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INTRODUCTION

The Program of Mine Safety and Health Research described in this document reflects the continuing commitment of the
Spokane and Pittsburgh Research Laboratories to focus on the most important areas where research can make a difference
in reducing risk and improving safety and health for miners. It is the first program of work conducted since Congress
mandated closure of the former U.S. Bureau of Mines (USBM) in the Department of the Interior and supported integration
of the health and safety research function of the former USBM into the National Institute for Occupational Safety and Health
(NIOSH).

Organizational changes made FY97 a challenging year of transition. Ongoing research was reviewed and revised to reflect
the new, more limited, health and safety mandate of the research laboratories. The mining industry, mine worker
representatives, and interested government agencies provided broad input to assure that the research performed would focus
on the most critical safety and health problems confronting mining today and which are expected to be faced in the future.

The two laboratories worked to evolve coordinated programs of safety and health research, each with a special focus. The
work of the Spokane Research Laboratory is directed toward issues of special importance to the Western mining industry,
particularly those safety hazards found in metal/nonmetal mining and surface mining. The work of the Pittsburgh Research
Laboratory will continue to focus on Eastern mining, particularly underground coal mining. Traditional areas of expertise
for understanding and preventing fires and explosions and for controlling the hazards of dust and noise will continue to reside
in Pittsburgh.

Each laboratory is developing new capabilities in the analysis of relevant safety and health information to assure that
program priority-setting decisions are informed by the best available data. Recognizing the continuing importance of
communicating the results of research to all who are capable of improving safety and health conditions in mining, each
laboratory has developed an activity for information dissemination and coordination with stakeholders.

In the midst of organizational self-examination and change, the research staff in Pittsburgh and Spokane have never
wavered from their continuing commitment to conduct the highest quality scientific research—solution-oriented scientific work
meant to reduce the risk of injury, disease, and death from occupational hazards in mining. The pages that follow give insight
into some of the program activities and accomplishments from FY97. 1 hope you share my pride in the many
accomplishments of the NIOSH mine safety and health research program during this year.

This report comes at a time of increasing stability for the mine health and safety research program. The organizational
changes in Spokane and Pittsburgh have been concluded, and NIOSH has succeeded in recruiting a new, permanent associate
director for mining to lead this critically important national program. Congress has contributed to an optimistic future by
providing expanded funding for NIOSH mining-related research for the next fiscal year.

On a personal note, I greatly appreciate the opportunity I have had to serve as the NIOSH Acting Associate Director for
Mining during this transitional year. The commitment and intelligence with which the mining research staff pursued their
mission was matched by their patience and understanding in moving into a new organizational environment. All of us
committed to improved safety and health for this Nation’s miners owe them our respect and appreciation.

Gregory R. Wagner, M.D.
Acting Associate Director for Mining
National Institute for Occupational Safety and Health
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MINING INJURY AND DISEASE PREVENTION BRANCH

Control Systems for Drilling

Principal Investigators: Greg G. Miller, Wayne L. Howie,
Walter K. Utt, and Carl B. Sunderman

RESEARCH OBJECTIVES

The objectives of this project are to (1) develop strata
characterization and void detection techniques so that an
operator can be alerted to unsafe roof conditions and (2)
develop technology to control a roof drill automatically from
the rear of a roof bolting machine, which will allow operators
to be positioned away from areas where the roof might fall.

PROBLEM STATEMENT

Roof bolting is the most dangerous operation in under-
ground mining. According to MSHA statistics, during the 10-
year period from 1984 to 1994, there were about 1,000
accidents per year associated with roof bolting. The U.S.
Dept. of Labor estimates there are 2,500 roof bolting
machines currently in use at underground mines in the United
States. In 1995, 17.9% of the nonfatal lost-time injuries were
associated with roof bolting tasks.

The principal benefit of this research will be the reduction
of roof bolting accidents and injuries in both coal mines and
metal/nonmetal operations. Customers are mining companies
and operators of roof bolters.

RESULTS TO DATE
Roof Strata Characterization

This year, research focused on using neural networks to
characterize the rock that the drill is penetrating. Various
neural network software packages were evaluated, and
two—supervised and unsupervised neural networks—were
selected for this study. Existing roof bolter drilling data
collected from an instrumented roof bolter were used initially
to train and test each neural net.

The feature vectors must be scaled for the supervised
neural network learning routine. Consequently, a routine was
written in C programming language to convert files of drilling
parameter data to a form compatible with the neural network
software. The specific energy of drilling is also computed in
the routine. As a test case, a neural network was “trained”
using existing borehole data files from prior research. The
trained network then successfully classified data from another
file containing borehole data.

Another software package that requires the feature vectors
to be scaled and normalized in a different manner was
obtained

to evaluate the unsupervised neural network learning routine.
This network also successfully classified a data set. A drill
hole collaring effect was identified by the unsupervised neural
network clustering program, which agreed with observations.
Unfortunately, the drilling parameter features for this second
neutral net program must be scaled and normalized. This
requirement will make it more difficult to reformulate data in
a subset for near-real-time operation of the strata
characterization neural network. The supervised neural
network package is faster and more promising in its ability to
provide a warning while drilling is still underway.

An autoregressive integrated moving average routine
(ARIMA) has been written in C. This routine will be used to
estimate values for a subset of the data, which will be
necessary for near-real-time operation.

Research also included evaluation of five alternative neural
network techniques. In 1997, a set of six graphics programs
were written to evaluate two unsupervised neural network
techniques, the learning techniques of Kohonen, and a tech-
nique that combines fuzzy cluster means with Kohonen’s
approach. All of these techniques worked.

The most promising appears to be a supervised learning
technique. It will be evaluated further. Integration and re-
finement of the data processing system will continue through
FY98.

A data acquisition system has been developed for drilling
test blocks in the laboratory. Windows-based data acquisition
software will be used in conjunction with PC-based data
acquisition boards.

A system has been designed for integrating the data
acquisition system, the C language preprocessing routines, and
the neural network classifier. The system will be used in
subsequent testing of a near-real-time processing system.

Fuzzy Drill Controller

Fuzzy logic software has been successfully applied to a
classic inverted pendulum control problem for fuzzy
controllers. The software is now being configured for the
drill control system. In addition, analog and encoder interface
cards are being installed in the control system computer and
tested. The drilling platform is in position. Concrete blocks
for the test have been poured. Pressure transducers and
optical encoders have been installed. A mineworthy RPM
sensor was designed and installed into the drill head. Power
supplies and instrument breakout boxes have been assembled
and installed on the drill rig. Instruments and interface boards
have been installed, data acquisition programming tasks have
been completed, and the controller has been tuned.
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Relocating roof bolter operators away from hazards using artificial intelligence.

Safety Enhancements for Rock Scaling
Personnel

Principal Investigator: Art Miller
RESEARCH OBJECTIVES

To study present methods of scaling and their associated
safety risks and develop scaling techniques and/or equipment
that will reduce the number of injuries caused by scaling-
related accidents.

PROBLEM STATEMENT

In MSHA accident reports for underground mines, 12% of
accidents were classified as caused by material falling from
above. Most of these accidents were the direct result of
scaling loose rock from roofs and walls. In addition,
researchers noted that many otherwise classified accidents
could be linked to scaling processes, such as prying or barring
down, or to loose material falling. These injuries were often
classified as “hit by rock” or “strain/back injuries.” Thus, the
process of scaling was identified as a major source of injury
to miners and was targeted for investigation.

Almost any accident in a mine which involves loose rock
could be considered a scaling-related problem because all
loose material should be removed by scaling. The problem
m u s t

therefore be investigated holistically by examining not just the
act of scaling, but all accidents involving prying, barring
down, and movement of loose rock and ore.

RESULTS TO DATE

The project was organized into three phases—problem
assessment, designs for safer methods and equipment, and
testing of methods and equipment.

Phase |. Problem Assessment

® Searches of the MSHA mine accident database were
completed using Accident Data Analysis (ADA) and Mine
Accident Decision Support System (MADDS) software.
More than 300 scaling-related accidents were identified for
the years 1992-1996.

® Information acquired from a search of MSHA fatalgrams
was augmented by meetings and telephone interviews with
MSHA inspectors and technical support staff.

® A search of engineering databases was completed.
Although the material available on the topic of scaling
safety is limited, several pertinent articles were found
describing, most notably, work done at Pennsylvania State
University, Laval University in Quebec, and the Pittsburgh
Research Laboratory of NIOSH.



® Employees of several mines were contacted and questioned
as to scaling methods in current use. A database was set
up to hold the information from these interviews, as well
as many others to be done in the upcoming months. Using
these interviews as a first contact, visits were set up with
two mines. Extensive interviews and brainstorming with
mine personnel during such visits have resulted in many
good ideas about scaling safety issues and how scaling
problems might be addressed.

® A meeting was held with members of both the Human
Factors and Ground Control groups at the Pittsburgh
Research Laboratory to discuss ongoing work in scaling
safety practices and to collaborate on individual and mutual
goals.

Phase II. Design Concepts for Safer Methods and
Equipment

» The technical feasibility of using a handheld, pnetiortaol

The obvious hazards of scaling loose rock.

Chemical Hazards at Active Metal/Nonmetal

for rock scaling was demonstrated. The vertical wall of dMINES

fractured basalt formation was scaled using an off-the-shelf

pneumatic scraping tool. Although a scaling bar is lightePrincipal Investigators: Pamela L. Drake and Russell L.
and more maneuverable, the pneumatic tool penetratddevens

fractures without the need to use the jabbing motion often

required to remove rock with the bar.

RESEARCH OBJECTIVES

* A prototype scaler modeled after the pneumatic tool was To investigate and evaluate potential chemical hazards in

constructed. The tool was designed to minimize weightmining workplaces to enable development of control or
maximize reach, and allow chisel bits to be changed easilyhitigation methods.

Demonstrating the technical feasibility of a pneumatic scaling tool.

PROBLEM STATEMENT

Exposure to metals and organic chemicals in mining work-
places, in particular, milling and refining facilities, may
adversely affect thousands of workers. As one example, mer-
cury is a hazardous metal associated with gold and silver in
many ore deposits in the Western United States. Mercury per-
sists during processing and refining because the chemical
complexing and adsorption characteristics of mercury, silver,
and gold are similar. Silver is another metal to which refinery
workers are exposed. The potential for exposure to mercury
and silver is expected to depend on mercury and silver
concentrations in the ore, the processing steps employed at each
mine, and the engineering controls implemented to protect the
workers.



RESULTS TO DATE operations utilizing MRSs.

Exposure to mercury vapor and silver dust and fumes are the PROBLEM STATEMENT
focus of this project. Site surveys have been conducted at two
gold and silver mines in Nevada. Air samples from “personal  eceRt years have seen a resurgencdlar pxtraction in
breathing zones” and surrounding work areas were collected imdergound coal mines where MRSs are being used for
the refineries and Merrill-Crowe processing facilities to detectuppsert instead of posts. Approximately 40 U.S. coal mines
excessive exposures, if any, and to identify potential sources of  have adopted this emerging new technology. It is estimated b
mercury and silver. Air velocity measurements were taken on major manufacturers that there will be 150 machines in
exhaust ventilation systems at the refineries thithpurpose of  operation by the end of 1998. With the increase in the number
assessing their effectiveness and making recommendations for  of MRSs, MStéadesd regessts to approve roof control
design changes where needed. The preliminary results from plans that involve novel approaches to the use of these m:
these surveys have been forwarded to the participating mines. chines. MSHA does not have the technical information neede
Two alternate designs for ventilation hoods for the refinery at  to approve these plans, nor is agency approval consistent fron
one site were completed. The new hood designs were presentete subdistrict to another. As a result, MSHA requested that
to mine personnel as a relatively inexpensive means of reducing research be performed to (1) develop an understanding of ho
worker exposures to silver during the ingot cleaning process. these machines interact with mine strata and provide suppor
An overview of the Chemical Hazardspect was presented to during coal extraction and (2) acquire the data needed to
the Health and Safety Committee of the Nevada Mining develop guidelines for the safe use of MRSs. Topics of concern
Association in June 1997 in Winnemucca, NV. include optimum setting pressure, critical loading rates that
could signify imminent failure of the mine roof, and optimum
location of MRSs during specific operations.

Another problem that has arisen with the use of MRSs is the
lack of a warning system that would alert miners to dangerous
ground conditions. In the past, post and cap noises, dis-
placement, and failure allowed miners to “read” unstable
ground, but with the increasing use of MRSs, such an early
warning system is no longer available. Thus, during the
investigation of a fatality that occurred in a mine section using
MRSs, the West Virginia Board of Coal Mine Health and Safety
requested that research be performed to determine the feasibility
of developing a warning system for MRSs that would alert
miners to unstable ground conditions during pillar removal so
that miners and equipment could be removed before a fall
occurs.

RESULTS TO DATE

The most significant result has been the development of a
load rate monitoring (warning) system for MRSs. Spokane
Research Laboratory studies at room-and-pillar retreat
operations have shown that the loading rate on an MRS is

Project personnel conducting spot checks for mercury vapor

during a pour of molten slag. critical to the safe use of these machines and can be used as an
aid in determining when it is appropriate to remove miners and
Mobile Roof Support Technology equipment from an area. The system uses an embedded

processor that can monitor either the pressure inside the four
Principal Investigators: John K. Owens and Wayne L. hydraulic jacks of the MRS or strain in thgdraulic cylinder
Howie walls to determine loading on the MRS. The embedded

processor reads changes in cylinder pressure or strain in the

RESEARCH OBJECTIVES cylinder walls through four multiplexed data acquisition
channels. It then converts these pressure or strain changes to
To assess how loading on mobile roof supports (MRSs) cadpading rates, which in turn activates green, amber, or red

be used to indicate impending roof failure and to provide datwarning lights mounted on the MRS. Each light represents a
that MSHA can use to improve safety in retreat mining

8



different loading rate on the machine. A strobe light alsg
flashes when the yield pressure of the hydraulic cylinders
reached, and an alarm sounds at high loading rates. A comp
program was also developed that allows for easy in-min
adjustment of loading rates based on the geologic a
geotechnical conditions present at the mine.
A prototype system was tested on a Fletcher MRS thred
stage cylinder at the Pittsburgh Research Laboratory using
mine roof simulator loading frame. The system performed a
designed, with rapid response time to changing load rates. T
tests showed that the most accurate MRS loading data we
obtained by strain gages attached to the wall of the top stag@
cylinder. Because of the success of the testing at Pittsburghy
field-ready MSHA-permissible loading rate monitoring syste
was fabricated. The system will be sent to Triadelphia, W
early in FY98 for MSHA permissibility tests and approval.
Plans are to test the system at mines having the range
conditions typically found where MRSs are used to develop
protocol on how to use the system as a tool for alerting mine
about dangerous conditions during pillar remaral to collect
the data needed to develop guidelines for the safe use of MRSs.
Project updates have been given periodically to MSHA and
members of the West Virginia Board of Coal Mine Health andEngineering Controls for Reducing Surface
Safety. MRS mangfacturers are actively part.|C|pat|ng in th(?vIinin g Health Hazards
research by supplying the machines and multistage hydraulic
cylinders to test the system, furnishing blueprints of their_ = | . . . )
machines, assisting in system installation, and locating minlgrmc:pal Investigators: Fred R. Biggs and Richard Miller
sites at which to test the system.

Mobile roof support in the laboratory.

RESEARCH OBJECTIVES
BIBLIOGRAPHY To devise and promote the use of engineering controls in
metal/nonmetal surface mines to eliminate or minimize health
hazards related to dust, noise, diesel emissions, jarring and

jolting, and blasting agents.
Field Study of Mobile Roof Supports. Presentation a{ g gad

Owens, J.K.

technology transfer seminars on New Technology for Ground PROBLEM STATEMENT
Control in Retreat Mining (Norton, VA, April 8, and Pikeville,
KY, April 10, 1997). 10 pp. Engineering control technologies can be applied to

metal/nonmetal surface mine environments to eliminate or
minimize long-term health hazards. For example, equipment
noise in mining environments is pervasive. In the past few
years, there have been significant developments in noise
attenuation and active noise cancellation technology that could
be applied to mining environments. Another example is worker
exposure to respirable crystalline silica, which has prompted
MSHA to propose a rule regulating miner exposure to this
health hazard. A third example is related to back injuries and
multiple sprains and strains; between 1986 and 1995, 35% of
the lost-time injuries in surface haulage were back injuries
caused by jarring and jolting. Spokane Research Laboratory
Components of load rate monitoring system. personnel's engineering expertise can be applied to




characterizing jolting and jarring on mining equipment through RESULTS TO DATE
bench and field testing and isolating those elements that could
lessen shock loads to equipment operators.
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operator. The use of e ngineering controls is one approach to
reducing noise exposure in mines.
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Initial work involved evaluating surface mine health
hazards using the Mine Inspection Data Analysis System
(MIDAS). This resulted in graphs that showed average noise
levels and quartz concentrations by year by job for the period
from 1986 through 1995 and pinpointed those mine
occupations where exposures to noise and respirable dust were
highest. Analysis of the MSHA database in the MIDAS
format will continue.

An MTS IMPACT Mark II free-fall shock test machine was
acquired from the former USBM Twin Cities Research
Center. This machine can simulate the jolting and jarring
experienced by heavy equipment operators in a surface mine
so that injuries to these operators can be evaluated. Initial
machine calibration and bench testing have been completed,
and project personnel are now interfacing electronic recording
instruments with the machine to record readings during drop
tests.

An instrument package that can monitor the shock impacts
on operators of various sized trucks under different loading,
hauling, and dumping conditions was developed and tested on
the IMPACT machine and on several service vehicles at the
laboratory. The package is nearing readiness for field testing,
and a mine has been found that has agreed in principle to
cooperate in this research.

Skeletal Modeling for Protective Mine Gear

Principal Investigator: Marc T. Filigenzi
RESEARCH OBJECTIVES

To develop numerical modeling techniques for analyzing
the effects of excessive forces and acceleration on the human
skeletal system during occupational accidents. The results of
these analyses will be used to improve the design and
construction of personal protective equipment, thereby
reducing the severity and incidences of traumatic injuries to
mine workers.

PROBLEM STATEMENT

A NIOSH study of occupational deaths between 1980 and
1989 indicated that the two occupations with the highest
annual fatality rates were mining (at 31.9 deaths per 100,000
workers) and construction (at 25.6 deaths per 100,000
workers). Mining is also the highest risk industry in 23 States
and accounts for the largest number of occupational deaths in
three States.

NIOSH’s National Occupational Research Agenda (NORA)
has identified 21 research priorities aimed at increasing worker
safety. One of these priorities is to improve control technology
and personal protective equipment. The NORA report states



that “in some cases where it is not otherwise possible to
maintain a healthy work environment, personal protective
equipment...can be used to isolate workers from the hazard.”
The report also states that “the need for...personal protective
equipment research continues to be crucial.” Personal pro-
tective clothing and personal protective equipment are the last
lines of defense separating a worker from an otherwise
hazardous environment. The design and construction of per-
sonal protective clothing and personal protective equipment
are crucial if the safety and health of workers are to be
protected.

RESULTS TO DATE

This is a new project.

Accident Reconstruction and Training for
Metal/Nonmetal Mines

Principal Investigators: Marc T. Filigenzi and Timothy J.
Orr

RESEARCH OBJECTIVES

To develop computer programs for educating mine workers
on the hazards of mining and training them in evacuation
routes and procedures.

PROBLEM STATEMENT

A NIOSH study on occupational deaths between 1980 and
1989 indicated that the mining industry had the highest
average annual fatality rate (31.9 deaths per 100,000
workers). Mining is also the highest risk industry in 23 States
and accounts for the largest number of occupational deaths in
three States. Researchers believe that the use of computer
visualization techniques for accident reconstruction and
employee training will help to reduce these injury and fatality
numbers.

Accident Reconstruction

This task is to develop simple, cost-effective computer
visualization tools to reconstruct accidents at mine sites.
These reconstructions can then be used to train miners about
the hazards associated with their jobs, as well as to show
practical ways to avoid these hazards. Work will begin with
a literature search to determine the state of the art in
computer-generated animation used in accident reconstruction.
Researchers will also contact the Human Interface Technology
(HIT) lab at the University of Washington and other local
universities to learn about current trends in computer software
development. Work will continue with a survey of computer
resources available at SRL. Finally, researchers will work

with software developers, industry, and other research centers
to develop computer visualization programs and techniques
that can be used for accident reconstruction. These techniques
will be tested by re-creating a surface haulage accident.

Mine Evacuation Training

Cost-effective simulation tools will be developed to train
underground mine workers and rescue personnel in evacuation
procedures and route evaluation. The individual being trained
would be able to practice escapes in a three-dimensional,
immersive computer simulation of a mine in a disaster
situation, complete with smoke, fire, and other hazards. The
simulation could be practiced numerous times, allowing the
trainee to become familiar with procedures and evacuation
routes particular to a mine. Three-dimensional simulation
technology presently exists and can be run on any multimedia
computer. The technologies that need to be developed and
tested include (1) a method of translating CAD files of the
mine to the simulator program, (2) a unique operator interface
for the simulation program to convey a miner’s “virtual
health,” and (3) input and output devices to make the
experience as realistic as possible for the trainee. Finally, a
method of measuring the effectiveness of this training should
be developed. This method will then be compared to other
methods of training that include videos and drills.

RESULTS TO DATE

This is a new project.

Injury Prevention for Metal/Nonmetal Drilling
and Bolting Operations

Principal Investigators: Robert McKibbin, Greg Miller,
Curtis Clark, Carl Sunderman, John Bevan, and Richard
Miller

RESEARCH OBJECTIVES

To identify the causes of injuries related to the human-
equipment interface in drilling and bolting operations in
metal/nonmetal mines and develop the technology to reduce or
eliminate the risk of injury.

PROBLEM STATEMENT

MSHA-based statistics show that there were 70 fatalities and
35,136 injuries in drilling and bolting operations in metal/
nonmetal mines during the most recent 10-year period, account-
ing for 14% and 25% of all fatalities and injuries, respectively.
A significant percentage of these were lower back injuries,
which, when coupled with the fatalities, would address two
NORA priorities—traumatic injuries and low back disorders.

11



Typical dual-boom roof bolting machine

RESULTS TO DATE

The scope of project and performance outcome measures
for this new (FY98) project have been determined. The first
year of the project will involve problem identification, al-
though the research approach is intended to be dynamic so that
either several small problems or a few large problems can be
solved. In this regard, the background research and problem-
solving phases of the project may be conducted
simultaneously. Statistical information will be augmented by
discussions with various segments of the mining community,
including miners, mine managers, engineers, safety officers,
and union representatives. Technology to solve this problem
could include a mechanical engineering solution, such as a
design modification, a modular component to add to an exist-
ing piece of machinery, design recommendations to equipment
manufacturers, or procedural changes based on results of
human factor evaluations. This goal can be realized through
the experience of the staff at the Spokane Research Labor-
atory. The project team and support staff includes engineers
and technicians with extensive experience in mechanical sys-
tem design, machining, instrumentation and electronics, con-
trol system design, and analytical modeling. All members
have been involved in field activities throughout the Western
United States in all phases of the metal/nonmetal mining
industry and are thus uniquely qualified to perform this work
on an intramural basis.

Representatives from Carnegie Mellon University and Joy
Mining Machinery attended a technology transfer session on the
bolting module at the Spokane Research Laboratory. Mechan-
ical, hydraulic, and visualization components of the module
were discussed in detail with project personnel.

BIBLIOGRAPHY

Although this is a new project for FY98, some initial work
was performed under the project “Remote-Controlled Roof
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Bolting Technology,” which ended in FY97. There were two
presentations resulting from that work.

Spokane project personnel attended an open industry briefing
at the Pittsburgh Research Laboratory to demonstrate the reduced
exposure mining system (REMS). A video of the bolter filmed
and edited by Spokane project staff was presented at this meeting.

Hazard Reduction in Surface Mining of Sand
and Gravel

Principal Investigator: C. M. K. Boldt
RESEARCH OBJECTIVES

To reduce worker fatalities and injuries occurring in
surface sand, gravel, and stone operations.

PROBLEM STATEMENT

The sand, gravel, and stone industries have been under-
represented in mine safety research. A cursory look at MSHA
accident data, however, shows that surface sand, gravel, and
stone operations had 28 fatalities in 1995 and 34 fatalities in
1996. This is nearly one-third of mining industry fatalities for
those years. According to the MSHA Metal-Nonmetal Moni-
tor (July 1, 1996), there were 34,379 employees working 59
million hours at 6,162 sand and gravel mines in 1994. The
average number of employees at each mine was less than six.
The NFDL (nonfatal occurrences with days lost) incident rate
was 4.05. Stone mills employed 66,196 workers at 703
operations in 1994 (MSHA Metal-Nonmetal Monitor, August
12, 1996). Safety hazards at these operations are expected to
be different from hazards at surface metal and coal mines
because of the smaller size of the operations, fewer employees
at each site, proximity of the quarries to urban areas, and the
greater use of mobile equipment.

During the first year, accident data specific to surface sand,
gravel, and stone operations will be reviewed, and project per-
sonnel will solicit input from these operations so that they can
focus their research on problems pertinent to the industry.
The second year will be spent developing improved
engineering systems to address the most important problems
found. On the basis of a preliminary review of the data, we
expect that such problems will include improvement of
braking systems for haulage trucks, modifications to materials
handling equipment such as conveyors and crushers,
improvements in maintenance practices, and development of
training and safety devices for reducing strains and sprains.
The third and fourth years will be used to conduct field
demonstrations, evaluate the results, and disseminate the
information to the industry.

RESULTS TO DATE

This is a new project.



Hazard Reduction for Surface Mining Haulage because it requires a bulldozer and its operator in addition to
Equipment haulage trucks and drivers. However, intuition may be mis-

leading because a bulldozer and operator may already be
spending time on the dump constructing dumping berms.
Knowing what is actually involved in various procedures would

give safety professionals a more measurable means of
evaluating the true costs of an activity and incorporating safety.

Principal Investigators: Ron Backer and C. M. K. Boldt
RESEARCH OBJECTIVES

To investigate, evaluate, and develop technological tools to RESULTS TO DATE
reduce haulage-related accidents and injuries at surface coal and

metal/nonmetal mines. The project addresses three issues: hazard recognition,
operator safety, and the economics of safety. Project personnel
participated on an MSHA-sponsored task force of industry and
equipment representatives chartered to improve the safety of
large, off-road haulage trucks used in surface mines. Brochures
describing the best practices for 11 different problems have
been developed as training handouts. In addition, researchers
reviewed and provided input on two MSHA training videos
dealing with stockpiles and waste piles.
The hazard recognition task included anl@ation of warn-
ing devices that could alert a driver to obstacles that could be
run into or run over, mirrors and/or Fresnel lenses that could
improve operator vision, and video cameras and monitors.
Available proximity warning devices (Doppler radar and radio
frequency tags) have operating characteristics that do not quite
meet the requirements of mining haulage trucks at surface mines.
Only two manufacturers of the Doppler radar devices could be
found in the United States, and only one of these devices
demonstrated reasonable performance. Radio frequency technol-
ogy shows promise, but current systems are too expensive and do
PROBLEM STATEMENT not have the range or coverage desired for large haulage trucks
with their many blind areas. In field tests, the Doppler radar
In the past 5 years, powered haulage accounted for 43% alffarms were found to be difficult toaunt, adjust, and aim, with
the fatalities in surface mines and was among the top five  a tendency to generate false alarms. Efforts to identify anc
sources of injuries. Limited visibility from tharige trucks was  customize proximity warning systems foasenfine haulage
cited as a major cause of these accidents. vehitlemntinue. It was determined that special mirror-type
Accidents and injuries can be reduced by improving ways to  systems (Fresnel lenseg)ngrer mvilable from any source.
recognize hazards, providing restraint devices for operators of  Video cameras are being installed on some tacksssran
haulage trucks, finding better ways to enter and leave the  to mirrors and backup alarms on large trucks. Problems as
equipment, and providing feedback to operators when driving. sociated with camera use include in-cab monitors that are difficult
Equipment manufacturers are working to incorporate alarms, to \@emube they are not clear enough and they do not have
improve vision, and improve ergonomics on large pieces of ougin resolution to distinguish what is being viewed. Also,
equipment. Other approaches involve the development of  existing camera lenses are not capable of stayiderthean
remote-controlled or autonomous vehicles for specific, ex- diriglitions associated with mining.
tremely hazardous, repetitive, or simple tasks. Improvements Studies of the effects of jarring and jolting on the operators
in sensing technology, such as radio frequency, radar, laser, and of large haulage trucks were initiated. Work will aamcentrate
infrared devices, offer another opportunity to introduce tech- developing instrument packages to evaluate the impacts of suct

Doppler radar backup alarm being tested on 240-ton class mining
truck.

nological improvements to vehicle operation and/or control. shocks. The instruments were tested on an MTS machine in the
There is little in the literature quantifying costs associated laboratory and then installed on several service vehicles. A
with various methods of truck dumping procedures (end- mine has agreed in principle to cooperate in this research. The

dumping materials over a spoil pile versus dumping and next step is to install the instruments on trucks of various
bulldozing the materials over a dump edge). The latter pro-  sizes so that they can be tested under conditions of loading
cedure is considered safer, but it is intuitively more expensive hauling, and dumping in operating mines.
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Economic studies of various dumping practices (end- BIBLIOGRAPHY
dumping versus short-dumping) have been initiated. Woik
is being coordinated with the Pittsburgh Research Laboratory. Boldt, C.M.K., and R.R. Backer.
End-dumping materials over a spoil pile exposes the driver to
greater danger than dumping and bulldozing the materials over Surface Mine Truck Haul Safety—Where Are We?
a dump edge. Some operators may be reluctant to switch frdfresentation at the 28th Annual Institute on Mining Health,
end-dumping because they feel short-dumping is more costlafety, and Research. Aug. 25-28, 1997.
Results from this study will define the costs and benefits of
modifying current dumping practices.

CATASTROPHIC FAILURE DETECTION AND PREVENTION BRANCH

Slope Stability Hazard Recognition for Metal/ number of fatalities and injuries. Results of this research can be
Nonmetal Mines transferred to a number of other engineering situations,

including the design of roadcuts, railroad beds, canals, refuse

. . . ) disposal sites, and earth dams, as well as landslide control.
Principal Investigators: Jami M. Girard, Russ Levens, Ron

Mayerle, Ed McHugh, and Mark Larson RESULTS TO DATE

RESEARCH OBJECTIVES Project personnel have visited a number of surface mine

operations to observe current slope control practices and solicit

To minimize hazards associated with unstable mine slopésput from mine geotechnical engineers. A database of
through an aggressive approacivdlving research on en- documented slope failures and back-analysis information has
gineering controls, geotechnical design, advanced monitoringeen created. Several potential new technologies for slope
equipment, computer models, and hydrogeologic conditions.monitoring and design have been selected for further research.

PROBLEM STATEMENT BIBLIOGRAPHY

Overview of Surface Mining Reseh at Spokane Research
enter, presented by F. Michael Jenkins at the Pacific
orthwest Metals and Minerals Conference, Spokane, WA,
Bril 24-25, 1997.

Whether underground or on the surface, unanticipated roc
movements create the potential for a mine catastroph%
Through the first three quarters of 1997, separate accidents h%(
claimed the lives of two miners because of falls of highwalls at
open-pit mines in the United States. Between 1992 and 19967
nearly 14% of surface mine fatalities were related to slopg
failures. In addition, a comparative study of fatal and nonfatdiiss

accicents in surface mines were 12 to 30 times more likely tg
result in fatalities than other types of accidents in these mineS

related accidents is likely tacrease. This project at NIOSH's £
Spokane Research Laboratory was initiated early in 1997 with;
an objective of reducing injury and fatality incidence rate :

associated with slope failures. T
There are four types of slopes that may fail at an open-pgu

mine—highwalls, dumps, stockpiles, and tailings embankments ." Lol ey
An understanding of slope failures related to mining and th% "'; ! sy
technology available to prevent these types of failures will assist 1,ck buried in highwall failure that resulted in one fatality and
engineers in designing the best preventive measures for unstabi@ nonfatal injury.

ground. Better design and control of slopal reduce the

T
>
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Design Analysis of Ore Passes loads were reduced significantly by offsetting the chute and
control gate support structure from directly below the dump

Principal Investigators: Michael J. Beus and Bill Stewart ~ Point at the top of the ore pass. This allowed a cushion of
material to pile up at the base of the ore pass and absorb the
RESEARCH OBJECTIVES initial impacts from the leading edge of the falling column of
material. The data also show that energy losses from collisions
To improve ore pass design criteria to prevent hangups anong particles and between particles and the walls are
structural failure and provide enabling technology for detectingonsiderable, resulting in much lower impact forces than
and remediating blockages in ore passes in hard-rock minespredicted by theory. Static loads were in line with predictions.
Tests are continuing at the mine to refine the approach and
PROBLEM STATEMENT validate the particle flow computer models.

The ore pass design project seeks to develop safer mine ore BIBLIOGRAPHY
passes and ore pass structures. Current work is focused on
particle flow computer analyses and the installation of sensors
on ore pass chute and control gate assemblies. This work will

enable researchers to determine actual static and dynamic loads . )
that cause structural failure. Sensor-Enhanced Test Platform Will Refine Safety Measures

in Underground Mines. Research and Developng&ssors,
RESULTS TO DATE The Journal of Applied Sensor Technoloyl. 14, No. 8,
1997, p. 14.

Safety analyses and surveillance studies are ongoing.
Accidents related to ore passes are being identified, and a Stewart, B.M.
method to determine the extent of mingpesure to ore pass
hazards is being developed. Field surveys have been conductedPoster session presented at the National Occupational Injury
at five large underground metal mines in four States to asseRgsearch Symposium, Morgantown, WV, Oct. 15-17, 1997.
the scope of existing and potential safety problems around ore
passes. These surveys also helped in refining a fault-tree
analysis that allowed the project team to focus its research and
identify cause-and-effect relationships of which they had
previously been unaware.

Construction of a full-scale mockup of an actual ore chute
support structure was completed to test a new approach for
determining loads on ore pass gates. Strain gages were installed
on the support bolts, and hydraulic jacks are being used to apply
test loads. Procurement, assembly, and debugging of data
acquisition systems to take static and dynamic measurements
have also been completed. Closed-form calculations for
dynamic forces have been validated by ball-and-beam drop
tests. Test problems incorporating a computer program using
the particle flow codes PE€ and PEC have been developed.

A one-third-scale ore pass, storage bin, and chute and gate
assembly have been designed and are currently under
construction. Prototype sensors for the one-third-scale chute
and gate assembly have been built, and tests of the design are
underway.

A field test was completed on an ore pass chute and gate
system at the Lucky Friday Mine in northern Idaho. Thirty-two
weldable strain gages were installed on the eight support bolts
from which the chute and control gate are suspended. Tensile
strains were averaged to obtain a measurement of the total |
vertical force acting on the structure as material was dumped Conduct ing field test on ore pass chute and
into the ore pass. Fourteen loads averaging 5,000 to 6,000 Ib of gate assembly.
material each were dumped from a load-haul-dump (LX) . .
into the ore pass. Preliminary analyses indicate that dynam!\éIIrle Hoist and Elevator Safety

Beus, M.J.
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Principal Investigator: Michael J. Beus in both shafts from a depth of approximately 1,900 ft. It is
anticipated that distances can be improved by the use of
RESEARCH OBJECTIVES repeaters and better antennas.

To improve the safety of hoist and elevator operations by
using sensor and computer technology to increase the amount
of information and efficiency of information flow available to |
hoist operators and inspectors.

PROBLEM STATEMENT

This project was initiated at the request of MSHA because of
increasing concern about hoist and elevator safety.

RESULTS TO DATE

A state-of-the-art hoisting and ore pass research facility has
been constructed. This facility will allow assessment of mine
hoisting and elevator safety and control systems, including
hoisting machinery (hoist room controls, motors and gear
boxes, and winders) and shaft infrastructure (support
frameworks, guides, wire ropes, and skips and cages). Sensors
and real-time data acquisition interfaces to monitor hoisting
operations have been developed. Limit switches have been
designed and will be installed on the hoist headfrantkin the
loading pocket. A Windows-based program called Wonderware
and a flat panel touch-screen monitor are used for process
control and automation. A “flex-beam” load cell has been
developed to measure rope tension and is being patented. These
systems allow personnel to assess critical hoist operating
parameters, such as hoist position, speed, and acceleration;
conveyance loads; rope tension; and shaft guide alignments.
This newly developed conveyance load sensor and data
transmission scheme will advance hoist and conveyance
monitoring.

Validation of various data protocols is complete. A
computer program written in Visual C++, called “On-board,”
has been developed for data collection and visualization on a
stand-alone process screen that can be used with laptop or
handheld computers.

Further integration of a customized signal processing board
to minimize size and increase transmission speed is underway.
In-shaft charging methods and maodification of modems to
transmit voice and data will be designed and tested. Ways to
integrate conveyance monitoring data into the hoist room
computer at the test facility are being studied.

Field tests were completed in deep shafts in the Sunshine and
Lucky Friday Mines to test wireless transmission methods for
monitoring mine shaft conveyances. One shaft is a 5,000-ft-
deep escape shaft and has two 5-ft-square hoisting
compartments with timber lagging. The other shaft is a
concrete-lined, 6,000-ft-deep production shaft. It is 21 ft in
diameter with steel sets. Error-free transmission was achieved

Shaft conveyance monitoring system.
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Breakout of borehole walls indicates high stress
and elevated ground control safety hazards.

RESEARCH OBJECTIVES

To develop methods to recognize and respond to adverse

Applications Conference, Thirty-Second IAS Annual MeetinéeOIOgiC conditions that markedly increase the potential for
(New Orleans, LA, Oct. 5-9, 1997). Vol. 3, pp. 2091-2098. ground falls and rock bursts.
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Skip inside headframe at test facility. See diagram
above for location of data acquisition equipment.

Mining Under Adverse Geologic Conditions

Principal Investigators: Jeffrey K. Whyatt, Jami M. Girard,
Brian G. White, and Timothy J. Orr

PROBLEM STATEMENT

Ground falls and rock burst hazards vary widely within and
among hard-rock mines. Although this is not surprising, it is
not readily apparent in the MSHA statistical database, largely
because exposure rates are not tracked. However, project per-
sonnel are developing independent estimates for special
circumstances, particularly those involving adverse geologic
conditions. For example, the deep mines in the Coeur
d’Alene Mining District of northern Idaho are actively mining
in highly stressed quartzites. The fatal accident exposure rate
for rock bursts in these mines has been estimated to be eight
times the national average of all types of mining-related fatal
accidents over the past 10 years. Anecdotal evidence from
other mines and other districts suggests that this experience is
not unusual. Pockets of highly hazardous working
environments created by adverse geologic conditions need to
be identified so that working conditions can be improved.
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Prototype of video borescope.

RESULTS TO DATE

Recent research has shown that geologic conditions exert
a strong control on ground control hazards. For instance, an
investigation of a recent rock burst fatality found evidence,
including disced drill cores, geologic conditions, of unusually
high stresses in subunits of hard vitreous quartzite. A similar
study of development of two sublevels found that rock bursts
and other seismic events were concentrated in an area en-
compassing less than one-third of the project area. The injury
rate for miners in the hazardous one-third of the project area
was 30 times higher than the national average for underground
mining.

The location of these high-risk sections appears to be
controlled by a combination of preexisting geologic conditions
and mining-induced stresses. These observations suggest that
a program of ground-control-oriented geologic mapping and
analysis could support a priori identification of hazardous sites
if sufficient information were available.
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Exploration boreholes provide an important first look at
ground conditions. Sections of boreholes that are heavily
fractured or broken out from their nominal circular shape are
proving to be good indicators of adverse geologic conditions.

A video borescope is being developed at the Spokane Re-
search Laboratory to gather such information. A prototype
was demonstrated to MSHA. A number of mining companies
are cooperating in field trials of the borescope, and a Public
Health Service employee invention report has been submitted.

Data collected using the borescope, as well as from coring
and geologic mapping, will be integrated into the design
procedure using visualization and stress analysis software that
allows mine engineers to examine the interactions among
mining, geology, mining-induced seismicity, stress levels, and
ground stability as they plan mining operations.
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Safe Monitoring of Engineered Backfill

Principal Investigators: J. B. Seymour, D.R. Tesarik, and
T.J. Williams

RESEARCH OBJECTIVES

To improve the safety of underground miners by
developing new backfill evaluation methods and innovative
instruments for

monitoring mining-induced stresses and displacement in back-
fill and the host rock.

PROBLEM STATEMENT

Roof and rib falls accounted for approximately 46% of the
underground metal/nonmetal mine fatalities in the United
States over the last 10 years. Many of these traumatic injuries
and fatalities might have been avoided through the use of
backfill mining techniques. Backfilling with an engineered fill
material provides excellent long-term ground support that
improves the safety and stability of underground workings.
However, the use of backfill mining methods is limited by a
lack of information regarding the ground support characteris-
tics of placed fill.

The use of modern backfilling techniques in the United
States has traditionally lagged behind that of other countries,
particularly Canada, Australia, the Republic of South Africa,
and Finland. However, over the past few years, backfill
mining methods have gained a more widespread acceptance in
the U.S. mining industry. Most of the underground gold
mines in Nevada are now using cemented backfill as support
where ground conditions are weak. Backfill is also being used
to reduce the incidence of hazardous rock bursts in deep metal
mines and to recover remnant ore pillars in room-and-pillar
mines.

However, recent backfill-related accidents illustrate the
continuing need for better quality-control measures for backfill
batching and placement, improved techniques for monitoring
and evaluating the safety and stability of placed backfill, and
a more comprehensive engineering approach to mine design.
The need for further backfill research is exemplified by
frequent requests from the industry and from State and
Federal agencies for cooperative assistance in solving backfill-
related health and safety problems.

Mining thr ough backfilled cross-panel and entry pillars in the
8-Right longwall panel at the Foidel Creek Mine.
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RESULTS TO DATE

In cooperation with Cyprus Twentymile Coal Co., an in-
strumentation plan was developed for the Foidel Creek Mine,
an underground coal mine in Colorado. The purpose was to
monitor the safety and stability of underground working
conditions as a longwall mined through a series of backfilled
cross-panel entries. Because the mine’s longwall panels are
extremely large (approximately 850 ft wide by 18,000 ft
long), three parallel entries were driven across the middle of
the 8-Right panel to provide additional access and escapeways
for underground miners. To maintain the stability of these
cross-panel entries during subsequent extraction of the
longwall panel, the entries were backfilled with a grout mix
consisting of cement, fly ash, and a foaming agent.
Instruments installed in the cross-panel entry pillars, backfill,
longwall panel, and headgate entries were continuously
monitored by a computerized data acquisition system as the
longwall approached and mined through the backfilled section
of the mine. The information collected from this study is
currently being analyzed in greater detail to determine how far
stresses extend ahead of the advancing longwall face, the
magnitude and direction of principal stresses as mining
progressed toward the backfilled entries, in situ properties of
the engineered fill, maximum stress on the backfill and
support pillars before they yielded, and the applicability of
numerical modeling codes to evaluate bedded deposits such as
coal. Instrument readings are being used to validate numerical
models. All this information (results of numerical modeling,
underground observations, and measurements) will provide
valuable information about ground behavior, performance of
the fill, and safety and stability of the mining method.

A second study is being conducted in cooperation with
Hecla Mining Co. to investigate the cause of a recent backfill
roof failure in a ramp-stope intersection at the Lucky Friday
Mine, a deep silver mine in Idaho. Laboratory tests were run
with samples of cemented mill tailings cored from a large slab
of the fallen backfill to determine the material properties and
quality of the placed fill. Because these backfill roof failures
pose serious hazards to miners working in the intersections,
preliminary recommendations were given to the mine staff
regarding the dimensions of the ramp-stope intersection and
the procedures for installing an intersection truss embedded in
the fill. In cooperation with the mine staff and its consultant,
an instrumentation plan was developed to monitor deformation
of the backfill and host rock and loads on the truss in a
selected ramp-stope intersection during mining of the undercut
stope beneath the intersection. Additional laboratory tests are
being conducted with samples of cemented fill collected from
the instrumented stope as it was being backfilled. The results
of these tests will be analyzed together with the information
collected from the underground instruments and numerical
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modeling to evaluate the stability of the backfilled intersection
and the safety of the underhand cut-and-fill mining method.

An instrumentation plan was developed in cooperation with
The Doe Run Co. to address safety concerns at the Fletcher
Mine, a lead-zinc room-and-pillar mine in Missouri. Instru-
ments are to be installed to monitor the safety of underground
working conditions during mining of remnant ore pillars and
to document the stability of placed cemented backfill, the mine
roof, support pillars, and a boundary pillar separating the
Fletcher Mine from the adjacent West Fork Mine operated by
ASARCO.

Warning Systems To Reduce Traumatic In-
juries in Underground Mines

Principal Investigator: Todd Ruff
RESEARCH OBJECTIVES

To reduce traumatic injuries in underground
metal/nonmetal mines by providing better workplace
information to workers and rescuers.

PROBLEM STATEMENT

MSHA accident statistics show 82 fatalities and 12,333
injuries in the past 10 years in the underground
metal/nonmetal mining industry. Of the 82 fatalities, 39 were
caused when a worker was hit by falling rock and 16 were
directly related to the operation of equipment. This work falls
under the “traumatic injuries” priority research area of
NORA. The project will address the major causes of injuries
in this type of mining—falls of ground and mobile equipment.

RESULTS TO DATE
Mine Roof Evaluation Sensor

The object of this task is to decrease the number of injuries
and fatalities associated with falls of rock in underground
metal/nonmetal mines. The method proposed would provide
information on roof conditions to each individual equipment
operator as he or she moved through the mine. A new
development in radar technology called micropower impulse
radar (MIR) showed promise in providing a low-cost, ground-
penetrating sensor to evaluate mine roof conditions.
However, discussions with personnel at