIOSH’s efforts to study and respond to the needs of Hispanic miners for whom
English is a second language. These factors indicate the Mining Program is making
some effort to identify and eventually address the needs of these populations.
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Life Stage of Research: Causal Versus Control Research

The Framework Document (Appendix A) makes the following recommenda-
tion to the committee regarding research relevance:

As the health effects are understood, emphasis should shift to intervention research, and

from efficacy to effectiveness to research on the process of dissemination of tested interven-

tions. Gaps in the spectrum of prevention need to be addressed; for example, research on
exposure assessment may be necessary before the next intervention steps can be taken.

An understanding of this concept leads to what the Framework Committee calls
the identification of the “life stage” of research.

Because mining is an old industry, several major health and safety issues have
been studied for a long time. The passage of health and safety laws, safer mine
designs, a more knowledgeable workforce, and greater monitoring and control
of operations from the health and safety viewpoint have resulted in tremendous
reductions in incidents, injuries, and illnesses. It is important to define whether
there is need for research to identify the problem’s cause or the problem’s solution.
This is particularly true in the age-old areas of ground failure prevention, traumatic
injury prevention, disaster prevention and control, and respirable disease preven-
tion. Changing operating conditions or the introduction of new technologies may
result in a lack of understanding of cause and effect. Advances in the ability to
monitor physical agents and their safety and health effects may open up new areas
for research on old problems.

External Factors

External factors are defined as forces beyond the control of the Mining Program
that positively or negatively affect program results. External factors, as shown in
Figure 1-1, can be considered input that affects program planning and execution.
Examples of external factors affecting the Mining Program include the following:

+ Industry-specificlegislation. The passage of the 1969 and 1977 mine health
and safety acts focused funding and research in a number of areas such as respi-
rable dust, ventilation, electrical safety, and self-contained self-rescuer develop-
ment. Examples of recent focused research include the development of a personal
dust monitor, new miner training, mitigation of the growing hazards associated
with larger and more powerful equipment and power sources, and reduction of
noise-induced hearing loss at the workplace. Requirements for preventing noise
exposures in mining were further strengthened by promulgation of 30 CFR Part 62
in 1999. Legislative backing for the implementation of new product designs, work
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safety procedures, and guidelines developed by the Mining Program is of critical
importance.

+ Majorincidents and disasters. Major mine incidents with disaster potential,
and mine disasters (e.g., the Quecreek No. 1 Mine non-fatal inundation incident,
the Sago Mine explosion disaster), have the potential to affect a research program
by creating an urgent need to answer newly framed questions through research. A
number of new research initiatives to support either temporary or proposed rules
may result, and research priorities may be reordered. The Quecreek incident led
directly to mine inundation and void detection research. The Sago Mine disaster
has led to enhanced funding of research on in-mine communications and escape
and survival research.

+ Political environment. A supportive political environment is essential to
the successful development and implementation of NIOSH technologies and rec-
ommendations. As a federal agency, funding for the Mining Program is decided
annually. The political environment also contributes to the passage of legislation
or the development of new regulations critical to the Mining Program and the
successful implementation of its research outputs.

* Mining technology and conditions. Major shifts generally occur over an
extended period. In the underground coal sector, for example, mines are deeper
and shifting to larger panels and high-productivity longwall systems. The increased
contribution of surface-mined coal to total production and the growing size of
equipment also affect health and safety trends. The introduction of new lixiviants?
in hydrometallurgy and of bioagents to facilitate the leaching of metal may create
new hazards (NRC, 2002). Changing demographics in mining are reflected in an
aging workforce and an increasing number of contract hours. These changes bring
with them the necessity and opportunity for innovation by mining companies,
equipment manufacturers, and government agencies to protect the health and
safety of miners.

+ Market forces. In a free-enterprise society with many small producers, there
is little control over prices. This is particularly true in the metallic sector and some-
what true in the coal and nonmetallic sectors. Long periods of depressed prices
affect investment in research, new equipment, employment, and production. Spot
increases in prices can lead to the opening of new mines or reopening of closed
mines, with potential health and safety concerns. The mining industry experiences
these forces in a somewhat cyclic, but not entirely predictable, manner.

3A solution used to extract a soluble constituent from a solid mixture via washing.
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The Ideal Mining Safety and
Health Research Program

The first step of the evaluation, as directed in Figure 1-1, was the independent
committee assessment of the major components of an ideal mining health and
safety research program. The committee considered separately the health research
and safety research needs of the mining industry. Surveillance was considered vital
in all research categories, but for the sake of this exercise, the committee included
it within discussions regarding health research. Similarly, training and technology
transfer are important in all research categories, but the committee considered
them during discussions on safety research.

This chapter summarizes the committee’s deliberations regarding the ideal
mining safety and health research program. The first section describes the compo-
nents of an overall ideal program. The next sections reflect the committee’s assess-
ment of mine worker health and mine worker safety research needs, respectively.
Finally, a brief comparison of the ideal program to the existing National Institute
for Occupational Safety and Health (NIOSH) Mining Program is made.

THE IDEAL PROGRAM

The mission of an ideal mining safety and health research program would be
the complete elimination of mining-related illnesses, injuries, and fatalities. The
program would be part of system that would include the parallel efforts of diverse
organizations. Law enforcement, industry management, and labor would work
to develop improved health, safety, and productivity procedures and processes.

48
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Research would be pursued intra- and extramurally by government agencies and
by industry, academia, equipment manufacturers, and other parties. Technology
transfer from other industries would be an important component of effective
research and development. Designing mining systems of exceptional safety and
reliability, developing a knowledgeable workforce well versed in safe practices
and procedures, and monitoring mines through a system of enlightened laws and
regulations are the “three essential E’s” (engineering, education, and enforcement)
of a safe mining system.

The committee classified elements of the ideal mining program into surveil-
lance, health effects research, intervention research, technology transfer, and other
transfer activities. Health services or other research dealing with access to occu-
pational health care, while important, is not a major part of this mining research
program. The program mission would be accomplished by setting realistic, stepwise
strategic goals as milestones toward achieving its mission.

Table 3-1 defines the five components of the ideal mining program and lists
the research elements identified as necessary to fulfill its mission. The ideal pro-
gram would include a large component of technology transfer and intervention
effectiveness research to inform itself of the most effective ways of diffusing its
research outputs to the mining industry and increasing stakeholder acceptance. To
be comprehensive, the ideal mining research program must transfer its outputs to
stakeholders in the most effective manner. Without an effective technology transfer
program, the research may not contribute to the reduction of hazard exposures,
injuries, and illnesses.

HEALTH RESEARCH NEEDS

Worker health continues to be a major issue in mining. An ideal disease preven-
tion program includes identification of the cause of disease, exposure monitoring,
exposure control technology development and implementation, and surveillance
of disease progression, as well as intervention effectiveness research. Mining-related
illness and disease are caused or aggravated by exposure to chemical or physical
hazards, the most serious of which are chronic. Long exposure periods are required
to contract the diseases, and equally long periods are necessary for surveillance and
control. The committee includes respiratory disease (coal worker’s pneumoconiosis
[CWP], silicosis, chronic obstructive lung disease, and lung cancer), noise-induced
hearing loss, and musculoskeletal disorders associated with repetitive motion,
awkward postures, and other physical stressors among the mining-related illness
and disease requiring attention.

To prioritize the goals of the ideal health program, the committee consid-
ered the prevalence of various mining health issues in different mining settings.

Copyright © National Academy of Sciences. All rights reserved.



Mining Safety and Health Research at NIOSH: Reviews of Research Programs of theNational Institute for Occupational Safety and Health
http://www.nap.edu/catalog/11850.html

50

MINING SAFETY AND HEALTH RESEARCH AT NIOSH

TABLE 3-1 Elements of the Ideal Mining Safety and Health Research Program

Mission: Elimination of mining-related injuries, illnesses, and fatalities

Program
Component

Definition

Research Elements

Surveillance

Health
effects
research

Exposure
assessment
research

The ongoing, systematic
collection, analyses,

and interpretation of
health data essential

to occupational health
practice, coupled with
timely dissemination of
these data

Determination of the
health outcomes of
mining and related
activities through study
of individual miners,
mining populations, and
when necessary, cell and
animal models

Measurement of the
extent of exposure of
miners to physical and
chemical agents

Outcome surveillance (mining injury and illness)
Exposure to health and safety hazards

Improvement of the data collection and surveillance
system

Epidemiology

Toxicology

Physical exposure

o Heat

o Noise

o Vibration

o Radiation

o Other physical agents or actions

Lab-based health and safety risk factor research
Clinical screening

Assessment tools
Assessment strategies
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TABLE 3-1 Continued

Program
Component  Definition Research Elements

Intervention Research encompassing  + Control technology

research all approaches to identify o Engineering controls and alternatives
and control mining o Administrative controls
hazards o Personal protective equipment

+ Emergency preparedness and response
o Communication
o Escapeways
o Refuge chambers
o Other
+ Work organization
o Innovative work schedules
o Mine and mine population characteristics
o Other
+ Policy and regulation research
o Alternative policies for health, safety, and associated
regulations
+ Community participation (mine workers and mining
personnel)
+ Diffusion and dissemination research
o Effectiveness training
o Effectiveness of information dissemination
o Diffusion technology

Technology  Diffusion and + Training progress
Transfer dissemination research + Computer programs
(and other to ensure greater *+ Reports and papers
transfer effectiveness in moving ~ + Workshops and seminars
activities) from research to

practice; delivery of
outputs to stakeholders
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Table 3-2 lists the importance of specific mining hazards by commodity group,
location, and type of activity. An overall assessment of the importance of each
hazard is provided based on the committee’s opinion of prevalence.

Table 3-2 indicates noise exposure and risk factors for musculoskeletal dis-
orders are common in all mining sectors and are therefore considered of greatest
importance. Airborne mineral dusts remain a very important hazard (coal mine
dust in underground coal mines and silica dust throughout the industry). Diesel
particulate matter is important in all underground mines that use diesel-powered
equipment. Other hazards that occur less frequently include exposure to toxic
chemicals and gases, heat stress, and ionizing radiation. Heat stress can be a prob-
lem at surface mines when workers are engaged in heavy physical labor on hot days
under strong sunlight. Oxygen-deficient atmospheres can occur when oxygen is
displaced by simple asphyxiants or consumed by aerobic microorganisms.

SAFETY RESEARCH NEEDS

In order to provide an objective standard for measuring the relevance of cur-
rent and proposed NIOSH Mining Program research to mining safety research, the
committee considered the broad range of safety issues faced by the mining com-
munity. The committee divided safety issues into those associated with traumatic
injuries, mine disasters, and ground failures and considered, as it did with health
issues, the prevalence of various safety issues in different mining settings.

The ideal traumatic injury prevention program would include surveillance for
hazards, fatalities, and injuries and the interventions designed for their control.
Trends from 1994 to 2003 indicate good progress in the control of mining fatali-
ties and injuries, but numerous fatalities and injuries were still reported in 2004
(MSHA, 2004a, 2006).

Like Table 3-2, Table 3-3 rates the importance of specific types of traumatic
injuries, based on the committee’s opinion of their prevalence in specific mining
sectors and activities. The committee identified accidents involving electricity,
ground falls, machinery, rain, and human factors as important areas of concen-
tration. Slip, trip, and fall hazards are common in mining, but since considerable
attention is paid to them by other NIOSH programs (e.g., construction), a higher
rating was not assigned if relevant knowledge and technology from these other
programs are transferred to the Mining Program. Hoisting, inundation, and en-
trapment are identified as greater hazards in underground mining, and the use
of explosives is considered an important issue for surface and metal or nonmetal
underground mining. The use of explosives in underground coal mining is not
extensive, though explosives may be used for certain operations requiring safe
handling and blasting practices.
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TABLE 3-2 Committee Assessment of the Level of Importance of Mining Health
Research Issues by Commodity Group, Location, and Type of Activity

B 2
= 8 ‘2
= g g 2
E 3 E = % &
S = Z S8 ¥ 2o 3
] — g = 5 EB = B8E& £
= = = bt £ £ E§ 2£¢ 5
=] Q =) Y =) S wn = =
g o e = e Zg Z =&
on 5] on [5) oo L o o = o —
g s g = s &2 £ Sg = ¢
—_— —_— b=t
T % fof2 2ozE:oZ
Issues ) 3 =) 3 5 32 & 02 & O
Airborne respirable dust hazards

Coal dust 5 3 - = = = = 5 — 4

Silica dust 5 5 5 5 5 5 2 5 — 5

Toxic metallic fumes and dust 1 2 3 3 1 2 3 5 2

Diesel particulate matter 5 3 5 3 5 3 2 1 1 4

Other aerosols and gases 1 1 3 1 2 1 5 2 5 2
Mine gases (excluding methane)“

Toxic gases and control lor5* lor5" lor5* lor5* lor5% lor5* lor5* lor5* — —
Hearing loss prevention 5 5 5 5 5 5 3 5 5 5
Chemical hazards 2 1 2 1 2 1 4 2 2 2
Radiation 1 1 2 1 2 1 1 1 1 1
Ergonomics

Musculoskeletal disorders and back pain 5 5 5 5 5 5 5 5 5 5

Vibration (jolting and jarring) 3 3 3 3 3 3 3 3 3 3
Heat stress 1 1 4 3 1 2 1 1 4 2
Surveillance and sampling 5 5 5 5 5 5 5 5 5 5

“Importance will depend on the specific toxic gas and the available control technologies.

NOTE: On a scale of 1 to 5, 1 = least important and 5 = most important.

The importance of specific issues of concern for disaster prevention and response
was rated based on committee opinion of prevalence in specific mining sectors (Table
3-4). The issues were divided into prevention and response. Three issues identified as
being of greatest concern in mine disaster prevention are explosive dusts, explosive
gases, and ignition sources. In terms of disaster response, communication, personnel
tracking, and personal protective equipment (PPE)—particularly the self-contained
self rescuer (SCSR)—are of prime importance.

Table 3-5 summarizes the committee’s effort to identify issues in ground failure
prevention. A few issues in this table, such as stress induced by solution mining and
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TABLE 3-3 Committee Assessment of the Level of Importance of Injury Prevention
Research Issues by Commodity Group, Location, and Type of Activity
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Electrical accidents and injuries 5 5 5 5 5 5 5 5 5 5
Powered haulage (trucks) 5 5 5 5 5 5 — 5 — 5
Ground falls (e.g., roof, walls, ribs) 5 5 5 5 5 5 1 5 R —
Slip, trip, and falls (miners) 2 2 2 2 2 2 2 2 2 2
Machinery (conveyors [caught-between, 5 5 5 5 5 5 — — —_- —
etc.])
Explosives 2 5 5 5 5 5 — — — —
Hoisting (elevators) 5 1 5 1 5 1 — — —_ —
Materials handling 5 5 5 5 5 5 5 5
Inundation 5 3 5 3 5 3 — 2 — —
Entrapment 5 2 5 2 5 2 — — —_ —
Training 5 5 5 5 5 5 — — — 5
Knowledge 5 5 5 5 5 5 5 5 5 5
Skills 5 5 5 5 5 5 5 5 5 5
Motivation 5 5 5 5 5 5 5 5 5 5
Audiovisual 5 5 5 5 5 5 — — — 5
Classroom exercises 5 5 5 5 5 5 — — — 5
Virtual reality 2 2 2 2 2 2 —_ = =
Human factors (ergonomics) 5 5 5 5 5 5 — — —
Other (small mines) 5 5 5 5 5 5 — — —

NOTE: On a scale of 1 to 5, 1 = least important and 5 = most important.

the stability of embankments, are not directly related to traditional surface or un-
derground mining excavations. Three issues directly related to mining excavations
identified as being of greatest concern are roof and rib integrity in underground
mines, detection of voids in underground mines, and loose rock and mass slope
movement in surface mines. Areas of greatest importance for future work include
design methodology and better understanding of rock mass reactions.

Mining occurs in an inherently hazardous workplace in which the heteroge-
neous geologic environment is not readily or precisely predicted. There are several
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TABLE 3-4 Committee Assessment of the Level of Importance of Disaster Control
Research Issues by Commodity Group, Location, and Type of Activity
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Prevention
Dust (explosive) 5 2 3 — 3 — — — — 5
Gases (including outbursts, CH,) 5 2 5 — 5 _— — — _— 5
Ignition sources (including natural) 5 — 5 — 5 — — — — 5
Mine planning and design (over, 3 3 3 5 3 3 — — — 3
under)
New technologies (i.e., creation of 5 5 5 2 5 5 1 2 5 3
finer dust)
Monitoring and detection 5 2 5 1 5 2 5 1 1 3
Seals and barriers 4 — 4 — 4 — — — — 2
Geologic or hydrogeologic setting 4 3 — — — — — 1 4 4
(over/under, mine inundation)
Ventilation 4 2 4 — 4 — — 2 — 3
Workforce behavior and motivation 3 3 3 3 3 3 3 — — 3
Emergency response preparedness 5 3 5 3 5 2 2 3 3 2
(including catastrophic risk
assessment)
Blasting and explosives practices 2 4 4 4 4 4 — —  — 4
Response
Communication 5 — 5 — 5 — — — — 4
Personnel tracking 5 5 5 5 5 5 5 — — 4
Isolation 4 2 4 2 4 2 1 — — 2
Suppression (fire response and 4 1 4 1 4 2 1 — — 3
planning)
Mine rescue 5 2 5 2 5 2 2 — —
PPE (SCSR) 4 4 4 4 4 4 4 — — 4

NOTE: On a scale of 1 to 5, 1 = least important and 5 = most important.

unique hazards arising from operations associated with extracting and processing
material from a geological formation. Predicting and controlling these hazards will
make mines safer.
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TABLE 3-5 Committee Assessment of the Level of Importance of Ground Failure
Prevention Research Issues by Commodity Group, Location, and Type of Activity
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Underground stability
Roof and rib control 5 1 5 1 5 1 5
Extremely weak ground 4 1 4 1 4 4
Surface stability
Loose rock 1 5 1 5 1 5 1 1 1 5
Mass slope movement 1 4 1 5 1 5 1 4 1 5
Design methodology
Fundamental approaches (modeling, 5 5 5 5 5 5 3 3 1 5
empirical)
Sensitivity to input parameters 5 5 5 5 5 5 3 3 1 5
Technology and technique issues
Rock reinforcement (all types) 5 2 5 3 5 2 1 1 1 4
Mesh or geo-grid 5 3 5 3 5 3 1 1 1 4
Positive support (cribs, posts, cans, 5 1 2 1 2 1 1 1 1 3
props)
Rock mass reactions
Blasting damage 2 4 5 4 5 4 1 1 1 4
Induced stress 5 2 5 2 5 2 5 1 1 4
Cascading pillar failure 1 1 4 1 4 1 1 1 1 4
Voids
Mine or natural void detection 5 2 5 5 5 5 3 2 1 4
technology
Unique research needs
Fault interactions 5 1 4 1 4 1 1 1 1 4
Large vehicle ground pressure 1 1 1 1 1 4 1 1 1 4

NOTE: On a scale of 1 to 5, 1 = least important and 5 = most important.

COMPARISON OF THE NIOSH MINING PROGRAM TO THE IDEAL

To a large extent, NIOSH Mining Program activities are directed toward inter-
vention research, particularly toward developing engineering controls for mining
hazards. With this in mind the committee assumes certain research falls outside
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the domain of the Mining Program. Fundamental research (e.g., to determine ap-
propriate permissible exposure limits) is vital and should be conducted elsewhere
within NIOSH, though it is not clear to the committee what and where relevant
research is currently being conducted. Surveillance, health effects research, and
technology transfer activities are conducted by the Mining Program, but these
constitute a small fraction of the overall effort. Surveillance is conducted as part of
specific projects to document exposures and effects. Specific surveillance projects
may be undertaken, such as the recently initiated demographic survey of miners
and the investigation of chemical hazards in mining. Mining Program involvement
in the areas of health effects research and health services is limited.

It is evident to the committee that the Mining Program is an important research
component of an overall system to improve health and safety in mines. Quantifying
the impact of the Mining Program on industry health and safety improvements is
a formidable task. However, without the contributions of the Mining Program, the
efforts of others in the mining safety and health community may not be sufficient
to result in rapid improvements in mining safety and health.
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Evaluation of Relevance and Impact of the
NIOSH Mining Program

The committee was charged with assigning, on a scale of 1-5, numeric scores
for relevance and impact in the workplace in its evaluation of the overall perfor-
mance of the Mining Program. The scoring criteria were developed by the Frame-
work Committee and are provided in Box 4-1. The committee first considered the
relevance and impact of each of the program’s seven strategic research areas, then
considered the program as a whole. The period evaluated is from 1997, when the
National Institute for Occupational Safety and Health (NIOSH) assumed respon-
sibility for mining health and safety research, through 2005. This chapter provides
a programmatic assessment of relevance and impact. A more detailed evaluation
of the Mining Program’s seven strategic research areas is found in Part II (Chapters
8-14) of this report.

Statistics reveal major reductions in the number and rate of illnesses, accidents,
and injuries. Technology advances are evident in several areas including mining
methods, respirable dust control, ground failure prevention, methane emission con-
trol, disaster prevention, and equipment safety. Improvements and advancements
are the combined result of the efforts of mine operators and workers, government
enforcement agencies, equipment manufacturers, and research and development
work by government agencies and universities. The 1995-1997 transition of mining
health and safety research from the U.S. Bureau of Mines (USBM) to NIOSH rep-
resented a massive reduction or reallocation of personnel, facilities, and programs.
The Mining Program not only maintained a research focus on persistent health and
safety problems, but initiated new research to address emerging issues.
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BOX 4-1
Five-Point Scales Used for the Rating of Relevance and Impact as
Defined by the Framework Committee

Rating of Relevance

5 = Research is in highest-priority subject areas and highly relevant to improvements
in workplace protection; research results in, and NIOSH is engaged in, transfer
activities at a significant level (highest rating).

4 = Research is in high-priority subject area and adequately connected to improvements
in workplace protection; research results in, and NIOSH is engaged in, transfer
activities.

3 = Research focuses on lesser priorities and is loosely or only indirectly connected to
workplace protection; NIOSH is not significantly involved in transfer activities.

2 = Research program is not well integrated or well focused on priorities and is not
clearly connected to workplace protection and inadequately connected to transfer
activities.

1 = Research in the research program is an ad hoc collection of projects, is not
integrated into a program, and is not likely to improve workplace safety or health.

Rating of Impact

5 = Research program has made a major contribution to worker health and safety on
the basis of end outcomes or well-accepted intermediate outcomes.
4 = Research program has made a moderate contribution on the basis of end

outcomes or well-accepted intermediate outcomes; research program generated
important new knowledge and is engaged in transfer activities, but well-accepted
intermediate outcomes or end outcomes have not been documented.

3 = Research program activities or outputs are going on and are likely to produce
improvements in worker health and safety (with explanation of why not rated
higher).

2 = Research program activities or outputs are going on and may result in new
knowledge or technology, but only limited application is expected.

1 = Research activities and outputs are NOT likely to have any application.

NA = Impact cannot be assessed; program is not mature enough.

The committee recognizes that the Mining Program mission cannot be accom-
plished “through a focused program of research and prevention” alone. Workplace
improvements require, among other things, implementation of research results into
practice. The Mining Program is unable to force change because it cannot require or
enforce implementation of its recommendations. The Mining Program does have
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positive impact, as evidenced by industry acceptance of NIOSH recommendations,
either voluntarily or through enabling legislation and the passage of regulations.
The continued existence of a political climate favorable to the research programs
and to implementation of recommendations is vital.

It is often impossible to document statistically the impact of Mining Program
research. This is especially true in the case of recent recommendations related to
the prevention of illnesses with long latency periods. Further, attributing all credit
to the Mining Program for workplace improvement may not be appropriate. Re-
gardless, based on the evidence reviewed, the committee concludes that the quality
and quantity of Mining Program research outputs are often quite high and are
connected to improvements in workplace practices (intermediate outcomes) and
to potential reduction of workplace illness and injury (end outcomes).

Based on the scoring rationale presented in Box 4-1, the committee assigns
the following scores:

Relevance 4
Impact 4

An extensive review (NRC, 1995) of the former USBM identified specific
recommendations that are as pertinent today as they were in 1995. The NIOSH
Mining Program has made good progress in following up on the recommenda-
tions especially in the areas of technology transfer and use of electronic media.
Additional effort is needed in training and developing junior-level personnel to
eventually replace more experienced researchers, and utilizing outside technical
expertise through carefully controlled contract research. Because the health and
safety responsibilities of the USBM are now held by NIOSH, the Mining Program
should address these recommendations.

EVALUATION OF RELEVANCE

The Mining Program combines research in areas of long-standing concern (for
example respiratory disease, ground failure, traumatic injury prevention, and disas-
ter prevention) and research arising from changing mining conditions (including
noise-induced hearing loss prevention, repetitive injury prevention, surveillance,
chemical hazards, and training). Emphasis in these newer areas is well placed.

Research has resulted in major reductions in the incidence and severity of a
variety of hazards. However, there is a need for research projects that cut across
multiple Mining Program research areas. For example, increased production and
productivity in underground coal mines can result in greater methane emissions,
dust, and exposure of larger roof areas. Health and safety problems have to be
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approached in a systems framework encompassing all three issues. A review of its
research portfolio reveals that the Mining Program, by targeting new research in
traditional areas, responds to the needs identified through surveillance and inter-
vention research. Given the fairly fixed nature of total and discretionary resources,
the committee concludes that the Mining Program has attempted to reallocate
resources, albeit in a limited manner, to continue control research on heritage
problems while initiating surveillance research on emerging problems.

The committee believes the Mining Program conducts research relevant to a
safer and healthier workplace. However, the committee is concerned about how
some intermediate goals and activities move the program toward the achievement
of top-level goals. For example, in respiratory disease prevention research, interme-
diate goals regarding dust exposure control in longwall faces and diesel emission
exposures in underground mining could be more ambitious, particularly in view
of advances already made in both areas. In another example, the committee notes
that hearing loss can result from exposures outside the workplace and that the
isolation of such complicating factors should be considered by NIOSH in its evalu-
ation of program effectiveness. In mine disaster prevention and control research,
the committee is of the opinion that, in addition to research on control of ignition,
explosions, fires, and other events having disaster potential, goals need to be set
for increasing the possibility of escape. Despite these comments, the committee
concludes that the Mining Program addresses major health and safety issues with
a coherent integrated plan to produce stated outcomes.

The committee deliberated extensively on the relevance of the program to
workers, including vulnerable populations, workers in small mines, and contract
workers. It is difficult for the Mining Program to appropriately balance the needs
of such diverse populations. The committee concludes the Mining Program, in
cooperation with the Mine Safety and Health Administration (MSHA) and min-
ing companies, has strived with limited success to achieve a balance among these
factors.

The Mining Program is involved in education and training research projects
that explore issues such as the training needs of different mining populations and
the aging workforce. The program is also involved in service functions that include
developing and providing access to training materials. The attention given to the
education and training needs of an evolving workforce is timely in view of the
potentially large number of new and young entrants into the industry. Attempts
to capture and transfer the knowledge of experienced miners to new miners are
likely to be useful. The Mining Program is on the right track in identifying the
Internet as an efficient means of disseminating health and safety information, but
given the number of small mines and the special needs of miners and supervi-
sors in that setting, the use of other methods (CDs, videotapes, print materials)
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should be continued. While it is true that individual investigators may be involved
in developing appropriate tools to facilitate the translation of research to practice,
it is not clear that they are the best resources in terms of the final product. The
committee recognizes that without an effective technology transfer program, many
research results may be under- or even unutilized. Based on the percentage of the
total Mining Program budget allocated to the translation of research to practice
(r2p) as compared to money spent on marketing, distribution, and sales support in
other industries and programs (see Chapter 2), Mining Program resources available
for technology transfer are very modest.

Relevance Scoring

On the basis of its deliberations, the committee concludes that Mining Program
research is in high-priority areas and adequately connected to improvements in
the workplace. It is moderately involved in transfer activities. The committee has
determined that a relevance rating of 4 on the five-point scale proposed by the
Framework Committee is appropriate (see Box 4-1). The program’s focus and
achievements at the workplace preclude a lower score. Recognizing that the Mining
Program is still evolving in a number of areas, the committee developed numerous
recommendations for NIOSH to consider under each of its strategic and interme-
diate goals for the enhancement of program relevance. The committee concludes
a higher score would not be appropriate.

EVALUATION OF IMPACT

Evaluating the impact of the Mining Program on workplace health and safety
is challenging. Though there have been marked decreases in fatalities, injuries, and
illness and great improvements in health and safety conditions in the industry, it is
not easy to isolate the contributions of the Mining Program from those of others,
particularly of mine workers and management.

When workplace health and safety improvements could not be attributed
directly to the Mining Program, the committee tried to determine if practices,
procedures, guidelines, and/or equipment were in some way improved as a result
of Mining Program activities. As has already been stated, implementation of Min-
ing Program recommendations or products may be impeded by external factors. If
the committee felt outputs and transfer activities had the potential to impact the
workplace, credit should be given the Mining Program. The committee also con-
sidered how to assess the contributions of long-standing research programs, some
dating back to the USBM. Moving research from concept to completion can be a
long process, but the time to move from completion to widespread implementation
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can be even longer. Therefore, the committee decided to consider some research
predating NIOSH’s control of mining research.

Part II (Chapters 8-14) contains an extensive discussion of Mining Program
efforts and assessment of their impacts in specific research areas. A brief discussion
of research area impacts is included below.

Respiratory Disease Prevention

The Mining Program’s principal intervention approach to respiratory disease
prevention is engineering control by prevention, removal, suppression, isolation,
and dilution of dust. Research in some areas is long-standing. Progress in bring-
ing ambient coal dust concentrations to below mandated levels is significant. The
Mining Program and the Personal Dust Monitor (PDM) Partnership are in the
final stages of field evaluation of the PDM. There is general agreement among mine
management, labor organizations, and MSHA that the PDM has great potential to
monitor dust exposures and help determine the control and avoidance measures
necessary to guard against exposure to high dust concentrations in the workplace.
In 2004, the PDM won one of the 100 research innovations award from Re»*D
Magazine (NIOSH, 2005a).

The PDM Partnership itself is a valuable intermediate outcome of Mining
Program efforts. Parties who will be involved in PDM implementation—labor
unions, workers, industry, the instrument manufacturer, and MSHA—are working
together. Former USBM respirable dust laboratories are maintained and kept up-
to-date by the Mining Program. The full-scale longwall dust gallery, the full-scale
continuous miner dust gallery, and dust instrumentation facilities are considered
state of the art and have been duplicated by agencies around the world. The Mining
Program continues to have significant impact in respirable dust control in mines
and thereby in reducing of the prevalence of coal worker’s pneumoconiosis (CWP).
Details on respiratory disease prevention research can be found in Chapter 8.

Noise-Induced Hearing Loss Prevention Research

Noise-induced hearing loss prevention research within the Mining Program
is relatively new. End outcome data will not be available for many years. Even
s0, a few activities have the potential to reduce hearing loss among workers. For
example, hearing loss simulator software developed by the Mining Program has
been incorporated by MSHA into its training program; the Mining Program has
promoted the “roll-and-hold” technique for the insertion of foam ear plugs, which
has the potential to reduce noise exposure by as much as 9 dB; and surveillance
projects are well directed toward relating exposure to noise sources. Additionally,
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NIOSH has developed a mobile hearing loss detection lab that can be transported
to any worksite to conduct hearing clinics for up to four persons at a time. Trained
technical personnel administer hearing loss tests and provide feedback on test
results. This mobile lab has instrumentation to perform a wide range of research
tasks. These are indicators that program outputs are likely to contribute to hearing
loss protection in miners. Further details on hearing loss prevention research can
be found in Chapter 9.

Cumulative Musculoskeletal Injury Prevention Research

The Mining Program has renewed attention to the application of human fac-
tors engineering to reduce cumulative injuries and has developed facilities, such as
the human performance research mine, the motion analysis capture system, and
the human factors engineering laboratory, to conduct its research. The Mining
Program has worked with the International Union of Operating Engineers to col-
lect data on ergonomic-related factors for use in research on improved ergonomic
design of mobile equipment. No data exist to document impacts on workplace
health and safety, but several program outputs, such as a low-height shuttle car
seat design, a more ergonomically designed truck seat, and improved dragline
workstations, have been implemented. One manufacturer reports that the pro-
gram-designed shuttle car seat is preferred by operators. Of particular note is the
NIOSH partnership with an operating surface coal mine in reducing work-related
musculoskeletal disorders. The Mining Program provided guidance, direction, and
training on customizing and implementing a sound ergonomic process with the
objective to reduce injuries and proactively avoid problems.

The Mining Program has generated outputs of value to stakeholders, as determined
by their acceptance by mining companies and manufacturers. Details on cumulative
musculoskeletal disorder prevention research can be found in Chapter 10.

Traumatic Injury Prevention Research

The high incidence of accidents and injuries due to accidental contact with ob-
jects or substances indicates the need for monitoring and sensing devices to provide
visual and audio alarms to nearby operators and workers. The Mining Program cre-
ated an informal partnership with equipment and sensor manufacturers, industry,
and MSHA and developed a proximity warning device with the potential to reduce
these kinds of accidents. MSHA and the Mining Program jointly disseminate in-
formation on this device, and MSHA is actively working on getting the device used
in the workplace. The device was described as very useful by the representative of
a mining company with several large open-pit mines in the West.
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Other research has involved initiating a number of surveillance projects on
chemical hazards to characterize issues and hazards, and the reduction of injuries
associated with haulage and machinery through products and services adopted by
the industry and MSHA. There is great potential to improve safety conditions in
the industry. Although the Mining Program has developed successful partnerships
related to traumatic injury prevention, it has not been as successful in communicat-
ing research results to the entire mining community, especially individual mining
operations.

Details on traumatic injury prevention research can be found in Chapter 11.

Mine Disaster Prevention Research

The Mining Program has contributed to disaster prevention research through
the development of practices and procedures aimed at disaster prevention and
enhancing escape and rescue in the event of a disaster. In particular, the develop-
ment of the dust explosibility meter should lead to the rapid determination of the
adequacy of rock dusting. The training module for effective communication with
and by miners in the event of an emergency has been widely used by the compa-
nies in their training programs. Directional lifelines for enhancing escape from
underground mines are increasingly being used. In addition, some research has
led to changes in MSHA rules and regulations that directly impact the workplace.
Currently, however, only some of the highest-priority areas in mining disaster
prevention are addressed through Mining Program research. Research in areas of
disaster prevention and response such as communications, miner self-rescue, and
emergency response need to be strengthened. The committee judges current min-
ing disaster prevention research to be focused on lesser priorities.

Details of mine disaster prevention research can be found in Chapter 12.

Ground Failure Prevention Research

The Mining Program is responsible for rock safety engineering and reduction
of injuries and fatalities caused by rock fall, collapse, and other rock failure events
associated with mine excavations. Through collaborative efforts of the Mining Pro-
gram and mining companies, the initiative, started under the USBM, has resulted
in major reductions of injuries and fatalities caused by rock bursts in underground
metal mines. Recent development and testing of more than 40 new roof support
technologies using the mine roof simulator has substantially improved safety
for underground miners. The development and wide distribution of computer
software and the development of mobile roof support technology have improved
longwall and room-and-pillar operations. The development of rock mass rating
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criteria has led to safer span widths for underground metal or nonmetal and coal
mines. The apparent reduction in rock fall fatalities supports the conclusion that
progress is being made toward reduction of hazards. Other Mining Program re-
search activities are likely to provide additional safety benefits.

Development of systems to monitor ground movement and roof falls, better
understanding of the effect of blasting on excavation perimeter stability, develop-
ment of rock surface treatments, and other efforts are likely to provide important
new knowledge. Well-accepted intermediate outcomes or end outcomes have not
yet been documented. Unfortunately, falls of rock still take a heavy toll in injuries
and fatalities, and additional effort is needed to reduce these incidents. An area that
requires more attention is r2p.

Details on ground failure prevention research can be found in Chapter 13.

Surveillance, Training, and Intervention Effectiveness Research

A number of technology transfer activities have resulted in outputs already
in use in the industry. The Mining Program is developing and distributing many
training materials, and the committee heard from several stakeholders regarding
NIOSH-developed training materials and resources. For example, Mining Program
training materials are used at MSHA’s National Mine Health and Safety Academy,
which distributes them to the mining community through its regular distribution
channels; several aggregate mining companies have incorporated a Mining Pro-
gram interactive training program aimed at reducing hazards among construction,
maintenance, and repair workers into their Part 46 (CFR Title 30) training; and
the Commonwealth of Pennsylvania uses a Mining Program-developed computer-
based training simulation program for emergency command center leaders in its
annual refresher training work. Additionally, on the basis of a survey of safety
specialists from mining companies, trainers, and MSHA, the Mining Program de-
veloped 10 training videos covering underground and surface mining topics that
are used widely in the mining industry. The Mining Program is a major participant
and contributor to several mine health and safety and miner training conferences
and symposiums.

Although additional work is needed to create a better surveillance system, the
Mining Program has contributed to the generation, distribution, and wide use of
good-quality training resources for the mining industry. Working closely with a
number of stakeholders during development has resulted in wide acceptance of
these materials. Research activities are likely to result in improvements in workplace
protection.

Details on surveillance, training, and intervention effectiveness research can
be found in Chapter 14.
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Rationale for Scoring Impact

The contributions of the Mining Program to improvements in workplace
health and safety are considered major in some areas (respirable disease prevention,
traumatic injury prevention), moderate in some areas (hearing loss prevention,
ground failure prevention), and likely in a number of areas (disaster prevention,
musculoskeletal injury prevention). Mining Program outputs are evaluated, ac-
cepted, and incorporated into stakeholder operations, and training outputs find
wide use in the industry. The Mining Program is engaged in technology transfer
activities. Based on the Framework Committee criteria for scoring (see Box 4-1),
a score of 4 for impact is appropriate. A lower score would not acknowledge the
fact the Mining Program has gone beyond mere production of outputs. A higher
score is not justified because outcome data are not available for several research
areas. Though some outputs have the potential to improve future health and
safety conditions in the workplace, the path from output to outcome is affected
by external factors.
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Progress in Targeting New Research Areas

The committee’s second charge is to assess the National Institute for Oc-
cupational Safety and Health (NIOSH) Mining Program’s progress in targeting
new research in areas of occupational safety and health most relevant to future
improvements in workplace protection. Guidelines provided by the Framework
Committee suggest evaluating the relevance of current research and the targeting
of new research areas most relevant to future needs.

Chapter 2 describes Mining Program procedures for establishing strategic and
intermediate goals and project selection. Relevance of current research is addressed
programmatically in Chapter 4 and in greater detail by strategic research area in
Part II of this report. This chapter focuses on the Mining Program’s targeting of
new research and must be viewed in the context of the conditions that influence
the research agenda. Mining conditions in the future (e.g., geography, geology, mine
size, technology, organization, workforce) will differ from those of the present.

An informed assessment of future health and safety issues is required to ensure
current research remains relevant in the immediate future and that near-future
research priorities target anticipated longer-term concerns. The committee assessed
the potential evolution of current technologies and considered how the Mining
Program prepares itself for the future. The committee reviewed a recent study by
RAND (Peterson et al., 2001) that summarizes confidential interviews with rep-
resentatives of 58 mining companies, equipment manufacturers, research institu-
tions, and others associated with the mining industry. According to the study, the
priorities for major technological trends were (1) information and communication
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technologies; (2) remote control and automation; (3) operations and maintenance
to improve performance and availability of equipment; and (4) new technologies
for unit operations, such as the size of buckets and truck capacities in hauling and
loading. Interviewees discussed the critical role of workers and the management
and organization of mining facilities as well as the importance of outsourcing,
safety through training, and empowering rank-and-file workers and upgrading
their roles in problem solving. Concerns expressed included issues associated with
the aging workforce, the lack of skilled workers, and the need to increase the mul-
tidisciplinary and critical thinking skills of miners in preparation for future mining
technologies. The committee shares these concerns.

The committee also reviewed a study by the National Research Council (NRC,
2002) that describes possible future technological developments and associated
health, safety, and environmental issues in mining. The study considered how new
technologies such as in situ and solution mining, automated systems, and larger
equipment and systems may affect working conditions. The committee agrees with
the report finding that new technologies, including computer-based monitoring
and control, have the potential for improving health and safety, but these same tech-
nologies may result in unforeseen hazards, especially if used inappropriately. New
hazards are inadequately identified, and known hazards are not avoided because
of inadequate monitoring and/or control. The introduction of new equipment and
systems in the workplace, mining in virgin areas, and the infusion of new work-
ers all have the potential to create hazards. Adequate engineering controls and a
knowledgeable workforce are prerequisites for a safe work environment.

Although, to a large extent, the Mining Program does research relevant to the
present and future mining industry, the program does not have the annual discre-
tionary funds required to start large or risky projects necessary to address the needs
of the future. The program may receive additional funding for specific research
such as a recent congressional appropriation of $10 million for critical disaster
response technologies in oxygen supply, refuge chambers, and communication and
tracking (Emergency Supplemental Appropriations Act for Defense, the Global War
on Terror, and Hurricane Recovery, 2006, P.L. 109-234, § 7010).!

Resources should be allocated appropriately to allow the Mining Program to
prepare for emerging issues in addition to addressing current issues. Flexibility
needs to be built into the mining program to respond more rapidly to needs
dictated by current events (as in response to accidents) or in looking at paradigm-
changing approaches to reduce health and safety risks.

ISee also http://www.cdc.gov/niosh/mining/mineract/emergencysupplementalappropriation.htm [ac-
cessed March 5, 2007].
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STRATEGIC GOALS

After reviewing the strategic and intermediate goals of the Mining Program’s
seven strategic research areas (see Part II, Chapters 8-14), the committee ob-
serves that program strategic goals are most often established in response to cir-
cumstances. Such evolutionary responses are driven by workplace incidents, new
legislation, response to specific requests by stakeholders, or other circumstances.
Given the NIOSH mission and resource limitations, this goal selection process in
understandable, although the result is a research portfolio with a major focus on
coal mining and large operations (NIOSH, 2005a). The Mining Program should
set more challenging and innovative goals and determine the means to achieve
them. Part II of this report offers specific examples. It must also be recognized that
continued optimization of current mining systems will lead to progressively less
favorable health and safety conditions. Industry must look at alternative approaches
that offer greater potential for reduced exposure, and the Mining Program needs to
be prepared to make appropriate recommendations regarding these approaches.

Fatality, injury, and illness data are of great value for prioritizing research
aimed at reducing observed hazards in the workplace. This approach, however, is
not proactive in defining and eliminating hazards before injury and illness occur.
A large number of unsafe conditions may underlie an injury- or illness-causing
incident, and many unreported incidents may occur before resulting in a reported
injury or illness. An approach to proactively identify hazards and develop appro-
priate countermeasures would result in the reduction of exposures and accidents
and, therefore, injuries, illness, and fatalities. A source of this kind of incidence
data could be Mine Safety Health Administration (MSHA) inspection data cur-
rently collected at all mines. Effort should be made by the Mining Program to
obtain information about “near-miss” and other gaps in incident statistics, and to
identify the appropriate means of interpreting the data to ensure all mine worker
populations are represented.

“Look-ahead technologies” employing geophysical and geochemical methods
may help to characterize ground conditions ahead of mining (NRC, 2002) and thus
detect hazards before workers are exposed. The Mining Program is currently not
engaged in exploring these methods at any large scale.

PROJECT SELECTION

Project selection in the Mining Program, described in Chapter 2, begins with
researcher-initiated proposals. Projects encompassing multiple strategic goals
would allow improved integration of research efforts most conducive for health
and safety advances. Though program researchers are enthusiastic about their
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work and recognized by their peers, they may not have the breadth of knowledge
required to develop multidisciplinary proposals.

There is growing concern regarding the availability of qualified research per-
sonnel, and advantages of involving outside expertise through a large and vibrant
extramural program with both investigator-initiated research and contractors on
NIOSH-initiated research. This is especially true given the high costs of develop-
ing expertise in all areas where innovative research is required. External grants
and contracts would also serve to train personnel for the industry-at-large, as well
as for the Mining Program. Extramural research within mineral-related academic
programs would prepare young professionals to enter the industry, and allow aca-
demic programs to make greater contributions to society.

TECHNOLOGY TRANSFER

As discussed in Chapter 2, the efforts of the Mining Program in the area of
technology transfer (research to practice, r2p), while commendable, are not pro-
portional to its efforts in the conduct of research. The effective transfer of NIOSH-
developed products, practices, and guidelines to industry is essential for outputs
to result in improvements in workplace health and safety. Adoption of products
by the industry or promulgation of guidelines and standards by MSHA requires a
good understanding of the potential outcomes associated with them. While there
is an appreciation of this fact, it is not clear the r2p processes in place will achieve
the desired results, given that much of the responsibility for technology transfer is
in the hands of project researchers. The problem is particularly acute now in view
of changing mining technologies and the developing shortage of trained manpower
at all levels.

Fiscal year 2005 funding for Mining Program r2p was less than 5 percent of
the total budget. Better and more focused methods to deliver outputs and to docu-
ment resulting intermediate outcomes are needed. Technology transfer activities
should be sharpened with new programs and additional resources. Improvements
in current training procedures and practices are necessary, along with new re-
search to determine more effective ways to transfer knowledge and technology.
The Mining Program should determine the means of engaging and encouraging
researchers and specialists to produce greater and more effective technology trans-
fer mechanisms.

FINDINGS

To a large extent, the Mining Program is doing research that is relevant to the
present and future mining industry, but the program’s ability to target new research
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areas may be restricted by limited resources, stakeholder expectations, and other
external factors. Notwithstanding, it is evident the Mining Program has been mov-
ing toward bringing new areas into its research portfolio. By initiating research on
a number of new fronts (e.g., chemical hazards, improved communication and
training research) and by targeting more research in areas such as noise prevention,
surveillance, and musculoskeletal disorders, the Mining Program has attempted,
albeit in a limited manner, to address the needs of the future.
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Emerging Issues in Mining Safety and Health

The third charge to the committee was to consider significant emerging re-
search areas in mining safety and health that appear especially important in terms
of their relevance to the mission of the National Institute for Occupational Safety
and Health (NIOSH) Mining Program. Emerging issues can be associated with
cultural or industrial factors or trends, such as changes in commodity demand,
workforce, or technology. The Mining Program attempts to identify issues emerg-
ing in the next 5 to 10 years and has identified production demands, workforce
issues, and mining practices as areas of future concern.

The committee foresees changes in the mining industry that can be predicted
with certainty; other predictions represent educated conjecture. Mining produc-
tion is expected to increase dramatically in the next 10 years. New technologies will
be developed, new ventilation and ground control practices will be implemented,
and new health and safety regulations enacted. At the same time, a large turnover
is expected in the mine worker population as older workers retire and younger,
less experienced workers join the workforce. Physical conditions such as mine
depth, seam inclination, and seam thickness are likely to create a more challeng-
ing mining environment. The Mining Program should stay abreast of advances
in mining methods and equipment and be prepared to offer reccommendations
where appropriate.

In the course of evaluating the Mining Program’s seven strategic research areas,
the committee considered emerging issues for which the Mining Program needs
to be prepared. This chapter presents a list of those issues, with brief explanation,
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organized by research area. An overview of program-wide overarching issues is
provided in Chapter 7.

EMERGING AREAS IN RESPIRATORY DISEASE PREVENTION

+ Future research may show that nanoparticles are common in the mining
environment, or that they are more toxic than larger-sized respirable particles. The
Mining Program should stay aware of current and future research in this field and
be ready to address potential control technologies associated with nanoparticles in
the mining environment, especially methods of both measuring and controlling
exposure.

+ The recommendations of the Department of Labor advisory committee on
the elimination of coal worker’s pneumoconiosis (U.S. Department of Labor, 1996)
and a NIOSH criteria document (NIOSH, 1995) suggest lowering the standard for
coal dust and silica. The Mining Program should be prepared, by working with its
stakeholders to decide on a desirable approach, to address the technological chal-
lenges that may arise should the permissible exposure limit (PEL) be reduced.

+ The Mining Program should be prepared to address how changing work
organization (e.g., overtime, extended shifts) may affect the respiratory health of
mine workers.

* There are no active underground uranium mines in the United States; there-
fore miners’ exposure to radon and its progeny is minimal. If the nuclear power
industry expands, an increase in the demand for uranium and the reactivation of
uranium mines can be expected, increasing the exposure of miners working within
that sector to radon. Attention to control technologies and disease prevention will
be required.

EMERGING AREAS IN NOISE-INDUCED HEARING LOSS PREVENTION

+ As production increases due to equipment or process evolution, noise levels
will increase. Future coal mining will likely involve thinner coal seams that may
include more reject (rock), which produces higher noise levels. Deep mines can
become very warm, making hearing protection devices more uncomfortable to
wear—particularly for longer work shifts. More comfortable hearing protection
needs to be designed to accommodate higher noise levels, deeper and warmer
mines, and/or longer shifts.

+ Substantial evidence indicates many miners have lost significant hearing
(NIOSH, 1976; Seiler et al., 1994; Franks, 1996; Franks et al., 1996). The safety of the
aging workforce needs to be protected to ensure they do not suffer further hearing
loss, and that communication with them in the mine is not compromised.
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+ As the aging workforce retires, a new generation of miners will require a
tremendous educational effort to train them on the ill-effects of hearing loss and
how to prevent it. The Mining Program should be prepared with training materials
and appropriate dissemination plans.

* More needs to be learned about the combined effects of mixed exposures
(noise and fuel and other vapors) as well as the combined effects of mixed noise
(continuous and impulse-impact noise) environments. The Mining Program
should stay abreast of research in this area and be prepared to conduct interven-
tion research as problems are detected.

+ Given a resumption of uranium mining, ototoxic effects of radiation, both
alone and in the presence of other potential chemical agents (e.g., diesel exhaust,
hydrocarbons), should be studied. The Mining Program should be prepared to
conduct intervention research related to potential ototoxic effects.

EMERGING AREAS IN CUMULATIVE
MUSCULOSKELETAL INJURY PREVENTION

* Because mining in the future will be carried out under more difficult con-
ditions (greater depths, thinner seams, more severe environmental conditions),
research on the relationships between mining tasks, the demands on mine workers,
and changing environmental factors will be necessary. The Mining Program should
work proactively to provide interventions to avoid work-related musculoskeletal
disorders (WMSDs) as working conditions change.

* Increased use of remote control and automation are likely to result in new
WMSDs. The Mining Program should stay aware of the trends in work and work
organization to anticipate the risk of, and avoid, WMSDs.

+ The changing nature of work organization (e.g., longer shifts) could po-
tentially result in more or different WMSDs that the Mining Program should
anticipate and avoid.

EMERGING AREAS IN TRAUMATIC INJURY PREVENTION

+ Changing mining conditions, such as increasing mine depths, new min-
ing ventures (e.g., uranium, oil shales), the handling of mine wastes, new fuels or
mobile equipment (such as biofuels and fuel cells), the use of satellite information
and its applications, and the increased size of mining equipment and electrical
voltages, could result in different traumatic injury hazards. The Mining Program
should stay aware of research and advances and anticipate the hazards associated
with them.

+ Removing miners from hazardous areas by improving mining methods
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and equipment is a logical means of reducing traumatic injury. The Mining Pro-
gram should be prepared to facilitate this through work with other research enti-
ties and manufacturers to simultaneously design new mining systems and safety
equipment.

EMERGING AREAS IN MINE DISASTER PREVENTION AND CONTROL

+ Prevention (including the use of improved hazard detection and the iden-
tification of new hazard sources), control, escape, survival, response, rescue, and
other elements should be addressed in mine design, operations, miner training,
personal protective equipment, rescue equipment, etc., in a systems engineering
framework to eliminate or reduce the occurrences of disastrous events and enhance
the chances of escape, survival, and rescue if they occur. From the collective research
perspective, defining a good system is paramount. Multiple, redundant systems
are required, particularly for escape and survival. The Mining Program should
be prepared to develop a systematic approach to the remote control of mines and
mine systems.

+ Continuous monitoring of conditions, especially by remote means, will
become increasingly vital as the mining environment becomes more complex. The
Mining Program should develop the means to continuously monitor data, with the
possibility for response via intelligent system analysis, as the level of complexity
increases.

+ The need to improve emergency escape and survival equipment will increase
with a more complex mining environment. Communications, emergency response,
and rescue team deployment strategies will all be more difficult in future mining
settings. The Mining Program should be aware of internationally developed tech-
nologies, while continuing to develop its own as needed, to have the best disaster
prevention and response strategies in place as change occurs.

EMERGING AREAS IN GROUND FAILURE PREVENTION RESEARCH

+ There are highly sophisticated numerical techniques for modeling vari-
ously shaped openings in discontinuous and heterogeneous materials. However,
simplifications are almost always required to reduce the problem to a manageable
level. A fresh look needs to be taken to model in situ conditions more accurately.
The Mining Program should consider further developing the fundamental de-
sign methodology with an evaluation of the sensitivity to variability in the input
parameters.

+ The recent emergency at Quecreek and close calls at other underground
mines emphasize the importance of being able to detect voids before mining be-
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gins. The Mining Program should investigate the applicability of current or newly
developed technology in detecting voids, especially those containing water, and
should consider the benefits of developing routine procedures to improve mining
in the vicinity of old mines and at-risk geologic conditions.

+ Atgreat depths, violent failures of pillars and longwall faces produce extreme
hazards to underground workers and contribute to mining-induced seismicity.
The potential for bursting could be reduced by appropriate mine layout and min-
ing sequencing. Mining Program research into the relative merits of various mine
design scenarios would likely reduce hazards and optimize resource recovery.

+ Explosives are commonly used to drive openings for underground metal
mines and for some stone mines. Unwanted damage beyond the perimeter of the
opening often results from fractures that extend from the blastholes into the sur-
rounding rock mass. These fractures weaken the roof and walls of the opening and
contribute to unexpected rock falls. Research is needed to improve understanding
of the fracturing process and to develop better design methods to limit collateral
damage. Research is also needed to remove blast-damaged rock through better
scaling methods and protection of workers by improved surface treatments.

EMERGING AREAS IN SURVEILLANCE, TRAINING, AND INTERVENTION
EFFECTIVENESS RESEARCH

+ Exposure monitoring of processes that are increasing in use, but not well
characterized, is needed. For example, in situ leaching and increased solvent extrac-
tion-electrowinning! (SX-EW) in copper and other metal mining should become
a major focus, given the shift toward the use of this method. The Mining Program
should identify these types of processes and be prepared to identify or develop best
exposure monitoring techniques.

+ As monitoring becomes more efficient, the effects of mixed exposures should
be evaluated. The effects of combined exposure to dusts and chemicals on the
health of miners and the effects of various combined components of diesel exhaust,
particularly as new pollution control equipment changes the chemical characteris-
tics of the exhaust, need to be understood. There are guidelines and suggestions for
multimode exposure in other industries. Mining does not have either a standard or
a guideline. This could be a worthwhile area for future Mining Program research.

+ As stated several times, the mining environment is changing. Given the move
toward deeper mines, the Mining Program should evaluate the environmental and
occupational hazards of deeper mines (especially heat exposure).

+ Advances in information technology bring new opportunities for informa-

IElectrowinning is the process of extracting metals from solution by electrolysis.
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tion dissemination. The Mining Program should study the effectiveness of new
educational materials, including virtual reality training, to ascertain if the increased
cost of these techniques is associated with greater change in miner awareness and
reduction in hazardous work activities.
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Synthesis of Recommendations

The National Institute for Occupational Safety and Health (NIOSH) Mining
Program makes essential contributions to the enhancement of health and safety
in the mining industry. The recommendations provided in this report are focused
on further expanding these contributions. The Mining Program should be leading
discussions on mine health and safety improvements.

Recommendations specific to the Mining Program’s seven strategic research
areas are provided in Part II (Chapters 8-14) of this report. This chapter is a syn-
thesis of recommendations applicable program-wide.

PROGRAM PLANNING AND STRATEGIC GOALS

The ultimate goal of the Mining Program should be the complete elimination
of mining occupational disease and injury. To move closer to this goal, strategic
and intermediate goals and attendant objectives should be made more challeng-
ing and innovative. The Mining Program should accelerate the development of
engineering controls aimed at meeting MSHA personal exposure limits for min-
ing-related hazards. Strategic thought should be given to stakeholder needs so that
intended and likely end users are clearly identified as research is conceptualized.
The Mining Program should continue to develop new technologies and enhanced
training programs, but the latter should be strengthened to recognize and correct
substandard conditions and practices that contribute to mine accidents. While
research on issues associated with coal mining continues to be of high priority,
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research in other mining sectors should also be emphasized. Strategic planning
should occur on a regular basis to discuss potential Mining Program responses
to emerging trends in production and processes. To maintain a viable research
program at reasonable cost, NIOSH and the Mining Program should ensure the
permanent availability of the Lake Lynn Facility.

The Mining Program should take a more proactive approach to identifying
and controlling hazards. At present, the Mining Program sets most of its research
priorities in response to stakeholder input or events, which helps ensure the ap-
plicability of the resulting research outputs. However, using surveillance data in
combination with expanded external input to identify key priorities would help
the Mining Program develop a more proactive approach to hazard identification
and control.

EFFECTIVE INTERACTIONS

The Mining Program interacts with numerous researchers, regulators, and
other stakeholders and goes to great lengths to establish successful and mutually
beneficial relationships. The following recommendations are intended to improve
these interactions.

Intra-Agency Interactions

The Mining Program should increase interaction with other NIOSH pro-
grams, including the Respiratory Disease Program, and individual programs within
the Division of Safety Research and the Division of Surveillance, Hazard Evalua-
tions, and Field Studies. Ideally, research personnel with medical, epidemiological,
engineering, geological, and industrial hygiene experience should work together
as a research team to help address workplace issues including work organization
research. Additionally, full advantage should be taken of NIOSH’s Mine Safety and
Health Research Advisory Committee (MSHRAC) by adequately challenging it
with substantial assignments. MSHRAC’s findings, conclusions, and recommenda-
tions should be considered more fully in the Mining Program’s decision-making
process.

Interaction with Regulators

The committee recognizes the high level of cooperation between the Mining
Program and the Mine Safety and Health Administration (MSHA) and notes this
partnership is essential for advancements in miner health and safety. Based on
presentations from the acting director and others at MSHA (Dye et al., 2006),
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the committee believes the Mining Program should enhance interaction with
MSHA in areas where research needs are closely allied to MSHA’s legislative and
shorter-term requirements associated with enforcement, rulemaking, education
and training, and technical assistance. The effect of regulatory measures on the
reduction of mining injuries and illnesses should be evaluated and considered in
program planning.

Partnerships

Partnering with specific mining companies is beneficial and key to technology
transfer, but efforts should be made to partner more broadly such that guide-
lines and processes are most relevant to the entire mining community. Further,
more partnering with manufacturers of specialized mining and mineral processing
equipment (e.g., dust and noise control equipment) would be beneficial.

Partnerships with universities should be pursued to develop training materi-
als for mining engineering students and occupational or environmental health
students, similar to the way evidence-based lessons are communicated to medical
students. Additional stakeholders, such as the American College of Occupational
and Environmental Medicine, should be added to the Mining Program’s list of
collaborating professional associations, and partnerships should be sought with
those giving voice to the needs of vulnerable populations. The Mining Program
should work with international partners to determine the most effective regulatory
and work practices. The extent to which the Mining Program should directly assist
developing countries in evaluating exposures should be determined and a program
developed to prioritize requests if this area is funded.

Extramural Research

The Mining Program should fully utilize outside technical expertise through
avibrant extramural and contract research program. This would serve to broaden
the knowledge base and the overall effort toward achieving Mining Program goals.
An extramural research program may prove especially vital given the critical need
to increase capacity in mining health and safety.

OUTPUTS

The Mining Program should place greater emphasis on outputs preferred
by mining operators, miners, and other nontechnical users. Through systematic
but small-scale formative evaluation, the Mining Program should learn more about
current information-seeking behavior, media use, and sources of influence in the
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personal decision making of its stakeholders. The quality of outputs for nontechni-
cal users should similarly be determined. Feedback from representative members
of potential user groups should be gathered to assess and improve prototypes of
outputs prior to release. Measures of output quality should be considered for col-
lection and tracking.

SURVEILLANCE AND MONITORING

The committee considers the collection of surveillance data of utmost im-
portance in monitoring worker health and safety conditions and determining the
effectiveness of Mining Program activities. The Mining Program should make
better use of MSHA and other existing surveillance data and work to make these
surveillance programs more robust. For example, the demographic survey data of
mine workers should ideally be collected annually to allow for longitudinal analysis.
An improved surveillance system would allow the Mining Program to evaluate in-
tervention effectiveness, which should be incorporated into all its strategic goals.

More robust and better monitoring methods of in situ safety conditions in
mines should also be developed. Research is needed to minimize safety risk to
underground workers and evaluate the potential for damage to surface facilities
such as dams, buildings, pipelines, road cuts, and other structures whose failure
could cause injury to persons on or near mine property. Recent advances in remote
sensing, telemetering, and diagnostic methods need to be evaluated, improved, and
made known to mine operators for timely detection and avoidance of underground
and surface mine hazards.

To aid in tracking research and training effectiveness, the Mining Program
should think of collaborative research as a type of output with the potential to
result in intermediate outcomes. These interactions should be tracked and regu-
larly reported. Monitoring and reporting of all intermediate outcomes should be
expanded and improved so that stakeholder responses to program outputs are
understood. Measures of output quality, as well as quantity, should be collected
and tracked.

TRAINING PROGRAMS AND TECHNOLOGY TRANSFER

Just as the committee recommends surveillance be incorporated into all rel-
evant research areas, training should be incorporated into the strategic goals of
all research areas. To improve training effectiveness, the Mining Program should
determine the likely end users of its research results. Technology transfer could
be enhanced by targeting mine operators and workers who effectively influence the
decisions of others. A literature-based review of studies concerning the measure-
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ment of opinion leadership, the testing of alternatives in this procedure, and the
use of sociometric (who-to-whom) network analysis software for easier and more
accurate mapping of influence across and within mines is reccommended. NIOSH
should also review new research on issues of worker empowerment, worker con-
trol in education and training, and technological changes and new forms of work
organization that significantly change working conditions. Further research should
be conducted in worker-centered peer training using a safety systems approach.
This research should include the use of worker peer trainers and train-the-train-
ers models, worker participation in curriculum development including lessons
learned from systems failures, workers conducting program evaluations, and work-
er participation in health and safety program administration. These issues should
be taken up by NIOSH project staft with workers and their representatives.

With respect to information dissemination, a more proactive and strategic
dissemination agenda is suggested, one that is informed by research about the
diffusion of new technologies, processes, and practices. The Mining Program
should develop demonstration projects to show the feasibility and effectiveness
of interventions. Most Mining Program outputs are useful for small business, but
plans for technology transfer of all project outputs should explicitly include how
small-business worker populations will be served. To reach this population, the
Mining Program should work with MSHA’s Technical Assistance Program. New
information about evidence-based health and safety innovations should be dis-
seminated specifically to smaller mines and equipment manufacturers.

EMERGING ISSUES FOR THE MINING WORKPLACE

As part of its charge, the committee considered emerging issues affecting
future mine worker health and safety. The Mining Program should stay aware
of pertinent current and emerging research, including international research,
and be prepared to act on potential health and safety issues. Future workforce
issues may differ from current issues, especially as older workers retire and a new,
younger workforce enters the industry. To determine future research areas, the
Mining Program should continue to work with industry, organized labor, MSHA,
academia, and international partners. Both internal and external peer review could
be useful for selecting projects.

The committee identified workforce capacity and related issues as the most
crucial of emerging issues the Mining Program should deal with, but the committee
also considered the physical conditions to which the future mining workforce will
be subject. Similar concerns were stated more than 30 years ago during a major
revision of the research mission of the U.S. Bureau of Mines (Theodore Barry &
Associates, 1972), but it should be noted that the current industry situation is
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quite different from the past in terms of operation size, numbers of miners, and
technologies in use. Research on the relationships between mining tasks, demands
on mine workers, and changing environmental factors is needed. The committee
provides the following four general recommendations related to future physical
conditions:

1. As the mining industry becomes more automated, the Mining Program
should be prepared to deal with issues associated with increased remote control
and automated equipment and systems. Future mining is likely to be carried out
under more difficult conditions. Automation is often seen as a means of reducing
exposure, but unforeseen consequences of automation should be identified.

2. To meet expected demand for coal, mining will progress to depths in excess
of 600 m. The Mining Program should be prepared to provide recommendations
to safeguard health and safety as best strategies for mining deep resources are
developed. Environmental and occupational hazards of deeper mines should be
evaluated.

3. The health effects of mixed exposures, such as diesel exhaust, hydrocar-
bons, and noise, as well as the combined effects of mixed noise (continuous and
impulse-impact) environments, need to be addressed.

4. Asthe United States increases its reliance on nuclear energy, the extent and
effects of radon and radiation exposure in the presence of these other potential
chemical agents should also be considered.

The committee is also very concerned about the future performance of the
Mining Program itself. The Mining Program should seriously attend to workforce
replacement issues expected within its own organization in the short term to
ensure a supply of capable researchers as its older researchers retire. Increasing
extramural research may be part of the solution. Special attention may be needed to
maintain a small but viable core group of professionals within the Mining Program
to ensure research in fundamental areas such as strata control, the atmospheric
mine environment, injury and disaster prevention, and mining systems is not seri-
ously affected by attrition. To increase the number of individuals with expertise in
exposure monitoring and control, the Mining Program should encourage the train-
ing of mining engineers in industrial hygiene and the inclusion of mining-specific
topics in industrial hygiene training. Future research should focus on combining all
sources of data with an intelligent decision-making system, for example, to enable
real-time system control decisions made with all relevant monitoring data input.
Mine operators and workers need the ability to collectively access the wisdom of
the industry and its experts. This type of operation system could facilitate better
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decision making regarding a variety of health and safety issues, across the mining
industry for all sectors and mine sizes.

The committee recognizes the Mining Program’s positive role in providing new
technologies for a safer mining environment and new training materials for the
mining industry. The recommendations in this report are offered with the expecta-
tion that they will help the program refocus or redirect some of its efforts to more
effectively impact the health and safety of the mine worker.
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Part 1l

Evaluation of Strategic Research Areas

In this part of the report, the committee provides a detailed analysis of each
of the Mining Program’s seven strategic research areas. The format of each chapter
corresponds with the evaluation flow diagram presented in Figure 1-1. A qualitative
assessment of relevance and impact of each of the research areas is provided, but no
scores are given. Recommendations specific to each program area are provided.
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8

Review of Respiratory Disease
Prevention Research

Key Findings and Recommendations for
Respiratory Disease Prevention Research

In general, research in this area is in high-priority subject areas and has
generated important new knowledge. The program is well engaged in transfer
activities and is adequately connected to improvements in workplace protection.

The ultimate research goal should be the complete elimination of all occu-
pational respiratory diseases in the mining population.

Interaction with other NIOSH research programs and divisions should be
increased.

The NIOSH Mining Program should accelerate the development of engineer-
ing controls for respirable dust (including quartz) and diesel particulate matter.

The Mining Program should identify those occupations and tasks that result
in chronic overexposure to silica dust.

RESEARCH IN MINING RESPIRATORY DISEASE REDUCTION

Respiratory diseases have always been a health risk for mine workers. All min-
ing processes create fine dusts, some of which is respirable. Prolonged exposure to
high levels of respirable dust can lead to the development of respiratory diseases
such as coal worker’s pneumoconiosis (CWP), silicosis, and chronic obstructive
lung disease (Morgan, 1984; Christiani, 2005a, b). The Mining Program and the for-
mer U.S. Bureau of Mines (USBM) developed appropriate strategies to control and
eliminate these diseases. Other divisions of the National Institute for Occupational
Safety and Health (NIOSH), such as the Division of Respiratory Disease Studies
(DRDS), the National Personal Protective Technology Laboratory (NPPTL), and
the Health Hazard Evaluation Program (HHE), are also involved in the develop-
ment of strategies for preventing mining-related respiratory disease.

89
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CWHD, silicosis, and lung cancer are chronic, irreversible, disabling, and some-
times fatal. With the exception of exposure to very high levels of silica, which can
cause acute silicosis, the occurrence of these disease outcomes typically depends on
cumulative exposure over decades. Monitoring the prevalence and progression of
respiratory diseases, and measuring exposures and the many disease confounders,
must occur over equally long periods.

Diesel particulate matter (DPM) and radon gas represent other hazards to min-
ers’ lungs. The major components of DPM are solid carbon (including elemental
and organic carbon), liquid and solid hydrocarbons (including polyaromatic hy-
drocarbons), sulfate, and moisture. High concentrations of DPM add to the risk of
CWP and may also increase the risk of lung cancer. Radon gas and its radioactive
decay products are present in uranium and other mines, and exposure increases
the risk of lung cancer.

STRATEGIC GOALS AND OBJECTIVES

The strategic goal of the Mining Program’s respiratory disease prevention
research (NIOSH, 2005a) is to “reduce respiratory diseases in miners by reduc-
ing health hazards in the workplace associated with coal worker pneumoconiosis,
silicosis, and diesel emissions.” The performance measure of this goal (NIOSH,
2005a) is the reduction of

... respirable coal dust overexposures of operators of longwall and continuous mining

machines, roof bolters, and surface drills by 50% and the overall silica exposure of crusher

operators and stone cutters by 50% within 10 years. The goal will also be achieved by

reducing coal miner exposure to DPM by 80% and metal and nonmetal miner DPM over-
exposure rates by 50% within 10 years.

The baseline for this performance measure is not immediately discernible from
materials provided to the committee by the Mining Program.

Three problems come to mind in reviewing the strategic goal and performance
measures: (1) Limiting attention to respirable dust exposure in specific mining
occupations obscures exposure that occurs to miners in other occupations. It is
appropriate, for example, to focus attention on exposure of all workers on long-
wall sections, not simply shearer operators. (2) The most troublesome exposure of
roof bolters and surface drill operators is to silica, not respirable coal mine dust.
Additionally, it is respirable coal mine dust—a mixed dust—not respirable coal
dust, that is the measured etiologic agent. (3) In coal mines, ambient exposure to
DPM is not measured by NIOSH or by the Mine Safety and Health Administration
(MSHA), and it is currently not clear how best to measure reduction of exposure
to DPM. Therefore it is difficult to see how to measure progress toward this goal.
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Table 8-1 summarizes the Mining Program’s six intermediate goals and per-
formance measures associated with respiratory disease prevention research. Com-
mittee comments are also provided.

The considerable reduction of airborne respirable dust concentrations in coal
mining and the decrease in the prevalence rates of disease indicate control strate-
gies have been effective. Respirable dust sample data collected by MSHA and mine
operators also indicate a significant reduction in exposure.

The strategic goal for well-recognized diseases such as silicosis and CWP is to
eliminate disease incidence. Health risks associated with exposure to DPM should
also be reduced. This means the Mining Program needs to develop a complete
understanding of the incidence rate of diseases such as silicosis and CWP, as well
as control measures that will further reduce exposure to respirable coal mine dust,
silica, and diesel engine emissions.

REVIEW OF INPUTS

Inputs to the Mining Program include Recommended Exposure Limits (RELs)
for respirable dust in coal mines and for silica in all mines established by others.
The coal mine workers medical surveillance program of the DRDS also provides
valuable input to the mining program by documenting trends and clusters in the
occurrence of CWP.! Primary and secondary prevention of CWP and silicosis
require reduction of exposure for all miners and additional reduction for min-
ers with early signs of disease (e.g., positive chest X-ray for CWP).? The primary
source of worker dust exposure data is sampling data collected by MSHA and mine
operators, per the 1969 Coal Mine Act and then the 1977 Mine Act. Despite their
limitations, these data collectively represent some of the best available informa-
tion on exposure, epidemiologic, and toxicological findings. Though MSHA data
indicate a general reduction in exposure to respirable coal mine dust since the
1980s, MSHA informed the committee of a cluster of CWP cases in one region of
the country—a good reason for the development of a program to determine CWP
causes and control measures. Exposure to silica remains a problem in metal and
non-metal mines (Weeks and Rose, 2006).

“Trends and clusters” is conventional terminology for characterizing the purpose of medical sur-
veillance, after A Dictionary of Epidemiology by John M. Last. Similarly the term “occurrence” is also
conventional terminology for characterizing what it is that epidemiology or surveillance does (i.e.,
measures whether or not an outcome occurs).

?Primary disease prevention refers to the prevention of disease occurrence; secondary disease
prevention refers to the prevention of disease progression.

Copyright © National Academy of Sciences. All rights reserved.
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94 MINING SAFETY AND HEALTH REsEarcH AT NIOSH

The current Mining Program budget for respirable dust research is $4.5 million
per year with only about $1 million for the discretionary budget. The total staff
is 34. The laboratory facilities at both Pittsburgh Research Laboratory (PRL) and
Lake Lynn Laboratory (LLL) are excellent and world class; however, staffing and
budget allocations will have to be increased if mining-related respiratory diseases
are to be eliminated.

Input from major stakeholder groups is strong and substantial in many areas
resulting in, for example, the successful PDM and Diesel Partnerships. However,
creative working relationships with other divisions in NIOSH (e.g., DRDS; NPPTL;
the Division of Surveillance, Hazard Evaluations, and Field Studies [DSHEEFS]),
with MSHA, or with mine operators and unions are not always obvious in NIOSH
mining respiratory disease prevention research. There is no apparent input from
small mine operators or workers, yet workers at these mines are at high risk. In
the opinion of the committee, based on members’ knowledge of the research con-
ducted within NIOSH programs, dust and diesel exhaust control efforts should be
better integrated with surveillance work at DRDS or other health effects research
conducted at DSHEFS to ensure the best use of developed monitoring technolo-
gies and surveillance.

Although there seems to be limited interaction between the Mining Program
and other NIOSH programs with respect to respiratory disease prevention, and
little input from small mine operators, the Mining Program is exceptionally recep-
tive to major stakeholder input.

REVIEW OF ACTIVITIES

The Mining Program describes 14 current projects in mining respiratory dis-
ease reduction in materials submitted to the committee (NIOSH, 2005a). These
projects are summarized and briefly evaluated in Table 8-2. There is no distinction
made by the Mining Program regarding to what extent the work is carried out
within other NIOSH research programs.

Surveillance of disease occurrence and monitoring of exposure and control ef-
fectiveness are important elements of an effective disease control program. Screen-
ing and surveillance are conducted by other divisions within NIOSH and are
essential aspects of prevention. In any case, both aspects are part of the Mining
Program and provide a model for prevention of any occupational disease because
they link assessment of both exposure and outcome.
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The committee makes the following observations regarding respiratory disease
prevention activities within the Mining Program:

+ Current activities are directed at meeting the permissible exposure limit
(PEL) standards in the 1977 Mine Health and Safety Act. The committee is aware
of recommendations in the NIOSH Criteria Document (NIOSH, 1995) and the
report of the Advisory Committee of the Secretary of Labor on coal mine dust and
silica standards (U.S. Department of Labor, 1996). Both of these reports recom-
mend reducing the PELs for respirable dust and silica.

+ Routine monitoring for exposure to mineral dusts and diesel engine exhaust
is conducted almost entirely by MSHA as part of its efforts to ensure compliance
with applicable established exposure limits. Development of measurement meth-
ods, however, is largely a Mining Program activity. NIOSH has a statutory mandate
to evaluate and certify devices for measuring exposure to respirable dust (30 CFR
Part 74) and in this capacity, since 1970, has evaluated and refined the performance
of the personal dust sampler unit.

+ NIOSH has made, and continues to make, important contributions to measure-
ment and control of DPM. The Mining Program also manages quality assurance for
these instrument methods and for analytic methods to measure silica concentration.

+ NIOSH is working on the means to measure miners’ exposure to DPM. Since
DPM is mostly carbon, coal dust and other carbon sources in mines present signifi-
cant confounding impediments to measuring ambient DPM levels in mines. NIOSH
has made progress addressing these sampling issues, but has yet to determine if it is
pertinent or feasible to measure the concentration of total carbon (including organic
and elemental carbon) or only of elemental carbon in metal and nonmetal mines.

+ Activities designed to control exposure to silica have been more diffuse and
difficult to evaluate. Activities have been devoted to specific occupations in the coal
industry and in metal and nonmetal mining. Specifically, exposure to silica has
been high for bagging operations, but with the development of less dusty methods,
exposure has been reduced. Similarly, exposure of drill operators (present in coal,
metal, and nonmetal mines, and in highway and other types of construction) has
been reduced with the development of wet drilling methods and collaring methods
developed by the Mining Program and mandated by MSHA (e.g., 30 CFR 58.620,
30 CFR 72.620).

+ Between 2001 and 2005, the respirable coal dust samples in underground
coal mines exceeding the 2.00 mg/m? standard ranged from 10 to 16 percent with a
mean of 12.7 percent. The percentage of samples that exceeded the statutory silica
concentration over the same period ranged from 28 to 36 percent with a mean
of 32 percent—a valid cause for concern. These problems may be associated with
site-specific factors needing mine-specific solutions.
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+ Extensive and effective model and demonstration studies have resulted in
new equipment and procedures.

+ The most successful research activities conducted in respiratory disease
prevention are those that involve substantial interaction with stakeholders; for
example, research that led to a rapid decrease in airborne respirable coal mine dust
concentrations in continuous and longwall sections was conducted with substantial
input from mine operators and equipment manufacturers. Specific examples of
research outputs are scrubbers for continuous miners, spray fans on continuous
miners, and shearer-clearer system for longwall shearers.

+ Vulnerable working populations, including workers at small mines and
young or inexperienced miners, have received limited attention. Given the age
distribution of the current mining population and the increased demand for coal,
many new miners may be hired soon, some of whom may not be fluent in English.
Limited attention has been paid to training these populations.

+ The committee is not clear about the extent to which internal or external
peer reviews are conducted, and quality assurance procedures appear to be ad hoc
for each project, rather than following program-wide criteria.

Opverall, the committee believes Mining Program activities in respiratory dis-
ease prevention research address the most common and serious issues.

REVIEW OF RESEARCH OUTPUTS

The Mining Program has continued the USBM tradition of quality publications
regarding respiratory disease prevention in professional journals and proceedings,
technical reports, and handbooks. Much of this work has recently been compiled into
a useful document entitled Handbook for Dust Control in Mining (Kissell, 2003). Exten-
sive and effective model and demonstration studies have resulted in new equipment
and procedures. Outputs are generally user-friendly in terms of design and are relevant
to all mine workers. At least some are reports of “breakthrough” research findings with
very positive intermediate and end outcomes. Many outputs address high-priority
areas, have generated important new knowledge, and serve the mining industry well.
Such outputs include the longwall shearer clearer, a wet scrubber for continuous min-
ing machines (in collaboration with Peabody Energy), and a protocol for sampling
and analyzing respirable silica (in collaboration with CONSOL Energy).

REVIEW OF TRANSFER ACTIVITIES

Transfer of knowledge, procedures, equipment, and methods of controlling
respirable dust in coal mines has accelerated and persisted in response to man-

Copyright © National Academy of Sciences. All rights reserved.



Mining Safety and Health Research at NIOSH: Reviews of Research Programs of theNational Institute for Occupational Safety and Health
http://www.nap.edu/catalog/11850.html

REVIEW OF RESPIRATORY DISEASE PREVENTION RESEARCH 103

dates in the Coal Mine Act of 1969 (carried over to the Mine Safety Act of 1977)
and due to the activities of the former USBM and the NIOSH Mining Program.
Transfer of technology by the Mining Program, in partnership with stakeholders,
has been very efficient, and technology transfer seminars on dust control research
and development have also been very well attended.

Transfer activities associated with the development of the PDM have occurred
along with technology development. Development of the PDM involved numer-
ous meetings of all stakeholders in the PDM partnership, through all phases of
developing this instrument (concept, design, development, in-mine evaluation, and
modifications). This project can serve as an unprecedented illustration that both
development and technology transfer benefit from strategic and well-organized
partnerships between NIOSH, industry, instrument manufacturers, unions, and
regulatory agencies.

Research on DPM exposure control has shown it to be a complex problem,
solvable with the appropriate choice and maintenance of engines, fuel quality,
emission controls, and mine ventilation. The Mining Program has held several
technology transfer seminars related to DPM control for coal, metal, and nonmetal
operators, recruiting engineers from other countries.

In general, there appears to be a coherent planned program to transfer technol-
ogy related to respiratory disease prevention. Information is reaching the relevant
stakeholders and workplaces throughout the industry. Less is known about the
adoption and sustained implementation of Mining Program recommendations
in the workplace.

REVIEW OF INTERMEDIATE OUTCOMES AND CAUSAL IMPACT

In the opinion of the committee, the development of the personal dust monitor
(PDM), and methods to control exposure to diesel particulate matter are examples
of success. The PDM provides the most important innovation for measuring dust
since the conversion to gravimetric dust measurement. Diesel exhaust is a wide-
spread hazard. Control of diesel exposure is important for miners and could be
applied in other industry sectors.

Since CWP is caused by exposure to respirable dust, reduction of exposure is
the principal means of preventing disease. Furthermore, since CWP is a chronic
disease typically occurring only after many years of exposure, it is important to take
a historical view of the effects of exposure reduction and to evaluate the prevalence
of disease by the duration of mining experience. The effects of recent reductions
in dust exposure will not be manifest for many years.

While there has recently been an increase in CWP in some coal mines in Vir-
ginia and West Virginia (Attfield et al., 2004; Antao et al., 2005, 2006), CWP rates
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have decreased by more than 70 percent in U.S. coal mines during the last 35 years,
from 11 percent in 1970 to 2.6 percent in 2003-2005 (Pon et al., 2003). During
the same period, the average respirable dust exposure for continuous miners was
reduced from 6 to 1 mg/m?, while longwall face dust exposure was reduced from
4 to 2 mg/m?. The rate of reduction in recent years has not been as dramatic as in
earlier years, but the downward trends persist nevertheless.

Methods have been developed for controlling exposure in selected mining
operations, such as drilling and bagging of sand. Detailed data for silicosis reduc-
tion are not available.

REVIEW OF END OUTCOMES

The ultimate goal of any mining respiratory disease prevention program should
be complete elimination of all mining-related respiratory diseases. Epidemiologic
research of CWP has been conducted by DRDS for more than 30 years. Given the
chronic and insidious nature of this disease, a similar time span for determining
and developing control measures is appropriate. There has been a significant de-
cline in CWP rates, taking into account the age and exposure duration of individual
miners, shown in Figure 8-1. This chart demonstrates that the prevalence of CWP
(= Category 1/0), stratified by years of experience as a miner, declined significantly
from 1987 to 2002. This indicates success in respiratory disease prevention.

Since there is no surveillance of silicosis occurrence, aside from monitoring its
appearance on death certificates (a method with limited reliability), the effects of
measures to reduce exposure to silica dust cannot be evaluated. Also, since DPM is
currently defined as a “potential carcinogen” and lung cancer has several prominent
causes, it is difficult to organize surveillance to specifically measure DPM control
effectiveness. NIOSH, however, in collaboration with the National Cancer Institute,
is studying the link between lung cancer and exposure to DPM in a group of min-
ers exposed neither to silica nor to radon and its progeny. Although this project is
conducted by DRDS, the Mining Program has played an important role in recruiting
operators to participate in characterizing exposure.

The Mining Program (and before 1996, the USBM), with the collaboration of
mine operators, miners, and their unions, played a critical role in achieving reduc-
tions in respiratory diseases by developing feasible and effective means of reduc-
ing exposure to respirable dust.’ Results of respiratory disease research within the

3Developing control methods is a necessary, but not a sufficient, condition for preventing disease.
Other aspects, not discussed in this report, involve programs managed by other divisions within NIOSH
and include development of exposure limits, disease surveillance to both evaluate and document
progress, and research into the pathophysiology of disease. Aspects managed by other departments of
government include enforcement of exposure limits, creation of the right of miners with CWP to work
in less dusty environments, and compensation for miners disabled by pneumoconiosis.
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FIGURE8-1 Trends in prevalence of CWP (= Category 1/0) over time (1987-2001). Data are stratified
by years of mining experience—U.S. National Coal Workers’ X-Ray Surveillance Program, 1987-2002.
SOURCE: Adapted from Pon et al., 2003.

Mining Program are applicable to other industries and have already been applied
in tunnel driving and dust control at the nuclear waste repository in Nevada.

ASSESSMENT OF RELEVANCE AND IMPACT

Mining Program efforts in respiratory disease prevention have made at least a
moderate contribution on the basis of end outcomes or well-accepted intermedi-
ate outcomes and have had impact on the worker. In some areas, such as the effort
to reduce CWP, the research program has made a major contribution to worker
health and safety. In general, the research program has generated important new
knowledge and is well engaged in transfer activities. End outcomes are not always
documented. Research is generally in high-priority subject areas and adequately
connected to improvements in workplace protection.

PROGRESS IN TARGETING NEW RESEARCH

On the basis of the review of current projects, the committee believes there is a
need for the Mining Program to redirect its efforts in several projects toward issues
more relevant to the industry in coming years. The scope of the work needs to be
expanded in a number of areas. Reference has already been made to expanding the
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scope of research in silica and dust control to larger occupational work groups than
now addressed. A more effective and appropriate approach to control workplace
overexposure is to develop technologies to reduce ambient concentrations that
would make overexposure a rare event. Research on measurement and control of
diesel exhaust should be conducted by the Mining Program to enhance the impact
and relevance of its work. Issues related to methods of DPM control need to be
addressed, as made evident from differing state and MSHA requirements.

The Mining Program should devote more time and attention to several aspects
of miners’ exposure to silica dust. Specifically, the Mining Program should identify
those occupations and tasks that result in chronic overexposure (e.g., exposure
above the MSHA PEL) and instances of short-duration exposure to high concen-
trations (acute overexposure). Once those occupations and tasks are identified, the
development of engineering controls should follow. In collaboration with DRDS,
the Mining Program needs to develop methods for evaluating exposure conditions
associated with cases of acute or accelerated silicosis. The Mining Program should
also develop methods for measurement of miners’” exposure to freshly fractured
silica on the job and, collaborating with DRDS, for evaluating the health risks to
humans of exposure to freshly fractured silica.

The Mining Program should develop alternative uses of the PDM for surveil-
lance and research purposes. The PDM has increased the capacity to monitor expo-
sure with significantly greater depth and breadth. Given this capacity—to measure
exposure for extended shifts, to measure exposure on a daily basis, to measure
inter- and intra-shift variability in exposure, and to project exposure to the end
of a work shift—the ways in which this instrument can be used to enhance health
and safety at the workplace should be explored.

Signature Accomplishments: Development of the Personal Dust Monitor and
Reduction of the Prevalence of CWP

Since about 1978, the USBM, and later the Mining Program, have worked,
intermittently, on the development of a direct-reading dust sampler that would
provide miners and mine operators real-time information about dust exposure us-
ing an instrument more resistant to spurious readings than the previous sampling
technology. Over the past decade, this work has intensified in a very productive
partnership involving mine operators, mine worker unions, MSHA, and the device
manufacturer. This work has resulted most recently in the personal dust monitor,
now shown to be accurate, feasible, and otherwise suitable for use in underground
coal mines. The PDM could provide a powerful tool to help reduce dust exposure
and could result in the most significant change in dust sampling methodology in
more than 50 years. This instrument was developed specifically for use in under-
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ground coal mines. It can also be used at surface and metal or nonmetal mines
and in other industries where there is exposure to airborne particles.

Another signal accomplishment is a significant reduction in exposure to re-
spirable coal mine dust with consequent reduction in the prevalence of CWP. In
1970, exposure to dust was about 6 mg/m3 for continuous miner operators. Now,
exposure at most continuous mining sections is about 1 mg/m3. Reductions have
been achieved on longwall sections, though not on a similarly dramatic scale
(Weeks, 1993). As a consequence, the prevalence of CWP among experienced
coal miners was 11 percent in 19702 and, according to the most recent data, is
now 2.6 percent (Pon et al., 2003). This improvement was accomplished through
the combined efforts of many including the Mining Program, which developed
and made information available on many practical, feasible, and effective means
of reducing exposure to dust in coal mines. This is a noteworthy and unqualified
success story.

aSee http://www2.cdc.gov/NIOSH-chartbook/imagedetail.asp ?imgid=223.
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Prevention Research

Key Findings and Recommendations for
Noise-Induced Hearing Loss Prevention Research

- The moderate reductions in noise exposures resulting from partial cabs on
surface drilling rigs, coated flight bars on continuous miners, a new dust collector
fan design, a jacketed tail roller, and substituting mist for water in roof bolters are
important.

- The Mining Program should accelerate development of engineering controls
for mining activities aimed at meeting the NIOSH Recommended Exposure Limit
for noise exposure.

- The rank-ordering of noise exposures for all mining occupations should be
performed based on relative exposure levels and the number of people affected.

+ More research should be conducted on speech intelligibility in the midst of
high-noise areas and while wearing hearing protection devices, noise control for
metal or nonmetal mining, and noise control in longwall mining.

« Individuals who have experienced hearing loss (particularly older miners)
need to be protected from further hearing loss.

« Verbal and possibly nonverbal communication should be improved to
ensure the safety of hearing impaired individuals is not compromised.

« New noise partnerships should be pursued with stakeholders in mining
segments other than coal mining.

Occupational hearing loss continues to be one of the most pervasive problems
facing today’s workers. More than 30 million Americans across many fields are
regularly exposed to hazardous noise levels (Franks et al., 1996; NIH, 2002). In the
mining industry, hearing loss is the second most reported injury, representing 20.9
percent of diseases newly reported to the Mine Safety and Health Administration
(MSHA) in 2004 (MSHA, 2006). In addition, 25 percent of the mining population

108
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is reported to be exposed to levels exceeding the permissible exposure limit (PEL)
of 90 dBA (sound level in dB after applying the A-weighting filter). In response,
noise is considered by the National Occupational Research Agenda (NORA; http://
www.cdc.gov/niosh/nora) to be a high-priority research area for disease and injury
prevention, and it continues to be a top priority in NORA-2 (NIOSH, 2005b).

In 1997, MSHA established health standards for occupational noise exposure
aimed “to prevent the occurrence and reduce the progression of occupational
noise-induced hearing loss among miners” (30 CFR Part 62). The 2001 promulga-
tion of Title 30 in the Code of Federal Regulations (30 CFR Part 62), Occupational
Noise Exposure, emphasizes the primacy of engineering and administrative noise
controls and fuels increased interest in noise-induced hearing loss prevention
research by all stakeholders, including universities, manufacturers, government
offices, industry associations, labor, mining companies, professional associations,
and foreign entities.

STRATEGIC GOALS AND OBJECTIVES

Strategic goal 2 of the National Institute for Occupational Safety and Health
(NIOSH) Mining Program is to “reduce noise-induced hearing loss (NIHL) in
the mining industry,” with the “ . . ultimate long-term measure of success . . . the
elimination of new cases of NIHL.” While it will take decades to assess whether the
Mining Program has achieved this goal, the Mining Program has more immediate
and quantifiable goals of reducing noise exposure by 25 percent in 5 years and 50
percent in 10 years. These goals, while noble, are not under the direct purview of
NIOSH or its Mining Program and can be achieved only with the cooperation of
all stakeholders (manufacturers, other government agencies, management, and
labor). For example, hearing loss that results from other sources can be hard to
separate from occupational sources and would threaten the success of this goal.
More appropriate objectives, such as the four intermediate goals listed in Table 9-1,
involve producing the technologies and awareness that have the potential to reduce
NIHL.

The intermediate goals in Table 9-1 are adequate and address the primary bar-
riers to solving the noise problem. Adequate time lines and performance measures
were given for each intermediate goal. Some goals—such as 1 and 2— are quantifi-
able, based on delivering the outputs of the research program (e.g., measured sound
powers produced by a machine), monitoring the MSHA database for reports of
hearing loss, and performing follow-on surveillance. Other goals—such as 3 and
4—are more difficult to quantify because they involve attitudinal and subjective
data.
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REVIEW OF INPUTS

Planning Inputs

MSHA data (MSHA, 2006) support the seriousness of NIHL in the mining
industry. Noise exposures and incidence of hearing impairment are higher than
average among miners. NIOSH has entered into a Noise Partnership with many
stakeholders that include the United Mine Workers of America (UMWA), the
Bituminous Coal Operators of America (BCOA), the National Mining Associa-
tion (NMA), MSHA, and several mining equipment manufacturers and suppliers
(NIOSH, 2006d).! Planning inputs to the Mining Program NIHL research program
are considered adequate because NTHL is established as the most prevalent disease
among the nation’s workforce. No distinction has been made as to whether certain
mining populations are more vulnerable than others, although the entire mining
population is exposed and at risk.

Production Inputs

Resources committed to NIHL research have increased in some cases and de-
creased in others. Hearing loss prevention saw a substantial increase in full-time
equivalents (FTEs) from 9 in 1998 to 25 in 2005 (see Table 2-3). While the total
budget for the noise program increased, discretionary spending dropped from
30 percent in 1998 to a low of 12 percent in 2004. Discretionary spending then
increased to 22 percent in 2005 due to a substantial budget increase by Congress
that year, with the additional funds used to support more staff and to construct
new facilities, such as the hemi-anechoic chamber. Since in-house research is sup-
ported with discretionary funds, presumably any decrease will negatively impact
in-house research efforts. In terms of the overall budget, more than 10.2 percent
of the 2005 Mining Program budget was spent on hearing loss prevention (HLP)
compared to the 4.7 percent spent for HLP in 1998, reflecting the increased em-
phasis on this subject.

IThe noise partnership was formed in response to the passage of a new noise rule in 1999 (30
CFR Part 62). The partnership provides opportunities for collaborative research with stakeholders
related to the Hearing Loss Prevention Program at NIOSH’s Pittsburgh Research Laboratory. The
program goal is to reduce noise exposures of the nation’s miners through research efforts associated
with worker noise exposure and related sources, noise control technologies, worker empowerment
and education, and improved hearing protection devices.
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REVIEW OF ACTIVITIES

Hearing loss prevention activities in the Mining Program relate to the seven
projects listed in Table 9-2. Each of the projects relates to a corresponding interme-
diate goal. These projects provide a good mix of surveillance, study, and evaluation
of health hazards; development and evaluation of controls; education; technology
transfer; and training. Some of the most important issues identified earlier are be-
ing addressed in the engineering NIHL prevention studies (3, 4, and 7) and have
the potential to significantly reduce noise exposures in mining.

Hearing loss surveys indicate most drill operators over 40 years of age have
NIHL (NIOSH, 2005a). One problem addressed by the Mining Program is that as
mining productivity increases through the use of larger and faster equipment and
process developments, noise levels and exposures increase as well.

REVIEW OF RESEARCH OUTPUTS

A total of 67 of the 1,428 (4.7 percent) Mining Program outputs are related
to hearing loss prevention. While the productivity seems low compared to other
areas of the Mining Program, it is not surprising, given that the noise program
was recently rekindled—from 3 workers in 1998 to more than 20 in 2001—and
that it takes time to perform the surveillance required to identify key problems.
Outputs appear to address concerns of populations affected by excessive noise
levels. Furthermore, the information outputs and tools (software, videos) can be
adopted by small business to include in their training programs. Some cross-agency
collaboration (Pittsburgh Research Laboratory; Division of Applied Research and
Technology; Division of Surveillance, Hazard Evaluations, and Field Studies; and
others) is reported, although cross-agency collaboration could be strengthened.

Of the 67 outputs, 13 are linked to intermediate outcomes discussed later. A
variety of outputs have been produced and the findings disseminated through
a number of venues. Printed media include more than two dozen conference
and journal publications, safety bulletins, NIOSH Information Circulars, a book
chapter, and a public report. The Mining Program has also produced numerous
in-house reports that have been shared with industry partners to help improve
their noise management strategies. At least one stakeholder reported posting noise
contour maps developed by NIOSH so that employees can see first hand where the
high-noise areas are in the processing plants. In addition, NIOSH has produced
three promising and feasible control technologies that are included in the MSHA
Public Information Bulletin (PIB) 30 CFR Part 62. Equipment manufacturers
and mine operators look to such documents to solve their noise problems. Other
products include training aids, such as the hearing loss simulator software, various
web documents, a training video, and others.
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Nearly 10 workshops have been conducted around the country, including one
for the Noise Partnership, one for the National Ground Water Association Expo,
and many for state or regional well-water associations. The outputs convey sur-
veillance findings, address educational challenges, and target high-priority NIHL
prevention topics through engineering or administrative controls. The wide variety
of products ensures that all segments of the population can be reached. Noticeably
absent, however, are patents related to noise control research. While cumbersome
in many respects (cost, time, licensing agreements, collaborative environment, etc.),
they would ensure that NIOSH gets due credit for its research developments.

REVIEW OF TRANSFER ACTIVITIES

Transfer activities include a mix of conference presentations and publications,
collaborations with industry partners, development of databases outlining expo-
sure assessments, development of engineering and administrative controls, and
educational products. A coherent plan to transfer activities is being executed. A
wide variety of publication types (conference and journal papers, book chapters,
information bulletins or circulars, and reports) has been created. This diverse mix
of publications reaches all segments of the mining industry, including equipment
manufacturers, academics, mine operators, labor, and safety or hygiene officials.
The Internet is well used to disseminate publications and training aids, such as
software and videos. Some stakeholders testified that the Mining Program is a
“technical conduit” for new technology, and there is anecdotal evidence to show
that it has been successful at communicating. Stakeholders also emphasized that
noise should continue to be a high-focus area for mining research.

A few transfer activities merit special attention. The Noise Partnership, be-
tween the Mining Program and its stakeholders, conducts semiannual workshops
to facilitate two-way information exchange. The Hearing Loss Prevention Unit
(mobile audiology van) has visited 42 locations around the country and performed
hearing tests on more than 5,400 workers, including more than 1,900 miners. This
van serves a dual purpose: in addition to conducting hearing tests, it serves as a
research aid using data gathered from the hearing tests. A Hearing Loss Simulator
software program allows workers to experience first hand the effects of hearing
loss that can be expected for their given exposure levels. Finally, instructing miners
in the “roll-pull-hold” method of inserting foam earplugs, while not particularly
new, offers a fun and “catchy” method of remembering the correct way of inserting
earplugs. The last two activities—the Hearing Loss Simulator and the roll-pull-hold
method—are activities aimed directly at miners. In addition, many stakeholders
provided anecdotal evidence that these NIOSH activities have made an impact in
the workplace.
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REVIEW OF INTERMEDIATE OUTCOMES AND CAUSAL IMPACT

Three intermediate outcomes for hearing loss prevention are listed in the Min-
ing Program Briefing Book (NIOSH, 2005a):

1. Motivating prevention behaviors with the NIOSH Hearing Loss Simulator,
2. Noise reduction of roof bolting machines using wet and mist drilling, and
3. Reducing noise on continuous mining machines using coated flight bars.

The Hearing Loss Simulator software appears to be a very successful training
aid, judging from the number of requests (>300), including organizations such as
the National Hearing Conservation Association, Council for Accreditation in Oc-
cupational Hearing Conservation, equipment manufacturers, and safety organiza-
tions from 11 different countries. It is clear that the software tool has general appeal
for educating workers and officials on the perils of hearing loss, while empowering
the worker through education. Reports from users of the software tool describe
a greatly increased understanding of the effects of NIHL and changed attitudes
toward protecting their hearing. The Hearing Loss Simulator software has been
far-reaching, having received a lot of interest outside the mining community and
around the globe.

Reduced exposure to noise will result in reduced NIHL (ISO, 1990; ANSI, 1996).
New control technologies (mist drilling,” and coated flight bars for continuous
miners®) have been developed with significant noise reductions. The mist-drilling
system provides a more sustainable mining practice by using less water than tradi-
tional methods. In addition, the mining environment is made more comfortable and
potentially safer, since pooled water on the mine floor is reduced. Engineering mea-
surements show that the sound power levels of roof bolters and continuous mining
machines have been reduced, which in turn has resulted in reduced noise levels (and
exposures) at the operator position (NIOSH, 2005a). Unlike long-term exposure
and audiometric records, laboratory data are objective and directly attributable to
NIOSH efforts, since they demonstrate the before and after noise exposures. Sig-
nificant reductions of 2 to 7 dBA for the roof bolter and 7 dBA for the continuous
miner were reported. Laboratory tests also show reductions of 8 to 15 dBA from
the partial cab being developed for the drilling rig. Typically, field tests will show
less improvement, although these results are encouraging nevertheless. Similarly the
“roll-pull-hold” method of inserting foam earplugs is reported to improve the effec-

2See NIOSH Information Bulletin P04-18, 2005, available at http://www.msha.gov/regs/complian/
PIB/2004/pib04-18.pdf [accessed November 10, 2006].

3See NIOSH Information Bulletin P04-18, 2005, available at http://www.msha.gov/regs/complian/
PIB/2004/pib04-18.pdf.
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tive noise reduction rating (NRR) by 9 dB in a laboratory setting. Note that for each
5 dBA reduction in noise exposure, the corresponding dose would be cut in half (for
the 5 dB exchange rate promulgated in 30 CFR Part 62). NIOSH advocates use of
a 3 dB exchange rate, which if adopted would result in more significant reductions
in dose per given reduction in sound level (NIOSH, 1998), albeit for higher overall
doses. The committee would expect a reduction in NIHL with industry acceptance
and implementation of NIOSH recommendations.

It is not clear to the committee why the Mining Program does not better
advocate the use of earmuffs or circumaural hearing protectors, which have been
shown to deliver a significantly higher percentage of the laboratory attenuation in
the field than earplugs (NIOSH, 1998; Berger et al., 2000). Earmutffs are generally
more reliable and less dependent upon user skill, training, and motivation, but
admittedly are construed as more uncomfortable by some workers.

Perhaps most importantly, the proposed equipment changes for engineering
noise-induced hearing loss prevention appear economically and technically fea-
sible. Further, some are designated by MSHA as providing “promise” of reducing
noise exposure (MSHA, 2004b). Due to the strong collaborative efforts between
labor, industry, manufacturers, and government, equipment changes were adopted
quickly. Coated flight bars are manufactured and available through Joy Mining
Machinery, which also makes a retrofit mist drilling kit for the J. H. Fletcher & Co.
roof bolter. Reportedly, these products are already in use and are being evaluated
in situ, but no quantitative data are given.

No distinction between gender differences or protecting vulnerable popula-
tions has been made. Considerations of particularly vulnerable groups should be
built into research designs from the beginning to produce information on any
special problems that may cause vulnerability. It should also be noted that reducing
noise exposures should theoretically provide benefit to all segments of the mining
workforce.

REVIEW OF END OUTCOMES

The desired end outcome, as expressed by the Mining Program, is to reduce
the incidence of NIHL in the mining population. Aside from the limitations to
achieving these goals mentioned earlier, it will take decades to assess the impact of
the noise program outputs, which are just emerging. It is too early to establish any
trends. Field tests to evaluate innovations are ongoing. As for the end outcomes
associated with the Hearing Loss Simulator, the best evaluation data were self-
reported, based on attitudinal surveys given to workers before and after using the
software. More extensive research is planned to better quantify the effects of this
and other research.
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ASSESSMENT OF RELEVANCE AND IMPACT

It is difficult to rate the budding noise research group within the Mining
Program, but ratings are based on the moderate contribution of intermediate
outcomes, as well as the promise that current projects have to continue to deliver
innovations for noise control. It will take multiple decades to realize the ultimate
end outcome—the reduction or elimination of NTHL. Reductions in noise expo-
sure are generally accepted to translate into a reduction in noise dose, and given
the lack of data regarding the actual reduction rates of NIHL, the committee is
using exposure reduction as a proxy to measured end outcomes. The moderate
reductions in noise exposures to operations from adding a partial cab to surface
drilling rigs, coating the flight bars of continuous miners, new dust collector fan
design, jacketed tail roller, and substituting mist for water in roof bolters (drills)
are significant (9, 7, 5, 3, and 2-7 dBA, respectively). The most popular makes of
roof bolter and continuous miner were targeted for modification so that research
results have the greatest chance of adoption by the mining industry. The simplified
roll-pull-hold method of foam earplug insertion (the most popular type of hearing
protection device [HPD]) has resulted in a reported 9 dB increase in NRR under
ideal circumstances. The ongoing surveillance program has established the most
pressing noise problems in the mining industry as well as baseline measurements
to eventually assess the efficacy of control technologies.

Aside from refining the goals under the purview of NIOSH, the rank ordering
of noise exposures for all mining occupations should be determined based on rela-
tive exposure levels and the number of people affected. To date, no investigation of
vulnerable populations, gender differences, and so forth, has been conducted, pre-
sumably to make most efficient use of the resources available. The Mining Program
should continue to ensure that it reaches all segments of the mining community
with new information, especially smaller mines and equipment manufacturers.
More research should be conducted on speech intelligibility in the midst of high-
noise areas and while wearing HPDs. New noise partnerships should be organized
with the metal and nonmetal mining sectors and more NIHL research should be
conducted for this mining segment. Longwall mining, though affecting relatively
few, is a particularly noisy occupation that should ultimately be addressed.

PROGRESS IN TARGETING NEW RESEARCH

The Mining Program assesses research needs in multiple ways: (1) by studying
the MSHA accident and injury database (MSHA, 2006); (2) by conducting noise
surveys; and (3) by collecting input from stakeholders. Noise surveys include noise
contour mapping, dosimetry, and time-at-task observations (the “gold standard”
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of surveying). Stakeholder interaction is enhanced through the Noise Partner-
ship group, previously mentioned. It appears that the Noise Partnership is heavily
focused on coal mining noise. If this is the case, it should be expanded to include
metal and nonmetal mining.

Signature Accomplishment:
Education and Training Through Mobile Audiometric Testing

The Hearing Loss Prevention Unit (HLPU), developed by the Mining Program,
consists of a sound-insulated 32-foot trailer containing four independent, com-
puter-controlled audiometric testing stations. The HLPU travels around the country
to conferences and to remote mine locations educating miners and their families
about noise-induced hearing loss and hearing protection. Not only can it conduct
hearing evaluations, but it is also used by the Mining Program for training—such
as teaching workers the proper way to insert hearing protectors—and for research
projects. A counseling area inside the booth contains audiovisual equipment used to
present educational materials. The HLPU can be configured to perform a wide range
of research tasks, including hearing test feedback as part of training programs,
training in proper use of hearing protectors, and supporting more effective hearing
loss programs aimed at protecting the hearing of the nation’s miners.

The Hearing Loss Prevention Unit developed by the Mining Program.
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Review of Research on the Reduction of
Cumulative Musculoskeletal Injuries!

Key Findings and Recommendations for Research on Cumulative
Musculoskeletal Injuries

- The Mining Program is doing work in this area that is highly relevant to
mining and other industries. Research is in the high-priority areas of equipment
and work design.

- Interaction between the cumulative musculoskeletal research group and
other NIOSH programs and divisions should be increased.

According to the National Institute for Occupational Safety and Health
(NIOSH), musculoskeletal disorders (MSDs) include a group of conditions that
involve the nerves, tendons, muscles, and supporting structures such as interver-
tebral disks. They represent a wide range of disorders that can differ in severity
from mild, periodic symptoms to severe, chronic, and debilitating conditions.
Work-related musculoskeletal disorders (WMSDs) arise from such risk factors
as frequent or heavy lifting; pushing or pulling heavy objects; prolonged awk-
ward postures; vibrations; and repetitive, forceful, or prolonged exertion of the
hands. Examples of MSDs include low back pain, tendonitis, and carpal tunnel
syndrome (NIOSH Facts, http://www.cdc.gov/niosh/muskdsfs.html). The solution
to the WMSD problem is often sought through the application of ergonomics.
Ergonomics is the science of fitting workplace conditions and job demands to the
capabilities of workers.

Mining tasks and the mining environment are characterized by several unique
factors. Major mining tasks involve handling either mining products or the mate-

Because the committee did not include an ergonomics expert, it commissioned a white paper from
Dr. Barbara Silverstein, M.P.H., C.P.E. of the Washington State Department of Labor and Industries
regarding the impact and relevance of ergonomics related research conducted within the NIOSH
Mining Program. Her paper is included as Appendix C of this report and was carefully considered
by the committee during the preparation of its review.

120
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TABLE 10-1 Illness and Non-Fatal Days Lost Data for Mine Operators from 1993 to 2002

Illness Data No. Percent NFDL Data No. Percent

Cases 6,419 Cases 84,629

Repeated trauma disorders 3,314  52% Nature of injury

Part of body affected Sprain, strain, ruptured disc 38,727  46%
Wrist 1,445 23% Joints, tendon, muscle inflammation 421 1%
Ears 1,154  18% Part of body affected
Back 430 7% Back 21,030 25%
Knee 251 4% Knee 8,114 10%

SOURCE: MSHA, 2006.

rials associated with activities such as roof support, ventilation control, or power
supply installation. Cutting, drilling, loading, and hauling equipment are a com-
mon part of miners’ work, but they are often done in confined places with poor
clearances and on poor or uneven floors that create unfavorable conditions for
body postures. Some working conditions create hazards associated with whole-
body vibrations or slips and falls. Other environmental factors such as limited
visibility, dust, noise, heat, and humidity, coupled with shift and extended hours,
are also associated with mining injuries. Mining equipment operators often are
exposed to heavy and repetitive jarring and jolting motions.

Table 10-1 shows reported illness and non-fatal days lost (NFDL) injury data
for mine operators between 1993 and 2002 (mill and office workers were not in-
cluded). Repeated trauma disorders account for a majority of illnesses. In terms
of parts of the body, ears are affected about 35 percent of the time, whereas wrist,
back, and knee account for almost all other cases of repeated trauma (64 percent).
Mining NFDL records indicate that nearly half of days lost were associated with
sprains and strains, and approximately one third of days lost were associated with
either back or knee injuries. Given that wrist, back, and knee injuries show up
prominently in mining injury data, the work-related risk factors for these injuries
need to be identified to reduce or eliminate them.

STRATEGIC GOALS AND OBJECTIVES

The reduction of repetitive or cumulative musculoskeletal injuries in mine
workers as one of the Mining Program’s major strategic goals. The performance
measure for achievement of this strategic goal is a 30 percent reduction in MSDs
by 2014, from the baseline data of 2003. The two intermediate goals in this research
area are summarized in Table 10-2. The committee recognizes that injury reduc-
tion research is enhanced by the increased application of human factors research
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TABLE 10-2 Intermediate Goals and Performance Measures of the Reduction of
Repetitive and Cumulative Musculoskeletal Injuries and Committee Comments

Intermediate Goal®

Performance Measure®

Committee Comments

Quantify job
demands and physical
capabilities of miners
to develop improved
recommendations for
work design

This goal will be achieved

by providing 10 improved
designs and work practices
for reducing musculoskeletal
exposure in mining jobs by
2009

(1) The relationships between
the goal and the performance
measure is unclear. (2)
Relationship between
quantification of performance
measure and performance
measure itself is unclear

Develop and field-

test ergonomic
interventions to reduce
worker exposure to
musculoskeletal risk
factors

This goal will be achieved by
reducing the repetitive injury
rate by 25% at test mine sites
by 2009, using the 2003 rate as
baseline

Given data available on injury
rates during the last decade, the
performance measure chosen
to meet this goal could be more
ambitious

2SOURCE: NIOSH, 2005a.

results? and ergonomic principles in mining. Achievement of performance mea-
sures is dependent on the acceptance of Mining Program recommendations regard-
ing design, work practices, and ergonomic interventions.

Table 10-3 compares illness and NFDL injury data for 1996 and 2005. The data
provide insight into progress in the reduction of repeated trauma disorders and
NEDL injuries. The number of unreported illnesses and injuries is not known, nor
is it known how many incidents may be occurring prior to injury or illness induc-
ing events. In view of the reduction in injuries noted in Table 10-3, performance
measures for the strategic goal and the program’s second intermediate goal could

be more challenging.

REVIEW OF INPUTS

Primary input comes from the Mine Safety and Health Administration (MSHA)
surveillance data on injuries and lost work days. Other sources of input include

2Ergonomics (or human factors) is the scientific discipline concerned with the understanding of
interactions among humans and other elements of a system, and the profession that applies theory,
principles, data, and other methods to design in order to optimize human well-being and overall
system performance (http://www.iea.cc/ergonomics/).
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TABLE 10-3 Comparison of Total Reported Illness and NFDL Injury Data for

1996 and 2005
1996 2005 Reduction (%)
Illness Data
Number of illnesses 409 206 40
Repeated trauma disorders 232 155 33
Body part
Wrist 104 69 34
Back 41 16 70
Knee 22 16 27
NFDL Data
Number of NFDL 8,641 5,325 38
Sprain or strain 3,872 2,347 39
Joints and muscles 36 17 53
Back 2,106 1,037 52
Knee 770 573 26
Wrist 122 116 5

SOURCE: Vanessa A. Stewart, MSHA, personal communications to Raja V. Ramani on June 12, 2006, and June
14, 2006.

mining companies, manufacturers, and worker unions. Specifically, NIOSH has
worked with mining companies and equipment manufacturers on specific pro-
cesses, procedures, and equipment development and demonstration projects. The
Mining Program has also formed a partnership with a coal company to enhance
the introduction of a process to reduce WMSD risk factors.

Research on the reduction of cumulative musculoskeletal disorders is allocated
approximately $2.0 million of total annual funding with discretionary funding of
about $150,000. Currently, there are 20 full-time equivalents (FTEs) and four proj-
ects associated with this research area, which represents approximately 7 percent
of the total Mining Program funding, 8 percent of the total FTEs, and 2 percent
of total discretionary funding. Compared to 1998 statistics, these figures represent
an increase of 67 percent in funding and 25 percent in FTEs.

Expertise in the program includes physiology, bioengineering, mining, indus-
trial and mechanical engineering, sociology and psychology, and industrial hygiene,
though does not include expertise in epidemiology and cognitive ergonomics.
Although the Mining Program describes a large overlap between its own interests
and those of the NIOSH Musculoskeletal Research Program (NIOSH, 2006b), the
level and nature of input from that program to the Mining Program could not be
determined by the committee with the information received. The committee was
not certain that such interactions filled gaps in expertise.
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Several specialized facilities are available at the Pittsburgh and Spokane Re-
search Laboratories for cumulative research. The facilities include equipment for
motion analysis, shock tests, strength tests, simulation of mining tasks, and whole-
body vibration.

The attention paid to identify risk factors in the mining environment and
mining work that cause cumulative musculoskeletal disorders is well deserved. The
increase in funding and FTEs, while very modest, is to be commended.

REVIEW OF ACTIVITIES

Mining Program research activities to reduce WMSDs are aimed at designing
tasks, tools, equipment, machine controls and displays, and training programs to
be compatible with workers’ physical capabilities and limitations in the working
environment. Properly designed tasks and equipment, in combination with appro-
priately trained workers, can reduce or eliminate overexertion, overuse of muscles,
and bad posture at the worksite. Engineering control is the principal means of
enacting improvements.

The projects in this research area are concentrated on identifying and docu-
menting risk factors for WMSDs and associated ergonomic issues in mining, as well
as developing recommendations for reducing exposure to risk factors for cumula-
tive injuries. Two lines of research can be seen in the cumulative injury program:
the adaptation of off-the-shelf items for mining industry applications; and research
on understanding the physiological and biomechanical aspects of mining work.

Two major research activities of the last decade included improved seat design
for shuttle cars in underground coal mines and a collaborative effort with a sur-
face coal mining company for implementation of a process to reduce exposure to
WMSD risk factors. The Mining Program’s role in this latter effort was limited to
guiding and directing the coal company’s efforts in customizing and implement-
ing an ergonomics process. Table 10-4 describes the four active projects being
conducted within this research area.

The following need to be considered to reduce the incidence of musculoskeletal
disorders: (1) the task or work to be accomplished; (2) the individual(s) who will
do the work; (3) the environment in which the work is accomplished (physical,
chemical); (4) the technology and machines used in the performance of the task;
and (5) the organization of the task, including such factors as hours of work, shift
work, degree of social interaction, and level of supervision (Perez, 1999). The Min-
ing Program incorporates these considerations into its activities. Laboratory and
field studies are combined with physical and computer modeling to characterize
and analyze WMSD risk factors associated with mining. Approaches to increase
miner awareness of WMSD risk factors, and the introduction of ergonomic pro-
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cesses into operations, have included the development of training programs and
partnerships with mining companies and industry-wide organizations. While some
project-specific suggestions regarding study design are given in Table 10-4, includ-
ing suggestions regarding study methodology and implementation for a greater
diversity in ergonomic intervention strategies, expertise beyond that currently
available within the Mining Program may be required for implementation.

Some mining tasks involve sedentary work, heavy lifting, a combination of en-
vironmental factors (e.g., noise, dust, heat, and humidity), or the effects of extended
working hours (as a company practice or a result of overtime) and fatigue. All of
these topics require research on their contributions to WMSDs. It is important to
state that the cumulative injury program is a very small part of the Mining Pro-
gram. While it may be possible to incorporate some of the topics identified here
into the current program, additional resources would be required.

REVIEW OF RESEARCH OUTPUTS

The Mining Program reports 85 outputs from the MSD prevention research
group between 1996 and 2005—-approximately 6 percent of all Mining Program
outputs. The outputs are mostly articles appearing in various journals, though a
small number occur in other formats such as videos, software, training programs,
checklists, and guidelines. Approximately 20 percent of these publications are re-
lated to risk factor case studies regarding machines associated with underground
and surface mining unit operations and mines in general. Approximately 15 percent
of outputs are associated with studies concerning biomechanics and body extremi-
ties. Approximately 33 percent of outputs are associated with strength testing, body
postures, and human factors. Equipment design accounts for approximate 12 per-
cent of the outputs. Case studies and descriptions of partnership results should be
useful industry-wide.

REVIEW OF TRANSFER ACTIVITIES

The cumulative injuries prevention research area has utilized a number of
means to reach stakeholders. In addition to the publications referred to above,
the Mining Program web site presents information on several topics concerning
ergonomics. Brief descriptions of general MSD issues are followed by more specific
discussions topics, such as workplace and equipment design and engineering and
administrative controls. References to several NIOSH publications are provided.

Mining Program investigators have conducted training sessions at the request
of mining companies and have conducted workshops at worker unions’ health
and safety conferences. Direct contact with the users is likely to result in greater
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implementation of recommended practices than recommendations published in
journals.

Program collaboration with mining companies and equipment manufactur-
ers has led to the introduction of ergonomic processes in the workplace (such as
WMSD risk assessment tools) and the adoption by manufacturers of new equip-
ment designs (e.g., dragline operator workstations, shuttle car operator seats).
Videos on the latter products have also been made for use in training sessions and
general distribution.

Investigators in the MSD prevention research area of the Mining Program ac-
tively disseminate their research results to the community of fellow researchers and
to the mining industry. Their efforts seem to be well-directed, based on research
outcomes discussed in the next section.

REVIEW OF INTERMEDIATE OUTCOMES AND CAUSAL IMPACT

As a result of research within the Mining Program, there are a number of find-
ings with regard to WMSD risk factors in the mining industry. NIOSH investigators
note that miners spend a lot of time at work on their knees or in awkward, squat-
ting positions, spawning a number of studies on knee injuries and the development
of effective prevention strategies. Mining Program studies on the risk of WMSDs
associated with mobile equipment, such as jarring, jolting, whole-body vibrations,
and ingress and egress, have resulted in a number of improvements to equipment
and work procedures. Implementation of ergonomic processes in several mines in
different environments through partnerships with mine operators has led to the
design of improved workstations and further development of training and evalu-
ation programs.

Joy Mining Machinery, a major supplier of underground coal mining machin-
ery, reports the NIOSH-designed shuttle car seats are preferred by shuttle car op-
erators over other available designs. The introduction of ergonomic processes (22
interventions in 3 years) resulting from the partnership with Bridger Coal Com-
pany has had many positive outcomes, including requests from other companies to
introduce the processes in their own operations. According to the Mining Program
(NIOSH, 2005a), 800 additional people from different organizations have been
trained on risk factor awareness. The Bridger Coal/Mining Program partnership
also resulted in the Mining Program’s decision to redesign the dragline operator
workstation to better fit human limitations and task requirements.

Given the limited number of underground and surface mining equipment
manufacturers, the potential for transferring the shuttle car and dragline design
improvements to other mining equipment in surface and underground mining is

high.
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REVIEW OF END OUTCOMES

There are no clearly discernible end outcome data that can be directly associ-
ated with this research area. However, it is appropriate to conclude that the program
is having positive impacts in the workplace in selected areas. The Mining Program
informed the committee (NIOSH, 2005a), for example, that the percentage of
employees reporting discomfort at the Bridger Coal Mine decreased by 15 percent
over a 3-year period. It would be useful to collect and analyze injury experience
data directly related to WMSDs on specific operations and tasks in order to develop
a stronger association with specific interventions.

A number of quantitative indicators attest to the adoption of NIOSH-designed
shuttle car seats by manufacturers and mining companies. The number of replace-
ment seats ordered for equipment currently in use underground and the number of
shuttle cars sold with the new NIOSH-seat design are approximately 150 and 300,
respectively. The WMSD injury rates of shuttle car operators should be tracked to
study the effectiveness of the improved design.

The cumulative musculoskeletal injury research area has generated a large
amount of knowledge in the area of WMSDs in mining. The manner in which this
knowledge can be put into practice by mining companies, equipment manufactur-
ers, and training organizations has been demonstrated to a limited extent by the
program itself. The outputs of this program are relevant to several other industries,
particularly construction and agriculture, where the equipment and tasks are simi-
lar to those in mining. To ensure that these benefits accrue to the larger worker
population, increased interaction between the Mining Program and other NIOSH
programs should be explored.

ASSESSMENT OF RELEVANCE AND IMPACT

The present cumulative injury research program has concentrated on increas-
ing awareness of ergonomic processes, development of better designs for mining
equipment, and a greater understanding of mining tasks and their demands on the
human body. From the discussion above, it is clear the program is doing work that
is highly relevant to mining and other industries. Research is in the high-priority
areas of equipment and work design. There is ample evidence of good engagement
of mining companies, industry organizations, manufacturers, and union person-
nel in the definition of problems and the transfer of outputs. While there are no
specific end outcome data to report, several major contributions have the potential
to improve health and safety in the mining workplace.
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PROGRESS IN TARGETING NEW RESEARCH

Partnerships guide the direction of WMSD reduction research, indicating
responsiveness to stakeholders. The committee, however, considers the Mining
Program’s targeting of its WMSD reduction research to be largely reactive rather
than proactive, resulting in accomplishments that are not necessarily applicable
industry-wide. Since there is similarity in mining, civil engineering, and agricul-
tural equipment, it would appear that there is a broader scope for the definition
of WMSD issues and solutions through more rigorous and formal interactions
between various NIOSH research programs and the MSD health effects group.
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Review of
Traumatic Injury Prevention Research

Key Findings and Recommendations for
Traumatic Injury Prevention Research

High-priority areas have been addressed through activities that generated
new knowledge and technology.

The Mining Program should increase the amount of new technology devel-
opment that targets mining-specific issues in traumatic injury prevention.

The traumatic injury prevention research group should proactively analyze
mining trends for new safety issues.

Education, training, and technology transfer techniques need to be evalu-
ated to have the greatest impact.

Attention is needed in the areas of automatic and remote control
technologies.

STRATEGIC GOALS AND OBJECTIVES

Reducing injuries and hazards that cause traumatic injuries are important ele-
ments of the ideal mining health and safety research program discussed in Chapter
3. Trauma is defined by the National Institute for Occupational Safety and Health
(NIOSH, 2006¢) as

an injury or wound to a living body caused by the application of external force or violence.
Acute trauma can occur with the sudden, one-time application of force or violence that
causes immediate damage to a living body.

One of the Mining Program’s seven strategic goals is to reduce traumatic
injuries in the workplace. The performance measure for this goal is a 30 percent
reduction in traumatic injuries by 2014 from the 2003 baseline. The Mining Pro-
gram intends to reach this goal by carrying out research activities addressing the

131

Copyright © National Academy of Sciences. All rights reserved.



Mining Safety and Health Research at NIOSH: Reviews of Research Programs of theNational Institute for Occupational Safety and Health
http://www.nap.edu/catalog/11850.html

132 MINING SAFETY AND HEALTH REsEarcH AT NIOSH

five intermediate goals listed in Table 11-1. The strategic goal of reducing traumatic
injuries is straightforward and well defined. All five intermediate goals are achiev-
able. In 2006, NIOSH conducted workshops for the second decade of the National
Occupational Research Agenda (NORA-2) and identified equipment accidents,
automation, and training effectiveness as priorities—areas already included in the
intermediate goals for traumatic injury prevention research within the Mining
Program. Ground failure control research is a separate research area within the
Mining Program.

There were 55 fatalities, 8,183 non-fatal-days lost (NFDL) injuries, and 3,867
no days lost (NDL) injuries reported in 2004 (MSHA, 2006). The need for contin-
ued reduction of traumatic injuries is evident. Based on MSHA statistics, powered
haulage, machinery, and materials handling are specific areas that require attention.
With changes in mining technology and equipment size, traumatic injury preven-
tion is likely to demand more attention.

The traumatic injury prevention research group, however, lacks the leadership
that facilitates the development of new technologies. Research is essentially applied
and stems from new technologies developed by other NIOSH programs; thus,
research on traumatic injuries has been limited and does not allow the Mining
Program to adequately address immediate mining-specific problems.

REVIEW OF INPUTS

Major planning input for traumatic injury prevention research comes from
the Mine Safety and Health Administration (MSHA) in the form of accident and
injury data. Other sources of planning input include other federal agencies (e.g.,
directives from the Department of Health and Human Services and the Centers
for Disease Control and Prevention [CDC] as they adhere to guidance from federal
advisory groups), stakeholders (e.g., labor unions, trade organizations), academia,
and state agencies.

The number of personnel working on traumatic injuries ranged from a high
of 70 in 1998 to a low of 37 in 2005, with approximately $40 million in total ex-
penditures. During that time, discretionary expenditures ranged from $778,000 to
$350,000, and funding for traumatic injury prevention research decreased by 21
percent. In the same period, NIOSH funding increased by 20 percent and full-time
equivalent employees (FTEs) decreased by 8 percent. Compared to the overall Min-
ing Program, traumatic injury prevention research has experienced large changes
in funding and FTEs. Changes may be due to a greater-than-normal attrition of
personnel; goals being achieved in traumatic injury statistics; and increased em-
phasis on the emerging areas of hearing loss, surveillance, training, and cumulative
injuries. With changes in mining conditions, equipment size, and technology, there
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may be new sources of hazards, the need for proactive analysis of safety issues, and
the need for newer surveillance training programs.

REVIEW OF ACTIVITIES

In 2006, traumatic injury prevention research involved 11 activities, at a cost
of $4.13 million. The activities, their purpose, and brief assessments are listed in
Table 11-2. These activities, along with others to be conducted under NORA-2, are
designed to achieve the overarching strategic goal of a 30 percent reduction in trau-
matic injuries by 2014, using the 2003 NFDL traumatic injuries rate as reference.

REVIEW OF RESEARCH OUTPUTS

Table 11-3 provides a comparison by type of traumatic injury prevention re-
search outputs and total Mining Program outputs between 1996 and 2005 (NIOSH,
2005a). The table suggests this research area has been very active in obtaining pat-
ents, and developing guidelines, standards, training, videos, and web documents.
The seven patents are for different warning devices based on essentially the same
technology. Outputs from electrical research activities were used to promulgate
regulations. Many publications—Report of Investigations, Information Circulars,
and Bulletins—subsequently resulted in presentations at numerous national and
international meetings.

Mining Program outputs have covered every facet of traumatic injuries. High-
priority areas were addressed through activities that generated important new
knowledge and technologies, such as proximity warning devices that provide audio
and visual alarms in the vicinity of mobile equipment. Outputs related to high-
voltage equipment include recommendations addressing high-priority areas, and
allowed for the promulgation of MSHA'’s regulation for high voltage on longwalls,
and the proposal of new MSHA regulation related to high voltage on continuous
miners. Patents for proximity warning devices and similar technologies indicate
that the Mining Program continues to pursue original ideas to create products use-
ful to the industry. Most of the remaining outputs relate to applications for both
individual large and small mining operations, but do not represent breakthrough
results. All outputs have undergone, at the minimum, NIOSH’s internal peer re-
view process, and several have received national and international recognition for
contributions to the reduction of traumatic injuries.
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REVIEW OF TRANSFER ACTIVITIES

Like its predecessor—the U.S. Bureau of Mines (USBM)—NIOSH transfers
most of its research results into publications and training materials. By working
with MSHA, important research results have been incorporated into enforcement
and into engineering and education regulations and guidelines. No data are yet
available to evaluate how well the research to practice (r2p) program functions as
a mechanism to transfer information related to traumatic injury research.

REVIEW OF INTERMEDIATE OUTCOMES AND CAUSAL IMPACT

Below is a list of intermediate outcomes resulting from work in this research
area (NIOSH, 2005a):

* A NIOSH Technology News article (NIOSH, 2001) advised blasters to place
carbon monoxide (CO) monitors in the basements of homes and businesses near
blast sites. Since 2001, there have been no blasting-related CO poisonings. CO
monitors have alerted residents before the onset of illness in two recent cases.
Blasters are becoming educated in the need to minimize CO generation.

+ The Mining Program, in cooperation with MSHA, developed guidelines for
the safe use of waste motor oil for making ammonium nitrate fuel oil blasting agent.
The Institute of Makers of Explosives has adopted this standard, and the recycling
of waste motor oil for this use has become an accepted industry practice.

+ MSHA requests for Mining Program assistance in accident investigations re-
sulted in research that identified the need to modify boosters by incorporating tape
over the detonator, and the modification was implemented by manufacturers.

* The Mining Program recommended a nitrogen dioxide (NO,) gas monitor-
ing protocol in response to requests by the Wyoming Mining Association (WMA)
Red Smoke Committee; this was submitted by WMA to the Wyoming Depart-
ment of Environmental Quality and incorporated into WMA’s Powder River Basin
Short-Term Exposure to NO, Study. Research results have been incorporated into
Powder River Basin mining plans. The frequency of orange blasting product clouds
has decreased by about 90 percent since the Mining Program began working with
Powder River Basin mines.

+ Two manufacturers have added, or plan to add, undercarriage power line
contact alarms as both add-on and stand-alone products as a result of Mining
Program research on overhead power line hazard and contact alarms.

+ The Electrical Safety Foundation International, in collaboration with the
Mining Program and other partners, produced a training pamphlet regarding
overhead power line electrical safety intended for small contractors and Hispanic
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TABLE 11-3 Research Outputs Related to the Traumatic Injury Prevention
Research Compared to the NIOSH Mining Program (1996-2005)

Traumatic Injury

Output Type Prevention Program  Mining Program
Patents 7 15
Publications 284 1,428
Guidelines 9 25
Software 2 18
Standards 4 6
Training 6 18
Video 8 20
Web documents 18 40
Workshops and Seminars 11 111

SOURCE: NIOSH, 2005a.

workers. Pamphlets are available at the contractor’s sales desks of Home Depot,
Lowe’s, and equipment rental companies. More than 800 copies have been sold.
Plans to produce the pamphlet in Spanish are in progress.

+ The Mining Program provided MSHA with technical information used to
write 30 CFR 18 and 75, Electric Motor-Driven Mine Equipment and Accessories
and High-Voltage Longwall Equipment Standards for Underground Coal Mines
(Federal Register, 2002), establishing new mandatory electrical standards for the
installation, use, and maintenance of high-voltage longwall mining systems in
underground coal mines.

+ The Mining Program identified electrical arc faults and power lines as major
sources of injury. Both the electrical industry and extramural research are begin-
ning to recognize and address these issues. NIOSH publications have been cited in
written materials on these topics.

+ The Mining Program conducted research on the use of lasers in flammable
atmospheres and helped form the basis for American National Standards Institute
and International Electrochemical Commission standards.

+ Collaborative work by the Mining Program and others led to the develop-
ment of improved Crewstation Analysis Programs (CAP) software in the mid-1990s
to evaluate machine-mounted illumination systems. CAP software is used by all
major U.S. mine lighting manufacturers and by MSHA in its Statement of Test and
Evaluation (STE) procedures.

+ NIOSH-originated procedures to test and integrate protocols for use of
proximity warning systems are being applied by the mining industry, MSHA, and
equipment manufacturers. The Mining Program has contributed to writing of an

Copyright © National Academy of Sciences. All rights reserved.



Mining Safety and Health Research at NIOSH: Reviews of Research Programs of theNational Institute for Occupational Safety and Health
http://www.nap.edu/catalog/11850.html

REVIEW OF TRAUMATIC INJURY PREVENTION RESEARCH 139

International Organization for Standardization (ISO) standard for performance
requirements and tests of proximity detectors.

+ The Hazardous Areas Signaling and Ranging Device (HASARD) is a per-
sonal warning device developed through the Mining Program’s collaborative re-
search to warn workers of their proximity to mobile remote-controlled machines.
Licenses have been granted to three firms, and two more are pending. A cooperative
research and development agreement is pending with a South African firm.

+ Mining Program collaborative research developed documents relating to the
safety life cycle for programmable electronic mining systems based on International
Electrotechnical Commission standards. Various manufactures have integrated
Mining Program research into best practices and business plans, and MSHA and
state agencies have incorporated research results into permitting approval pro-
cesses. Other NIOSH divisions have incorporated these methodologies, and the
research is being applied to projects in Australia.

Each of the intermediate outcomes listed above has resulted in training and
changes in stakeholder work practices for large and small mining operations.

REVIEW OF END OUTCOMES

As previously discussed, trends from 1994 to 2003 indicate good progress in the
reduction of mining fatalities and injuries (MSHA, 2004a; 2006), including trau-
matic injury control. For example, between 1995 and 2004, fatality rates associated
with haulage decreased from 10.72 to 5.90, and NFDL rates decreased from 0.503
to 0.316. Decreases also occurred in other categories, such as materials handling,
machinery, and ground falls. The reductions are the result of efforts of many in
the mining community, and the role of Mining Program research is difficult to
quantify. However, it is clear that removing miners from exposure to hazardous
gases resulting from blasting, or modifying explosives to make them safer, reduces
traumatic injuries. Similarly, by improving electrical regulations, using warning
devices, and following good-practice procedures when working with power lines
and electrical equipment, traumatic injuries are also reduced. Finally, prevention
of traumatic injuries is successful when miners are warned of the proximity of
mining equipment, and protected while operating them. All of these contributions,
when packaged into traditional and innovative training materials and distributed
to the mining community, achieve some measure of the reduction of traumatic
injuries and fatalities.

The Mining Program’s development and dissemination of training materials
via publications, meetings, and computer programs have provided valuable tools
for identifying and reducing traumatic electrical injuries.
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ASSESSMENT OF RELEVANCE AND IMPACT

The Mining Program has shifted its approach to research: it is conducting
fewer long-term research projects (>5 years) in favor of more short-term research
projects (<5 years with most <3 years). The current process of identifying, propos-
ing, selecting, and approving its activities is designed to continue the short-term
approach, which appears to focus on applied rather than basic research. This may
be preferable for a research organization such as NIOSH, but its selection and
execution of research activities associated with traumatic injury reduction more
resemble technical assistance, particularly when solving the problems of individual
stakeholders. This method is not necessarily amenable to considering alternative
safety approaches to reducing risk. NIOSH has been successful in partnering with
major labor unions and their members, major mining companies, foreign coun-
tries, and academia, but has failed to communicate its research results to the entire
mining community, especially individual small and large mining operations.

PROGRESS IN TARGETING NEW RESEARCH

The causes and control of traumatic injuries need continued attention as a
result of changing scales of mines, equipment, and operations. Particular attention
is needed in the areas of automatic and remote control so as to develop more ef-
fective safe operations. The Mining Program could take a more proactive approach
in defining research needs through increased risk and loss analysis.

The Mining Program often uses surveillance data, stakeholder input, and risk
and loss control requirements to define research priorities and its overall goals
(NIOSH, 2005a), but these are not adequate for identifying research needed in
traumatic injury prevention. As mentioned earlier, traumatic injury prevention
research has undergone significant reductions of personnel and funding. Surveil-
lance is limited to the MSHA database, and stakeholder knowledge may be limited
to select mining health and safety situations. These limit program efforts in risk and
loss analyses. Injury prevention is a major issue in several other industrial sectors,
and the potential is great for transfer of knowledge and experience to the Mining
Program from other NIOSH programs.
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Signature Accomplishments: Injury Prevention

The interactive training program “3-D Hazard Recognition Training: A
New Approach to Preventing Injuries Associated with Construction, Main-
tenance and Repair Activities” (http.//www.cdc.gov/niosh/mining/products/
view-masterreeltrainingexercises.htm) was developed in cooperation with aggre-
gates mining companies and Pennsylvania State University, authenticated by mine
safety experts, extensively field-tested with miners, and distributed through the
Mine Safety and Health Administration. Training led to an increase in miners’
knowledge, compared to those who did not take the training. Major aggregate
producers, including Vulcan Materials and Hansen Aggregates, have incorporated
the training into their Part 46 training classes. The program has been used at
more than 1,500 mining operations throughout the United States, and more than
5,000 copies have been requested. It is being used to train workers not only in
the mining industry, but also in construction, gas, and oil extraction. It has been
translated into Spanish by the Center to Protect Workers’ Rights and has also been
requested internationally.
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Review of Mine Disaster Prevention and
Control Research

Key Findings and Recommendations for
Mine Disaster Prevention and Control Research

- Historically, mine disaster prevention research within the Mining Program
has been of the highest relevance and has had the highest positive impacts on the
worker.

+ The Mine Disaster Prevention and Control Research needs to place more
focus on areas such as communications, miner self-rescue, and emergency
response.

- A systems approach to mine management and rescue is needed that will
continuously provide marker data and response via intelligent system analysis.

- The Mining Program needs to continue its efforts in disaster prevention and
further strengthen its efforts in the area of disaster response.

- The Mining Program should be more involved in monitoring the work of,
and partnering with, international bodies to determine the domestic applications
of work done abroad.

STRATEGIC GOALS AND OBJECTIVES

The Mining Program and its predecessors have been the primary researchers
for mine disaster prevention for the better part of the twentieth century. Mine
disaster prevention and control research within the Mining Program addresses
mine disasters, which are defined by the Mining Program as five or more fatalities
per incident (www.cdc.gov/niosh/mining/statistics/disall. htm). The program goal, as
stated, is to “reduce the risk of mine disasters (fires, explosions, and inundations);
and minimize the risk to, and enhance the effectiveness of emergency responders,”
and will be achieved with a 25 percent reduction in the number of injuries and
deaths attributed to mine fires, explosions, inundations, and rescue response activi-
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ties between 2010 and 2014, compared to the average yearly totals from 1990 to
2001 (NIOSH, 2005a). The Mining Program has also identified four intermediate
goals and performance measures in this research area, summarized in Table 12-1.
The committee assumes that the goals as stated are considered by the program as
intermediate milestones toward its ultimate goal of the complete elimination of
mining-related illness and injury.

This strategic goal is in alignment with the National Institute for Occupational
Safety and Health (NIOSH) agency-wide strategic goals to conduct research to
reduce work-related illnesses and injuries.

The traditional hazards in the area of mine disasters are well known. Emerg-
ing hazards will arise as the production of resources enters into a higher level of
geologic complexity. The strategic goal is in alignment with the major current chal-
lenges facing the mining industry including fire, explosion, inundation, and ground
failure prevention. The overarching goal does not, however, mention enabling the
miner’s ability to self-rescue, although it is a subcategory within intermediate goal
4 (Table 12-1). Prevention, response, and self-rescue are all of high importance in
the inherently dangerous mining environment. This component of intermediate
goal 4 would be more appropriate as a high-level goal. The intermediate goals are
somewhat interrelated to achieving the ultimate goal, though they do not currently
produce a strongly integrated program plan.

According to materials submitted to the committee by the Mining Program,
major barriers to accomplishing this strategic goal include the following:

1. An incomplete understanding of the root causes of mine fires, explosions,
and inundations;

2. The lack of totally effective engineering controls to prevent, detect, and
mitigate mine disasters; and

3. Thelack of education and training of the general mining workforce pertain-
ing to methods to predict, prevent, and deal with a mine emergency.

Barriers not identified by the Mining Program include (1) the indirect relation-
ship between the work of NIOSH and direct impact in the workplace and (2) an
incomplete understanding of weather-related ignition sources.

Based on the discussion of the ideal mining program in Chapter 3, the Mining
Program needs to continue its efforts in disaster prevention and further strengthen
its efforts in the area of disaster response.
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REVIEW OF INPUTS

In recent years the Mining Program has changed from an inwardly focused
agency to one that willingly participates in partnerships and seeks input from all
facets of industry, labor, and regulatory agencies. Successful partnerships in diesel
exhaust emission reductions, personal dust monitoring, and noise controls have
been met with enthusiastic industry-wide support, and the results include practical
solutions to some problems that have vexed the industry for years. These types of
partnerships have not been used by the disaster research prevention group until
recent months with the formation of an industry-government partnership with
the National Mine Rescue Association.

NIOSH, the Mine Safety and Health Administration (MSHA), and the Na-
tional Mine Rescue Association have formed a partnership to review and revise, as
needed, the procedures for mine rescue efforts in the event of an emergency. Re-
cent episodes at the Sago (West Virginia, 2006) and Aracoma Alma (West Virginia,
2006) mines have highlighted some glaring deficiencies in the existing protocols
for incident management. The cell phone age has made it necessary for companies
and government regulators to adjust communications procedures, as well as update
mine rescue response tactics. This effort is well under way, with representatives of
each group addressing ways to improve the effectiveness of mine rescue teams and
the management of emergencies. Experienced mine rescue veterans comprise the
working groups, and the preliminary results have been encouraging.

The Mining Program does not appear to take full advantage of disaster preven-
tion research done internationally, though it has been a regular contributor at the
Biennial International Conference of Safety in Mines Research Institutes. Monitor-
ing the work of, and partnering with, international bodies would help the Mining
Program determine the domestic application of work done abroad. Partnerships
and information exchange enable better familiarity with the international commu-
nity. Examples of international work with potential domestic application include
research on refuge chambers (DJF Consulting Limited, 2004), emergency response
(Brenkley et al., 1999), and self-escape vehicles (Davis, 2006).

The mine disaster prevention research group has responded over time to devel-
oping an understanding of the root causes of mine fires and explosions. This has
provided input into further research and resulted in intermediate outcomes.

Inputs to the mine disaster research group are varied and include stakeholder
requests for assistance, stakeholder information-gathering meetings, response to
disasters as participants in industry and government workgroups, analysis of fires
in the mining industry, and fatality and injury analysis data from MSHA. Stake-
holder input in the area of disaster research appears to be moderately adequate in
that it relies predominantly on the analysis of fires and of fatality and injury data
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and the results of investigations. A more proactive approach should be taken by
the Mining Program, including an analysis of MSHA citations where mines fail
to meet regulations consistently in specific areas and a review of geologic settings
and operational methodologies leading to increases of incidents. Finding a means
to receive input from all sectors with a focus on mines, given limited resources, is
the key to industry-wide response.

REVIEW OF ACTIVITIES

Current research projects fall into one of the four intermediate goals listed in
Table 12-1. In the goal of reducing reportable fires (intermediate goal 1), work is
being conducted in training, fire-resistant materials, early-warning devices, ignition
sources (e.g., spontaneous combustion), fire suppression, and decision making.
This work is relevant but could be enhanced to include more aggressive preven-
tion of ignition. Work on intermediate goal 2 broadly includes research in the
area of coal mine explosion prevention through improved ventilation, methane
monitoring, rock dust evaluation, and degasification. Some areas of research in this
intermediate goal are more relevant than others. Work in the area of degasification
considerably lags common practices in the industry. Current work by the Mining
Program in the addition of inert gas to smother mine fires has been practiced by
industry since 1949 (Adamus, 2002).

Intermediate goal 3, the prevention of mine inundation, is less relevant be-
cause the work is related predominantly to design parameters of stoppings and
bulkheads, rather than the identification of better materials. Additional focus for
research would include cost-effective and efficiently installed materials that can
be used in all mining sectors. Reduction in inundations requires the application
of technology to identify voids and the potential for inundation in advance, for
example, via accurate surveying control and geophysical methods, which already
exist and are in use at some mines. Efforts are required to make this technology
available at all mines.

Intermediate goal 4, research related to emergency response, lacks focus. Prior
to 2006, the significant reduction in the number of major mine disasters resulted
in the Mining Program shifting its research emphasis to more health-oriented top-
ics. The number of outputs in the area of disaster prevention decreased. The 2006
fatal mine disasters have forced the industry and the Mining Program to consider
progress made in implementing new technologies in such areas as through-the-
ground communications systems, miner tracking systems, rescue chambers, new
technologies for self-contained self-rescuers, and the need for a greater oxygen
supply on the belt of miners and in storage caches. All of these areas need directed
and sustained effort.
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Table 12-2 lists projects undertaken by the Mining Program in the area of mine
disaster prevention research. The Mining Program has been very active in acquiring
data and testing proposed solutions in the field in response to stakeholder interests.
This has been particularly true in the diesel exhaust, noise control, and personal
dust monitor partnerships.

REVIEW OF RESEARCH OUTPUTS

The Mining Program reports 236 outputs resulting from disaster prevention
research generated between 1996 and 2005 (NIOSH, 2005a). Of these, the commit-
tee expects that external publications, patents, workshops, and industry briefings
to be moderately likely to lead to intermediate outcomes if deployed appropriately.
The major outputs resulting from disaster prevention research, in terms of volume,
are technical publications, presentations at professional meetings, and proceed-
ings. Audiences are limited at technical symposia. The outputs address some but
not all of the high-priority areas; the strengths are in the area of mine fires, and
training at the Lake Lynn facility for rescue teams. The most useful output formats
are Technology News, workshops, and open industry briefings. These are delivered
directly to the interested parties in real time. The readable design of Technology
News effectively communicates relevant and timely information concerning break-
throughs in new technologies.

A critically important output was recently released to industry. The Coal Dust
Explosibility Meter has the potential to prevent the propagation of explosions by
enabling real-time evaluation of the explosibility of coal and inert dust mixes (Sapko
and Verakis, 2006). Other notable outputs include a computer-based emergency
simulation exercise (MERITS), the Emergency Communications Triangle training
materials focusing on the content of emergency warning messages, and the evalua-
tion of the lifeline and development of directional cones for self-rescue.

NIOSH has issued many criteria documents! in need of action. These papers
have great weight in the regulated community. In cases where the regulatory bod-
ies have not acted on the recommendations, they are incorrectly referred to as
fact when differing parties champion their views. If these documents have been
published for extended periods of time, they should be withdrawn and/or revised
based on new information. Currently, there appears to be no mechanism to ac-
complish this.

!Criteria documents are published by NIOSH in partial compliance with the Occupational Safety
and Health Act of 1970 (P.L. 91-596), which declares that NIOSH will recommend occupational
safety and health standards describing exposure concentrations considered safe for various periods of
employment. Criteria documents are published by NIOSH to provide the scientific basis for recom-
mended standards (http://www.cdc.gov/niosh/docs/98-126/ [accessed February 15, 2007]).
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REVIEW OF TRANSFER ACTIVITIES

Moving technologies from the research phase into practice throughout the
mining industry, and from one sector of the industry to another, is a challenge.
Technologies and engineering controls are critically tied to the geologic setting and
mining methods employed.

Technology transfer of specific mine disaster prevention research has always
proven difficult because of the diverse nature of mining. The typical method of
knowledge transfer is publication or presentation at technical symposia. The Min-
ing Program presents papers in these forums and supports them in many ways.
Attendance at trade shows and professional society meetings, however, has been
declining. Although it makes sense to continue presenting in these venues, a va-
riety of output media are necessary to reach broad and diverse industry groups.
The audiences for Technology News and the Mining Program web site (www.cdc.
gov/niosh/mining) are more widespread. Continuous stakeholder awareness of
resources is necessary for goals to be achieved.

Technology News provides executive summaries of NIOSH mining safety and
health research milestones, making them easy to review, and includes complete
contact information for the topic discussed. These are distributed to stakeholders
as they are published through mailing and e-mail lists. The impermanent nature
of mining employees leads the committee to believe the mailing lists may be out-
dated. The web site that NIOSH maintains is in need of redesign. It is difficult to
find particular information and should include an easier way to access Information
Circulars and other publications of interest to the industry. Perhaps a better search
engine could improve the ability to find desired information.

REVIEW OF INTERMEDIATE OUTCOMES AND CAUSAL IMPACT

In analyzing the technical issues raised by recent mine disasters and events with
disaster potential, the Mining Program should provide the knowledge and technical
expertise to specify the most sensible way to improve mine safety. U.S. Bureau of
Mines (USBM) and Mining Program work in this area has been incorporated in
other industries (e.g., in grain elevators).

Intermediate outcomes resulting from recent research include the following:

+ Enhancement of the mining industry’s awareness of the dangers of under-
ground mine fires;

+ Improvement of the effectiveness of rescue teams;

+ MSHA’s acceptance of the American Society for Testing and Materials
(ASTM) E-162 Radiant Panel Test as a major criterion in the selection and use of
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these materials based on NIOSH research on flammability of noise control materi-
als in operator cabs;

+ Incorporation of research findings into the 2004 revised National Fire Pro-
tection Association (NFPA) mining fire protection standards (NFPA 120 standard
on underground coal and NFPA 122 standard on metal and nonmetal);

* American National Standards Institute (ANSI) standards governing the
power thresholds for laser-based optical and telecommunications equipment (fi-
ber-optic networks) as a direct result of the Mining Program’s research on ignition
of flammable atmospheres by such lasers;

* Work resulting in the permissible use of mobile equipment in evacuation
during main fan outages in Pennsylvania;

* An emergency ruling by Congress (the Mine Improvement and New Emer-
gency Response Act of 2006, P.L. 109-236) requiring use of the NIOSH-evaluated
Directional Lifelines for Mine Evacuations; and

+ Implementation of automatic fire suppression systems on conveyor belt
drives and underground diesel storage areas.

Additional intermediate outcomes that are better focused on achieving the end
outcome of 25 percent fewer fatalities and injuries would be the implementation
by the industry of a new SCSR and communications technology.

REVIEW OF END OUTCOMES

The stated performance measure for this strategic goal is the reduction of the
number of injuries and deaths attributed to mine fires, explosions, inundations,
and rescue and response activities by 25 percent between 2010 and 2014, compared
to the average yearly total from 1990 to 2001 (compiled from MSHA accident sta-
tistics). There were 21 fatalities attributed to two accidents? from 1990 to 2001.3
Long-term trends in data collected on incidents have shown continuous improve-
ment in the frequency and severity of mine disasters, with the incidence of injury
and the number of fatalities setting record lows in 2005. However, recent events
and the dramatic upsurge of fatal accidents need to be reviewed and the causes
determined. The 17 fatalities resulting from two disasters (Sago Mine, Upshur
County, West Virginia, 12 fatalities, January 2, 2006; Darby Mine, Darby, Kentucky,
5 fatalities, May 20, 2006) during the first half of 2006 are troubling.

There is an indirect relationship between the work of the Mining Program and

2Southmountain Coal Mine No. 3 (Norton, Virginia) experienced an explosion that killed eight
people on December 17, 1992. The Jim Water Resources, Inc. No. 5 coal mine (Brookwood, Alabama)
experienced an explosion that killed 13 people on September 23, 2001.

3http://www.cdc.gov/niosh/mining/statistics/disall. htm.
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impact in the workplace. The Mining Program cannot directly attribute any lives
saved to the research it performs. It can attribute an increased body of knowledge to
this work. The required use of lifelines during emergencies is expected to contribute
to saving lives given appropriate enforcement. The Dust Explosibility Meter should
influence the state of rock dusting and could be a factor in limiting the propagation
of an explosion, but a direct measure of lives saved is not possible.

ASSESSMENT OF RELEVANCE AND IMPACT

The committee realizes that mine disaster prevention is a complex area re-
quiring expertise in several fields such as (1) mining engineering; (2) fires and fire
control engineering; (3) methane, coal, pyrite, and other explosives—their initia-
tion, progression, and control; and (4) the impact of all of these on normal mine
operations, disaster response and management, and so forth. A major aspect of pre-
venting an incident from growing into a disaster involves human behavior, training,
and response effectiveness. Research expertise and facilities are not easily developed.
Specialized staffing and funding for this area require constant attention.

Historically, mine disaster prevention research within the Mining Program
has been of the highest relevance and has had the highest positive impacts on
the worker. Currently, only some of the highest-priority areas in mining disaster
prevention are addressed through Mining Program research. Some research has
led to changes in MSHA rules and regulations that directly impact the workplace,
but research in areas such as communications, miner self-rescue, and emergency
response is not adequate.

The committee judges mining disaster prevention research to be focused on
lesser priorities. Current research may result in new knowledge, but only limited
application of that knowledge is expected.

PROGRESS IN TARGETING NEW RESEARCH

The Quecreek mine inundation incident and the disasters at Sago and Alma
Mine No. 1 revealed weaknesses in a number of disaster prevention and response
areas. Several of these can be addressed by a greater and more rigorous applica-
tion of existing advances in disaster prevention and emergency response practices,
although research is needed on several fronts including disaster prevention, com-
munications, escape and survival systems, and response equipment, rescue teams,
in situ assessment of geologic conditions, monitoring of atmospheres behind seals,
and evaluation of mining methods. In all of these areas, there may be some po-
tential for transfer of technology and practices from the international community
(e.g., Australia, Poland, South Africa, Canada). However, because of differences in
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laws, regulations, and cultural or other practices, direct application may not be
feasible.

Communication has been recognized as a major source of problems in need
of great attention to provide effective disaster response and escape. The subject of
emergency communications has been of particular concern for two committees
of the National Research Council (NRC) that dealt with mine rescue and sur-
vival issues (NAE, 1970; NRC, 1981). More recently, the Pennsylvania Governor’s
Commission on Abandoned Mine Voids and Mine Safety—the Quecreek Com-
mission—addressed the issue of emergency communications (Commission on
Abandoned Mine Voids and Mine Safety, 2002). The 1981 NRC report pointed out
anumber of issues and potential approaches: underground-to-surface communica-
tions, communication between rescue teams and trapped miners, and permanently
installed seismic systems that could be used on a day-to-day basis. According to
the Quecreek Commission, there was no lack of basic technical knowledge, but the
availability of practical engineering designs (which may have to be site specific)
was a major limitation.

An NRC report on evolutionary and revolutionary techniques for mining
(NRC, 2002) also stressed the need for the development of a communications sys-
tem to each miner based on real-time data and analysis. While the report recognized
major developments in monitoring systems for the atmosphere, equipment, and
pager systems, it recommended the integration of these systems for specific and
immediate safety information and instructions to individual miners. It is generally
acknowledged that the most effective emergency communications system is one
that is used for routine communication. Research by the Mining Program into the
development of practical designs of effective communications systems that would
be useful for routine communications but withstand the damaging effects of mine
disasters is recommended.

Although long-term trends have shown continuous reduction in the frequency
and severity of mine disasters, recent events and the dramatic upsurge of fatal ac-
cidents in 2006 should be reviewed, and reasons for the upsurge determined. The
Mining Program needs to examine the causes of the incidents and the reasons for
the inadequate escape and rescue responses.
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Signature Accomplishment: Disaster Prevention Research

Coal mine operators are required to maintain an incombustible content of at
least 65 percent in the entries and 80 percent in the returns (30 CFR 75.403). The
U.S. Bureau of Mines and Mining Program research efforts have focused for some
time on coal dust explosibility and rendering the dust inert through the application
of incombustible material. The recent release of the hand-held Dust Explosibility
Meter developed by NIOSH in collaboration with MSHA is a signature accomplish-
ment of the NIOSH Mining Program (Sapko and Verakis, 2006). The meter directly
assesses the effectiveness of rock dusting, avoiding a two-week wait for laboratory
analysis. Although it will not replace in-depth laboratory analysis, it will provide a
more immediate determination of the adequacy of rock dusting. If the prototype
is made available commercially and utilized throughout the coal mining industry,
safety should be improved.
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Review of Ground Failure Prevention Research

Key Findings and Recommendations for
Ground Failure Prevention Research

Research is in high-priority areas, has resulted in new knowledge, and is
connected to improvement in workplace protection.

The Mining Program should be involved in developing better methods
of periodic or continuous monitoring of slope movement by evaluating recent
advances in radar, photogrammetric, and other methods.

Future ground failure prevention research should include research into
unwanted consequences of blast-weakened materials.

Research is needed to minimize risk to underground workers and potential
damage to surface structures associated with mining-induced seismicity.

The Mining Program should consider ways to improve sophisticated
numerical techniques for modeling variously shaped openings in heterogeneous
and discontinuous materials at different degrees of saturation.

The Mining Program should be involved in developing best strategies for
deep mining (>600 m).

STRATEGIC GOALS AND OBJECTIVES

With a few exceptions, ground failure prevention research within the Mining
Program is limited to the reaction of the perimeter of excavations in the earth’s
crust. Such excavations are produced in the mining of coal, metal and nonmetal,
and aggregate and can be underground or on the surface.

Mining has the highest fatal injury rate of any U.S. industry, and ground
failures are a significant cause of those injuries and deaths (NIOSH, 2005a). The
reduction of ground failure fatalities and injuries is one of the National Institute
for Occupational Safety and Health (NIOSH) Mining Program’s strategic goals. The
performance measures of success for this goal are “(1) mine fatalities by ground
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failures are reduced by 50% within 8 years, (2) injuries by ground and roof support
system failures are reduced by 25% within 5 years and by 50% within 8 years, and
(3) unplanned roof falls are reduced by 20% within 5 years and by 40% within 8
years” (NIOSH, 2005a). Table 13-1 summarizes the mining program’s intermediate
goals and their performance measures in this research area and provides committee
comments regarding their appropriateness.

In the opinion of the committee, Mining Program research in this area is in-
novative in both establishing intermediate goals and formulating research method-
ologies. Although some of the issues in Table 3-4 are not currently being addressed
by the Mining Program, the intermediate goals and current Mining Program re-
search projects all closely relate to issues the committee assessed as most relevant
(see Chapter 3). Improvement is needed in broadening the intermediate goal
statements. In some cases, the intermediate goal is too restrictive. Very specific
performance measures facilitate assessment, but broadening the intermediate goals
would clarify the relevance of complementary efforts.

The intermediate goals established for ground failure prevention research are
forward looking and focused appropriately on emerging safety issues.

REVIEW OF INPUTS

Table 13-2 summarizes MSHA fatality statistics as a measure of relative fre-
quency of accident types for coal and metal or nonmetal mining. The data indicate
ground control conditions contribute significantly to fatalities in coal mining and,
to a lesser extent, in metal and nonmetal mining. Ground failure fatalities range
from 11 to 52 percent of the total number of coal mining fatalities per year, with
an average of about 29 percent between 1997 and 2005. The number of similar
fatalities for the same period in the metal and nonmetal sectors ranged from 0 to
13 percent per year. The data support the concern that ground failures represent a
significant cause of injuries and fatalities and can be a burdensome mine operat-
ing cost.

The committee concludes that Mining Program personnel are working with
metal-nonmetal and coal mine personnel to identify areas of greatest concern.
Current and planned research deals with issues raised by stakeholders particularly
in the areas of monitoring highwalls and slopes in surface mines, avoiding inunda-
tions when mining is close to water impounding structures and abandoned mines,
surface treatments to improve long-term stability of underground openings, moni-
toring roof conditions in underground stone mines, and reducing damage caused
by conventional blasting, to mention only a few examples. The program needs
to, however, prepare itself for attrition. Because many seasoned Mining Program
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researchers in ground failure prevention are approaching retirement age, the devel-
opment of junior-level personnel should be accelerated to maintain momentum.

REVIEW OF ACTIVITIES

There are 11 ongoing research projects in the area of ground failure prevention
research (NIOSH, 2005a), briefly summarized and evaluated in Table 13-3. The in-
termediate goals referred to in this table are consistent with those in Table 13-1.

Identifying projects 2 and 10 on Table 13-3 as “complementary” to intermedi-
ate goals should not relegate them to a less important status than other projects.
The committee considers the activities in ground failure prevention research to be
highly relevant. Two efforts deserving special recognition are activities associated
with the mine roof simulator and rock burst research. The simulator has also been
a critical resource in testing new roof support ideas and has resulted in accelerated
commercial development of more than 40 new roof support technologies over the
past 5 years. Seismic monitoring and basic research into strategies to reduce burst-
ing potential will continue to serve the mining industry in the future.

Ground failure prevention project descriptions provided by the Mining Pro-
gram (NIOSH, 2005a) often contain clear reference to the stakeholder group to
whom the efforts apply (e.g., projects 4 and 8 in Table 13-3). The project scopes are
broad enough to avoid being considered consulting projects for individual mines,
but narrow enough to focus on specific issues. It is not clear, however, how these
issues fit into a coordinated research agenda. It may be possible to have a more
general project scope that would include two or more applications with greater
efficiency in effort and resources.

REVIEW OF RESEARCH OUTPUTS AND TRANSFER ACTIVITIES

Table 13-4 summarizes the types of outputs generated through ground failure
prevention research in the Mining Program.

Ground failure prevention output represents approximately 24 percent of the
total Mining Program output during the period evaluated. Publications are the
primary form of output and include both peer-reviewed journal articles and con-
ference proceedings. The emphasis on publishing research results in the refereed
literature provides opportunities for professionals in the field to review and evalu-
ate the work of the Mining Program. Furthermore, the Mining Program has utilized
current technology to transfer results through electronic media and print.

Peer review of publications helps ensure the quality of research, but conference
articles and proceedings generally reach end users more quickly. Several sympo-
siums and meetings are held on an annual basis by professional organizations and
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TABLE 13-4 Summary of Ground Failure Prevention Outputs (1998-2005)

Publications

(peer reviewed Workshops

and conference and
Year proceedings) Patents Software  Training Web Video Total
1996 46 1 0 0 0 0 47
1997 36 0 0 5 1 0 42
1998 37 0 0 5 0 0 42
1999 35 0 0 5 0 1 41
2000 27 0 3 7 1 1 39
2001 49 2 0 5 1 1 58
2002 28 1 0 3 1 1 34
2003 35 0 3 4 1 0 43
2004 33 0 3 4 0 2 42
2005 30 1 2 1 0 0 34
Total 356 5 11 39 5 6 422

SOURCE: NIOSH, 2005a.

technical interest groups on such topics as ventilation, ground failure prevention,
longwall mining, health and safety, and miner training. In the experience of the
committee, mining practitioners generally seek out these conferences and work-
shops in preference to peer-reviewed journals. The ratio of conference articles to
well-recognized proceedings and peer-reviewed publications is about 2:1, which is
reasonable given the makeup of stakeholders. The Mining Program is to be com-
plimented for encouraging and supporting travel to national meetings to present
research results.

According to the Mining Program Briefing Book, ground failure prevention
research receives approximately 16 percent of the total program budget but has
produced nearly 24 percent of the outputs. The ground failure prevention portion
of the mining program discretionary budget is approximately 10 percent. These
statistics indicate good productivity.

The Mining Program has done an admirable job of improving technology
transfer and making ground failure prevention research results available on elec-
tronic media.

REVIEW OF INTERMEDIATE OUTCOMES AND CAUSAL IMPACT

Defined deliverables or outputs resulting from research efforts have intrinsic
value, but only to the extent that they are translated into practice. Table 13-5 relates
outputs of the ground failure prevention research group to specific intermediate
outcomes observed from 1996 to 2005.
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Most, if not all, of the intermediate outcomes listed in Table 13-5 relate directly
to achieving the strategic and intermediate goals of this research area. The interme-
diate outcomes address issues identified by the committee and are consistent with
the goals of the “idealized” ground failure prevention research program summa-
rized in Table 3-4. Consequently, the intermediate outcomes are well focused and
address subjects of the highest priority, thus justifying a high rating in relevance.

The Mining Program lists 12 potential intermediate outcomes designed to
reduce accidents associated with ground falls in the next 5 to 10 years (NIOSH,
2005a). Performance standards for these outcomes have been stated in terms of
percentage reduction of fatalities and injuries. Because of overlapping contribu-
tions of regulatory agencies, industry safety programs, labor initiatives, and ad-
vancements from academia, it will be very difficult to quantify the contribution
of the Mining Program to any future reduction in the number of accidents. It is
better, therefore, to establish specific measurable goals for each current or future
intermediate outcome. This has been done primarily in terms of planned publica-
tions and workshops, whose contributions in meeting the strategic goal may never
be quantitatively measurable but are almost certainly to be of value overall.

The Mining Program has identified the following research that will continue
into the future:

+ Improved highwall stability to reduce surface mine hazards. This effort is a
continuation of current activities and focuses on concerns expressed by stakehold-
ers. Potential outcomes are planned through 2005. The need for better methods of
periodic or continuous monitoring of slope movement is a worthy effort. It does
not clearly fit into any of the current intermediate goals; an intermediate goal ap-
propriate for this topic should be established.

+ Reducing injuries by improving shotcrete design criteria. Developing a
set of design criteria for application of shotcrete as a means of rock support is a
continuation of current efforts and clearly fits intermediate goals 2 and possibly
4. Research and field tests are warranted due to the prevalence of injuries and oc-
casional fatalities caused by loose roof rock between primary supports. Outputs
are planned through 2007.

+ Improved pillar design in metal and industrial mineral mines to reduce
ground control hazards. Recovery of pillars is commonly practiced in the national
and international mining communities. Minimizing the size of support pillars in
order to maximize resource recovery is a worthy goal as long as it can be done safely.
This research is a logical extension of current work and is related to intermediate
goal 6. Outputs are planned through 2009. A more general statement of goal 6
should clearly include this work.
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*+ Avoiding inundation: developing guidelines for mining near bodies of
water. Mining-induced seismicity (MIS) occurs in coal, metal, and nonmetal un-
derground mining. MIS is a serious, potentially high-consequence event that can
result in injuries to underground miners and possible failure of water-impound-
ing surface structures. Failure of surface structures is a major concern for several
western coal operations. Related research is currently being done by the Mining
Program, and this is a worthy topic for future research. Outputs are planned
through 2009. The effort is related to intermediate goal 7, but a more general goal
should be established that clearly includes this effort.

+ Improved mine safety through optimized extraction. The extent of dam-
age in the perimeter of mine openings created by conventional blasting is poorly
understood. Such damage is acknowledged as a primary cause of loose rock in
underground roofs and ribs and on surface mine slopes. Fundamental research is
needed to establish more effective guidelines for blasting practices that focus on
reducing collateral damage. Research in this area can contribute substantially to
achieving the strategic goal. This is an extension of current research and outputs
are planned through 2007, but there is no clear statement covering this effort in
the list of intermediate goals.

* Multiple-seam mining design guidelines. Recent work in this area was
reported as part of the Mining Program’s intermediate outcomes. The list of inter-
mediate goals clearly indicates this as an important contribution to achieving the
strategic goal. A large number of underground coal mines are currently, or will be
in the near future, dealing with multiple-seam mining. It is therefore, a worthy topic
for Mining Program research, and outputs in the form of publications, software,
and workshops are planned through 2008.

+ Design of mine ventilation stoppings. Current mining law requires that
stoppings withstand a transverse load of at least 39 pounds per square foot (psf).
Air blast resulting from roof falls or mine explosions can produce overpressure in
excess of 39 psf resulting in failure of the stoppings. Failure can precipitate more
widespread consequences in the form of pollution of the mine atmosphere with
toxic gases and/or catastrophic explosions and fires. With the recent fatalities at
the Sago mine, there is no question that this could be a high-priority topic for the
Mining Program. It is unclear, however, why the design of stoppings is included
under ground failure prevention. Perhaps it would more logically be included
under mine disasters. No ground failure prevention intermediate goal is clearly
related to this topic.

* Roof span and pillar layout guidelines for stone mines. This effort is a con-
tinuation of current research with promising future outcomes. It is closely related
to intermediate goals 6 and possibly 5. A large number of underground limestone
mines in this country rely heavily on past practice for roof spans and pillar layout.
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An analysis of practice coupled with numerical modeling is a worthy focus for
research, and outputs are planned through 2008.

* Reducing ground fall hazards in coal mines with low-strength roofs. Inves-
tigating the exacerbating influence of low-strength roofs is the subject of current
research. As previously mentioned, this effort deals with problems in a specific
geographic region. Involvement of industry partners certainly justifies the planned
4-year effort and planned outputs through 2009. The research clearly falls under
intermediate goal 4. It is not clear how the outcomes of this research can be mea-
sured quantitatively, but it should play a significant role in reducing injuries in the
applicable underground environment.

+ Highwall mining stability guidelines. Outcomes resulting from this project
have been described above. Two mining companies and consultants use the results
of this study, and additional outcomes are planned in the form of modified soft-
ware and workshops in 2006. These efforts will likely contribute to achieving the
strategic goal, but there is no clearly stated intermediate goal covering this research
program.

* Increasing roof fall forecast times with sensor-based monitoring tech-
niques. Increasing fundamental knowledge of how roof falls behave and the de-
velopment of warning systems are extensions of current research described above.
This effort clearly falls under intermediate goal 6, and additional publications are
planned in the coming 2 years.

+ Reducing ground fall hazards in metal mines with weak rock. Ground fall
in metal mines in Nevada, Idaho, and Montana is the focus of this work started in
2002. Outputs in the form of publications and presentations were planned through
2005. The decrease in injuries resulting from ground fall for the period 2000-2004
relative to 1995-1999 is significant especially in view of the recent increase in
underground metal mine activity in these areas. Although the Mining Program’s
contribution to this trend is not quantitative, it undoubtedly has improved mine
safety. The effort is clearly related to intermediate goal 4.

The committee heard from multiple industry representatives who expressed
particular satisfaction with software available through the NIOSH web site and
with videos that effectively present safety concepts. Videos, web pages, and publica-
tions available over the Internet demonstrate a commitment to provide output in
electronic format as recommended in the National Research Council (NRC, 1995)
review of the USBM. Stakeholders generally praised the ground failure prevention
research in the Mining Program. Standards and guidelines have been adopted,
both in the United States and abroad, based on output in this research area, and
technologies have been implemented in the workplace.
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REVIEW OF END OUTCOMES

There have been a substantial number of publications during the past 10 years,
and of eight software packages have been produced during the past 3 to 4 years.
The number of web-based downloads and the transfer of software in workshops
and training sessions suggest that the software is now in the hands of industry
practitioners. The extent to which this software is used in mine planning has not
been measured objectively. However, the demand for short courses dealing with ap-
plication of the software and the use of the software by the Mine Safety and Health
Administration and state regulatory agencies indicate a high level of interest. The
apparent decline in ground control fatalities over the past 10 years provides reason
to believe this effort is having a positive impact.

Pillar recovery in underground room-and-pillar coal mines has historically
been a significant source of serious or fatal injuries due to miners advancing out
beyond supported roof as coal pillars are recovered. The Mining Program has
made significant advances in developing methodologies and practices for properly
utilizing industry-developed Mobile Roof Support modules to provide temporary
roof support to protect personnel. Mining Program guidelines for pillar recovery
have been incorporated in Appalachian and Illinois Basin coal mines. The use of
mobile roof supports is, or should be, standard practice for pillaring operations in
all underground coal mines. The benefits have been well received in publications,
manuals, and seminars. The efforts of the Mining Program, the former U.S. Bureau
of Mines (USBM), and industry have contributed to a substantial reduction of
injuries and fatalities in burst-prone mines.

The statistics for ground fall fatality rates and ground fall incident rates show
a downward trend over the past 10 years. It is not immediately clear how much
of this favorable trend can be attributed to intervention by the Mining Program.
Mining Program efforts very likely have played a significant role in improving
mine safety.

ASSESSMENT OF RELEVANCE AND IMPACT

Most certainly, the efforts of the Mining Program have made at least a mod-
erate contribution (as defined in the Framework Document, Appendix A) to end
outcomes or well-accepted intermediate outcomes. The intermediate outcomes
have resulted in new knowledge, and the Mining Program is actively engaged
in transfer of this knowledge to the mining industry and regulatory authorities.
Consequently, the Mining Program ground failure prevention effort justifies a high
rating for impact.
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As described earlier, the intermediate goals of ground failure prevention re-
search address issues identified in the earlier NRC (1995) review of the USBM and
deal specifically with critical areas identified by this committee in establishing a
comprehensive ground failure prevention program. Research is in high-priority
areas and is connected to improvement in workplace protection. Consequently,
the Mining Program ground failure prevention program deserves a high rating
for relevance.

PROGRESS IN TARGETING NEW RESEARCH

Ground failure prevention research is a heritage program, with future research
needs identified primarily through concerns expressed by stakeholders and the
prevalence of injuries caused by changing mining methods and geologic condi-
tions. The Mining Program has identified several research areas it is pursuing.
Examples of appropriately targeted new research include renewed work on highwall
safety, improved strategies for multiple-seam mining, and blast damage control
and surface treatment to minimize loose rock hazards. The Mining Program is
also focusing on future research to reduce pillar and roof hazards in underground
stone and industrial mineral operations in response to the projected demand for
these commodities.

Because of challenges posed by mining in increasingly severe geologic envi-
ronments and in closer proximity to existing and abandoned mines, the Mining
Program needs to expand its new research to include developing more robust
numerical techniques for modeling mine openings in complex geologic materials;
better void detection technologies; and strategies to improve design and safety in
deep (>600 m) coal deposits.
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Review of Surveillance, Training, and
Intervention Effectiveness Research

Key Findings and Recommendations for
Surveillance, Training, and Intervention Effectiveness Research

- Research is in high-priority areas and is likely to result in improvements in
workplace protection.

- The surveillance, training, and intervention effectiveness research group
should establish intermediate goals related to training, focused on training
effectiveness.

- Research to improve the data collection process and make it more useful
for the identification of root causes of problems should be conducted.

- Research needs to be conducted on a consistent means of determining
intervention effectiveness.

STRATEGIC GOALS AND OBJECTIVES

Surveillance is an essential component for the identification in health and
safety areas that require attention and for the evaluation of program effectiveness.
The strategic goal dealing with surveillance, training, and intervention effective-
ness in the Mining Program is to “determine the impact of changing mining con-
ditions, new and emerging technologies, and the changing patterns of work on
worker health and safety.” Fortunately, the Mine Safety and Health Administration
(MSHA) provides the best available industry-wide database on injuries, illnesses,
and exposures—a tremendous asset for the National Institute for Occupational
Safety and Health (NIOSH) Mining Program.

Table 14-1 lists the intermediate goals falling within this strategic goal. Interme-
diate goal 1 is unlikely to achieve the implied goal, because the goal stated is actually
a task. The implied goal is to acquire demographic information about miners in
order to make better use of the MSHA data set on fatal and non-fatal injuries. One
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could conduct the survey, and thus achieve the goal, but still acquire inadequate
information. Intermediate goal 4 should be used to support the remaining goals
by providing a consistent means to determine intervention effectiveness. While
intermediate goals 2, 3, 5, and 6 are important, an ideal mining program would take
the approach of identifying hazardous work processes using a systematic approach,
and then evaluating the effects of these specific exposures and changes in mining
conditions, technologies, and work patterns on injuries or illnesses (see Chapter
3). Exposure monitoring, including but not limited to industrial hygiene sampling
and heat stress evaluation, should be used as part of the surveillance system to
identify potential health risks.At present, there are no intermediate goals related to
training, which should be a component of all strategic goals. The emphasis of the
Mining Program research in this area should be on evaluation of training program
effectiveness and the identification of the most effective methods of training work-
ers prior to hazard exposure. The intermediate goals would also benefit from the
addition of specific criteria by which completion could be judged.

The description of intermediate goals related to the surveillance system is also
inadequate. Development of key research questions is required and should include
means of identifying hazardous work processes and exposures. In determining
future research, the Mining Program should continue to work with industry,
organized labor, MSHA, academe, and international partners. Both internal and
external peer review as described by the Mining Program in its procedures docu-
mentation will be useful for selecting projects. While not a focus of research, the
Mining Program should partner with universities to develop training materials for
mining engineering students and occupational or environmental health students.

Surveillance, training, and intervention effectiveness are cross-cutting issues
essential to achieving other strategic goals. Projects listed by the Mining Program
under “other safety research” are intramural applied studies concerning the com-
munication of mine safety information and education and the collection of infor-
mation about mine safety hazards. The former dissemination activities are logically
related to the latter surveillance activities, since what is reported back and priori-
tized as hazardous might then presumably be the subject for subsequent attention
through publications, web sites, and training. Organizational and individual be-
havioral responses might then result, which could contribute to attainment of the
stated strategic goals and objectives.

REVIEW OF INPUTS

Surveillance, training, and intervention effectiveness research is a relatively new
area in the Mining Program; therefore allocation of total funds to the component
projects has not been substantial until the recent past. The total budget for this
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research area in 2005 was $3,646,400, having increased from $1,581,200 in 1998.
Combining the Pittsburgh Research Laboratory (PRL) and Spokane Research
Laboratory (SRL) employees, there were 19 individuals (and two vacant positions,
at the time of this review) working on surveillance and statistical support and 7
individuals working on extramural coordination and information dissemination,
although 30 full-time employees were listed as working in this area in materials
supplied to the committee. Resources for the projects listed are, in all cases, modest.
This is particularly true for the Internet dissemination and health communication
work.

REVIEW OF ACTIVITIES

The need for research in this area was clearly indicated during stakeholder
presentations to the committee. Mining remains a dangerous occupation, requir-
ing continued surveillance. Table 14-2 lists surveillance, training, and intervention
effectiveness research projects conducted by the Mining Program.

The Mining Program did not describe to the committee the quality assurance
process followed by individual researchers. The research projects, as they have
been presented to the committee, are consistent with the overall strategic goal but
do not address all the intermediate goals. Intermediate goal 3 (examination of
emerging technologies for potential health and safety benefit or risks) apparently
does not have projects associated with it. Two of the projects presented do not fall
easily within any of the intermediate goals. Since the surveillance research has not
been carried out to determine which exposures or work processes in the mining
industry have the greatest potential to lead to adverse health effects (other than
dust and noise exposure), it is not possible to ascertain that the chosen projects
are the most relevant. As the surveillance program develops further, this informa-
tion will become more accessible. The intermediate goals, however, are certainly
relevant and important.

The committee considered other activities that could be included in this area
of research, given appropriate resources:

+ Disease in retired miners should be investigated, since the effects of many
exposures may not be seen until after miners have left the workforce.

+ Substance abuse in the mining workplace is an important subject identified
by MSHA as an area requiring focus.

+ There should be continued study of the need for training programs in lan-
guages other than English.

+ As the Education and Training for an Evolving Mining Work Force project
progresses, further research should be conducted into worker-centered peer train-
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ing (e.g., Labor Institute and Paper, Allied-Industrial, Chemical and Energy Workers
International Union, 2005) using training models focused on the elimination and
reduction of hazards in a systems of safety approach (e.g., the Small Group Activity
Method, Merrill, 1995). Research should include the use of worker peer trainers
and train-the-trainers models; worker participation in curriculum development,
including lessons learned from systems failures; worker conduct of program evalua-
tions (e.g., Participatory Action Research, Green et al., 1995; McQuiston, 2000); and
worker participation in health and safety program administration. The workplace
consists of a network of safety systems, and nearly all incidents result from failures
of those systems, thus health and safety interventions have to focus on improving
those systems (Roland and Moriarty, 1983; Meshkati, 1995; Perrow, 1999). It is
further recommended that NIOSH project staff take up these issues with workers
(and their representatives, when the worksite is unionized).

+ The work organization program should focus on other end points beyond
stress, including cardiovascular disease and possibly depression.

External partners have participated in some projects, including the Twentymile
Coal Company, Pennsylvania Services Corporation, J. H. Fletcher and Company,
Morton Salt, Rurher’s Quarry, the State of Pennsylvania Department of Environ-
mental Protection, and MSHA. In some projects, the role of stakeholder input is
less clear.

REVIEW OF RESEARCH OUTPUTS

Since 1995, there has been significant output by those working on surveillance,
training, and intervention effectiveness research within the Mining Program. The
program has reported developing more than 80 publications, training modules
videos, workshops, and software products with help from universities, mining
companies, MSHA, and other providers of mining training. Outputs focus on high-
priority areas and, where appropriate, target vulnerable groups such as new miners.
Outputs reflect the productivity of many current activities, although a number of
these outputs are associated with activities included under other strategic goals of
the Mining Program. Many activities have not yet generated significant output,
but future outputs are expected to increase in quality and relevance. Given data
provided by the Mining Program, it was not possible to determine the full extent
of cross-agency, cross-institute, or internal-external collaboration. Very few of the
publications on surveillance and intervention research were in peer-reviewed jour-
nals, but publication in formats such as technical journals may be more broadly
distributed.

A few specific project outputs should be highlighted:
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+ The Health Communications Program takes advantage of the use of humor
and storytelling techniques in videos. This is novel and may increase training effec-
tiveness markedly. Gathering information on training effectiveness should certainly
remain a research goal. While this program does not identify itself as serving small
business, the toolbox training modules have been requested by MSHA for inclusion
in its Small Mines manuals.

+ The Education and Training for an Evolving Workforce project had produced,
as of February 2005, 15 documents and 33 presentations addressing the project’s
four tasks. More interesting and effective information material may lead to greater
attention from miners than would otherwise be the case. An on-the-job training
program was created to improve sharing information from experienced miners
to new employees. An across-the-board preference for active learning (hands-on
practice, simulation, etc.) was found at mine sites. Two seminars were developed to
provide professional development opportunities for safety and health profession-
als and on-the-job trainers. Both translated adult education theory into practical
strategies that can be used to train miners of any age. A computer-based training
intervention to train new miners in map reading skills is under development.

While the overall research output is appropriate given the newness of the proj-
ects and the modest level of funding, these conditions also make the determination
of impacts quite preliminary. Ideally, an improved overall surveillance program
would be used to monitor changes in injury or illness rates in the particular area
focused on by each output, although due to budget limitations this may only be
possible for selected outputs. At the very least, surveys could be carried out with
industry partners to determine how many were aware of specific outputs and if
they had implemented any of the recommended changes.

REVIEW OF TRANSFER ACTIVITIES

Members of the committee agree that the Mining Program has stimulated
major changes in the way mine safety and health training has been practiced since
1977, including greater emphasis on collaborative and active problem-solving
learning, greater realism in training scenarios, greater fidelity of visual illustra-
tions, and greater use of authenticated and field-tested training materials. The
Mining Program is also engaged in finding better training processes and methods,
including computer simulations, virtual reality models, interactive problem-solving
stories, degraded stereoscopic (three-dimensional) images of hazardous conditions,
and videotaped interviews with miners. Understanding which of these various
modalities are most effective for communicating health and safety information
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for all mining-related workers and supervisors should continue as an objective of
the Mining Program.

Transfer activities occurring within this strategic goal are valued by external
program stakeholders and are being used in at least a modest number of workplac-
es, though how many is not documented. New knowledge has been documented,
indicating positive outcomes resulting from them. Although these transfer activi-
ties can claim some success, there is no description of how they fit together into a
larger education-technology transfer program. Ideally, shared expertise across these
programs could lead to greater effectiveness.

REVIEW OF INTERMEDIATE OUTCOMES AND CAUSAL IMPACT

Research and transfer activities need to target specific intermediate outcomes
for the overall surveillance program. This should include improving MSHA surveil -
lance through collection of denominator data, development of specific surveillance
goals in concert with strategic partnerships, collection of the data necessary to
determine the effectiveness of each intervention, and collaboration with interna-
tional partners to better harmonize data collection. The current intermediate goals
all focus on surveillance, yet the five potential intermediate outcomes pertinent to
this strategic goal, as described by the Mining Program to the committee, relate
predominantly to training:

1. Improving miner safety by developing toolbox training sets,

2. Improving miner safety by developing interactive computer simulation
training,

3. Improving the accuracy of determining worker exposure to airborne
silver,

4. New miner training, and

5. Improved technology transfer via the web.

The Mining Program is recognized as a center of excellence for training ac-
tivities, but has not yet made extensive use of its surveillance program to produce
intermediate outcomes. Given the recent organization of some of these projects
not enough time has passed for them to have impact on the workplace.

Other intermediate outcomes include the following:

+ U.S.and Canadian mine rescue teams have adopted temperature pre-screen-
ing and heart rate tools to avoid adverse effects from heat stress.

+ The toolbox training demonstrated a significant increase in safety knowl-
edge. As reported by NIOSH, participatory storytelling was found to be more
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effective for younger miners, while a more traditional lecture-based format was
more effective with older miners (presentation by Dr. Elaine Cullen, NIOSH, to
committee, January 13, 2005). Although no statistical tests were reported, two of
the most recent training videos Aggregate Training for the Safety Impaired and
The Sky Is Falling reported an increase in safety knowledge of trainees. In future
evaluations by NIOSH, the inclusion of statistical analysis of these changes will be
needed.

+ In a survey of 52 responding organizations that purchased the Interactive
Problem Solving Stories: A New Approach to Preventing Miners’ Occupational
Injuries and Illnesses exercises from the National Mine Health and Safety Academy,
60 percent of the respondents rated the exercises as more useful than traditional
instructional materials, 40 percent as equally useful, and 0 percent as less useful.
Most trainers (79 percent) thought that the exercises helped them to make better
use of workers’ knowledge and experience during training (NIOSH, 2005a).

REVIEW OF END OUTCOMES

Several surveillance, training, and intervention effectiveness research activi-
ties in the Mining Program are too new to have measurable end outcomes at this
time. Development of an improved surveillance system should assist greatly in
measuring end outcomes for all activities of the Mining Program. The committee
has heard directly from numerous stakeholders that they have positively utilized
several of the tools developed by the program for specific training purposes. One
operator, for example, described work done with researchers at PRL and MSHA
analyzing construction, maintenance, and repair (CMR) accidents from the MSHA
database. After developing training tools and teaching safety and health person-
nel how to use them, CMR accidents went from 66 percent to 55 percent of all
incidents (presentation by Kelly Bailey, Vulcan Materials Company, to committee,
February 21, 2005).

REVIEW OF OTHER OUTCOMES

Other than a focus on older workers, new recruits, and some attention to safety
issues associated with Spanish-speaking workers (NRC, 2003), none of the proj-
ects have a specific focus on vulnerable populations, and vulnerable populations
have not been clearly defined in the mining industry. More studies on non-Eng-
lish-speaking workers in the U.S. mining industry could help define whether this
population is truly more vulnerable. Most of the Mining Program products will
be useful for small business, but each project should explicitly describe how these
worker populations will be served. There is also a great opportunity to improve
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mining health and safety internationally by providing training materials to other
countries.

The extent to which NIOSH should work to directly assist developing coun-
tries in evaluating exposures should be determined as part of the strategic plan-
ning process, and a program could then be developed to prioritize requests if this
area is funded. Examples of past efforts in this area include the 2001 assistance to
Mexico’s Instituto Nacional de Salud Publica to assess mercury exposure at repro-
cessing plants, the 1999 assistance to Ecuador to assess occupational exposure of
gold miners, and a similar project in Venezuela in 1998.

ASSESSMENT OF RELEVANCE AND IMPACT

The Mining Program is engaged in transfer activities leading to the adoption
of recommendations and technologies by stakeholders. Surveillance and determi-
nation of intervention effectiveness are essential highest-priority components of a
mining research program. Although the Mining Program is also engaged in transfer
activities within this specific strategic goal, additional work is needed to create a
better surveillance system. The activities in this specific goal have made a moder-
ate contribution to impact on workers on the basis of intermediate outcomes and
transfer activities. The relevance and impact of all projects depends on the types
of projects that industry is willing to partner, execute successfully, and use.

The committee feels that the present research program activities and outputs
are likely to produce improvements in worker health and safety. Research being
done under this strategic goal is in high-priority subject areas and is likely to result
in improvements in workplace protection.

PROGRESS IN TARGETING NEW RESEARCH

Surveillance, training, and intervention effectiveness research is a new and not
well-developed research area within the Mining Program. The committee does not
expect it to have a well-developed process for targeting new research at this time,
but acknowledges it should develop a plan for the future. New projects should be
chosen based on the results of a NIOSH surveillance program, requests from in-
dustry, evaluation of international developments such as new mining techniques
and regulations, and addressing stakeholder needs (including MSHA), which this
program is currently doing. The Mining Program should consider the potential
for interaction with other NIOSH research programs and take advantage of sur-
veillance conducted by these programs relevant to the mining industry. Research
choices should be informed by surveillance data that indicate increased exposure
and risk of injury and illness, as well as the results of well-designed epidemiologic
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studies. Research to improve the data collection process and to make it more useful
for the identification of the root causes of problems could ultimately result in the
reduction of injury and illness in the mining industry. The identification of disease
and injury incidence related to workplace exposures would help to indicate where
application of resources could achieve the best results. Research into the effective-
ness of Mining Program training and educational programs is also necessary.

Signature Accomplishments: Communications

Working in partnership and with funds or in-kind services provided by industry,
MSHA, the International Society of Mine Safety Professionals (ISMSP), mining
associations, and state agencies, NIOSH developed a list of critical needs topics
and created 10 mine safety and health training videos from 1999 through 2004.
Approximately 12,000 videos have been shipped to mine safety and health trainers
in more than 36 countries. Thirteen articles and papers have been published by
SRL on this work since 2000; 35 presentations have been given at national and
international conferences; and 2 reports have been prepared by outside researchers
under contract to evaluate the effectiveness of the videos as training tools. Indus-
tries as diverse as insurance, tunnel building and construction, the military, and
even university occupational safety and health programs have started to use the
training videos. NIOSH videos have been recognized for their outstanding contribu-
tion to safety and health training and have earned several national awards. These
include the NIOSH top honors for Educational Materials (Alice Hamilton Awards)
in 2000 and 2001, the Centers for Disease Control and Prevention Communica-
tors’ Roundtable Award for Electronic Media in 2002, a Guiding Light award from
ISMSP in 2002, the ISMSP Highest Degree of Safety Award in 2000, and a Telly
award in 2003.
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A

Framework for the Review of Research
Programs of the National Institute for
Occupational Safety and Health*

This is a document prepared by the National Academies’ Committee for the
Review of NIOSH Research Programs,! also referred to as the Framework Com-
mittee. This document is not a formal report of the National Academies—rather,
it is a framework proposed for use by a number of National Academies committees
that will be reviewing research in various research programs and health-outcomes
programs. This version will be posted on the website of the National Academies
and NIOSH for review. It is a working document that will be subject to change
by the Framework Committee aimed at improving its relevance on the basis of
responses received from evaluation committee members, NIOSH, stakeholders,
and the general public before and during the course of the assessments conducted
by independent evaluation committees of up to 15 research programs and health-
outcomes programs.

*Version of 12/19/05.

!Members of the National Academies’ Committee for the Review of NIOSH Research Programs
include: David Wegman (Chair; University of Massachusetts Lowell School of Health and Environ-
ment), William Bunn, III (International Truck and Engine Corporation), Carlos Camargo (Harvard
Medical School), Susan Cozzens (Georgia Institute of Technology), Letitia Davis (Massachusetts De-
partment of Public Health), James Dearing (Kaiser Permanente), Fred Mettler, Jr. (University of New
Mexico School of Medicine), Franklin Mirer (Hunter School of Health Sciences), Jacqueline Nowell
(United Food and Commercial Workers International Union), Raja Ramani (Pennsylvania State
University), Jorma Rantanen (Finnish Institute of Occupational Health), Rosemary Sokas (University
of Illinois at Chicago School of Public Health), Richard Tucker (Tucker and Tucker Consultants, Inc.
and University of Texas at Austin), and James Zuiches (North Carolina State University).
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All public comments submitted to the Committee for the Review of NIOSH
Research Programs will be included in the Public Access File for this study as pro-
vided in the National Academies Terms of Use (www.nationalacademies.org/legal/
terms.html). Please keep in mind that if you directly disclose personal information
in your written comments, this information may be collected and used by others.

For inquiries related to this document, or for the most current document
version, please contact Evan Douple (edouple@nas.edu) or Sammantha Magsino
(smagsino@nas.edu) of the National Academies.
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In September 2004, the National Institute for Occupational Safety and Health
(NIOSH) contracted with the National Academies to conduct a review of NIOSH
research programs. The goal of this multiphase effort is to assist NIOSH in increas-
ing the impact of its research efforts in reducing workplace illnesses and injuries
and improving occupational safety and health. The National Academies agreed to
conduct this review and assigned the task to the Division on Earth and Life Studies
and the Institute of Medicine.

The National Academies appointed a committee of 14 members, including
persons with expertise in occupational medicine and health, industrial health and
safety, industrial hygiene, epidemiology, civil and mining engineering, sociology,
program evaluation, communication, and toxicology; representatives of industry
and of the workforce; and a scientist experienced in international occupational-
health issues. The Committee on the Review of NIOSH Research Programs, re-
ferred to as the Framework Committee (FC), held meetings during 2005 on May
5-6 and July 7-8 in Washington, DC, and on August 15-16 in Woods Hole and
Falmouth, MA.

This document is not a report of the National Academies; rather, it presents
the evaluation framework developed by the FC to serve as a guideline and structure
for NIOSH program reviews by Evaluation Committees (ECs) to be appointed
by various divisions and boards of the National Academies. The ECs will use this
framework in reviewing as many as 15 NIOSH research programs during a 5-year
period. This is a working document. It is shared with NIOSH and the public. The
framework and criteria may be modified by the FC on the basis of responses it
receives from the ECs and other sources. It is incumbent upon the ECs to consult
with the FC if portions of the evaluation framework presented here are inappropri-
ate for the specific program under review.

I. OVERVIEW OF CHARGE

At the first meeting of the FC, Lewis Wade, NIOSH senior science advisor,
emphasized that the reviews should focus on evaluating NIOSH’s research pro-
grams impact and relevance to health and safety in the workplace. In developing
a framework, the FC was asked to address the following:

1. Evaluation committee assessment of progress in reducing workplace
illnesses and injuries facilitated by occupational safety and health
research through (a) an analysis of relevant data about workplace
illnesses and injuries for the program activity, and (b) an evaluation
of the effect that NIOSH research has had in reducing illnesses and
injuries. The evaluation committees will rate the performance of each
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program for impact of the program in the workplace. Impact may be
assessed directly or, as necessary, using intermediate outcomes to esti-
mate impact. Qualitative narrative evaluations may also be appropriate
under certain circumstances.

2. Evaluation committee assessment of progress in targeting new research
to the areas of occupational safety and health most relevant to future
improvements in workplace protection.

3. Evaluation committee identification of significant emerging research
areas which appear especially important in terms of their relevance to
the mission of NIOSH.

Those three charges constitute the scope of work of the individually appointed,
independent ECs formed by the National Academies.

I.A. NIOSH Strategic Goals and Operational Plan

As aprelude to understanding the NIOSH strategic goals and operational plan,
NIOSH research efforts should be understood in the context of the Occupational
Safety and Health Act (OSHAct) under which it was created. The OSHAct identi-
fies workplace safety and health to be a national priority and gives employers the
responsibility for controlling hazards and preventing workplace injury and illness.
The act creates an organizational framework for doing this, with complementary
roles and responsibilities assigned to employers and employees, OSHA, the States,
the OSH Review Commission, and NIOSH. As one component of a national
strategy the act recognizes NIOSH’s roles and responsibilities to be supportive and
indirect—NIOSH’s research, training programs, criteria and recommendations are
all intended to be used to inform and assist those actually responsible for hazard
control (OSHAct Section 2b and Sections 20 and 22).

Section 2b of the OSHACct describes thirteen interdependent means of accom-
plishing the national goal, one of which is “by providing for research . .. and by
developing innovative methods . . . for dealing with occupational safety and health
problems.” Sections 20 and 22 give the responsibility for this research to NIOSH.
In addition, NIOSH is given related responsibilities including: the development
of criteria to guide prevention of work-related injury or illness, development of
regulations reporting on the employee exposures to harmful agents, the establish-
ment of medical examinations programs or tests to determine illness incidence and
susceptibility, publication of a list of all known toxic substances, the assessment
of potentially toxic effects or risk associated with workplace exposures in specific
settings, the conduct of education programs for relevant professionals to carry out
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the OSHAct purposes, and assisting the Secretary of Labor regarding education
programs for employees and employers in hazard recognition and control.

The NIOSH mission is “to provide national and world leadership to prevent
work-related illness, injury, disability, and death by gathering information, con-
ducting scientific research, and translating the knowledge gained into products
and services”. To fulfill its mission, NIOSH has established the following strategic
goals:?

e Goal 1: Conduct research to reduce work-related illnesses and

injuries.
¢ Track work-related hazards, exposures, illnesses, and injuries for
prevention.

¢ Generate new knowledge through intramural and extramural re-
search programs.

¢ Develop innovative solutions for difficult-to-solve problems in
high-risk industrial sectors.

e Goal 2: Promote safe and healthy workplaces through interven-

tions, recommendations, and capacity-building.

¢ Enhance the relevance and utility of recommendations and
guidance.

¢ Transfer research findings, technologies, and information into
practice.

¢ Build capacity to address traditional and emerging hazards.

e Goal 3: Enhance global workplace safety and health through in-

ternational collaborations.

¢ Take a leadership role in developing a global network of occupa-
tional health centers.

¢ Investigate alternative approaches to workplace illness and injury
reduction and provide technical assistance to put solutions in
place.

¢ Build global professional capacity to address workplace hazards
through training, information sharing, and research experience.

In 1994, NIOSH embarked on a national partnership effort to identify research
priorities to guide occupational health and safety research for the next decade.
The National Occupational Research Agenda (NORA) identified 21 high-prior-
ity research areas (see Table 1). NORA was intended not only for NIOSH but for
the entire occupational health community. Approaching the 10-year anniversary

2See also http://www.cdc.gov/niosh/docs/strategic/.
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TABLE 1 NORA High-Priority Research Areas by Category

Category Priority Research Area

Disease and injury Allergic and irritant dermatitis
Asthma and chronic obstructive pulmonary disease
Fertility and pregnancy abnormalities
Hearing loss
Infectious diseases
Low-back disorders
Musculoskeletal disorders of upper extremities
Trauma
Work environment and workforce Emerging technologies
Indoor environment
Mixed exposures
Organization of work
Special populations at risk
Research tools and approaches Cancer research methods
Control technology and personal protective equipment
Exposure-assessment methods
Health-services research
Intervention-effectiveness research
Risk-assessment methods
Social and economic consequences of workplace
illness and injury
Surveillance research methods

of NORA, NIOSH is working with its partners to update the research agenda. In
the second decade of NORA, an approach based on industry sectors will be pur-
sued. NIOSH and its partners will form sector research councils that will work to
establish sector-specific research goals and objectives. Emphasis will be placed on
moving research to practice in workplaces through sector-based partnerships.

Figure 1 is the NIOSH operational plan presented as a logic model® of the path
from inputs to outcomes for each NIOSH research program. The FC adapted the
model to develop its framework. NIOSH will provide similar logic models relevant
to each research program evaluated by an EC.

I.B. Information from Other Evaluations

The FC is aware that several NIOSH programs have already been subjected to
evaluation by internal and external bodies. Those evaluations range from overall
assessments of NIOSH, such as the recent 2005 Performance Assessment Rating

*Developed by NIOSH with the assistance of the RAND Corporation.
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Tool (PART) review,* to evaluation of research program elements such as any ex-
ternal scientific program reviews. The ECs should review all available prior reviews.
Although it is important to consider all prior reviews in the present evaluation to
aid in understanding the evolution of the programs and program elements, the
ECs’ evaluations of NIOSH’s programs are independent of the prior reviews and
evaluations.

I.C. Evaluation Committees

Individual ECs will be formed through a process consistent with the rules of
the National Academies for the formation of balanced committees. The commit-
tees will be composed of persons with expertise appropriate to evaluating specific
NIOSH research programs and may include representatives of stakeholder groups
(such as labor unions and industry) and experts in technology transfer and pro-
gram evaluation. The committees will conduct appropriate information-gathering
sessions to obtain information from the sponsor (a NIOSH research program),
stakeholders affected directly by the NIOSH research, and relevant independent
parties. Each EC will consist of about 10 members, will meet about three times,
and will prepare a report. The National Academies will deliver the report to NIOSH
within 9 months after the individual EC is formed. EC reports will be subjected to
the National Academies report-review process.

I.D. Evaluation Committees’ Information Needs

The ECs are expected to conduct information-gathering as appropriate on

e Background and resources of the program:
¢ History of program, including results of previous reviews.
¢ Program funding, by year, for the current year and the last 10
years.
¢ Program funding, by objective or subprogram.
¢ Extramural-grant awarding, cooperative agreement and contract-
ing process, solicitation of research ideas, and advisory activities.
e Program goals and objectives.
Internal NIOSH processes and research:
¢ Intramural surveillance, research, and transfer activities.
¢ Process to solicit and approve intramural research proposals.

“PART focuses on assessing program-level performance and is one of the measures of success for
the Budget and Performance Integration initiative of the president’s management agenda (see CDC
Occupational Safety and Health at http://www.whitehouse.gov/omb/budget/fy2006/pma/hhs.pdf).
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e NIOSH-funded extramural research:

¢ Requests for proposals, cooperative agreements and research con-
tracts distributed.

¢ Awardee products, including close-out reports, surveillance, re-
search, and transfer activities, peer-reviewed publications, and
patents.
e Products and technology transfer:
¢ Data related to program publications, conferences, recommenda-
tions, patents, and so on.

¢ Past and planned mechanisms for transferring outputs to
outcomes.

¢ Interventions, recommendations, and information-dissemination
and technology-transfer activities designed to get research findings
used to improve occupational safety and health.

¢ Outcomes of research, alerts, standard-setting, investigations, and
consultations; for example—documented reductions in risk after
program-supported interventions, employer and industry behav-
ior changes made in response to research outputs, and worker
behavior changes in response to research outputs.
e Impact on worker safety and health—data necessary to evaluate pro-
gram impact on health outcomes (work-related injuries and illnesses)
and exposures.
e The most severe or most frequent adverse health and safety outcomes
or exposures in the research program and the most accessible improve-
ments with respect to health and safety.
e Interactions within NIOSH and with other stakeholders:
¢ The role of program research staff in NIOSH policy-setting, Oc-
cupational Safety and Health Administration (OSHA) and Mine
Safety and Health Administration (MSHA) standard-setting,
and voluntary standard-setting and other government policy
functions.

¢ Otbher institutions and research programs with overlapping or
similar portfolios and an explanation of the relationship between
the NIOSH work and staff and those of other institutions.

¢ Stakeholder perspectives (OSHA, MSHA, union and workforce,
industry, and so on.)

¢ Key partnerships with employers, labor, other government orga-
nizations, academic institutions, nonprofit organizations, and

¢ International involvement and perspective.

e  Systems to identify emerging problems and emerging research, includ-
ing plans.
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II. SUMMARY OF EVALUATION PROCESS

The ECs are charged with assessing the relevance, quality, and impact of
NIOSH research programs. In conducting their evaluations, the ECs should as-
certain whether NIOSH is doing the right things (relevance) and doing them
right (quality) and whether these things are improving health and safety in the
workplace (impact).

II.A. The Evaluation Flow Chart (Figure 2)

To address its charges, the FC has developed a flow chart (Figure 2) that breaks
the NIOSH logic model into discrete, sequential program components to be char-
acterized or assessed by the ECs. The components to be assessed are as follows:

e  Major program-area challenges.
Strategic goals and objectives.
Inputs (such as budget, staff, facilities, the institute’s research manage-
ment, the NIOSH Board of Scientific Counselors, the NORA process,
and NORA work groups).

e Activities (efforts by NIOSH staff, contractors, and grantees, such as
hazard and health-outcome surveillance, exposure-measurement re-
search, health-effects research, intervention research, health services,
other research, and technology-transfer activities).

e Outputs (the products of NIOSH activities, such as publications, re-
ports, conferences, databases, tools, methods, guidelines, recommen-
dations, education and training, and patents).

e [ntermediate outcomes (responses by NIOSH stakeholders to NIOSH
products, such as public or private policy change, training and educa-
tion in the form of workshop or seminar attendance, self-reported use
or repackaging of NIOSH data by intermediary stakeholders, adop-
tion of technologies developed by NIOSH, implemented guidelines,
licenses, and reduction of workplace hazardous exposures and other
risk factors).

e End outcomes (such as reduction of work-related injuries or illnesses,
or hazardous exposures in the workplace).

Drawing on the program logic model, the flow chart, and EC members’ exper-
tise, the ECs will delineate important determinants of a NIOSH research program’s
agenda and the consequences of the NIOSH research activity. Determinants are
conceptualized as inputs and external factors. Examples of external factors are
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the research activities of industry and other federal agencies and the political and
regulatory environment, which can affect all components of the research program
(Figure 2). For purposes of this review, the results of inputs and external factors are
the program research activities, outputs, and associated transfer activities that may
result in intermediate outcomes and possibly eventual end outcomes.

The FC has used the NIOSH logic model to develop the flow chart to define
the scope and steps of an EC evaluation. The FC’s vision of how a program evalu-
ation should occur is incorporated in a summary manner in the flow chart and
discussed extensively in later sections. For example, the FC identified two types
of outcomes: (a) intermediate outcomes, which represent implementations (what
external stakeholders, such as employers, do in reaction to the products of NIOSH
work, including new regulations, widely accepted guidelines, introduction of con-
trol technologies in the workplace, changes in employer or worker behaviors, and
changes in diagnostic practices of health-care providers), and (b) end outcomes,
which are improvements (reductions in work-related injuries, illnesses, and haz-
ardous exposures). For the purpose of evaluation, the FC does not differentiate
between NIOSH’s “intermediate customer” and “final customer” activities (Figure
1); instead it combines them into a single category (Box E, Review and Assessment
of Intermediate Outcomes, Figure 2). Training and development programs were ap-
propriately defined as outputs by NIOSH in the logic model, but the FC finds more
value in focusing on response to such offerings as intermediate outcomes (Box E)
in the flow chart. The number of workers exposed to training activities represents
a type of implementation of NIOSH outputs in the workplace. In evaluating each
program or major subprogram, the EC must collect, analyze, and evaluate infor-
mation on items described in each of the boxes of Figure 2. Further details on the
evaluation are described in Section III of this document.

IL.B. Steps in Program Evaluation

The FC has concluded that useful evaluation requires: (a) a disciplined focus on
a small number of questions or hypotheses typically related to program goals, per-
formance criteria, and performance standards; (b) a rigorous method for answering
the questions or testing the hypotheses; and (c) a credible procedure for developing
qualitative and quantitative assessments. The evaluation process developed by the
FC is summarized here and described in detail in Section III of this document.

1. Gather appropriate information from NIOSH and other sources.

2. Determine timeframe that the evaluation will cover (see II1.B.1).

3. Identify program-area major challenges and objectives (see II1.B.2).
All NIOSH research programs, whether based on health outcomes or
sectors, are designed to be responsive to the safety and health problems
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in today’s or tomorrow’s workplace. In the NIOSH vision, mission,
values, and goals, each research program should have its own objec-
tives. The ECs will provide an independent assessment of the major
program challenges and determine whether they are consistent with
the research program’s stated goals and objectives.

4. Identify subprograms and major projects in the research program. It is
important for each EC to determine how necessary it is to disaggregate
a program to achieve a manageable and meaningful evaluation of its
components and the total program. Each research program may need
to be broken down into several recognizable subprograms or major
projects if an effective evaluation is to be organized. It may be advan-
tageous for an EC to disaggregate a program into subprograms that
NIOSH identifies.

5. Evaluate the program and subprogram components sequentially as
discussed in Section III, using the flow chart (Figure 2) as a guide (Sec-
tions II1.B.3 through III.B.8). This will involve qualitatively assessing
each phase of a research program by using the questions and guidance
provided by the FC and professional judgment.

6. Evaluate the research program’s potential outcomes not yet appreciated
(Section II1.B.9).

7. Evaluate and score the program outcomes and important subprogram
outcomes specifically for contributions to improvements in workplace
safety and health. A worksheet is provided with specific items for con-
sideration (Section III.B.10).

8. Evaluate and score the overall program for impact (Section III.B.10).
Final program ratings will consist of a numerical score and discussion
of its rationale.

9. Evaluate and score the overall program for relevance (Section I11.B.10).
Final program ratings will consist of a numerical score and discussion
of its rationale.

10. Identify significant emerging research areas (Section III.C). On the
basis of the expert judgment of EC members and information gathered
from stakeholders (such as, labor, industry, academe, and government
agencies) and from appropriate NIOSH sentinel-event field-investi-
gation activities, the EC will respond to Charge 3 by identifying and
describing emerging research that appears especially important in its
relevance to the mission of NIOSH. The EC will assess the extent to
which NIOSH’s program is responsive to today’s and tomorrow’s needs
and determine whether there are any gaps in response.

11. Prepare report by using the template provided in Section IV as a
guide.
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II.C. Assessing Relevance

FC members identified numerous possible factors to consider in assessing the
relevance of NIOSH research programs, such as:

e The severity, frequency, or both of the health and safety outcomes
addressed and the number of people at risk (magnitude) for these
outcomes.

e The extent to which NIOSH research programs have identified and
addressed gender issues and the concerns related to vulnerable popu-
lations. Vulnerable populations are defined as groups of workers who
have (1) biological, social, or economic characteristics that place them
at increased risk of developing work-related conditions and/or (2)
inadequate data collected about them. Vulnerable populations include
disadvantaged minorities, disabled individuals, low-wage workers, and
non-English speakers for whom language or other barriers present
health or safety risks.

e The extent to which NIOSH research programs have addressed the
health and safety needs of small businesses.

e The “life stage” of the problems being addressed. As the health effects
are understood, emphasis should shift to intervention research, and
from efficacy to effectiveness to research on the process of dissemina-
tion of tested interventions. Gaps in the spectrum of prevention need
to be addressed; for example, research on exposure assessment may be
necessary before the next intervention steps can be taken.

e The structure, in addition to the content, of the research program.
A relevant research program is more than a set of unrelated research
projects; it is an integrated program involving an interrelated set of
surveillance, research, and transfer activities.

e Appropriate consideration by NIOSH of stakeholder inputs.

II.D. Assessing Impact

Causal attribution is a major aspect of program evaluation. It is necessary for
the ECs to assess, to the extent possible, NIOSH’s contribution to end outcomes.
Data on reductions in work-related injuries, illnesses, and hazardous exposures
will be available for some programs. In some cases, they may be quantifiable. It is
possible, however, to evaluate the impact of a NIOSH research program whether
the outcomes are intermediate outcomes or end outcomes. Intermediate outcomes
may be used as proxies for end outcomes in assessing impact if there is no direct
evidence of improvements in health and safety as long as the ECs qualify their find-
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ings. The ECs will describe the realized or potential benefits of NIOSH’s programs.
Examples of realized intermediate outcomes include: new regulations, widely ac-
cepted guidelines, work practices, and procedures, all of which may contribute
measurably to enhancing health and safety at the work place.

The contribution of a NIOSH program to technology now in use or being
implemented is another important part of impact assessment. NIOSH’s contribu-
tion can be assessed as major or important, moderate, likely, limited, or none. If
technology development is in progress or has been abandoned, for whatever reason,
the benefits are only potential or consist of knowledge gain.

III. EVALUATION OF NIOSH RESEARCH PROGRAMS—THE PROCESS

ITI.A. Analysis of External Factors Relevant to the NIOSH Research Program

As depicted in the logic model (Figure 1), the end outcome of reduced inju-
ries, illnesses, or exposures is effected through stakeholder activities and outputs.
All those involve the use of NIOSH outputs by stakeholders in industry, labor,
other government agencies, and so on. It is evident that actions beyond NIOSH’s
control by industry, labor, and other entities have important bearings on the in-
corporation in the workplace of NIOSH’s outputs to enhance health and safety.
The implementation of research findings may depend on existing or future policy
considerations.

III.A.1. Overview

External factors may be considered as forces beyond the control of NIOSH that
may affect the evolution of the program. External factors dominate the evolution of
the path from NIOSH inputs to occupational health and safety outcomes (Figure
1). External factors can also be considered inputs to the evaluation of each aspect
(planning, implementation, transfer, and others) of NIOSH research programs
(Figure 2).

Identification of external factors by the ECs is essential to providing a context
for NIOSH program evaluation. External factors may best be assessed through
the expert judgment of EC members regarding the knowledge base, the research
program, and implementation of interventions as these relate to the needs in the
occupational health or safety area targeted by the research program. The ECs,
however, may choose additional approaches to assess external factors.

The FC recommends the ECs ask NIOSH to identify and describe external
factors early in the evaluation sequence. Factors external to NIOSH might have
been responsible for achieving some outcomes, and they might also have presented
formidable obstacles. The ECs must address both possibilities.
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II1.A.2. Considerations for Discussion

Some external factors may involve constraints on research activity related to
target populations, methodological issues, and resource availability. For example,
evaluators might examine whether

e Projects addressing a critical health need are technologically feasible.
A workforce with appropriate size and duration, magnitude, and dis-
tribution of exposure for measuring a health effect may not exist. For
example, no population of workers has been exposed for 30 years to
formaldehyde at the current OSHA Permissible Exposure Level (PEL),
so the related cancer mortality can not yet be directly assessed.

e Research is inhibited because NIOSH investigators are unable to access
an adequate study population. Under current policy, NIOSH must ei-
ther obtain an invitation by management to study a workplace or seek
ajudicial order to provide authority to enter a worksite. (Cooperation
under court order may well be insufficient for effective research.)

e Research is inhibited because the work environment, materials, and
historical records cannot be accessed even with management and
workforce cooperation.

e Adequate or established methods do not exist for assessing the
environment.

e Records needed for historical-exposure reconstruction cannot be ac-
cessed or do not exist.

e Intervention research is inhibited because an appropriate employer
partner cannot be identified to institute the intervention.

e The NIOSH contribution to a certain area of research is reduced be-
cause other institutions are working in the same area.

e NIOSH resources are inadequate to tackle the key questions.

Evaluation of the impact of NIOSH research outputs on outcomes may require
consideration of external factors that might have impeded or aided implementa-
tion, measurement, and so on. For example, evaluators might consider whether

e Regulatory end points are unachievable because of obstacles to regu-
lation or differing priorities of the regulatory agencies. For example,
recommendations for improved respiratory protection programs for
health-care workers might not be implemented because of enforce-
ment policies or lack of acceptance by the administration of health-
care institutions.

e A feasible control for a known risk factor or exposure is not im-
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plemented because the costs of implementation are too high or the
economic incentives under current circumstances do not favor such
actions.

e Improvements in end points are unobservable because baseline and
ongoing surveillance data are not available. For example, the current
incidence of occupational noise-induced hearing loss is not known
although surveillance for a significant threshold shift is feasible.
(NIOSH conducts surveillance of work-related illnesses, injuries, and
hazards, but comprehensive surveillance is not possible with existing
resources.)

e Reductions in adverse effects of chronic exposure cannot be measured.
For example, 90% of identified work-related mortality is from diseases,
such as cancer, that arise only after decades of latency from first expo-
sure; therefore, effects of reducing exposure to a carcinogen cannot be
observed in the timeframe of most interventions.

e Aregulation is promulgated that requires a technology that was devel-
oped but not widely used.

II1.B. Evaluating NIOSH Research Programs
(Addressing Charges 1 and 2)

II1.B.1. Identifying Period of Time to Be Evaluated

Through study of materials presented by the NIOSH research program and
other sources, an EC will become familiar with the history of the research pro-
gram being evaluated and its major subprograms, program goals and objectives,
resources, and other pertinent information.

It is useful for the ECs to consider three general timeframes in conducting
their reviews:

e 1970-1995, the period from the founding of NIOSH to the initiation
of the NORA process (pre-NORA period).
1996-2005 (NORA 1 period).
Current period and forward (NORA 2 period).

It will be important for the ECs to get a general sense of the history of the
NIOSH research program and its impact, but their efforts should be focused on
the impact and relevance of NIOSH programs from 1996 on. It is recognized that
many of the intermediate and end outcomes since 1996 are the consequence of
research outputs accomplished earlier. Both the relevance of the research program
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targets of NORA 1 and the proposed NORA 2 objectives for the next decade should
be considered.

NIOSH is in the midst of a substantial restructuring of the NORA agenda, and
expert judgment about relevance and prospective impact of current research pro-
grams will be most useful to the agency. The timeframes provided here are only for
general guidance; the exact dates of the period to focus on in reviewing programs
will depend on the specific research program under review.

II1.B.2. Identification of Major Challenges
(Circle in Figure 2)

Early in its assessment process, an EC should independently identify the major
challenges for its research program. These would be the matters the EC believes
should have priority in the research program being evaluated. In arriving at a list of
challenges, the EC should rely on surveillance findings, including NIOSH investiga-
tions of sentinel events (through health-hazard or fatality-assessment programs),
and its own expert judgment. Those should be supplemented with determinations
or recommendations by appropriate advisory sources regardless of whether these
sources have contributed to NIOSH program deliberations. This process will al-
low the EC to compare its assessment of challenges to be addressed by NIOSH
with NIOSH program goals, and to evaluate the congruence between the two as a
measure of relevance (Charge 2).

II1.B.3. Analysis of Research Program Strategic Goals and Objectives
(Box A in Figure 2)

The research program goals and objectives should be evaluated, with a focus
on how each research program’s goals are related to NIOSH’s agency-wide strategic
goals and to the major current challenges and emerging problems identified in the
step above. Differences may exist between the importance or relevance of an issue
and the influence NIOSH-funded research might have in addressing the issue. The
EC should recognize that NIOSH research priorities may be strategic rather than
based on the assessment of the state of knowledge.

Some aspects of the NIOSH research program’s strategic goals and objectives
would have been already subjected to evaluation by internal or external bodies. Re-
search program relevant evaluations that should be requested include the NIOSH
annual program review by the Leadership Team; the NORA research program
proposal pre-award external review, NORA post-award program external review,
and external scientific program review.
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Questions to Guide the Evaluation Committee

1. Are the strategic goals and objectives of the program well defined and
clearly described?

2. Inthelast decade, how well were program goals and objectives aligned
with NORA 1 priorities?

3. How do the current strategic goals and objectives of the program relate
to the current NIOSH strategy, including NORA 2?

4. Are the research program goals, objectives, and strategies relevant to
the major challenges in the research program and likely to address
emerging problems in the research program (as determined by the
EC)?

a. Did past program goals and objectives (research and dissemina-
tion/transfer activities) focus on the most relevant problems and
anticipate the emerging problems in the research program?

b. Are the current program goals and objectives targeted to the most
relevant problems and likely to address emerging problems in the
research program?

5. How does the program identify emerging research areas?

a. What information is reviewed by NIOSH?

b. What advisory or stakeholder groups are asked to identify emerg-
ing areas?

c.  What new research areas have been identified in the program?

d. Were important areas overlooked?

Assessment

The EC will provide a qualitative assessment discussing the relevance of the
area’s goals, objectives, and strategies as related to the research program’s major
challenges and emerging problems.

II1.B.4. Review of Inputs (Box B in Figure 2)

Inputs are categorized as planning or production inputs in the NIOSH logic
model. Planning inputs include stakeholder inputs, surveillance and intervention
data, and risk assessments. Production inputs include intramural and extramural
funding, staffing, management structure, and physical facilities.

Inputs for program evaluation include existing intramural and extramural
information and, potentially, surveys or case studies that might have been devel-
oped specifically to assess progress in reducing workplace illnesses and injuries
and to provide information relevant to targeting research appropriately to future
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needs. The ECs should request the relevant planning and production inputs from
NIOSH.

Planning inputs

Planning inputs can be qualitative or quantitative. Sources of qualitative inputs
include

e Federal Advisory Committee Act panels (Board of Scientific Counsel-
ors, Mine Safety and Health Research Advisory Committee, National
Advisory Committee on Occupational Safety and Health, and so on).

e NORA research partners, initial NORA stakeholder meetings, later
NORA Team efforts (especially strategic research plans), and the NORA
Liaison Committee and federal liaison committee recommendations.

e  Other federal research agendas, industry, labor, academe, professional
associations, industry associations, and Council of State and Territorial
Epidemiologists.

e OSHA and MSHA strategic plans.

Attention should be given to how comprehensive the inputs have been and to
what extent gaps have been identified or considered.

Sources of quantitative inputs include

e Intramural surveillance information, such as descriptive data on expo-
sures and outcomes (appropriate data may be available from a number
of NIOSH divisions and laboratories).

Health Hazard Evaluations (HHEs).
Reports from the Fatality Assessment Control and Evaluation (FACE)
program.

e Extramural health-outcome and exposure-assessment data from (1)
OSHA and MSHA (inspection data) and the Bureau of Labor Statis-
tics, U.S. Department of Defense, and U.S. Department of Agriculture
(fatality, injury, and illness surveillance data); (2) state government
partners, including NIOSH-funded state surveillance programs, such
as Sentinel Event Notification System of Occupational Risks (SEN-
SOR), Adult Blood Lead Epidemiology and Surveillance (ABLES), and
state-based FACE; and (3) non-government organizations, such as the
Association of Occupational and Environmental Clinics (AOEC) and
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the American College of Occupational and Environmental Medicine
(ACOEM).

e Appropriate data from NIOSH-funded, investigator-initiated extra-
mural research.

Production Inputs

For each research program under review, NIOSH should specify an identifiable
portion of the NIOSH intramural budget, staff, facilities, and management that
has been allocated by divisions and offices that play a major role in the research
program. Production inputs should be described primarily in terms of intramural
research projects and staff, relevant extramural projects (particularly cooperative
agreements and contracts), and HHEs and related staff. Consideration should also
be given to budget inputs for program evaluation and to leveraged funds provided
by partners, such as National Institutes of Health and the Environmental Protec-
tion Agency joint requests for applications or program announcements and OSHA,
MSHA, and Department of Defense contracts with NIOSH to conduct work.

Assessment of those inputs should include consideration of (1) the degree to
which allocation of funding and personnel has been reasonably consistent with the
resources needed to conduct the research and (2) the extent to which funding for
the relevant intramural research program activity has been limited by lack of discre-
tionary spending beyond salaries (travel, supplies, external laboratory services, and
so on). The assessments, therefore, should consider the adequacy of the qualitative
and quantitative planning inputs and the use and adequacy of production inputs,
particularly (1) and (2) above.

Questions as a Guide for the Evaluation Committee

1. Were the planning, production, and other input data adequate?

2. How well were the major planning, production, and other program
inputs used to promote the major activities?

3. Were the sources of inputs and the amount and quality of inputs
adequate?

4. Was input obtained from stakeholders representing vulnerable work-
ing populations and small businesses?

5. Were production inputs (intramural and extramural funding, staffing,
management, and physical infrastructure resources) consistent with
goals and objectives of the program?

Copyright © National Academy of Sciences. All rights reserved.



Mining Safety and Health Research at NIOSH: Reviews of Research Programs of theNational Institute for Occupational Safety and Health
http://www.nap.edu/catalog/11850.html

APPENDIX A 219

Assessment

The EC will provide a qualitative assessment that discusses the quality, ad-
equacy, and use of inputs.

II1.B.5. Review of Activities
(Box C in Figure 2)

Activities are defined as the efforts and work of the program, its staff, and its
grantees and contractors. For purposes of the present evaluation, activities of the
NIOSH program under review should be divided into research and transfer activi-
ties. Research activities may be further categorized as surveillance, health-effects
research, intervention research, health-services research, and other research (see
sample classification of research activities in Table 2). Transfer activities include
information dissemination, training, technical assistance, and education designed
to translate research outputs into content and formats designed for application in
the workplace to produce improvements in occupational safety and health. De-
pending on the scope of the program under review, activities may also be grouped
by research program objectives or subprograms.

Conventional occupational-health research focuses appropriately on health
effects and technology. A focus on socioeconomic and policy research and on
surveillance and diffusion research is also needed to effect change because not all
relevant intermediate outcomes occur in the workplace. There are important out-
comes farther out on the causal chain that NIOSH can affect and thereby influence
health and safety in the workplace. Some examples of types of research that might
also prove important in addressing NIOSH’s mission are

e Socioeconomic research on cost shifting between worker compensa-
tion and private insurance.

e Surveillance research to assess the degree of significant and systematic
underreporting of select injuries and illnesses on OSHA logs.

e Research on methods to build health and safety capacity in com-
munity health centers that serve low-income and/or minority-group
workers, and to improve recognition and treatment of work-related
conditions.

e Transfer research to change health and safety knowledge in teenagers
while they are in high school to improve the likelihood of reduced
injuries when they enter the workforce.

e Community-based participatory research on differences between re-
cently arrived immigrants and US-born workers regarding perceptions
of acceptable health and safety risks to target programs to meet the
workforce training needs of immigrant workers.
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TABLE 2 Examples of NIOSH Program Research and Transfer Activities

Surveillance
(including hazard and health surveillance and evaluation of surveillance systems)

Health-effects research

Epidemiologic research

Toxicologic research

Laboratory-based physical and safety risk factor research
Development of clinical screening methods and tools

Exposure-assessment research
Intervention research
Control technology
Engineering controls and alternatives
Administrative controls
Personal protective equipment
Work organization research
Community-based participatory research
Policy research (such as alternative approaches to targeting inspections)
Diffusion and dissemination research
Training effectiveness
Information-dissemination effectiveness
Diffusion of technology

Health-services and other research
Access to occupational health care
Infrastructure research—delivery of occupational-health services, including international health
and safety
Socioeconomic consequences of work-related injuries and illnesses
Worker compensation

Technology-transfer and other transfer activities
Information dissemination
Training programs

The ECs should review the list of research and transfer activities (projects) for
the research program under review that have been completed, are in progress, or
have been planned. Surveillance activities should be included in this review. An EC
should request that the NIOSH program under review provide a list of activities,
grouping the projects into research activities as in Table 2, and specify whether they
are intramural or extramural. For extramural projects, the key organizations and
principal investigators’ names should be requested, as should whether the projects
were in response to a request for proposal or a request for application. For an in-
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tramural project, the EC should ask NIOSH to provide a list of key collaborators
(other government agency, academe, industry, and/or union partners).

The ECs should evaluate each of the research activities outlined in Table 2 to
the extent that each forms an important element of the program research. In the
case of a sector research program (for example, mining, construction) in which
health-effects research is not being reviewed, the ECs should determine what re-
search inputs are being used by the program to develop its targets and then assess
the value of the inputs.

Questions to Guide the Evaluation Committee in Assessing Research Activities

1. What are the major subprograms or groupings of activities within the
program?

2. Were the activities consistent with program goals and objectives?

3. Were the research activities relevant to the major challenges in the
research program?
a. Did they address the most serious outcomes?
b. Did they address the most common outcomes?
c. Did they address the needs of both genders, vulnerable working

populations, and small businesses?

4. Were the research activities appropriately responsive to the input of
stakeholders?

5. To what extent were partners involved in the research activities?

6. Are the resource allocations appropriate, and appropriate at this time,
for the research activities?

7. To what extent did peer reviews (internal, external, and precourse or
midcourse) affect the activities?

8. Isthere adequate monitoring of quality assurance procedures to ensure
credible research data, analyses, and conclusions?

Questions to Guide the Evaluation Committee in Assessing Transfer Activities

1. Is there a coherent planned program of transfer activities?

2. Are the program’s information dissemination, training, education,
technical assistance, or publications successful in reaching the work-
place or relevant stakeholders in other settings? How widespread is the
response?

3. To what extent did the program build research and education capacity
(internal or external)?
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Assessment

For this part of the assessment, the EC will provide a qualitative assessment
discussing relevance and quality. This evaluation must include consideration of
the external factors identified in Section III.A that constrain choices of research
projects. The EC will consider the appropriateness of resource allocations with
respect to issues’ importance and the extent to which the issue is being addressed.
A highly relevant and high-quality program would be comprehensive, address
high-priority needs, produce high-quality results, be highly collaborative, and be
of value to stakeholders. Programs may be progressively less relevant or of lower
quality as those key elements are not up to the mark or are missing. The discussion
should cover those aspects in sufficient detail to arrive at a qualitative assessment
of the activities. Assessment of the transfer activities must include considerations
of program planning, coherence, quality, and impact.

II1.B.6. Review of Outputs
(Box D in Figure 2)

As shown in Figure 1, research inputs and activities lead to outputs. An output
is a direct product of a NIOSH research program that is logically related to the
achievement of desirable and intended outcomes. Outputs are created for research-
ers, practitioners, intermediaries, and end-users, such as consumers. Outputs can be
in the form of publications in peer-reviewed journals, recommendations, reports,
Web-site content, workshops and presentations, databases, educational materials,
scales and methods, new technologies, patents, technical assistance, and so on.
Outputs of NIOSH’s extramurally funded activities should also be considered. Ex-
amples of major outputs are provided in Table 3.

Depending on the intended audience, outputs may be tailored to communicate
information most effectively to increase the likelihood of comprehension, knowl-
edge, attitude formation, and behavioral intent. The extent of use of formative
evaluation data (data gathered prior to communication for the purpose of improv-
ing the likelihood of the intended effects) or intended user feedback in the design
of the output can be considered an indicator of output quality.

In addition to outputs themselves, many related indicators of the production,
reference to, and utility of outputs can be conceptualized and made operational.
Examples include the extent of collaboration with other organizations in the
determination of research agendas, the conduct of research, the dissemination of
research results, and interorganizational involvement in the production of outputs.
Coauthorship is a measure of the centrality of NIOSH researchers in the broader
research community.
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TABLE 3 Examples of a Variety of Scientific Information Outputs

Peer-reviewed publications by NIOSH staff

Total number of original research articles by NIOSH staff

Total number of review articles by NIOSH staff (including best-practice articles)

Complete citation for each written publication

Complete copies of the “top five” articles

Collaboration with other public- or private-sector researchers

Publications in the field of interest with other support by investigators also funded by NIOSH (for
example, ergonomic studies with other support by an investigator funded by NIOSH to do
ergonomics work, in which case NIOSH should get some credit for seeding interest or drawing
people into the field)

Peer-reviewed publications by external researchers funded by NIOSH

Total number of NIOSH-funded original research articles by external researchers

Total number of NIOSH-funded review articles by external researchers (including best-practices
articles)

Complete citation for each written report

Complete copies of the “top five” articles

Collaboration with other government or academic researchers

NIOSH reports in the research program
Total number of written reports
Complete citation for each written report
Complete copies of the “top five” reports

Sponsored conferences and workshops
Total number of sponsored conferences
Total number of sponsored workshops
For each sponsored conference or workshop, describe:
Title, date, and location
Partial vs complete sponsorship (if partial, who were cosponsors?)
Approximate number of attendees and composition of participants
Primary “products” of the event (such as publication of conference proceedings)
NIOSH’s assessment of value or impact

Databases
Total number of major databases created by NIOSH staff
Total number of major databases created by external researchers funded by NIOSH grants,
For each database:
Title, objective (in one to four sentences), and start and stop dates
Partial vs complete sponsorship (if partial, who were cosponsors?)
Study or surveillance-system design, study population, and sample size
Primary “products” of the database (such as number of peer-reviewed articles and reports)
Complete copies of the “top two” publications and/or findings, to date, from each database

continued
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TABLE 3 Continued

Recommendations

Total number of major recommendations

For each:
Complete citation (article, report, or conference where recommendation was made)
Summary in one to four sentences
Percentage of target audience that has adopted recommendation 1, 5, and 10 years later
Up to three examples of implementation in the field

Identifications of “top five” recommendations to date

Tools, methods, or technologies (TMT)
Total number of major TMT (includes training and education materials)
For each:
Title and objective of TMT (in one to four sentences)
Complete citation (if applicable)
Percentage of target audience that has used TMT 1, 5, and 10 years later
Up to three examples of implementation in the field
Identification of “top five” TMT to date

Patents
Total number of patents
For each:
Title and objective patent (in one to four sentences)
Complete citation
Percentage of target audience that has used product 1, 5, and 10 years later
Up to three examples of implementation in the field
Identification of “top five” patents to date

Miscellaneous
Any other important program outputs

The EC should ask NIOSH to provide information on all relevant outputs for
the specific program for the chosen time period.

Questions to Guide the Evaluation Committee

1. What are the major outputs of the research program?
Did the research program produce outputs that addressed the high-
priority areas?

3. To what extent did the program generate important new knowledge
or technology?

4. Are there peer-reviewed publications that are widely cited and consid-
ered to report “breakthrough” results?
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5. Were outputs relevant to both genders, vulnerable populations and
health disparities?

6. Were outputs relevant to health and safety problems of small
businesses?

7. Are products user-friendly in terms of readability, simplicity, and
design?

8. To what extent did the program help to build the internal or extramu-
ral institutional knowledge base?

9. Did the research produce effective cross-agency, cross-institute, or
internal-external collaborations?

Assessment

For this part of the assessment, the EC should provide a qualitative assessment
discussing relevance, quality, and usefulness. A highly ranked program will be one
with outputs that address needs in high-priority areas, contain new knowledge or
technology that is effectively communicated, contribute to capacity-building both
inside and outside NIOSH, and are relevant to the pertinent populations. The
discussion should cover those aspects in sufficient detail to support the qualitative
assessment of the outputs.

II1.B.7. Review of Intermediate Outcomes
(Box E in Figure 2)

Intermediate outcomes, for the purposes of this evaluation, are related to the
program’s association with behaviors and changes at individual, group, and orga-
nizational levels in the workplace. An intermediate outcome reflects an assessment
of worth by stakeholders outside NIOSH (such as managers in industrial firms)
about NTIOSH research or its products.

Intermediate outcomes include the production of standards, or regulations
based in whole or in part on NIOSH research (products adopted as public policy or
as policy or guidelines by private organizations or industry); attendance at training
and education programs sponsored by other organizations; use of publications by
workers, industry, and occupational safety and health professionals in the field; and
citations of NIOSH research by industrial and academic scientists.

More difficult-to-collect intermediate outcomes that may be valid indicators
of quality or utility include self-report measures by users and relevant nonusers of
NIOSH outputs. These indicators include the extent to which key intermediaries
find value in NIOSH databases for the repackaging of health and safety informa-
tion, the extent to which NIOSH recommendations are in place and attended to
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in workplaces, and employee or employer knowledge of and adherence to NIOSH
recommended practices.

A research program might be evaluated in terms of whether it is recognized as
a national center of excellence, is one of the larger and best research programs in
the country, is recognized only in terms of particular staff or a particular labora-
tory, duplicates other, larger facilities, or is not unique or has little capability or
capacity.

Questions to Guide the Evaluation Committee

1. Has the program resulted in stakeholder training or education activi-
ties that are being used in the workplace or in school or apprentice
programs? If so, what is the response to what is being done, and how
widespread is the response?

2. Has the program resulted in standards, regulations, public policy, or
voluntary guidelines that have been transferred to or created by the
workplace in response to NIOSH outputs?

3. Has the program resulted in new control technology or administrative
control concepts that are feasible for use or have been adopted in the
workplace to reduce risk factors?

4. Has the program resulted in new personal protective equipment that
is feasible for use or has been adopted in the workplace to reduce risk
factors or exposures?

5. Has the program contributed to changes in health care practices
to improve recognition and management of occupational health
conditions?

6. Has the program resulted in research partnerships with stakeholders
leading to changes in the workplace?

7. To what extent did the program’s stakeholders find value in NIOSH’s
products (as shown by document requests, web hits, conference at-
tendance, and so on)?

8. Has the program resulted in changes in employer or worker practices
associated with the reduction of risk factors?

9. Does the program or a subprogram provide unique staff or laboratory
capability that is a necessary national resource? If so, is it adequate or
does it need to be enhanced or reduced?

10. Has the program resulted in interventions that protect both genders,
vulnerable workers or address the needs of small businesses?

11. To what extent did the program contribute to increased capacity at
worksites to identify or respond to threats to safety and health?
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Assessment

Only a qualitative assessment of product development, usefulness, and impact
is required at this point in the EC report. Some thought should be given to the
relative value of intermediate outcomes, and the FC recommends applying the well-
accepted hierarchy-of-controls model. The discussion could include comments on
how widely products have been used or programs implemented. The qualitative
discussion should be specific as to the various products developed by the program
and the extent of their use by specific entities (industry, labor, government, and
so on) for specific purposes. Whether the products have resulted in changes in
the workplace or in the reduction of risk factors should be discussed. The recog-
nition accorded to the program or the facilities by its peers (such as recognition
as a “center of excellence” by national and international communities) should be
considered in the assessment. A program to be highly ranked should have a high
level of performance in most of the relevant questions in this section. Whether the
impact was caused by NIOSH alone or in combination with external agents should
also be considered in the evaluation. An aspect of the evaluation can be whether
the impact would have probably occurred without NIOSH’s efforts.

II1.B.8. Review of End Outcomes
(Box F in Figure 2)

End outcomes are defined by measures of health and safety and of impact on
process and programs. The FC recognizes that a major challenge in assessing the
causal relationship between NIOSH research and specific occupational health and
safety outcomes is that NIOSH does not have direct responsibility or authority for
implementing its research findings in the workplace. Furthermore, the benefits of
NIOSH research program outputs can be realized, potential, or limited to knowl-
edge gain. For example, negative studies contribute to the knowledge base and the
generation of important new knowledge is a recognized form of outcome, in the
absence of measurable impacts.

Outcome impact depends on there being a “receptor” for research results,
including regulatory agencies, consensus and professional organizations, and em-
ployers. The ECs should consider questions related to the various stages that lead
to outputs, such as

1. Did NIOSH research identify a gap in protection or a means of reduc-
tion of risk?

2. Did NIOSH convey that information to potential users in a usable
form?

3. Was the research applied?

4. Did the results work?
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End outcomes, for purposes of this evaluation, are changes related to health,
including decreases in injuries, illnesses, deaths, and decreases in exposures or risk
factors resulting from the research in the specific program or subprogram. Quanti-
tative data are preferable to qualitative, but qualitative analysis may be necessary.

Sources of quantitative data include

e Bureau of Labor Statistics (BLS) data on fatal occupational injuries
(Census of Fatal Occupational Injuries) and nonfatal injuries and ill-
nesses (Annual Survey of Occupational Injury and Illnesses).

e NIOSH intramural surveillance systems, such as the National Electron-
ic Injury Surveillance System (NEISS), the coal worker x-ray surveil-
lance program, and agricultural worker surveys conducted by NIOSH
in collaboration with the US Department of Agriculture.

e State-based surveillance systems, such as the NIOSH-funded ABLES,
and the SENSOR programs (for asthma, pesticides, silicosis, noise-
induced hearing loss, dermatitis, and burns).

e Selected state workers-compensation programs.

OSHA, which collects exposure data, in the Integrated Management
Information System.

The FC is unaware of surveillance mechanisms for many occupationally re-
lated chronic illnesses such as cancers arising from long exposure to chemicals and
other stressors. For many outcomes, incidence and prevalence are best evaluated
by investigator-initiated research.

The strengths and weaknesses of the various sources of outcome data should
be recognized by the ECs. Quantitative accident, injury, illness, and employment
data and databases are subject to error and bias and should be used by the ECs
for drawing inferences only after critical evaluation and examination of whatever
corroborating data are available. For example, it is widely recognized that occupa-
tional illnesses are poorly documented in the BLS Survey of Occupational Injuries
and Illnesses, which captures only incident cases among active workers. Most ill-
nesses that may have a relationship to work are not exclusively so related, and it is
difficult for health practitioners to diagnose work-relatedness; few are adequately
trained to make this assessment. Many of these illnesses have long latency and do
not appear until years after people have left the employment in question. Surveil-
lance programs may systematically undercount some categories of workers, such
as contingent workers. Challenges posed by inadequate or inaccurate measurement
systems should not drive programs out of difficult areas of study, and the ECs
will need to be aware of such a possibility. In particular, contingent and informal
working arrangements that place workers at greatest risk are also those on which
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surveillance information is almost totally lacking, so novel methods for measuring
impact may be required.

In addition to measures of illness and injury, levels of exposure to chemical
and physical agents and to safety and ergonomic hazards can be useful. Exposure
or probability of exposure can serve as an appropriate proxy for disease or injury
when a well-described occupational exposure-health association exists. In such
instances, decreased exposure can be accepted as evidence that the end outcome
of reduced illness has been achieved. That is particularly necessary in cases (such
as exposure to asbestos) in which latency between exposure and disease outcome
(lung cancer) makes effective evaluation of the relevant end outcome infeasible.

As an example of how exposure levels can serve as a proxy, the number of sites
that exceed an OSHA Permissible Exposure Limit (PEL) or an American Confer-
ence of Governmental Industrial Hygienists threshold limit value is a quantitative
measure of improvement of occupational health awareness and reduction of risk.
In addition to exposure level, the number of people exposed and the distribution
of exposure levels are important. Those data are available from multiple databases
and studies of exposure. Apart from air monitoring, such measures of exposure
as biohazard controls, reduction in requirements for use of personal protective
equipment, and reduction of ergonomic risks are important.

Clearly, the commitment of industry, labor, and government to health and
safety are critical external factors. Several measures of this commitment can be
useful for the EC: monetary commitment of the groups, attitude, staffing, and
surveys of relative level of importance. To the extent that the resources allocated
to safety and health are limiting factors, the ECs should explicitly assess NIOSH
performance in the context of constraints.

Questions to Guide the Evaluation Committee

1. What are the amounts and qualities of end-outcomes data (such as
injuries, illness, exposure and productivity affected by health)?

2. What is the temporal trend in those data?

3. Is there objective evidence of improvements in occupational safety or
health?

4. To what degree has the NIOSH program or subprogram been respon-
sible for improvements in occupational safety or health?

5. Ifthereis no time trend in the data, how do findings compare with data
from other comparable US groups or the corresponding populations
in other countries?

6. Is there evidence that external factors have affected outcome measures?
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7. Has the program been responsible for outcomes outside the United
States that have not been described in another category?

Assessment

For this part of the assessment, the EC should provide a qualitative assessment
discussing the evidence of reductions in injuries and illnesses or their appropriate
proxies (impacts).

II1.B.9. Review of Other Outcomes

There may be health and safety impacts not yet appreciated, and other benefi-
cial social, economic, and environmental outputs, including potential NIOSH im-
pacts outside the United States. Many NIOSH study results and training programs
may be judged to be important, or there may be evidence of implementation of
NIOSH recommendations, outside the United States.

Questions to Guide the Evaluation Committee

1. Is the program likely to produce a favorable change that has not yet
occurred or not been appreciated?

2. Has the program been responsible for other social, economic, security,
or environmental outcomes?

3. Has the program’s work had an impact on occupational health and
safety in other countries?

Assessment

Evaluation by the EC may consist of a discussion of other outcomes, includ-
ing positive changes that have not yet occurred; other social, economic, security,
or environmental outcomes; and the impact that NIOSH has had on international
occupational safety and health. It might also consider the incorporation of in-
ternational research results into the NIOSH program of knowledge transfer for
industry sectors.

II1.B.10. Summary Evaluation Ratings and Rationale

An EC should use its expert judgment to rate the relevance and impact of the
research program and its important subprograms by first summarizing its assess-
ments of the subprograms and overall program according to the several items listed
in Table 4. Table 4 is only a worksheet intended as an aid to the EC in its evalua-
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TABLE 4 Evaluation Committee Worksheet to Assess Research Programs and
Subprograms

Please respond to each with “major or important,

» «

moderate,” “likely,” “limited,” or “none.”

Background Context for Program Impact

1.1 Evidence of reduction of risk factors in the workplace (intermediate outcome) and evidence that external

factors affected reduction

1.2 Evidence of reduction in workplace exposure, illness, or injuries (end outcome) and evidence that

external factors affected reduction

Subprogram
Activity
Addressing Charge 1 Category |Program | 1 e e n
1.3 Contributions of NIOSH research Research
and transfer activities to changes
in work-related practices Transfer
1.4 Contributions of NIOSH research Research
and transfer activities to
reductions in workplace exposure, Transfer
illness, or injuries
1.5 Evidence of external factors Research
preventing application of NIOSH
research results Transfer
1.6 Contribution of NIOSH research Research
to enhancement of capacity in
government or other research Transfer
institutions
1.7 Contributions of NIOSH research Research
to productivity, security, or
environmental quality (beneficial Transfer
side effects)
Addressing Charge 2
2.1 Relevance of current and recently Research
completed research and transfer
activities to future improvements Transfer
in workplace safety and health
2.2 Progress in targeting research to Research
areas of study most relevant to
future improvements in Transfer

occupational safety and health
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tion. Its purpose is to encourage the EC to summarize its work in one place and
to concentrate on the subprograms and the items that will contribute to the final
impact and relevance scores.

To set the context for this step in the evaluation of the impact of the research
program in preparation to respond to charge 1, the EC will first need to consider
the available evidence of changes in work-related risks and adverse effects and
external factors related to the changes. That information should be organized as a
prose response to items 1.1 and 1.2 in Table 4.

Next, the EC should review the responses to the questions in Sections II1.B.6
through II1.B.8 and systematically rate the impact of the research program and
its subprograms by responding to items 1.3-1.7 in Table 4. To complete the table,
the EC response should use one of the following five terms: “major or important,”
“moderate,” “likely,” “limited,” or “none” (since 1995). The EC should evaluate
separately the impact of the research and the impact of transfer activities. High
ratings on items 1.3-1.7 require the committee’s judgment that the program has
contributed to outcomes. For example, outcomes have occurred earlier than they
would have or are better than they would have been in the absence of the research
program, or outcomes would have occurred in the absence of external factors be-
yond NIOSH’s control or ability to plan around.

The EC should then assess the relevance of the research program and subpro-
grams in preparation for addressing charge 2. The EC should review the responses
to the questions in Sections III.B.2 through III.B.5 and rate the relevance of the
research program and its subprograms by responding to items 2.1 and 2.2 in Table
4. The same five terms should be used (“major or important,” “moderate,” “likely,”
“limited,” or “none”) to evaluate separately the relevance of the research and the
relevance of the transfer activities. Transfer activities occur in two contexts: (1)
NIOSH efforts to translate intellectual products into practice and (2) efforts by
stakeholders to take advantage of NIOSH products.

Final Program Ratings

To provide the final assessment of the research program for charge 1 (impact)
and charge 2 (relevance), the ECs will use their expert judgment, their responses
to the questions in Table 4, and any other appropriate information to arrive at one
overall rating for the impact of the research program and one for its relevance to
the improvement of occupational safety and health. In light of substantial differ-
ences among the types of research programs that will be reviewed and the chal-
lenge to arrive at a summative evaluation of both impact and relevance, however,
the FC chose not to attempt to construct a single algorithm to produce the two
final ratings.
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Having completed Table 4, the EC should undertake its final assessment of
the impact and relevance of the program. Final program ratings will consist of
the numerical scores and prose descriptions of why the scores were given. As ex-
plained below, the ECs will summarize their responses to charges 1 and 2 by rating
the relevance and impact of the NIOSH research program on five-point scales in
which 1 is the lowest and 5 the highest rating. The FC has made an effort to es-
tablish mutually exclusive rating categories in the five-point rating scale; when the
basis of a rating fits more than one category, the highest applicable score should
be assigned. ECs will need to consider the impact and relevance of both NIOSH
completed research and research in progress. In general, the assessment of impact
will consider research completed, and the assessment of relevance will include
research in progress related to likely future improvements. When assessing the
relevance of the program, the EC should keep in mind how well the program has
considered the frequency and severity of the problems being addressed, whether
appropriate attention has been directed to both genders, vulnerable populations
or hard-to-reach workplaces, and whether the different needs of large and small
businesses have been accounted for.

The FC has some concern that the impact scoring system proposed below
might be considered a promotion of the conventional occupational-health re-
search paradigm that focuses on health-effect and technology research and not
give much emphasis to socioeconomic and policy research and to surveillance and
diffusion research (as opposed to activities) needed to effect change. Clearly, not
all intermediate outcomes occur in the workplace. There are important outcomes
much farther out on the causal chain that NIOSH can affect, and not all these can
be defined as well-accepted intermediate outcomes. NIOSH, for example, has an
important role to play in generating knowledge that may contribute to changing
norms in the insurance industry, in health-care practice, in public-health practice,
and in the community at large. The ECs may find that some of these issues need
to be addressed and considered as important to influence the external factors that
limit application of more traditional research findings. Given the rapidly changing
nature of work and the workforce and some of the intractable problems in manu-
facturing, mining, and some other fields, the ECs are encouraged to think beyond
the traditional paradigm.

Rating of Impact

5= Research program has made a major contribution to worker health
and safety on the basis of end outcomes or well-accepted intermediate
outcomes.
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4 = Research program has made a moderate contribution on the basis of end
outcomes or well-accepted intermediate outcomes; research program
generated important new knowledge and is engaged in transfer activi-
ties, but well-accepted intermediate outcomes or end outcomes have not
been documented.

3= Research program activities or outputs are going on and are likely to
produce improvements in worker health and safety (with explanation
of why not rated higher).

2 = Research program activities or outputs are going on and may result in new
knowledge or technology, but only limited application is expected.

1= Research activities and outputs are NOT likely to have any application.

NA = Impact cannot be assessed; program not mature enough.

Rating of Relevance

5= Research is in highest-priority subject areas and highly relevant to im-
provements in workplace protection; research results in, and NIOSH is
engaged in, transfer activities at a significant level (highest rating).

4 = Research is in high-priority subject area and adequately connected to
improvements in workplace protection; research results in, and NIOSH
is engaged in, transfer activities.

3= Research focuses on lesser priorities and is loosely or only indirectly
connected to workplace protection; NIOSH is not significantly involved
in transfer activities.

2= Research program is not well integrated or well focused on priorities
and is not clearly connected to workplace protection and inadequately
connected to transfer activities.

1 = Research in the research program is an ad hoc collection of projects, is
not integrated into a program, and is not likely to improve workplace
safety or health.

II1.C. Identifying Significant Emerging Research (Addressing Charge 3)

Among the most challenging aspects of conducting research for the purpose of
prevention of injury and illness is identifying new or emerging needs or trends and
formulating an active research response that appropriately uses scarce resources in
anticipation of those needs. Each EC should review the procedures that NIOSH has
in place to identify needed research relevant to the NIOSH mission.

Each EC should review the success that NIOSH has had in identifying and
addressing research to emerging issues. The review should include examination
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of leading indicators from appropriate federal agency sources, such as the Envi-
ronmental Protection Agency, the Department of Labor, the National Institute of
Standards and Technology, the National Institutes of Health, the Department of
Defense, and the Department of Commerce. Those indicators should track new
technologies, products, and processes and disease or injury trends.

One source of inputs deserving particular attention is the NIOSH HHE re-
ports. NIOSH’s HHE program is a separate legislatively mandated program that
offers a potential mechanism to identify emerging research needs that could be
incorporated as an input in each of the programs evaluated. The ECs should con-
sider whether appropriate consideration has been given to findings from the HHE
investigations as they are related to the research program under review.

Some additional indicators might include NIOSH and the NIOSH-funded
FACE, the AOEC reports, the US Chemical Safety Board investigations, SENSOR
and other state-based surveillance programs, and others. In addition, appropriate
federal advisory committees and other stakeholder groups should be consulted to
provide qualitative information.

The EC members should use their expert judgment both to evaluate what
NIOSH has identified as emerging research targets (charge 2) and to respond to
charge 3 by providing recommendations to NIOSH for additional research that
NIOSH has not yet identified. An EC’s response to charge 3 will consist primarily
of recommendations for research in subjects that the EC considers important and
of the committee’s rationale.

Questions to Guide the Evaluation Committee

1. What information does NIOSH review to identify emerging research
needs?
a. What is the process for review?
b. How often does the process take place?
c. How are NIOSH staff scientists and NIOSH leadership engaged?
d. What is the process for moving from ideas to formal planning and
resource allocation?
. How are stakeholders involved?
a. What advisory or stakeholder groups are asked to identify emerging
research targets?
b. How often are such groups consulted, and how are suggestions fol-
lowed up?
3. What new research targets have been identified for future development
in the program under evaluation?
a. How were they identified?
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b. Were there lessons learned that could help to identify other emerg-
ing issues?

c. Does the EC agree with the issues identified and selected as sig-
nificant and with the NIOSH response, or were important issues
overlooked?

d. Isthere evidence of unwise expenditure of resources on unimport-
ant issues?

IV. EVALUATION COMMITTEE REPORT TEMPLATE

The following outline flows from the FC’s review of the generalized logic model
prepared by NIOSH, the request for information from NIOSH programs, and the
assessment model described earlier in this report.

I.  Introduction:

This section should be a brief descriptive summary of the history of the
program (and subprograms) being evaluated, with respect to pre-NORA,
NORA 1, and current and future plans of the research program presented
by NIOSH. It presents the context for the research on safety and health;
goals, objectives, and resources; groupings of subprograms; and any other
significant or pertinent information. (A list of the NIOSH materials re-
viewed should be provided in an appendix to the EC report.)

II. Evaluation of programs and subprograms (charges 1 and 2).

A. Evaluation summary (includes a brief summary of the evalua-
tion with respect to impact and relevance, scores for impact and
relevance, and summary statements addressing charges 1 and
2).

B. Strategic goals and objectives: Describes assessment of the sub-
programs and overall program for relevance.

C. Review of inputs: Describes adequacy of inputs to achieve
goals.

D. Review of activities: Describes assessment of the relevance and
quality of the activities.

E. Review of research program outputs: Describes assessment
of relevance, quality, and potential usefulness of the research
program.

F. Review of intermediate outcomes and causal impact: Describes
assessment of the intermediate outcomes and the causal attribu-
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tion to NIOSH; includes the likely impacts and recent outcomes
in the assessment.

G. Review of end outcomes: Describes the end outcomes related
to health and safety and provides an assessment of the type and
degree of causal attribution to NIOSH.

H. Review of other outcomes: Discusses other health and safety
impacts that have not yet occurred; other beneficial social, eco-
nomic, and environmental outcomes; and international dimen-
sions and outcomes.

I.  Summary of ratings and rationale (see Table 4).

III. Identification of needed research (charge 2):
The EC should assess the progress that the NIOSH program has made
in targeting new research in the fields of occupational safety and health.
There should be a discussion of the assessment process and results.

IV. Emerging research areas (charge 3):
The EC should assess whether the NIOSH program has identified signifi-
cant emerging research areas that appear especially important in terms
of their relevance to the mission of NIOSH. The EC should respond to
NIOSH’s perspective and add its own recommendations.

V. Recommendations for program improvement:
On the basis of the review and evaluation of the program, the EC may
provide recommendations for improving the relevance of the NIOSH
research program to health and safety conditions in the workplace and
the impact of the research program on health and safety in the workplace
as related to the research program under review.

Appendix A: List of the NIOSH and related materials collected in the process
of the evaluation

V. FRAMEWORK COMMITTEE FINAL REPORT

At the conclusion of all individual program reviews, the FC will prepare a final
report summarizing the findings of all the evaluating committees and providing
NIOSH with an overall evaluation. All program ratings will be summarized and
might be plotted graphically or with a Web chart.

The following is a proposed outline of the FC’s final report:
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I. Summary of national needs identified by the research programs
reviewed.

A. On the basis of the best available evidence, place those needs in
the context of the overall estimated potential work-related disease
and injury burden.

B. Discuss the choices made and alternatives that might be the focus
of current or future attention.

C. Comment on programs not selected by NIOSH for evaluation by
the National Academies.

II. Assessment of how well the program goals.

A. Were matched to the research program needs.

B. Were adjusted to new information and inputs as the field of inter-
est changed or program results became available.

III. Assessment of NIOSH overall performance in the research programs
reviewed.

A. Distribution of available inputs.

B. Activities and outputs.

C. Intermediate outcomes.

D. Summary assessment of significant differences among the

programs

International impact.

Leveraging of the NIOSH research activity with respect to other
public and private research programs.

G. Assessment of relative importance of external factors in permitting
or preventing intermediate or end outcomes; attention paid to
accounting for and planning within the constraints of external fac-
tors (not simply assigning lack of progress to external factors).

IV. Overall assessment of NIOSH impact on progress in reducing occu-
pational injury and illness.

Breakthrough knowledge.

International impact.

Addressing disparities.

Targeting residual risks and intractable risks.

Coordinating NIOSH research activity with respect to other public

and private research programs.

E. Impact on occupational safety and health.

V. Summary, Conclusions, and Recommendations.

o

moOw>

Copyright © National Academy of Sciences. All rights reserved.



Mining Safety and Health Research at NIOSH: Reviews of Research Programs of theNational Institute for Occupational Safety and Health
http://www.nap.edu/catalog/11850.html

B

Information Provided by the NIOSH Mining
Safety and Health Research Program

1. Instructions to committee on how to access National Institute for Occupational
Safety and Health (NIOSH) Mining Evidence Packet (pdf file) (1/6/06)

2. NIOSH. 2005. NIOSH Mining Program Briefing Book. Available at http://www.
cdc.gov/niosh/nas/mining/. Accessed October 5, 2006.

3. Letter to committee from Lew Wade clarifying charge, August 12, 2005.

4. List of Mining Statistics (statistics available at http://www.cdc.gov/niosh/mining/
statistics/#gtm).

5. PowerPoint presentation to committee by Dr. Lewis V. Wade, NIOSH, “National
Academies Review of the NIOSH Mining Research Program,” at first committee
meeting, January 12-13, 2006.

6. PowerPoint presentation to committee by Dr. Jeffery L. Kohler, NIOSH, “Mining
Program Review,” at first committee meeting, January 12-13, 2006.

7. PowerPoint presentation to committee by Mr. Edward Thimons, NIOSH, “Dust
Monitoring and Control Program,” at first committee meeting, January 12-13,
2006.

8. PowerPoint presentation to committee by Mr. Michael J. Sapko, NIOSH,
“Explosion Prevention,” at first committee meeting, January 12-13, 2006.

9. PowerPoint presentation to committee by Dr. Christopher Mark, NIOSH,
“Ground Control Research for Underground Coal,” at first committee meeting,
January 12-13, 2006.
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10. PowerPoint presentation to committee by Ms. Lisa J. Steiner, NIOSH, “Using
Ergonomics to Reduce Musculoskeletal Injuries,” at first committee meeting,
January 12-13, 2006.

11. PowerPoint presentation to committee by Dr. Elaine T. Cullen, NIOSH,
“Research to Practice,” at first committee meeting, January 12-13, 2006.

12. PowerPoint presentation to committee by Dr. Andrew Cecala, NIOSH,
“Technology Transfer,” at first committee meeting, January 12-13, 2006.

13. PowerPoint presentation to committee by Mr. R. J. Matetic, NIOSH, “Reduce
Niose-Induced Hearing Loss in the Mining Industry,” at first committee
meeting, January 12-13, 2006.

14. NIOSH Response to committee information request, February 15, 2006.

15. NIOSH response to committee information request, March 1, 2006.

16. Powerpoint presentation by Jurgen Brune, PRL/NIOSH, “Overview of Lake
Lynn Laboratory,” committee site visit to the Pittsburgh Research Laboratory
(PRL), March 6, 2006.

17. Powerpoint presentation, “Diesel and Nanometer Aerosol Research at NIOSH
Pittsburgh Research Laboratory: NIOSH MEEL at LLL [Lake Lynn Laboratory],”
committee site visit to PRL, March 6, 2006.

18. Powerpoint presentation by Jurgen Brune, PRL-NIOSH, “NIOSH Pittsburgh
Research Laboratory, Disaster Prevention and Response Branch,” committee
site visit to PRL, March 6, 2006.

19. Powerpoint presentation, “Hearing Loss Prevention Branch,” committee site
visit to PRL, March 6, 2006.

20. Powerpoint presentation, “Mining Injury Prevention Branch,” committee site
visit to PRL, March 6, 2006.

21. Powerpoint presentation by Linda McWilliams, PRL-NIOSH, “Mining Industry
Surveillance and Statistics,” committee site visit to PRL, March 6, 2006.

22. Powerpoint presentation by Ed Thimons, PRL-NIOSH, “Respiratory Hazards
Control Branch,” committee site visit to PRL, March 6, 2006.

23. Powerpoint presentation, “Rock Safety Engineering Branch,” committee site
visit to PRL, March 6, 2006.

24. Triebsch, G. E,, and M. J. Sapko. 1990. “Lake Lynn Laboratory: A State-of-the-
Art Mining Research Laboratory.”

25. NIOSH response to request for information, “Matrix 1—Interaction Between
NIOSH Programs,” March 22, 2006.

26. NIOSH response to request for information, “Matrix 2—Summary Information
About Program,” March 22, 2006.

27. NIOSH response to request by James Dearing, “Evaluation of Training
Effectiveness,” March 27, 2006.
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28. NIOSH. 2005. NIOSH Office of Extramural Programs Annual Program Report-
Fiscal Year 2004. Available at http://www.cdc.gov/niosh/oep/pdfs/NIOSH-OEP-
FY04-Program-Rpt.pdf. Accessed April 5, 2006.

29. NIOSH. NIOSH Extramural Research Awards in Fiscal Year 2003—New and
Continuing Grants and Cooperative Agreements. Available at http://www.
cdc.gov/niosh/oep/pdfs/FY2003_FUNDED_PROJECTS.pdf. Accessed April 5,
2006.

30. NIOSH Agricultural Center. Great Lakes Center for Agricultural Safety and Health.
Available at http://www.cdc.gov/niosh/oep/pdfs/agcenter_rpts/2004GLCannual.pdf.
Accessed April 5, 2006.

31. NIOSH Agricultural Center. Great Plains Center for Agricultural Health.
Available at http://www.cdc.gov/niosh/oep/pdfs/agcenter_rpts/IOWAFY04Annual.
pdf. Accessed April 5, 2006.

32. NIOSH Agricultural Center. National Children’s Center for Rural and Agricultural
Health and Safety. Available at http://www.cdc.gov/niosh/oep/pdfs/agcenter_rpts/
childrencenter_12_14_04.pdf. Accessed April 5, 2006.

33. NIOSH Agricultural Center. Northeast Center for Agricultural Safety and Health.
Available at http://www.cdc.gov/niosh/oep/pdfs/agcenter_rpts/NECAnnrept03-
04.pdf. Accessed April 5, 2006.

34. NIOSH Agricultural Center. Pacific Northwest Agricultural Safety and Health Center.
Available at http://www.cdc.gov/niosh/oep/pdfs/agcenter_rpts/WAPNASHAR2004.
pdf. Accessed April 5, 2006.

35. NIOSH Agricultural Center. Southern Coastal Agromedicine Center. Available
at http://www.cdc.gov/niosh/oep/pdfs/agcenter_rpts/SCAC0304.pdf. Accessed
April 5, 2006.

36. NIOSH Agricultural Center. Southeast Center for Agricultural Health and
Injury Prevention. Available at http://www.cdc.gov/niosh/oep/pdfs/agcenter_
rpts/KY2003-2004annual.pdf. Accessed April 5, 2006.

37. NIOSH Agricultural Center. Western Center for Agricultural Health and Safety.
Available at http://www.cdc.gov/niosh/oep/pdfs/agcenter_rpts/CA_EOYR_03-
04.pdf. Accessed April 5, 2006.

38. NIOSH Agricultural Center. Southwest Center for Agricultural Health, Injury
Prevention, and Education. Available at http://www.cdc.gov/niosh/oep/pdfs/
agcenter_rpts/SWC%20FY04%20Annual%20Rpt-FINAL.pdf. Accessed April 5,
2006.

39. NIOSH Agricultural Center. High Plains Center for Agricultural Health and
Safety. Available at http://www.cdc.gov/niosh/oep/pdfs/agcenter_rpts/HICAHS12-
04YearEndRept.pdf. Accessed April 5, 2006.

40. NIOSH. FY 2005 State-Based Surveillance Awards. Available at http://www.cdc.
gov/niosh/oep/pdfs/State-Based-Surv-FY05-v.2.pdf. Accessed April 5, 2006.
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41. Series of graphs provided by NIOSH showing powered haulage; fall of ground;
machinery; materials handling; electrical; slips, trips and falls; entrapment;
inundation; hoisting; fire-related; and explosion-related injury and fatality
rates for the period 1983-2004. Sent April 18, 2006.

42. Series of graphs from NIOSH showing powered haulage; fall of ground;
machinery; materials handling; electrical; slips, trips and falls; entrapment;
inundation; hoisting; fire-related; and explosion-related injury and fatality
rates for the period 1995-2004 (corrected). Sent April 20, 2006.

43. NIOSH-PRL responses to committee requests for information regarding noise
control, April 28, 2006.

44. NIOSH response to request for information on percentages of dust exceeding
statutory limits, May 3, 2006.

45. E-mail from Guner Gurtunca to Sammantha Magsino, “RE: Information
request—surveillance and training,” May 4, 2006.

46. NIOSH-composed list of publications on mine surveillance and training, May
4, 2006.

47. NIOSH response to committee information request: dust sampling information,
May 5, 2006.

48. NIOSH response to committee information request: various topics, May 20,
2006.

49. Memorandum of Understanding between the Bureau of Mines and the Mine
Safety and Health Administration, June 2, 2006.

50. NIOSH response to committee information request, June 6, 2006.

51. List of NIOSH project start and end dates, 1998-2005. Sent June 22, 2006.

52. Responses from NIOSH to committee information request: information about
Strategic Goal 7, project start and end dates, and funding, June 23, 2006.
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NIOSH Mining Ergonomics
Research Program Review!

Barbara Silverstein, Ph.D., M.P.H., C.P.E.
Washington State Department of Labor and Industries

NIOSH MINING PROGRAM STRATEGIC RESEARCH PLAN: REDUCTION
OF REPETITIVE AND CUMULATIVE MUSCULOSKELETAL INJURIES

This review is based on reading materials prepared by the National Institute
for Occupational Safety and Health (NIOSH) Mining Program; a meeting with the
mining program associate director, the acting director, and ergonomics research-
ers from the Pittsburgh and Spokane laboratories; and reviewing mining research
program web sites from Australia, the United Kingdom and Canada along with
relevant literature.

STRATEGIC GOALS AND OBJECTIVES

The Mining Program seeks to eliminate occupational injuries, illnesses, and
fatalities in the mining industry via research and prevention activities in partner-
ship with key stakeholders.

IBecause the committee did not include an expert in ergonomics, the committee commissioned
Dr. Barbara Silverstein, MPH, CPE of the Washington State Department of Labor and Industries to
produce a white paper detailing her assessment of Mining Program research related to the reduction
of Repetitive or Cumulative Musculoskeletal Injuries. The following report was submitted and care-
fully considered by the committee during the preparation of its own review.

243
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Goal: By 2014, reduce repetitive and cumulative musculoskeletal injuries by 30
percent based on 2003 injury rate.

The intermediate goals of the mining ergonomics program are to

1. Quantify job demands and physical capabilities of miners to develop
improved recommendations for work design; and

2. Develop and field-test ergonomic interventions to reduce worker ex-
posure to musculoskeletal risk factors.

The performance measures are to

1. Provide 10 improved designs and work practices by 2009; and
2. Reduce the repetitive and cumulative musculoskeletal injury rate by
25 percent at test mine sites by 2009.

While most traumatic onset injuries have been decreasing in the mining in-
dustry, Bureau of Labor Statistics (BLS) and Mine Safety and Health Administra-
tion (MSHA) data indicate that work-related musculoskeletal disorders (WMSDs)
due to heavy, awkward, or repetitive manual handling and vibration represent a
significant proportion of illnesses and injuries in mining. Not all data sources
clearly define musculoskeletal disorders. Data from MSHA and BLS (BLS, 2006a,
2006b) indicate that in the past 8 years, there has been a decrease in musculoskel-
etal disorders in mining by more than 30 percent, thus making the proposed goal
quite achievable. Between 1999 and 2003, 4,079 back injuries with 173,000 lost
or restricted work days were reported in surface mining, primarily among truck
drivers, dozer operators, and front-end loaders; an additional 6,060 overexertion
injuries were reported, many in the same occupations (National Safety Council,
2004). According to BLS data (BLS, 2004a) there were 2,380 lost time overexertion
injuries in mining in 2004. Among all injuries reported, 25.8 percent occurred
after 8 hours of work (BLS, 2004b). While these data are not broken down by in-
jury type, it is reasonable to hypothesize a relationship between overexertion and
extended work hours.

Ergonomics research and education activities can contribute enormously to
identifying root causes of these disorders and to developing and testing potential
solutions and disseminating results to employer and employee partners, as well as
equipment manufacturers and regulatory agencies. Although federally funded min-
ing ergonomics research has a longer history, this review is focused on the period
since these activities came under NIOSH purview in 1997.

Ergonomics takes into account all the components of a work system (tech-
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WORK SYSTEM

Technology Organization
N -
| Individual|
Environment Task

FIGURE C-1 Components of a work system. Based on Smith and Sainfort, 1989.

nology, organization, task, environment, and individual) and their interactions in
order to achieve a balanced system (see Figure C-1). It is within this context that
the NIOSH mining ergonomics research portfolio is viewed. More specifically, the
focus is related to the strategic goal of reducing cumulative injuries such as work-
related musculoskeletal disorders.

The major environmental factors include, for example, uneven surfaces,
cramped conditions, noise, temperature, and lighting, which in turn have an im-
pact on constrained and awkward postures, as well as exhaustion. Organizational
factors include, for example, hours and shifts of work, degree of social interaction
(isolated, team), and degree of structural constraints in determining how the work
is carried out. Organization has a direct relationship to the frequency and duration
of postures and forces required to do the work. Successful completion of the task
determines the output of the work. The technology determines how the work can
be completed and can often result in reduced force, repetition, and awkward or
sustained postures. At the same time, introduction of new technology may affect
physical load bearing, and change predominantly heavy, repetitive work over a
long duration to more sedentary work with short bursts of very heavy work. Indi-
viduals bring different knowledge, skill, size, strength, experience, and intuition, as
well as physical and mental fitness, to the work. Maximizing the balance between
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these five components of the work system improves worker health, productivity,
and product quality. Imbalance can result in worker injury, poor quality, and/or
reduced productivity. Imbalance can lead to both acute traumatic onset injures and
cumulative musculoskeletal disorders. Ergonomics research needs to continually
evaluate and improve work system balance.

Major ergonomics challenges in the mining industry include rough, heavy, poorly
maintained machinery; fatigue; extended work hours; repetitive tasks; undemanding
and overdemanding tasks; shift work; errors; and access for maintenance.

The multidisciplinary ergonomics program (nine people in Pittsburgh and
three in Spokane) includes expertise in physiology, bioengineering, mining, indus-
trial and mechanical engineering, sociology-psychology, and industrial hygiene,
but not cognitive ergonomics. While there is a “human factors” group conducting
research in the area of extended shifts on stress, there is no cognitive ergonomics in
this group either. Additionally, some interdisciplinary work is being conducted to
make maximum use of existing resources. For example, ongoing lighting research
may have an impact on the interplay between slips and musculoskeletal disorders.
The work of these researchers is being published in peer-reviewed ergonomics and
safety journals and presented at professional and industry conferences, as well as at
specific worksites. The research and related work are primarily in areas of labora-
tory-based physical and safety risk factor research, control technology, intervention
effectiveness, diffusion and dissemination of research, and transfer activities.

There are impressive laboratories for ergonomics research in the Pittsburgh
facility including motion analysis, strength testing, and a human performance
research mine with access to mining equipment.

Ergonomics researchers have effectively collaborated with other research groups
within the Mining Program and with extramural partners to address overlapping
issues. The basic WMSD prevention strategy advocated by the mining ergonomics
group includes the following:

Partnering with mining stakeholders,

Developing solutions with the mines,

Advancing ergonomics research and tool development,

Ensuring research to practice (r2p) via workshops and industry brief-
ings, and

5. Research impacts of emerging issues such as an aging, experienced
workforce and a new inexperienced workforce.

Ll

The basic approaches taken to facilitate r2p include
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1. Identify immediate or intermediate solutions to problems identified
by the industry via off-the-shelf products or from examples used in
other industries;

2. Use awareness training and educational activities to transmit the above
solutions to the industry partners;

3. Conduct investigative research to identify unknown physiological or
biomechanical effects of tasks or use of new technology, using labora-
tory and simulation testing and field-testing potential solutions.

This approach is quite reasonable to maintain good working relationships where re-
search can be conducted. Care should be taken to ensure that this relationship is not
just a consultancy. Research involves the development of generalizable knowledge.
Research in this environment would be strengthened by systematic follow-up after
possible solutions are introduced to worksites (e.g., evidence of implementation
may be documented, but site-specific health effects do not seem to be monitored
nor are appropriate comparison groups identified). Improving intervention study
designs would increase the generalizability of findings.

The research program moves between simulation studies, laboratory studies,
and field studies. Examples of current NIOSH mining ergonomics laboratory and
field research examples focus on the following:

Environment

Researchers have recognized that not only is the workforce getting older but
highly experienced miners are leaving the mine, leaving more inexperienced miners
and mining engineers with increasingly long hours as production demands increase
(due to high commodity prices) and more adverse conditions (smaller and/or
deeper). Recognizing that teleoperations (remote-controlled) may be needed to
address acute traumatic injury risk, ergonomics researchers are aware of the need
to evaluate the cognitive side of implementing this technology in a dynamic haz-
ardous environment.

Technology

e Multifactor evaluation and improvement of mobile equipment-operator
interface (related to whole-body vibration, postural sway, posture, and
landing force getting out of the cab)

e Development and testing of low seam shuttle car seat intervention for
reducing jarring and jolting injuries
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e Evaluating vertical and horizontal appendage speeds on roof bolters
and recommending machine design modifications—this is an example
of identifying the need in the field and moving to simulation in the
laboratory

Organization

The effectiveness of implementing a participatory ergonomics process in low-
ering exposure to hazards and reducing WMSDs must be evaluated. The most
physically difficult jobs were identified by participants at industry conference focus
groups. Five-minute toolbox materials were developed to present problems and
possible solutions and test these in the field. Organizationally, this intervention
seeks to assess the integration of ergonomics into overall safety-health-work life
program structures in small and large mines. In larger companies, a corporate-wide
risk assessment tool has been developed along with injury investigation procedures.
Attempts are being made to produce ergonomically sound design specifications
that will affect purchasing decisions. In the medium-size mining company, after
ergonomic risk factor awareness training, 55 concern cards were completed, 22
interventions were completed, an initial 15 percent decrease in postural discom-
fort resulted where interventions were introduced, and other interventions are
currently in progress. Interventions included new equipment and work station
adjustment. There was a setback in a smaller mine company that is planning on
going from surface to underground mining, although a number of interventions
were implemented prior to change in production and product. These are interesting
case studies with different organizational structures that may result in generaliz-
able knowledge on program and process implementation and sustainability in this
industry. However, more rigorous follow-up of intervention effectiveness will be
required to test these methods.

Worker-Task Interface

e Recognizing that age is associated with greater number of lost work-
days due to WMSDs, researchers developed and are evaluating a pro-
gram for successful aging among miners through ergonomics (SAME)
using awareness training and identifying engineering controls for the
prevention of cumulative and acute traumatic injuries with a current
focus on knee and back injuries. This area of research demonstrates the
integration of the three research methods to focus on solving problems
identified in the field and via surveillance: developing a biomechanical
knee model and evaluating exit from equipment tasks and tread design
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in order to reduce slip-fall hazards. At the same time, researchers have
developed a low-back exposure assessment tool for use by mines. They
are testing age awareness training in the field.

e Asmall case studyhas been conducted on implementing an engineering
intervention to reduce WMSDs in a dozer blade changing task.

All of these studies use multiple methods (computer simulations, task analyses,
operator input, direct measurement, field testing, and employee-employer partici-
pation and feedback), taking into account the context in which the machinery or
intervention will be used by the operators.

Applied engineering research is the focus of the Mining Program with approxi-
mately 20 percent of the 15,000 mines visited in a year. The ergonomics research
program uses surveillance data to monitor trends and suggest gaps in research
or transfer of research to practice. It also spends a considerable amount of time
and resources in the field at different mining sites or meetings and conferences to
gather input from stakeholders about their needs (union, company, equipment
manufacturers, associations, and external researchers). A third source of inputs is
from other countries where mining is also important. This includes various net-
working mechanisms as well as having visiting researchers participate in NIOSH
research projects.

Examples of Research Outputs

Technology Assessment

e Comparison of physical load and method using fiberglass versus steel
bars for hand scaling (sand and salt mines)—depends on location of
work height
15 percent global adoption of low seam shuttle car design so far
Dragline workstation design, and testing—now requested by equip-
ment companies and mines

Exposure Assessment Tools

Low-back risk factor checklist development
Assessment of cab entry and exit risks for back and other overexertion
risks

e (Cab design checklist for mobile equipment used by operating
engineers
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Process Tools

e Participatory ergonomics implementation methods in mining based
on three different types of company size and organization styles.

New Knowledge

e Lighter-weight manual scaling bars do not necessarily produce lower
physical load on the worker. It depends on the position of the bar with
respect to the work and the worker. Workers should position them-
selves on platforms so the scale points are below knee level. Actually,
elimination of manual scaling should be the focus of this research.

e A roof screen prevents rock fall, but transporting and installing the
screen present heavy musculoskeletal loads. During screen transport,
analyses show that dragging the screen increases muscle activity more
than carrying the screen, and during installation, using rails to slide
the screen reduces the load on the back for only that intervention but
not for the overall task. Future research will seek to build a roof bolter
mockup and develop improved interventions.

e Miners spend a lot of time on their knees or in awkward squatting pos-
tures. These likely accounts for the high incidence of knee injuries seen
in the surveillance data. Knee pads present some difficulty for min-
ers and are not always used. In order to understand the mechanisms
of injury and the possible improvement in knee pads or some other
prevention technology, researchers are constructing a biomechanical
knee model to gain more insight into the tasks and barriers to knee
injury prevention, develop better knee pads, develop a method to
test knee pads, and provide training and better interventions as they
become available. Fully implementing this research should result in
direct reduction of knee injuries in this industry (of course, it would be
better, although perhaps impossible, to develop methods to eliminate
the need for kneeling and squatting for prolonged periods).

e Simulation and fresh frozen cadaver spine testing for compression and
endplate failure confirmed the role of torso flexion in low back pain
(LBP) and led to developing of improved LBP risk assessment tools.

Review of Transfer Activities

The ergonomics program appears to be very involved in dissemination of
information and products based on its research and development activities. The
primary mechanisms used for information transfer include the NIOSH web site
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(e.g., Ideas to Reduce WMSDs); conference presentations; workshops for engi-
neers, unions, and companies; peer-reviewed papers and conference proceedings;
demonstrations; successful inclusion of mining ergonomics materials into web
sites of stakeholders; and equipment company salesmen using ergonomics with
customers.

Examples of Intermediate Outcomes and Causal Impact

NIOSH identified some 85 publications or presentations related to ergonomics
and MSD risk identification, controls, or ergonomics program processes between
1996 and 2004. Examples of underlying work resulting in these publications include
the following:

e Ergonomics process adoption at large (N = 9,000) and intermediate
(N = 350) size mining companies, via 21 training sessions and trainee
submission of risk factor report cards on jobs, with 22 interventions
implemented with good results. The systematic evaluation of risk fac-
tor reduction has not been completed by the researchers. However, a
repeat discomfort survey indicated 15 percent reduction in discom-
fort. In the larger company, a metric for program evaluation is being
implemented, with job improvements being posted on the company
intranet. These activities have led to requests by other companies,
unions, and associations to be trained in the participatory ergonomics
process. This work led to 11 publications or presentations.

Examples of specific intervention case studies that have been im-
plemented include a dragline work station, water cannon pit station,
and seated work control station improvements to prevent carpal tunnel
syndrome related to 8-12 hours per day of joystick manipulation.

e Methods adoption
¢ Use of the lumbar support in low seam shuttle cars. This equip-

ment is now available from a large equipment manufacturer. This

work also resulted in seven publications or presentations.

¢ Use of concern cards in obtaining employee input into the ergo-
nomics process

¢ Use of WMSD risk assessment tools in several mines.

¢ Integration of participatory ergonomics approaches in a number
of mines

There has been some difficulty in the program’s ability to track dissemination and
implementation efforts based on publications and presentations. This is not unique
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to this research group. It has been more responsive than many to industry-specific
requests for research and evaluation of technology to improve the health and safety
environment in a dynamic, hazardous industry.

Additionally, in a Google search of “mining+ergonomics+research,” virtually
all relevant hits eventually refer to the work of NIOSH mining ergonomics research
activities. This suggests leadership in this particular area of ergonomics research.

Review of End Outcomes

WMSD Injury Rates

In the NIOSH Mining Briefing Book section on cumulative injuries and mus-
culoskeletal disorders, NIOSH indicated “contributing” to the 34 percent reduc-
tion in lost workdays due to these disorders from 1998 to 2004 (NIOSH, 2005).
NIOSH proposes a goal of a 30 percent reduction in incidence rate by 2014. It
proposes to accomplish this by continuing to integrate ergonomics process into
existing health and safety programs and incorporating worker involvement in the
process. If it is successful in widespread dissemination of the positive impacts of
participatory ergonomics being implemented within health and safety programs,
as well as widespread implementation of a number of control measures (e.g., low
seam shuttle car seat), it should be able to see a 30 percent reduction in WMSD
rates, doing nothing differently.

Review of Other Outcomes

There has been significant production of knowledge to be used by others to
improve the mining work environment and reduce musculoskeletal disorders and
disability. This has been transmitted via numerous presentations and papers in the
scientific and industry communities with considerable evidence of implementation
of prevention measures, as well as generation of new research ideas. An example
is the Industrial Minerals Association — North America ergonomics conference in
2006 (http://www.ima-na.org/about_ima_na/ergonomics.asp).

Anticipated Outcomes Based on Successful Completion of Current Work and
Implementation of Findings by Industry

e Better mobile equipment cab ergonomics
e Reduction in knee injuries
e Reduction in low-back disorders related to back-flexed lifting
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e Industry and worker awareness of the relationship between aging, work,
and injury and design work to prevent disability in older workers
e Reduction in slip and fall-related injuries

Identification of Emerging Areas of Research

To increase the likelihood of meeting the stated goal and performance mea-
sures, additional areas requiring research should be considered:

Effects of decreasing task variety and increasing monotony on injury
Effects of the combination of irregular heavy work and sedentary work
on injury

e Exacerbation of the effects of both of the above when longer hours
and more inexperienced miners are added to the equation.

e Relationship between slips-trips-falls (23 percent of injuries) and ma-
terial handling injuries (36 percent of injuries)(National Safety Coun-
cil Injury Facts, 2004) and aging

e Integration of ergonomics into management systems theory and prac-
tice in mining

e Impact of increased cognitive loading found in mining (use of remote
controls, visual, auditory, touch, sensory cues) on musculoskeletal
loading

The ergonomics group may not be able to address these important issues with
existing resources.

Additional Issues

Resources

This group is doing some very interesting, important work that likely has
significant impact on improving health and safety in the mining industry. It ap-
pears to have very good working relationships with a variety of stakeholders. This
group is also doing a lot of case study type field research. However, intervention
research methods are not strong. From the briefing materials, it appears that there
were four epidemiologists and one ergonomist listed by scientific specialty in the
Mining Program. It is unclear that any of the epidemiologists are working with the
ergonomics group. It would be very helpful if they could collaborate either with
other NIOSH groups that have epidemiological or intervention study expertise or
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with external collaborators in study design and analysis, which would be particu-
larly beneficial when looking at health outcomes.

The reference documents indicate that there has been a concerted effort to
document interventions, their usability, and effectiveness, but there is a consider-
able way to go in terms of field-based study design that can demonstrate evidence-
based generalizable knowledge in this area.

Although there was an increase in funding for the cumulative injuries-ergo-
nomics program between 1998 and 2005, it was not commensurate with the pro-
portion of lost-time injuries in this area. In fact the discretionary budget in this area
has decreased, likely due to the increase in full-time equivalents from 16 to 20.
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ment and application of four different techniques for coal seam degasification (i.e.,
underground horizontal drilling to a depth of 3,000 feet; vertical gob wells [with
the U.S. Bureau of Mines]; massive hydraulic fracing of coal seams; horizontal hole
drilling from the surface for coalbed methane production). The second major area
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to serve as a consultant to them today. Among other activities, he has evaluated
dust exposure in coal mines, fatal injuries in coal mines, quartz exposure in metal
and nonmetal mines, noise exposure in construction, beryllium exposure among
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demolition workers, and heat exposure among workers using chemical protective
clothing. He has more than 50 publications in the peer-reviewed literature. Dr.
Weeks is certified in the comprehensive practice of industrial hygiene and experi-
enced in the analysis of exposure and injury data. He has worked in the mining,
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HAROLD J. VINEGAR, Shell Exploration and Production Company,
Houston, Texas

National Research Council Staff

ELIZABETH A. EIDE, Study Director
NICHOLAS D. ROGERS, Senior Program Assistant

*The Committee on Earth Resources is a standing committee of the Board on Earth Sciences and
Resources and serves as the focal point within the board for activities relevant to mineral and energy
resources. This evaluation was conducted under the auspices of this standing committee.
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Board on Earth Sciences and Resources Roster

GEORGE M. HORNBERGER, Chair, University of Virginia, Charlottesville

GREGORY B. BAECHER, University of Maryland, College Park

STEVEN R. BOHLEN, Joint Oceanographic Institutions, Washington, D.C.

KEITH C. CLARKE, University of California, Santa Barbara

DAVID J. COWEN, University of South Carolina, Columbia

WILLIAM E. DIETRICH, University of California, Berkeley

ROGER M. DOWNS, The Pennsylvania State University, University Park

JEFF DOZIER, University of California, Santa Barbara

KATHERINE H. FREEMAN, The Pennsylvania State University, University Park

RHEA L. GRAHAM, Pueblo of Sandia, Bernalillo, New Mexico

RUSSELL J. HEMLEY, Carnegie Institution of Washington, Washington, D.C.

MURRAY W. HITZMAN, Colorado School of Mines, Golden

V.RAMA MURTHY, University of Minnesota (retired), Minneapolis

CLAYTON R. NICHOLS, Idaho National Engineering and Environmental
Laboratory (retired), Standpoint

RAYMOND A. PRICE, Queen’s University, Kingston, Ontario, Canada

BARBARA A. ROMANOWICZ, University of California, Berkeley

JOAQUIN RUIZ, University of Arizona, Tucson

MARK SCHAEFER, Global Environment and Technology Foundation, Arlington,
Virginia

WILLIAM W. SHILTS, Illinois State Geological Survey, Champaign
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RUSSELL E. STANDS-OVER-BULL, Anadarko Petroleum Corporation, Billings,
Montana

TERRY C. WALLACE, Jr., Los Alamos National Laboratory, New Mexico

THOMAS J. WILBANKS, Oak Ridge National Laboratory, Oak Ridge, Tennessee

National Research Council Staff

ANTHONY R. bt SOUZA, Director

PAUL M. CUTLER, Senior Program Officer
ELIZABETH A. EIDE, Senior Program Officer
DAVID A. FEARY, Senior Program Officer

ANNE M. LINN, Senior Program Officer

ANN G. FRAZIER, Program Officer
SAMMANTHA L. MAGSINO, Program Officer
RONALD E ABLER, Senior Scholar

VERNA J. BOWEN, Administrative and Financial Associate
JENNIFER T. ESTEP, Financial Associate

CAETLIN M. OFIESH, Research Associate

JARED P. ENO, Senior Program Assistant
NICHOLAS D. ROGERS, Senior Program Assistant
TONYA FONG YEE, Program Assistant
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