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Each of us, simply by going to Each of us, simply by going to 
work each day, may face hazards work each day, may face hazards 

that threaten our health and that threaten our health and 
safety.  Risking one’s life or safety.  Risking one’s life or 

health should never be considered health should never be considered 
merely part of the job.merely part of the job.



Many in Labor, Industry, and Many in Labor, Industry, and 
Government have voiced the Government have voiced the 

desire to take mine worker safety desire to take mine worker safety 
and health to the next level… and health to the next level… 

but how do we undertake this but how do we undertake this 
important goal?important goal?



Today’s PresentationToday’s Presentation

!! Describe a process for Describe a process for moving to the moving to the 
next level…next level…

!! Provide background information on Provide background information on 
mining and mining safety and health in mining and mining safety and health in 
the USthe US

!! Provide examples from the NIOSH Provide examples from the NIOSH 
research programresearch program



A Process…A Process…
!! Characterize the present and identify Characterize the present and identify 

sentinel events…sentinel events…
!! Examine underlying causes…Examine underlying causes…
!! Propose general interventions and Propose general interventions and 

identify barriers to their application…identify barriers to their application…
!! Develop and execute a focused research Develop and execute a focused research 

and development program…and then and development program…and then 
introduce the interventions…introduce the interventions…

!! Evaluate intervention effectiveness…Evaluate intervention effectiveness…



CharacterizationCharacterization

!! IndustryIndustry

!! Fatalities, injuries, and illnessesFatalities, injuries, and illnesses

!! Sentinel eventsSentinel events
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Mining Operations, 2001Mining Operations, 2001

14,623 Mining Operations
Spotted randomly within counties

Not shown:  Puerto Rico, 106 mines;
U.S. Virgin Islands, 4 minesData source: MSHA
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2,144 Mining Operations
Spotted randomly within counties

Data source: MSHA
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Metal Mining Operations, 2001Metal Mining Operations, 2001

281 Mining Operations
Spotted randomly within counties

Not shown:  U.S. Virgin Islands, 1 mine
Data source: MSHA
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785 Mining Operations
Spotted randomly within counties

Data source: MSHA
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Stone Mining Operations, 2001Stone Mining Operations, 2001

4,282 Mining Operations
Spotted randomly within counties

Not shown:  Puerto Rico, 61 mines;
U.S. Virgin Islands, 3 minesData source: MSHA
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Sand & Gravel Mining Operations, 2001Sand & Gravel Mining Operations, 2001

7,131 Mining Operations
Spotted randomly within counties

Not shown:  Puerto Rico, 45 mines
Data source: MSHA



Number of Employees
< 50
50 - 199
200 - 499
500 - 999
1000 +
No employees

Mine Operator EmployeesMine Operator Employees
20012001

233,112 Employees (excludes office workers)Data source: MSHA



Number of Surface Employee Hours Reported by
Employer Type and Commodity, 1992-2001
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U.S. Mine Production ValueU.S. Mine Production Value
($billion)($billion)

29.729.129.328.527.425.824.6
IndustrialIndustrial
MineralsMinerals

8.610.19.811.113.113.014.0MetalsMetals

19.618.018.319.719.819.719.5CoalCoal

20012001200020001999199919981998199719971996199619951995



Number of Fatalities (5-year aggregates) and Average Fatality Rates
by Mining Sector (Coal versus Metal/Nonmetal), 1911-2000
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Number of Fatalities (5-year aggregates) and Average Fatality Rates
by Mining Sector (Coal versus Metal/Nonmetal), 1966-2000
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   - consolidated federal mine regulations
      for Coal and M/NM under DOL/MSHA
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Fatality Rate in Coal Mining, Metal/NonmetalFatality Rate in Coal Mining, Metal/Nonmetal
Mining, and All Industry (Private), 2001Mining, and All Industry (Private), 2001
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Number and Distribution of Mining FatalitiesNumber and Distribution of Mining Fatalities
Within Work LocationWithin Work Location

by Type of Incident, 1996by Type of Incident, 1996--20002000
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Number and Rate of Fatalities byNumber and Rate of Fatalities by
Employment Size of Mining Operation, 1997Employment Size of Mining Operation, 1997--20012001
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Nonfatal LostNonfatal Lost--time Injury Rate intime Injury Rate in
Coal Mining, Metal/Nonmetal Mining, andCoal Mining, Metal/Nonmetal Mining, and

All Industry (Private), 2001All Industry (Private), 2001
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Number of Nonfatal LostNumber of Nonfatal Lost--time Injuries by time Injuries by 
Work Location, 1997Work Location, 1997--20012001
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Average Annual Rate of Lost-Workday Cases for Surface Mining 
Operations by Type of Employer and Commodity, 1991-2000
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Distribution of Lost-time Injuries by Accident Class
Underground Mining, 1997-2001

(n=21,028)
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Median Number of Days Lost for Lost-Workday Cases
by Work Location and for Selected Types of Incidents, 1996-2000
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Distribution of Illnesses (Percent)Distribution of Illnesses (Percent)
Reported to MSHA in 2001Reported to MSHA in 2001
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Coal Workers’ Pneumoconiosis:  Number of Coal Workers’ Pneumoconiosis:  Number of 
Deaths, Crude and AgeDeaths, Crude and Age--adjusted Mortality Rates, adjusted Mortality Rates, 
U.S. Residents Age 15 and Over, 1968U.S. Residents Age 15 and Over, 1968--1999.1999.

Source:  Work-related Lung Disease Surveillance Report, 2002 (NIOSH)



Coal Workers XCoal Workers X--ray Surveillance Program: ray Surveillance Program: 
Estimated Number of Actively Employed Estimated Number of Actively Employed 
Underground Coal Miners and Number Examined, Underground Coal Miners and Number Examined, 
19701970--19991999

Source:  Work-related Lung Disease Surveillance Report, 2002 (NIOSH)



Silicosis: Number of Deaths, Crude and AgeSilicosis: Number of Deaths, Crude and Age--
adjusted Mortality Rates, U.S. Residents Age 15 adjusted Mortality Rates, U.S. Residents Age 15 
and Over, 1968and Over, 1968--19991999

Source:  Work-related Lung Disease Surveillance Report, 2002 (NIOSH)



Silicosis: Most Frequently Recorded Silicosis: Most Frequently Recorded 
Industries on Death Certificate, 1996Industries on Death Certificate, 1996--19991999

U.S. Residents Age 15 and OverU.S. Residents Age 15 and Over
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34%
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27%

Other
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38%

Data source: NCHS



RespirableRespirable Quartz: Geometric Mean Quartz: Geometric Mean 
Exposures in Coal Mining, MSHA Inspector Exposures in Coal Mining, MSHA Inspector 
and Mine Operator Samples, 1982and Mine Operator Samples, 1982--19991999

Source:  Work-related Lung Disease Surveillance Report, 2002 (NIOSH)



All Mining Disaster* Incidents and Fatalities, 1900-2001
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Health Challenges, Health Challenges, 
Present and FuturePresent and Future

!! NoiseNoise
!! DustDust

•• CoalCoal
•• SilicaSilica

!! Diesel Particulate MatterDiesel Particulate Matter
!! Other possibly toxic substancesOther possibly toxic substances



Safety Challenges, Safety Challenges, 
Present and FuturePresent and Future

!! FatalitiesFatalities
•• Ground ControlGround Control
•• Powered HaulagePowered Haulage

!! InjuriesInjuries
•• Materials HandlingMaterials Handling
•• Slips and FallsSlips and Falls
•• Musculoskeletal DisordersMusculoskeletal Disorders



Emerging Health & Safety ConcernsEmerging Health & Safety Concerns
!! Work OrganizationWork Organization

•• Stress, Cardiovascular Disease, and Stress, Cardiovascular Disease, and 
Depression,Depression,

!! Mining under more adverse conditionsMining under more adverse conditions
•• Potential for increased hazardsPotential for increased hazards

!! New mining technologiesNew mining technologies
•• Safer systemsSafer systems
•• Possible new safety or health hazardsPossible new safety or health hazards



Emerging Health & Safety Emerging Health & Safety 
ConcernsConcerns

!! Aging Workforce Aging Workforce 
•• Increased likelihood of injuries or Increased likelihood of injuries or 

accidentsaccidents
•• Different training requirementsDifferent training requirements
•• Possibility of increased accidents from a Possibility of increased accidents from a 

large influx of inexperienced workerslarge influx of inexperienced workers



Research ProgramResearch Program

!! Based on Surveillance Data, Stakeholder Based on Surveillance Data, Stakeholder 
Needs, and Risk Analysis/ Loss ControlNeeds, and Risk Analysis/ Loss Control

!! Most projects funded from an external Most projects funded from an external 
peerpeer--review of proposalsreview of proposals

!! Program is balanced between long and Program is balanced between long and 
short term projects, basic and applied short term projects, basic and applied 
research , and among mining types and research , and among mining types and 
commoditiescommodities



PROJECT EXAMPLESPROJECT EXAMPLESPROJECT EXAMPLES

!! To illustrateTo illustrate
•• New challengesNew challenges
•• New approachesNew approaches
•• The successful … The successful … 
•• Lessons learnedLessons learned



DIESEL RESEARCHDIESEL RESEARCH

!! 5040 Interference 5040 Interference 
StudyStudy

!! Personal DosimeterPersonal Dosimeter
!! Control TechnologyControl Technology
!! Particle Size Particle Size 

DistributionDistribution



Stillwater StudyStillwater Study--Isolated ZoneIsolated Zone



Other Examples Other Examples –– DPM  DPM  



" Seam Height
" Cutting Direction

# External Spray Configuration
# Face Air Velocity

# Water Quantity at the Shearer

# Drum Water Spray Pressure

# External Water Spray Pressure

FULL SCALE LONGWALL 
GALLERY

DUST ENTRAINMENT 
TUNNEL

"Dust Concentration
# Total and Respirable

# Average of 3 Impactors

" Size Distribution

# Stage Mass 

# Mass Median Diameter



RealReal--time Dust Monitoringtime Dust Monitoring

!! Contrast of present Contrast of present 
dust plan dust plan 
verification with verification with 
the possibility of the possibility of 
nearnear--realreal--time time 
controlcontrol

!! Worker Worker 
Empowerment to Empowerment to 
Improve H&SImprove H&S



Clothes Cleaning BoothClothes Cleaning Booth



RETROFIT CAB FILTRATION 
STUDIES

RETROFIT CAB FILTRATION RETROFIT CAB FILTRATION 
STUDIESSTUDIES

! Focus on improving existing cabs
! Cab protection factors of 10:1 

achieved on old equipment with 
positive cab pressure

!! Focus on improving existing cabsFocus on improving existing cabs
!! Cab protection factors of 10:1 Cab protection factors of 10:1 

achieved on old equipment with achieved on old equipment with 
positive cab pressurepositive cab pressure



Improved Collector Inlet HoodImproved Collector Inlet Hood



Evaluation and Development of Evaluation and Development of 
Noise ControlsNoise Controls



Interventions and outreach with the Interventions and outreach with the 
Hearing Loss Prevention UnitHearing Loss Prevention Unit

!! Traveled to 38 sites nationwideTraveled to 38 sites nationwide

!! Performed 3958 test Performed 3958 test 
series on 2924 series on 2924 
workers, 1676 workers, 1676 
minersminers #S#S
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Training Interventions (HLP)Training Interventions (HLP)
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Musculoskeletal Disorders Musculoskeletal Disorders 
(MSDs)(MSDs)

Back injuries
Miners knee
Carpal tunnel
Tendonitis
Bursitis



Partnering for Successful Partnering for Successful 
ErgonomicsErgonomics

A Study of Musculoskeletal 
Disorders in Mining

A Study of Musculoskeletal A Study of Musculoskeletal 
Disorders in MiningDisorders in Mining



The Bridger ProcessThe Bridger Process

!! Mine management Mine management 
commitmentcommitment

!! Forming an Forming an 
Ergonomics Ergonomics 
CommitteeCommittee

!! Committee trainingCommittee training
!! Workforce training Workforce training 
!! Reporting and Reporting and 

suggestions from suggestions from 
workforceworkforce



NIOSH InterventionsNIOSH Interventions
Prill Truck

LaddersLadders

Operator Operator 
VisibilityVisibility

Steps and Hand Steps and Hand 
HoldsHolds



Blasting H&S IssuesBlasting H&S Issues



MATERIAL FLAMMABILITYMATERIAL FLAMMABILITY



Roof Skin Injuries at Roof Skin Injuries at 
a Coal Mine in a Coal Mine in 

northern Marylandnorthern Maryland

NIOSH Personal Bolter ScreenNIOSH Personal Bolter Screen

Began Roof Screening 
On-Cycle in 1997



Lake Lynn Experimental MineLake Lynn Experimental Mine



EXPLOSIONS: EXPLOSIONS: 

!! Prevention and suppression  of gas and dust Prevention and suppression  of gas and dust 
explosionsexplosions



EXPLOSIONS: 

••Determine the effectiveness of seal designs Determine the effectiveness of seal designs 
and develop alternative test methodsand develop alternative test methods



LLEM Explosion ResearchLLEM Explosion Research
Joint study with MSHA to use LLEM 
post-explosion observations to 
improve methodology for explosion 
accident investigations

Post-explosion floor dust sampling to 
determine extent of combustion and to 
measure contributions of volatiles & 
fixed carbon to the burning

Optical probes for measuring dust 
dispersion throughout the mine 
cross-section during explosion



Frictional Ignition ResearchFrictional Ignition Research

•• Presence of heavier hydrocarbons enhances Presence of heavier hydrocarbons enhances 
ignitability of methane   (Willow Creek, UT)ignitability of methane   (Willow Creek, UT)

Frictional hot 
streak, which can 
ignite methane

Infrared false color image 
of hot streak temperature

Miner bit cutting into 
sandstone block



Mine Rescue and ResponseMine Rescue and Response

!! Evaluate Evaluate 
Technologies

!! Realistic Training Realistic Training 
Simulations TechnologiesSimulations



Remote Construction of Seals for Remote Construction of Seals for 
Mine Fire Control and AbatementMine Fire Control and Abatement



Large Opening Mine VentilationLarge Opening Mine Ventilation



Electrical SafetyElectrical Safety



Longwall VentilationLongwall Ventilation

Face CH   to main fan system

Pgh CH   to main fan system

Pgh Coal bed

Subsidence Zone CH  to GVB

perforated pipe

Pgh/underlying CH   from 
Ribs, Floor to Bleeder Fan
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Cave Zone-floor, broken coal,
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Training… achieving behavioral outcomesTraining… achieving behavioral outcomes

!! QuecreekQuecreek Inundation ExampleInundation Example

•• Emergency Communications Emergency Communications 
TrainingTraining

•• MERITSMERITS



Stakeholder Input and Stakeholder Input and 
PartnershipsPartnerships

!! …… move quickly to practical solutions to move quickly to practical solutions to 
important health and safety problems, important health and safety problems, 
working with them, rather than against working with them, rather than against 
them.them.
•• Shared vision over the problem and the solutionShared vision over the problem and the solution
•• Synergies over shared expertiseSynergies over shared expertise
•• Access to sites and equipmentAccess to sites and equipment
•• Tripartite supportTripartite support



Mine Safety and 
Health Administration





Summary QuestionsSummary Questions

!! What are the surveillance data telling What are the surveillance data telling 
us?us?
•• The plateau and the need to change The plateau and the need to change 

approaches…approaches…
•• The decline and the need to continue with The decline and the need to continue with 

the successful interventions…the successful interventions…
•• The incline, and the need to act decisively…The incline, and the need to act decisively…
•• The sentinels… our wake up callThe sentinels… our wake up call



Summary QuestionsSummary Questions

!! Are the underlying causes of the Are the underlying causes of the 
problem being addressed, or only the problem being addressed, or only the 
symptoms?symptoms?

!! What is working, what is not, how do you What is working, what is not, how do you 
know, and what are you going to do know, and what are you going to do 
about it?about it?



Summary QuestionsSummary Questions

!! Have we defined the barriers to the Have we defined the barriers to the 
desired outcomes, and developed a plan desired outcomes, and developed a plan 
to address them?to address them?

!! If our plan is fully successful, will the If our plan is fully successful, will the 
desired outcome be achieved?desired outcome be achieved?



ConclusionsConclusions
!! The complexities revealed in the The complexities revealed in the 

surveillance data clearly show progress, surveillance data clearly show progress, 
but also the increasingly challenging but also the increasingly challenging 
task of achieving further health and task of achieving further health and 
safety improvements.safety improvements.

!! The successful methods of making The successful methods of making 
progress in the past may not alone progress in the past may not alone 
guarantee future successes.  guarantee future successes.  



ConclusionsConclusions

!! Advances in science and technology will Advances in science and technology will 
offer new insights into problems and offer new insights into problems and 
solutions.solutions.

!! MultiMulti--disciplinary efforts will be more disciplinary efforts will be more 
important and systemsimportant and systems--based based 
approaches will be necessary. approaches will be necessary. 

!! Partnerships will be required and will Partnerships will be required and will 
become more global in nature.become more global in nature.



ConclusionsConclusions

!! The challenges to economic, safe, and The challenges to economic, safe, and 
environmentally responsible mining are ever environmentally responsible mining are ever 
increasing, as are society’s expectations for increasing, as are society’s expectations for 
improved health and safety in the mines…improved health and safety in the mines…

!! The resourcefulness and commitment of the The resourcefulness and commitment of the 
mining stakeholders has never been greater…mining stakeholders has never been greater…

!! The prospect of taking health and safety to The prospect of taking health and safety to 
the next level is bright! the next level is bright! 



Improving Mineworker Health and 
Safety through Research and 

Prevention

Improving Mineworker Health and Improving Mineworker Health and 
Safety through Research and Safety through Research and 

PreventionPrevention
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