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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. I 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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Spokane Research Laboratory
Organizational Structure

NIOSH CDC NIOSH
OFFICE OF MINING SAFETY HUMAN RESOURCES OFFICE OF ADMINISTRATIVE

AND RESEARCH MANAGEMENT AND MANAGEMENT
(Washington, DC) OFFICE (Atlanta, GA) SERVICES (Atlanta, GA)

---------- ---------------------~---------------------~---------

OFFICE OF THE DIRECTOR CDCIHRMO ADMINISTRATIVE SERVICES
(Spokane, W A) (Spokane, W A) BRANCH (Spokane, W A)

Hill, 1. Acting Director Durrant, J. Personnel Mgmt. Spec. Vacancy Branch Chief
Vacancy Administrative Officer Rogge, K. Personnel Assistant Blake, T. Purchasing Agent
Hawley,N. Secretary (OA) Durheim, R. Engineering Tech.
Harnasch, L. Information Receptionist Smit, W. Support Services Tech.

Takeuchi, C. Librarian (Term)
Vilwock, W. Computer Specialist

I I
CATASTROPHIC FAILURE MINING INJURY AND DISEASE MINING SURVEILLANCE AND

DETECTION AND PREVENTION PREVENTION BRANCH STATISTICAL SUPPORT
BRANCH ACTIVITY

Hay,K. Acting Branch Chief Jenkins, F. Acting Branch Chief Kerkering, C. Acting Activity Chief
Vacancy Deputy Branch Chief Vacancy Deputy Branch Chief Vacancy Statistician
Beus, M. Mining Engineer Vacancy Engineering Tech. Vacancy Public Health Advisor
Brady, T. General Engineer Backer, R. Mining Engineer Rains, D. Data Analysis Tech.
Cox,D. Engineering Tech. Bevan, J. Mechanical Engineer Vilwock, T. Computer Specialist
Curtin, R. Engineering Tech. Biggs, F. Mining Engineer
Denton, D. Mining Engineer Boldt, C. Civil Engineer
Filigenzi, M. Mechanical Engineer Camm, T. Mining Engineer
Girard, J. Mining Engineer Clark, C. Mechanical Engineer

IIverson, S. Mining Engineer Drake, P. Research Chemist
Johnson, J. Mining Engineer Dunford, J. Mining Engineer
Johnston, 1. Engineering Tech. Howie, W. Electronics Tech. EXTRAMURAL COORDINATION
Jones, F. Engineering Tech. King,G. Mechanical Engineer AND INFORMATION
Larson, M. Mining Engineer Levens, R. Physical Scientist DESSEMINATION
Martin, L. Mechanical Engineer Lowe, T. Physical Scientist
Mayerle, R. Geologist McKibbin, R. Mining Engineer

Cullen, E. Acting Activity ChiefMcHugh,E. Physical Scientist Miller, A. Mechanical Engineer
Norberg,J. Physical Scientist Miller, G. Mechanical Engineer Avery, D. Technical Data Specialist

Orr, T. Mechanical Engineer Miller, R. Mechanical Engineer Strunk, K. Engr. Draftsman

Scott, D. Geologist Noel, L. Secretary (OA) Wopat, P. Tech. Publications Editor

Seymour, B. Mining Engineer Owens, J. Mechanical Engineer
Signer, S. Mining Engineer Pierce, P. Physical Scientist
Stewart, B. Mining Engineer Rains, R. Geologist
Swanson, P. Geophysicist Robinson, S. Phys. Scientist Tech.
White, B. Geologist Ruff, T. Electrical Engineer
Whyatt, J. Mining Engineer Sunderman, C. Electrical Engineer
Wilder, F. Secretery (OA) Tesarik, D. Mechanical Engineer
Williams, T. Mining Engineer Utt, W. Electrical Engineer

Zahl,E. Civil Engineer
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effect was identified by the unsuper
vised neural network clustering pro
gram, which agreed with observations.
Unfortunately, the drilling parameter
features for this second neural net pro
gram 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.

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

An autoregressive integrated mov
ing 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 tech
niques. In 1997, a set of six graphics
programs were written to evaluate two
unsupervised neural network tech
niques, the learning techniques of
Kohonen, and a technique that com
bines fuzzy cluster means with Koho
nen's approach. All of these tech
niques worked.

PRINCIPAL INVESTIGATORS

The feature vectors must be scaled
for the supervised neural network
learning routine. Consequently, a rou
tine 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 com
puted 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 an
other file containing borehole data.

This year, research focused on using
neural networks to characterize the
rock that the drill is penetrating. Var
ious 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.

Roof Strata Characterization

RESULTS TO DATE

Another software package that re
quires the feature vectors to be scaled
and normalized in a different manner
was obtained to evaluate the unsuper
vised neural network learning routine.
This network also successfully classi
fied a data set. A drill hole collaring

Annual Program ofResearch

RESEARCH OBJECTIVES

PROBLEM STATEMENT

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

Roof bolting is the most dangerous
operation in underground mining. Ac
cording to MSHA statistics, during the
lO-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 asso
ciated with roof bolting tasks.

The principal benefit of this research
will be the reduction of roof bolting ac
cidents and injuries in both coal mines
and metal/nonmetal operations. Cus
tomers are mining companies and oper
ators of roof bolters.
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Relocating roof bolter operators away from hazards using artificial intelligence
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Enable
Hands-Off
Drilling

Classify
Rooras
Safe or
Unsafe

RESULT

KEYWORDS: Automation, artificial
intelligence, drilling, bolting, coal

Office for Mining Safety and Health, NIOSH

cal 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 acqui
sition programming tasks have been
completed, and the controller has been
tuned.

OUTPUT

----- Effective Drill Control

Fuzzy Drill Controller

Fuzzy logic software has been suc
cessfully 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 inter
face 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 opti-

ARTIFICIAL
INTELUGENCE

Specific
Energy ~

___;Ul;:::----:::::;u ---__ Strong rock
Penetration Medium strength rock
Rate, ""-
Torque, '" _,~~U""if}'wU----- Weakrock
Thrust,
RPM, - Very weak seams, fractures, voids

_don~o

INPUT

Drilling
Measurements

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

Page 2

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



•••••••••••••••••••••••••••••••••••••••••••••-

Annual Program ofResearch

RESEARCH OBJECTIVES

To study present methods of scaling
and their associated safety risks and de
velop scaling techniques and/or equip
ment that will reduce the number of
injuries caused by scaling-related acci
dents.

PROBLEM STATEMENT

In MSHA accident reports for
underground mines, 12% of accidents
were classified as caused by material
falling from above. Most of these acci
dents 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
"strainlback injuries." Thus, the pro
cess 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 must therefore
be investigated holistically by examin
ing 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 I. Problem Assessment

• Searches of the MSHA mine acci
dent database were completed using
Accident Data Analysis (ADA) and
Mining Accident Decision Support
System (MADDS) software. Over
300 scaling-related accidents were
identified for the years 1992-1996.

Page 3

Demonstrating the technical
feasibility of a pneumatic scaling
tool

SAFETY ENHANCEMENTS
FOR ROCK SCALING
PERSONNEL

PRINCIPAL INVESTIGATOR

Art Miller, Mechanical Engineer

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

• A search of engineering databases
was completed. Although the mate
rial 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 Re
search Laboratory of NIOSH.

• Employees of several mines were
contacted and questioned as to scal
ing methods in current use. A data
base was set up to hold the infor
mation 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. Exten
sive interviews and brainstorming
with mine personnel during such
visits has resulted in many good
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how scaling problems might be
addressed.

• A meeting was held with members
of both the Human Factors and
Ground Control groups at the Pitts
burgh Research Laboratory to dis
cuss ongoing work in scaling safety
practices and to collaborate on in
dividual and mutual goals.

Phase II. Design Concepts for Safer
Methods and Equipment

• The technical feasibility of using of
a hand-held, pneumatic tool for rock
scaling was demonstrated. The ver
tical wall of a fractured basalt for
mation was scaled using an off-the
shelf pneumatic scraping tool. Al
though a scaling bar is lighter and
more maneuverable, the pneumatic
tool penetrated fractures without the

The obvious hazards of scaling loose rock

Office for Mining Safety and Health, MOSH

need to use the jabbing motion often
required to remove rock with the
bar.

• A prototype scaler modeled after the
pneumatic tool was constructed.
The tool was designed to minimize
weight, maximize reach, and allow
chisel bits to be changed easily.

KEYWORDS: Scaling, barring down,
rock falls, ground control, mine safety
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CHEMICAL HAZARDS AT ACTIVE METAL/NONMETAL MINES

PRINCIPAL INVESTIGATORS
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KEYWORDS: Silver, mercury, oc
cupational exposure, engineering con
trols, chemical hazards, mining, re
fineries

Russell L. Levens, Physical Scientist

Project personnel conducting spot checks for mercury
vapor during a pour of molten slag.

on exhaust ventilation systems at the
refineries with the purpose of assess
ing their effectiveness and making
recommendations for design changes
where needed. The preliminary re
sults from these surveys have been
forwarded to the participating mines.
Two alternate designs for ventilation
hoods for the refinery at one site were
completed. The new hood designs
were presented to mine personnel as a
relatively inexpensive means of reduc
ing worker exposures to silver during
the ingot cleaning process. An over
view of the Chemical Hazards project
was presented to the Health and Safety
Committee of the Nevada Mining
Association in June 1997 in Winne
mucca, NV.

RESEARCH OBJECTIVES

Pamela L. Drake, Research Chemist

To investigate and evaluate poten
tial chemical hazards in mining work
places to enable development of con
trol or mitigation methods.

PROBLEM STATEMENT

Exposure to metals and organic
chemicals in mining work places, in
particular, milling and refining facili
ties, may adversely affect thousands of
workers. As one example, mercury 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 work
ers are exposed. The potential for ex
posure to mercury and silver is ex
pected to depend on mercury and sil
ver concentrations in the ore, the
processing steps employed at each
mine, and the engineering controls im
plemented to protect the workers.

PROGRESS TO DATE

Exposure to mercury vapor and
silver dust and fumes are the focus of
this project. Site surveys have been
conducted at two gold and silver mines
in Nevada. Air samples from "per
sonal breathing zones" and surround
ing work areas were collected in the
refineries and Merrill-Crowe process
ing facilities to detect excessive ex
posures, if any, and to identify poten
tial sources of mercury and silver.
Air velocity measurements were taken

•••••••••••••••••••••••••••••••••••••••••••••



MOBILE ROOF SUPPORT TECHNOLOGY
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Spokane Research Laboratory studies
at room-and-pillar retreat operations
have shown that the loading rate on an
MRS is 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 equipment from an
area. The system uses an embedded
processor that can monitor either the
pressure inside the four hydraulic
jacks of the MRS or strain in the
hydraulic cylinder walls to determine
loading on the MRS. The embedded
processor reads changes in cylinder
pressure or strain in the cylinder walls
through four multiplexed data acquisi
tion channels. It then converts these
pressure or strain changes to loading
rates, which in turn activates green,
amber, or red warning lights mounted
on the MRS. Each light represents a
different loading rate on the machine.
A strobe light also flashes when the
yield pressure of the hydraulic cylin
ders is reached, and an alarm sounds
at high loading rates. A computer

Components of load rate monitoring system

Wayne L. Howie, Electronics Technician

The most significant result has been
the development of a load rate moni
toring (warning) system for MRS's.

RESULTS TO DATE

with the use of MRS's is the lack of a
warning system that would alert
miners to dangerous ground condi
tions. In the past, post and cap noises,
displacement, and failure allowed
miners to "read" unstable ground, but
with the increasing use of MRS's,
such an early warning system is no
longer available. Thus, during the
investigation of a fatality that occurred
in a mine section using MRS's, 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 MRS's that would alert
miners to unstable ground conditions
during pillar removal so that miners
and equipment could be removed
before a fall occurs.

RESEARCH OBJECTIVE

Another problem that has arisen

PROBLEM STATEMENT

Recent years have seen a resur
gence in pillar extraction in under
ground coal mines where MRS's are
being used for support instead of
posts. Approximately 40 U.S. coal
mines have adopted this emerging new
technology. It is estimated by major
manufacturers that there will be 150
machines in operation by the end of
1998. With the increase in the num
ber of MRS's, MSHA has received
requests to approve roof control plans
that involve novel approaches to the
use of these machines. MSHA does
not have the technical information
needed to approve these plans, nor is
agency approval consistent from one
subdistrict to another. As a result,
MSHA requested that research be
performed to (1) develop an under
standing of how these machines inter
act with mine strata and provide sup
port during coal extraction and (2)
acquire the data needed to develop
guidelines for the safe use of MRS's.
Topics of concern include optimum
setting pressure, critical loading rates
that could signify imminent failure of
the mine roof, and optimum location
of MRS's during specific operations.

To assess how loading on mobile
roof supports (MRS's) can be used to
indicate impending roof failure and to
provide data that MSHA can use to
improve safety in retreat mining oper
ations utilizing MRS's.

Page 6

John K. Owens, Mechanical Engineer



Mobile roof support in the laboratory

•••••••••••••••••••••••••••••••••••••••••••••

Annual Program ofResearch

program was also developed that
allows for easy in-mine adjustment of
loading rates based on the geologic
and geotechnical conditions present at
the mine.

A prototype system was tested on a
Fletcher MRS three-stage cylinder at
the Pittsburgh Research Laboratory
using its mine roof simulator loading
frame. The system performed as
designed, with rapid response time to
changing load rates. The tests showed
that the most accurate MRS loading
data were obtained by strain gages
attached to the wall of the top stage
cylinder. Because of the success of
the testing at Pittsburgh, a field-ready
MSHA-permissible loading rate moni
toring system was fabricated. The
system will be sent to Triadelphia,
WV, early in FY98 for MSHA per-

missibility tests and approval. Plans
are to test the system at mines having
the range of conditions typically found
where MRS's are used to develop a
protocol on how to use the system as a
tool for alerting miners about dan
gerous conditions during pillar remov
al and to collect the data needed to
develop guidelines for the safe use of
MRS's.

Project updates have been given
periodically to MSHA and members
of the West Virginia Board of Coal
Mine Health and Safety. MRS manu
facturers are actively participating in
the research by supplying the ma
chines and multistage hydraulic cylin
ders to test the system, furnishing
blueprints of their machines, assisting
in system installation, and locating
mine sites at which to test the system.

Page 7
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ENGINEERING CONTROLS FOR REDUCING SURFACE MINING HEALTH HAZARDS
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where exposure 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 Twin Cities
Research Center. This machine
can simulate the jolting and jar
ring experienced by heavy
equipment operators in a sur
face mine so that injuries to
these operators can evaluated.
Initial machine calibration and
bench testing have been com
pleted, and project personnel
are now interfacing electronic
recording instruments with the
machine to record readings dur
ing drop tests.

KEYWORDS: Jolting, jarring, silica,
noise, engineering controls

An instrument package that
can monitor the shock impacts
on operators of various sized
trucks under different loading,
hauling, and dumping condi
tions was developed and tested
on the IMPACT machine and
on several service vehicles at

the laboratory. The package is near
ing readiness for field testing, and a
mine has been found that has agreed in
principle to cooperate in this research.

Richard Miller, Mechanical Engineer

RESULTS TO DATE

MTS IMPACT test machine

loads to equipment operators.

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

Engineering control tech
nologies can be applied to
metal/nonmetal surface mine
environments to eliminate or
minimize long-term health
hazards. For example, equip
ment noise in mining environ
ments 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 min
ing environments. Another
example is worker exposure
to respirable crystalline silica,
which has prompted MSHA to
propose a rule regulating miner ex
posure 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 person
nel's engineering expertise can be
applied to characterizing jolting and
jarring on mining equipment through
bench and field testing and isolating
those elements that could lessen shock

RESEARCH OBJECTIVES

PROBLEM STATEMENT

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, jar
ring and jolting, and blasting
agents

Fred R. Biggs, Mining Engineer

Page 8



PRINCIPAL INVESTIGATOR: Marc T. Filigenzi, Mechanical Engineer

SKELETAL MODELING FOR PROTECTIVE MINE GEAR

Page 9

KEYWORDS: Skeletal, equipment,
injury, modeling

This is a new project.

RESULTS TO DATE

states that "the need for. ..personal pro
tective equipment research continues to
be crucial." Personal protective cloth
ing and personal protective equipment
are the last lines of defense separating
a worker from an otherwise hazardous
environment. The design and construc
tion of personal protective clothing and
personal protective equipment are cru
cial if the safety and health of workers
are to be protected.
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ing (at 31.9 deaths per 100,000 work
ers) 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 iden
tified 21 research priorities aimed at
increasing worker safety. One of these
priorities is to improve control tech
nology and personal protective equip
ment. The NORA report states that "In
some cases where it is not otherwise
possible to maintain a healthy work en
vironment, personal protective equip
menL.can be used to isolate workers
from the hazard." The report also
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RESEARCH OBJECTIVES

PROBLEM STATEMENT

Average noise exposure in decibels per year for a churn drill operator. The use of engineering controls is one
approach to reducing noise exposure in mines.

To develop numerical modeling
techniques for analyzing the effects of
excessive forces and acceleration on the
human skeletal system during occupa
tional 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.

A NIOSH study of occupational
deaths between 1980 and 1989 indi
cated that the two occupations with the
highest annual fatality rates were min-
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ACCIDENT RECONSTRUCTION AND TRAINING FOR METAL/NONMETAl MINES

Marc T. Filigenzi, Mechanical Engineer

Office (or Mining Safety and Health, MOSH

PRINCIPAL INVESTIGATORS
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KEYWORDS: Training, computer
visualization, modeling, mining

RESULTS TO DATE

This is a new project.

situation, complete with smoke, fire,
and other hazards. The simulation
could be practiced numerous times,
allowing the trainee to become famil
iar with procedures and evacuation
routes particular to a mine. Three
dimensional simulation technology
presently exists and can be run on any
multimedia computer. The technol
ogies that need to be developed and
tested include (1) a method of trans
lating CAD files of the mine to the
simulator program, (2) a unique oper
ator interface for the simulation pro
gram to convey a miner's "virtual
health," and (3) input and output de
vices 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.

Timothy J. Orr, Mechanical Engineer

Cost-effective simulation tools will
be developed to train underground
mine workers and rescue personnel in
evacuation procedures and route eval
uation. The individual being trained
would be able to practice escapes in a
three-dimensional, immersive compu
ter simulation of a mine in a disaster

show practical ways to avoid these
hazards. Work will begin with a liter
ature search to determine the state of
the art in computer-generated anima
tion used in accident reconstruction.
Researchers will also contact the Hu
man 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 pro
grams and techniques that can be used
for accident reconstruction. These
techniques will be tested by re-creat
ing a surface haulage accident.

Mine Evacuation Training

RESEARCH OBJECTIVES

PROBLEM STATEMENT

Accident Reconstruction

A NIOSH study on occupational
deaths between 1980 and 1989
indicated that the mining industry had
the highest average annual fatality rate
(31.9 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 tech
niques for accident reconstruction and
employee training will help to reduce
these injury and fatality numbers.

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

Page 10

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



INJURY PREVENTION FOR METAL/NONMETAL DRILLING AND BOLTING OPERATIONS

Typical dual-boom roof bolting machine
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Robert McKibbin, Mining Engineer
Greg Miller, Mechanical Engineer

RESEARCH OBJECTIVES

To identify the causes of injuries
related to the human-equipment inter
face 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 in
juries in drilling and bolting operations
in metal/nonmetal mines during the
most recent lO-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.

RESULTS TO DATE

The scope of project and per
formance outcome measures for this
new (FY98) project have been deter
mined. The first year of the project
will involve problem identification, al
though the research approach is in
tended to be dynamic so that either
several small problems or a few large
problems can be solved. In this re
gard, the background research and
problem-solving phases of the project
may be conducted simultaneously.
Statistical information will be aug
mented by discussions with various
segments of the mining community,
including miners, mine managers,

PRINCIPAL INVESTIGATORS

Curtis Clark, Mechanical Engineer
Carl Sunderman, Electrical Engineer

engineers, safety officers, and union
representatives. Technology to solve
this problem could include a mechan
ical engineering solution, such as a de
sign modification, a modular compo
nent to add to an existing piece of ma
chinery, design recommendations to
equipment manufacturers, or proce
dural changes based on results of
human factor evaluations. This goal
can be realized through the experience
of the staff at the Spokane Research
Laboratory. The project team and
support staff includes engineers and
technicians with extensive experience
in mechanical system design, machin
ing, instrumentation and electronics,
control system design, and analytical
modeling. All members have been
involved in field activities throughout
the western United States in all phases

Page 11

John Bevan, Mechanical Engineer
Richard Miller, Mechanical Engineer

of the metal/nonmetal mining industry
and are thus uniquely qualified to per
form 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.
Mechanical, hydraulic, and visuali
zation components of the module were
discussed in detail with project per
sonnel.

BIBLIOGRAPHY

Although this is a new project for
FY 98, some initial work was per
formed under the project "Remote
Controlled Roof Bolting Technology, "
which ended in FY 97. There were
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HAZARD REDUCTION IN SURFACE MINING OF SAND AND GRAVEL

Page 12

two presentations resulting from that
work.

Spokane project personnel attended
an open-industry briefing at the Pitts-

RESEARCH OBJECTIVE

Reduce worker fatalities and injur
ies occuring in surface sand, gravel,
and stone operations.

PROBLEM STATEMENT

The sand, gravel, and stone indus
tries 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 em
ployees at each mine was less than six.

burgh Research Laboratory to demon
strate the reduced exposure mining
system (REMS). A video of the bolt
er filmed and edited by Spokane proj
ect staff was presented at this meeting.

The NFDL (nonfatal days off) 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 be
cause of the smaller size of the oper
ations, 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 personnel will solicit input
from these operations so that they can
focus their research on problems per
tinent to the industry. The second
year will be spent developing improv
ed engineering systems to address the

Office for Mining Safety and Health, MOSH

KEYWORDS: Underground mining,
surface mining, mining health and
safety, low back disorders, materials
handling

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, modifi
cations to materials handling equip
ment such as conveyors and crushers,
improvements in maintenance prac
tices, and development of training and
safety devices for reducing strains and
sprains. The third and fourth years
will be used to conduct field demon
strations, evaluate the results, and dis
seminate the information to the indus
try.

RESULTS TO DATE

This is a new project.

KEYWORDS: Surface mining, sand
and gravel, safety
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Doppler radar backup alarm being tested on 240-ton class mining truck

~
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RESEARCH OBJECTIVES

To investigate, evaluate, and devel
op technological tools to reduce haul
age-related accidents and injuries at
surface coal and metal/nonmetal
mines.

PROBLEM STATEMENT

In the past 5 years, powered haul
age accounted for 43% of the fatalities
in surface mines and was among the
top five sources of injuries. Limited
visibility from the large trucks was
cited as a major cause of these acci
dents.

Accidents and injuries can be re
duced by improving ways to rec
ognize hazards, providing restraint
devices for operators of haulage
trucks, finding better ways to enter
and leave the equipment, and pro
viding feedback to operators when
driving. Equipment manufacturers
are working to incorporate alarms,
improve vision, and improve ergo-

nomics on large pieces of equipment.
Other approaches involve the devel
opment of remote-controlled or auton
omous vehicles for specific, extremely
hazardous, repetitive, or simple tasks.
Improvements in sensing technology,
such as radio frequency, radar, laser,
and infrared devices, offer another
opportunity to introduce technological
improvements to vehicle operation
and/or control.

There is little in the literature quan
tifying costs associated with various
methods of truck dumping procedures
(end-dumping materials over a spoil
pile versus dumping and bulldozing
the materials over a dump edge). The
latter procedure is considered safer,
but it is intuitively more expensive be
cause it requires a bulldozer and its
operator in addition to haulage trucks
and drivers. However, intuition may
be misleading because a bulldozer and
operator may already be spending
time on the dump constructing dump
ing berms. Knowing what is acutally
involved in various procedures would

Page 13

HAZARD REDUCTION FOR
SURFACE MINING HAULAGE
EQUIPMENT

PRINCIPAL INVESTIGATORS

Ron Backer, Mining Engineer
C. M. K. Boldt, Civil Engineer

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

RESULTS TO DATE

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 prac
tices 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 recogmtlOn task in
cluded an evaluation of warning de
vices that could alert a driver to obsta
cles that could be run into or run over,
mirrors and/or fresnel lenses that
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could improve operator VISIOn, and
video cameras and monitors.

Available proximity warning de
vices (Doppler radar and radio fre
quency tags) have operating charac
teristics that do not quite meet the re
quirements of mining haulage trucks at
surface mines. Only two manufac
turers of the Doppler radar devices
could be found in the United States,
and only one of these devices demon
strated reasonable performance. Radio
frequency technology shows promise,
but current systems are too expensive
and do not have the range or coverage
desired for large haulage trucks with
their many blind areas. In field tests,
the Doppler radar alarms were found
to be difficult to mount, adjust, and
aim, with a tendency to generate false
alarms. Efforts to identify and cus
tomize proximity warning systems for
surface mine haulage vehicles will
continue. It was determined that
special mirror-type systems (fresnel
lenses) are no longer available from
any source. Video cameras are being

installed on some trucks as an
accessory to mirrors and backup
alarms on large trucks. Problems
associated with camera use include in
cab monitors that are difficult to view
because they are not clear enough and
they do not have enough resolution to
distinguish what is being viewed.
Also, existing camera lenses are not
capable of staying clean under the
dirty conditions associated with
mining.

Studies of the effects of jarring and
jolting on the operators of large haul
age trucks were initiated. Work will
concentrate on developing instrument
packages to evaluate the impacts of
such shocks. The instruments were
tested on an MTS machine in the
laboratory and then installed on
several service vehicles. A mine has
agreed in principle to cooperate in this
research, and so the next step is to
install the instruments on trucks of
various sizes so they can be tested
under conditions of loading, hauling,
and dumping in operating mines.

Office (or Mining Safety and Health, MOSH

Economic studies of various
dumping practices (end-dumping
versus short-dumping) have been ini
tiated. This work is being coordinated
with the Pittsburgh Research Labor
atory. End-dumping materials over a
spoilpile exposes the driver to greater
danger than dumping and bulldozing
the materials over a dump edge.
Some operators may be reluctant to
switch from end-dumping because
they feel short-dumping is more
costly. Results from this study will
define the costs and benefits of modi
fying current dumping practices.

BIBLIOGRAPHY
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Surface Mine Truck Haul Safety

-Where Are We? Presentation at
the 28th Annual Institute on Mining
Health, Safety, and Research. Aug.
25-28, 1997.
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safety, alarms, sensors
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SLOPE STABILITY HAZARD RECOGNITION FOR METAL/NONMETAL MINES
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Ed McHugh, Physical Scientist
Mark Larson, Mining Engineer

RESULTS TO DATE

production reaching new highs in
states such as Nevada and Arizona,
the potential for surface-mine-related
accidents is likely to increase. This
project at NIOSH's Spokane Research
Laboratory was initiated early in 1997
with an objective of reducing injury
and fatality incidence rates associated
with slope failures.

Basically, there are four types of
slopes that may fail at an open pit
mine-highwalls, dumps, stockpiles,
and tailings embankments. An under
standing of slope failures related to
mining and the technology available to
prevent these types of failures will as
sist engineers in designing the best
preventive measures for unstable
ground. Better design and control of
slopes will reduce the number of fatal
ities and injuries. Results of this re
search can be transferred to a number
of other engineering situations, includ
ing the design of roadcuts, railroad
beds, canals, refuse disposal sites, and
earth dams, as well as landslide con
trol.

Project personnel have visited a
number of surface mine operations to
observe current slope control practices
and solicit input from mine geotech
nical engineers. A database of docu-

Ron Mayerle, Geologist

catastrophe. Through the first three
quarters of 1997, separate accidents
have claimed the lives of two miners
because of falls of highwalls at open
pit mines in the United States.
Between 1992 and 1996, nearly 14%
of surface mine fatalities were related
to slope failures. In addition, a com
parative study of fatal and nonfatal
accidents over the last 5 years indi
cated that slope failure accidents in
surface mines were 12 to 30 times
more likely to result in fatalities than
other types of accidents in these
mines. With U.S. surface mine

PROJECT INVESTIGATORS

PROBLEM STATEMENT

Truck buried in highwall failure that resulted in one fatality and one
nonfatal injury

RESEARCH OBJECTIVES

To minimize hazards associated
with unstable mine slopes through an
aggressive approach involving re
search on engineering controls, geo
technical design, advanced monitoring
equipment, computer models, and
hydrogeologic conditions.

Jami M. Girard, Mining Engineer
Russ Levens, Physical Scientist

Whether underground or on the
surface, unanticipated rock move
ments create the potential for a mine
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mented slope failures and back-analy
sis information has been created. Sev
eral potential new technologies for
slope monitoring and design have been
selected for further research.

Michael J. Beus, Mining Engineer

RESEARCH OBJECTIVES

Improve ore pass design criteria to
prevent hangups and structural failure
and provide enabling technology for
detecting and remediating blockages in
ore passes in hard-rock mines.

Conducting field test on ore pass
chute and gate assembly

BIBLIOGRAPHY

Overview of Surface Mining
Research at Spokane Research Center,
presented by F. Michael Jenkins at the

PRINCIPAL INVESTIGATORS

PROBLEM STATEMENT

The ore pass design project seeks
to develop safer mine ore 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 as
semblies. This work will enable re-

searchers to determine actual
static and dynamic loads that
cause structural failure.

RESULTS TO DATE

Safety analyses and sur
veillance studies are ongoing.
Accidents related to ore passes
are being identified and a method
to determine the extent of miner
exposure to ore pass hazards is
being developed. Field surveys
have been conducted at five large
underground metal mines in four
states to assess the scope of
existing and potential safety prob
lems around ore passes. These
surveys also helped in refining a
fault tree analysis that allowed
the project team to focus its re
search and identify cause-and
effect relationships of which they

Office for Mining Safety and Health, MOSH

Pacific Northwest Metals and Miner
als Conference, Spokane, WA, April
24-25, 1997.

KEYWORDS: Slope stability, high
wall, open pit, ground failure

Bill Stewart, Mining Engineer

had previously been unaware.

Construction of a full-scale mock
up 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 measure
ments 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 PFC2d

and PFC3d 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

•••••••••••••••••••••••••••••t
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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 into
the ore pass. Fourteen loads averag
ing 5,000 to 6,000 lb of material each
were dumped from a load-haul-dump
unit (LHD) into the ore pass. Pre
liminary analyses indicate that dynam
ic loads were reduced significantly by
offsetting the chute and control gate
support structure from directly below
the dump point at the top of the ore
pass. This allowed a cushion of mate
rial to pile up at the base of the ore
pass and absorb the initial impacts
from the leading edge of the falling
column of material. The data also
show that energy losses from col
lisions among particles and between
particles and the walls are consider
able, resulting in much lower impact
forces than predicted by theory. Static
loads were in line with predictions.
Tests are continuing at the mine to
refine the approach and validate the
particle flow computer models.

BIBLIOGRAPHY

Beus, M. J.
Sensor-Enhanced Test Platform

Will Refine Safety Measures in Un
derground Mines. Research and De
velopment, Sensors, The Journal of
Applied Sensor Technology, Vol. 14,
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Stewart, B. M.
Poster session presented at the Na
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KEYWORDS: Ground control, com
puter analysis, ore pass, field meas
urements

MINE HOIST AND
ELEVATOR SAFETY

PRINCIPAL INVESTIGATOR

Michael J. Beus, Mining Engineer

RESEARCH OBJECTIVES

Improve the safety of hoist and
elevator operations by using sensor
and computer technology to increase
the amount of information and effi
ciency of information flow available to
hoist operators and inspectors.

PROBLEM STATEMENT

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

RESULTS TO DATE

A state-of-the-art hoisting and ore
pass research facility has been con
structed. This facility will allow as
sessment of mine hoisting and elevator
safety and control systems, including
hoisting machinery (hoist room con
trols, motors and gear boxes, and
winders) and shaft infrastructure (sup
port 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 headframe and in the loading
pocket. A Windows-based program
called Wonderware and a flat panel
touch screen monitor are used for pro
cess control and automation. A "flex
beam" load cell has been developed to
measure rope tension and is being
patented. These systems allow per
sonnel to assess critical hoist operating
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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 hand-held computers.

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

Shaft conveyance monitoring system

Field tests were completed in deep
shafts in the Sunshine and Lucky
Friday mines to test wireless trans-



MINING UNDER ADVERSE GEOLOGIC CONDITIONS

PRINCIPAL INVESTIGATORS
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jeffrey K. Whyatt, Mining Engineer
jami M. Girard, Mining Engineer

RESEARCH OBJECTIVES

Develop methods to recognize and
respond to adverse geologic conditions
that markedly increase the potential
for ground falls and rock bursts.

PROBLEM STATEMENT

Ground falls and rock burst haz
ards vary widely within and among
hard-rock mines. While this is not

mission methods for moni
toring mine shaft convey
ances. 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 in both shafts from
a depth of approximately
1,900 ft. It is anticipated
that distances can be im
proved by the use of repeat
ers and better antennae.

KEYWORDS: Mine hoisting,
wire rope tension, convey
ance monitoring, wireless
data transmission

Skip inside headframe at
test facility. See diagram
for location of data acqui
sition equipment.

surprising, it is not readily apparent in
the MSHA statistical database, largely
because exposure rates are not track
ed. However, project personnel are
developing independent estimates for
special circumstances, particularly
those involving adverse geologic con
ditions. 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

Wee for Mining Safety and Health, MOSH
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Brian G. White, Geologist
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in these mines has been estimated to
be eight times the national average of
all types of mining-related fatal acci
dents over the past 10 years. Anec
dotal evidence from other mines and
other districts suggests that this ex
perience is not unusual. Pockets of
highly hazardous working environ
ments created by adverse geologic
conditions need to be identified so
working conditions can be improved.
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Breakout of borehole walls indicates high stress and
elevated ground control safety hazards
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RESULTS TO DATE

Recent research has shown that
geologic conditions do exert a strong
control on ground control hazards.
For instance, an investigation of a
recent rock burst fatality found evi
dence, including disced drill cores,
geologic conditions, of unusually high
stresses in subunits of hard vitreous
quartzite. A similar study of develop
ment of two sublevels found that rock
bursts and other seismic events were
concentrated in an area encompassing
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 analy
sis could support an a priori identi
fication of hazardous sites if sufficient
information were available.

Exploration boreholes provide an
important first look at ground condi-

tions. Sections of boreholes that
are heavily fractured or broken
out from their nominal circular
shape are proving to be good indi
cators of adverse geologic condi
tions.

A video borescope is being
developed at the Spokane Re
search Laboratory to gather such
information. A prototype was
demonstrated to MSHA. A num
ber of mining companies are co
operating 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.

KEYWORDS: Rock bursts, miner
safety, borescope, in situ stress,
ground control
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Prototype of video borescope
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RESEARCH OBJECTIVES

To improve the safety of under
ground miners by developing new
backfill evaluation methods and inno
vative instruments for monitoring
mining-induced stresses and displace
ment in backfill and the host rock.

PROBLEM STATEMENT

Roof and rib falls accounted for
approximately 46 pct of the under
ground metal/nonmetal mine fatalities
in the United States over the last 10
years. Many of these traumatic in
juries 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 re
garding the ground support charac
teristics of placed fill.

The use of modern backfilling
techniques in the United States has
traditionally lagged behind that of
other countries, particularly Canada,
Australia, 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, im
proved techniques for monitoring and
evaluating the safety and stability of
placed backfill, and a more compre
hensive engineering approach to mine
design. The need for further backfill
research is exemplified by frequent re-

Office for Mining Safety and Health, MOSH

Mining through backfilled cross
panel and entry pillars in the 8
Right longwall panel at the Foidel
Creek Mine.

SAFE MONITORING OF
ENGINEERED BACKFILL

PRINCIPAL INVESTIGATORS

J. B. Seymour, Mining Engineer
D. R. Tesarik, Mechanical Engineer
T. J. Williams, Mining Engineer

quests from the industry and state and
Federal agencies for cooperative
assistance in solving backfill-related
health and safety problems.

RESULTS TO DATE

In cooperation with Cyprus
Twentymile Coal Co., an instru
mentation 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. Be
cause the mine's longwall panels are
extremely large (approximately 259 m
[850 ft] wide by 5,486 m [18,000 ft]
long), three parallel entries were
driven across the middle of the 8
Right panel to provide additional
access and escapeways for under
ground miners. To maintain the sta
bility of these cross-panel entries dur
ing subsequent extraction of the long
wall panel, the entries were backfilled
with a grout mix consisting of ce-
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ment, fly ash, and a foaming agent.
Instruments installed in the cross-panel
entry pillars, backfill, longwall panel,
and headgate entries were continu
ously 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 long
wall face, the magnitude and direction
of principal stresses as mining pro
gressed 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. Instru
ment readings are being used to vali
date numerical models. All this infor
mation (results of numerical modeling,
underground observations, and meas
urements) will provide valuable infor
mation about ground behavior, per
formance 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. Labor
atory tests were run with samples of
cemented mill tailings cored from a
large slab of the fallen backfill to de
termine the material properties and
quality of the placed fill. Because
these backfill roof failures pose seri
ous hazards to miners working in the
intersections, preliminary recommen
dations were given to the mine staff
regarding the dimensions of the ramp
stope intersection and the procedures
for installing an intersection truss em
bedded 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 dur
ing mining of the undercut stope be
neath the intersection. Additional lab
oratory tests are being conducted with
samples of cemented fill collected
from the instrumented stope as it was

Page 21

being backfilled. The results of these
tests will be analyzed together with the
information collected from the under
ground instruments and numerical
modeling to evaluate the stability of
the backfilled intersection and the
safety of the underhand cut-and-fill
mining method.

An instrumentation plan was devel
oped in cooperation with the Doe Run
Co. to address safety concerns at the
Fletcher Mine, a lead-zinc, room-and
pillar mine in Missouri. Instruments
are to be installed to monitor the
safety of underground working con
ditions 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.

KEYWORDS: Backfill, instruments,
modeling, stability, cement



PRINCIPAL INVESTIGATOR: Todd Ruff, Mining Engineer

WARNING SYSTEMS TO REDUCE TRAUMATIC INJURIES IN UNDERGROUND MINES

The collision avoidance sensor is mounted
on a front-end loader while the tag is worn

on the pedestrian's belt.
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Two off-the-shelf systems were
purchased to evaluate this technology.
Tests were conducted in the Silver
Strand experimental mine to determine
the effects of the tunnel, surrounding
rock, and steel supports on the two
systems. The first system tested trans
mits around 400 MHz at very low
power. Consistent detection of the tag
occurred within 30 ft of the reader.
Because of its complexity, extensive
modifications would be needed on this
system before it would be it useful as
an alarm. It is also very costly. How
ever, this frequency seems to be the
least susceptible to errors from dif
ferent tag orientations or body shield
ing. The second system transmits at a
lower frequency, and the tag was de-

Office for Mining Safety and Health, NlOSH

The objective of this task is to
eliminate fatalities associated with
workers being crushed by collisions
with large, mobile equipment in
underground metal/nonmetal mines.
This work is also applicable to
haulage trucks used in surface
mines. Research on available
collision avoidance sensors has
shown that existing back-up
alarms and sensors have
excessive limitations and are
not being used effectively.
The most promising tech
nology for this application uses
radio frequency identification
(RFID) tags and tag readers to
warn equipment operators.
Each worker in the mine
would wear a small RPID tag.
A tag reader would be mount
ed on each vehicle. If a tag is
sensed within the reader's
sensing range, the operator of
the equipment is warned. This
solution eliminates false
alarms and the possibility that
back-up alarms associated with
available systems would be
ignored.

Navigation and Warning Aids for
Mobile Equipment

result, no progress has been made
toward purchasing and evaluating a
MIR unit, and researchers will have to
wait until the technology has been
developed further before its applicabil
ity to this problem can be evaluated.
Cost-effective alternatives to this tech
nology are few, however, so other
solutions will be studied while mon
itoring the progress of MIR.

RESULTS TO DATE

RESEARCH OBJECTIVES

The objective of this task is to de
crease 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. How
ever, discussions with personnel at
Lawrence Livermore National Labor
atory, the inventor of MIR, have re
vealed that the technology is not ready
for the application proposed. As a

PROBLEM STATEMENT

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

Mine Roof Evaluation Sensor

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.

Page 22



•••••••••••••••••••••••••••••••••••••••••••••

Annual Program ofResearch

tected within a reading range of 7 ft.
However, the reading range would
have to be extended to at least 20 ft
before the system would be useful in a
mine. Missed readings were very fre
quent if the tag was not correctly
oriented with respect to the reader's
antenna.

Because of the difficulty in mod
ifying existing OTS systems, a Re
quest for Proposal has been submitted
to several companies to develop a low
cost, dependable system for use un
derground. Evaluation of this new
system will be completed the next
fiscal year.

Injured Worker Locator System

The objective of this task is to
eliminate fatalities resulting from the
failure of medical aid to reach injured

workers in a timely manner. The
complexity of deep underground
mines and the limited ability to com
municate make it difficult to know
when and where an accident occurred.
Many MSHA accident narratives de
scribe injured workers lying for hours
before they were discovered, often too
late to prevent their deaths.

The scope of this task has been
limited to one particular problem area
because of limited funds. Rock bursts
in the Coeur d'Alene Mining District
raise concerns for the safety of
miners, especially as mines reach
deeper levels in the earth. A system is
being tested to provide instantaneous
information about a rock burst, includ
ing its location, so that rescue person
nel can be sent to the area immedi
ately and assist workers who might
have been injured. The first phase of
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this project has been to determine the
most effective means of detecting and
locating a rock burst in a stope. Three
sensors were tested, including an air
velocity gauge to detect the air blast
from a rock burst, a dust sensor, and
an accelerometer that measures local
ized vibrations. The past year has
been spent evaluating the effectiveness
of each sensor. The dust sensor has
proven to be the most reliable; how
ever, one drawback is that, because of
the time it takes for the ventilation
system to blow dust past the sensor
after a rock burst, the signal is de
layed. An alarm system was built
based on the dust sensor and will be
tested during the next fiscal year.
Other sensors will also be evaluated.

KEYWORDS: Underground mining,
mining safety, equipment, rock burst
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To gauge the suitability of this new
seismic system in coal mines, a moni
toring array was temporarily deployed
at Cyprus Twentymile Co.'s Foidel
Creek Mine (Oak Creek, CO) during
the mine's recent longwall mine
through of backfilled cross-panel en
tries. The spatial distribution of the in
tense seismic activity (up to 2,500
events per day) generated a visual indi
cator of time-varying mine deforma
tion not available with conventional
rock mechanics measurements. Spatial
and temporal seismicity prior to, dur-

Doug Scott, Geologist

RESULTS TO DATE

A cooperative effort was initiated
with Silver Valley Resources, Inc., to
develop seismic monitoring technology
to combat rock burst hazards at the
Galena Mine (Wallace, ID). Specific
goals were to (l) give shift bosses and
safety personnel stationed underground
information on the location of large
mining-induced seismic events and
rock bursts so that they could initiate
rescue operations in a timely manner
and (2) transfer this information auto
matically to engineering and manage
ment personnel on the surface to facili
tate both day-to-day operations and
longer term planning to reduce rock
burst hazards. An automated network
based system that acquires, processes,
displays, and archives raw and pro
cessed seismicity data was designed
and installed on the 4600 level of the
mine, where its performance will be
evaluated.

hazards associated with rock bursts,
coal bumps, and mine collapses.

GPS
Timing

PRINCIPAL INVESTIGATORS

Office (or Mining Safety and Health, MOSH

boundary conditions limit their use.
These limitations reduce the effective
ness of the modeling approach to iden
tifying and predicting ground control
hazards. Conventional methods of
monitoring deformation are restricted
by the expense and difficulty of mak
ing stress and displacement measure
ments at a few discrete points. Simple
tools are needed to provide miners and
mine operators with a means of char
acterizing stability when mining under
difficult and/or unusual conditions.

This project seeks to overcome cur
rent limitations in estimating and fore
casting ground control hazards by
developing more realistic rock mass
deformation laws and more effective
methods of monitoring hazards from a
remote location. Joint efforts with
industry partners are focused on field
and laboratory studies that address

Mark larson, Mining Engineer

Processing and Display
of Seismic Events EI---1

surface

MINE DEFORMATION MONITORING FOR GROUND HAZARD ASSESSMENT

PROBLEM STATEMENT

underground

RESEARCH OBJECTIVES

Peter Swanson, Geophysicist

LAN-based automated seismic monitoring system for rock- burst
hazard reduction

Underground miners are exposed to
a variety of different hazards (e.g.,
coal bumps, rock bursts, ground falls,
pillar collapses) resulting from uncon
trolled or unplanned deformation of the
ground surrounding underground open
ings. While numerical modeling tools
have become very sophisticated and
have ample capability to simulate ex
pected deformation, overly simplistic
rock mass deformation (constitutive)
laws and ineffective methods of de
scribing spatially variable and time
varying material properties and field

Develop effective methods to de
scribe mining-induced fracturing and
deformation to reduce ground control
hazards for miners.
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ing, and after mining through this
critical mine structure was remarkably
regular, consistent with the absence of
ground control problems. The next
step is deploying the system in a mine
experiencing significant ground control
problems so that the system's effec
tiveness in identifying problems before
they pose a hazard can be gaged.

Research is also aimed at prevent
ing mine collapses such as the 5.3
Richter-magnitude event that occurred
in 1995 at a southwest Wyoming trona
mine. However, efforts to develop
constitutive laws for trona rocks under
~~namic loading conditions through a
Jomt study with the St. Petersburg
Mining Institute were put on hold when
the Russian government withdrew its
support of the laboratory.

As part of an effort to determine
more realistic constitutive relations for
use in developing better rock mass sup
port technology, instruments were in
stalled at the Shoshone Mine (Hanna,
WY) to measure deformation during
longwall development and retreat. The
data document different styles of time
dependent deformation at two loca
tions. A new time-dependent constitu
tive model for joints has been written
in the FISH language for use with the
numerical code FLAC. This model
will be debugged and tested before
simulating the field cases. Direct
shear laboratory tests have been con
ducted to determine the frictional and
time-dependent parameters in the con
stitutive model. Additional laboratory
tests are planned.
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METHODS FOR THE
PREVENTION OF MINE

ROOF SUPPORT FAILURE

PRINCIPAL INVESTIGATOR

Steve Signer, Mining Engineer

RESEARCH OBJECTIVE

Develop methods for preventing
roof support failures that cause roof
falls.

PROBLEM STATEMENT

More than 100 million roof bolts
are installed in U.S. coal mines each
year. Many of these supports fail re
sulting in more than 400 injuries'and
10 fatalities a year. However, there
are no adequate design criteria for the
selection of roof bolts. Roof bolt
spacing, diameter, length, and physical
properties of the roof bolt itself under
different mining conditions (geology of
the rock mass, geometry of the mine
and in situ stress fields) are critical t~
preventing roof support failure and
subsequent ground falls. These prob
lems have not been easy to solve be
cause ~f the difficulty of accurately
measurmg rock properties and stress
fields in a changing underground en
vironment. Recent work by the Spo
kane Research Laboratory has resulted
in a technique for measuring loading
along the length of fully grouted bolts
that will improve our understanding of
the mechanics of interaction between
the roof bolts and the rock. Field tests
sh~wed load levels exceeding the yield
pomt of the steel. Such load levels
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result in unstable roof conditions that
pose safety hazards for mine workers.

In this project, the approach is to
use fully grouted bolts instrumented
with strain gages to measure the effects
of geology, geometry, and in situ
stress fields. This information will be
used to develop methods that MSHA
can.apply when evaluating roof support
deSigns. A large-scale biaxial shear
machine will be used in laboratory
tests to study the bending mechanics of
support-rock interaction. Such infor
mation is critical because steel is
weakest in shear, and field obser
vations indicate shearing is the primary
mechanism of roof bolt failure.

RESULTS TO DATE

Tests were begun at three mines.
Bolt lengths and diameters, spacings
between bolts, entry widths, over
burden depths, and geological profiles
were all varied to study the effects of
geology, geometry, and in situ stresses
on roof bolt loading.

• Forty instrumented fully grouted
roof bolts were installed at five test
sites in General Chemical's trona
mine in July and August. The min
ing method is pillar retreat with a
low extraction ratio to prevent cav
ing. Results show that bolt loading
from entry development is influenc
ed greatly by entry width. Moni
toring will continue until the section
is retreated sometime this winter.
This test is being conducted in co
operation with the Pittsburgh Re
search Laboratory, which has in
stalled instruments to monitor roof
movement.

• Fourteen fully grouted bolts instru
mented with strain gages were in
stalled in a longwall recovery room
at the Emerald Mine to monitor
roof stability. Other instruments



Diagram of typical entry support. cry = vertical stress; crh = horizontal stress.
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Signer, S., D. Cox, and J. Johnston
A Method for the Selection of

Rock Support Based on Bolt Loading
Measurements. In Proceedings of
16th International Conference on
Ground Control in Mining, ed. by S.
S. Peng and C. T. Holland (Morgan
town, WV, Aug. 5-7, 1997). Pp.
183-190.

first longwall panel passed. This site
would be an excellent one for the roof
bolt study.
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Project personnel visited the Trail
Mountain Mine near Orangeville, UT,
to discuss the potential for establishing
a test site in the 10th West and 6th
West gate road entries. Failure of both
primary and secondary supports occur
red in other gateroads just after the

until the longwall passes the test site
sometime next spring.

At the Deer Creek Mine, the
second longwall panel has passed test
sites where 10 instrumented bolts and
18 sagmeters were installed last year.
The immediate roof is composed of
competent sandstone with several thin
coal layers. Shear stresses were meas
ured at several positions on the bolts
after the first longwall panel had pass
ed; these measurements indicated bolt
loading increased at many bolt loca
tions. Preliminary data analysis shows
that use of concrete-filled cans as sec
ondary support had a significant effect
on reducing bolt loading as the second
panel approached the test sites. Bolts
installed in the cross-cuts showed high
er load levels than bolts installed at
mid-pillar. Processing and analyzing
the data are continuing.
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were installed by the Pittsburgh Re
search Laboratory to monitor pillar
stresses, rock movement, truss
loading, and loads on point-anchor
ed bolts. When the longwall ap
proached the recovery room, an un
planned roof fall occurred. Read
ings showed that there had been a
significant buildup of shear that
contributed to failure of the roof
support. Processing and analyzing
the data are continuing. This work
is being done in cooperation with
the Pittsburgh Research Labora
tory, Cyprus-Emerald, Jennmar
Corp., and West Virginia Univer
sity.

• Eight instrumented bolts and 18
sagmeters were installed at the
Aberdeen Mine in a two-entry long
wall gate road. The test site is
located under approximately 1,600
ft of overburden. The immediate
roof is composed of siltstone and
sandstone. Results show that bolt
loading from entry development is
less than the yield point of the steel,
which probably reflects the good
roof conditions and the large bolt
diameter. Monitoring will continue
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RESULTS TO DATE

breaking through to general
use in related applications as
slope stability of surface
mines. This project seeks a
similar breakthrough in the
treatment of stability in under
ground mines.

Jeff Whyatt, Mining Engineer

Earlier project work con
centrated on the most critical
of mine structures, the shaft
pillar. Loss of a shaft pillar,
like that experienced at the
Macassa Mine, can threaten an
entire shift of miners with en
trapment, injury, and death.
Loss of a shaft pillar can also
result in closure of major por
tions of a mine or even all of
it, resulting in significant econ
omic and social losses. The
major focus was to develop,
improve, and evaluate elastic
finite-element tools for assess
ing the stability of the Ross
pillar at the Homestake Mine
during mining of high-grade
ore. This work was initiated
when pillar mining resulted in
unexpected shaft deformation,
creating considerable concern

for miner safety. A monitoring and
analysis program was initiated that
showed good short-term success.
However, continued monitoring of the
shaft pillar has shown that there is also
significant long-term creep that was
not accounted for by available
analytical methods. The effect of
creep on shaft pillar stability over time
is difficult to discern and requires new
analytical tools. Thus, work on a

PRINCIPAL INVESTIGATORS

by failures of ground.

Analytic methods, by their nature,
are computationally intensive, as are
the geophysical and geomechanical
sources of supporting data. Recent
dramatic progress in the cost effec
tiveness of computational power, how
ever, have brought these analyses into
the realm of the personal computer.
In fact, these methods are now

TOTAL MINE SAFETY SYSTEMS

Taking manual extensometer readings of
displacement in an underground mine to evaluate

pillar stability

PROBLEM STATEMENT

RESEARCH OBJECTIVES

Annual Program ofResearch

Tom Brady, General Engineer

Develop systematic analyti
cal methods for assessing the
safety of mine operations, par
ticularly the stability of under
ground mine workings, and
promote their routine applica
tion in the mining industry.

The difficulties of dealing with
mine stability issues is reflected in the
plateauing of accident and fatality
rates at significant levels over the past
15 years. Overall, 30% of the mine
fatalities in underground metal/non
metal mines and 42% of the fatalities
in underground coal mines are caused

Loss of ground stability,
either locally or across large
sections of a mine, remains a
serious problem in mines.
Large-scale rock mass instabil
ities attract the most attention
and have the greatest disaster
potential. Recent examples
include a chain reaction se
quence of instabilities at the
Macassa Mine that devastated
the bottom half of the mine and
a 0.75-square-mile collapse at
the Solvey Mine. In both these
events, minor changes in
timing could well have killed
miners by the crew or even by
the shift. Smaller sequences of
pillar collapse receive less
attention, if any, until miners
are injured or killed, but they
are quite common and are a concern
across the mining industry.
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visco-plastic constitutive law has
started. Work on supporting
laboratory and field monitoring
procedures is planned.

Ideally, stability analyses should be
done early in a mine's life so that
problems can be avoided entirely. A
cooperative arrangement among the
Stillwater Mining Co., Montana Tech,
and the Spokane Research Laboratory
will investigate how a stability analysis
can best be integrated into the design
of an expansion at the Stillwater Mine
and address a number of safety con
cerns. SRL efforts are being compli
mented by geophysical investigations
of rock mass properties by Montana
Tech and a substantial contribution of
resources by the mining company.

Progress to date has included in
situ stress measurements completed by
a Stillwater Mine crew trained by SRL
project personnel. The commitment
of the mine crew to this effort has
greatly reduced costs and marks an
important juncture in the transfer of
this technology from research to
routine site characterization. A relat
ed rock property testing program was
also completed.

All of these analysis, instruments,
and tests have been conducted with an
eye to developing tools and training
materials that can be transferred from
expensive research techniques to com
monplace, cost-effective engineering
procedures.

Office for Mining Safety and Health, N/OSH
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• To date the team has put together a
geographical information system
(GIS) and used it to plot distri
bution of mines and mining acci
dents throughout the United States.
The purpose is to investigate pos
sible relationships between mine
density and type and accident
frequency and accident type. If
there is some relationship, then this

Surveillance activities were divid
ed into data analysis and systematic
safety analysis.

sure that important surveillance results
are communicated to external custom
ers and stakeholders.

Data Analysis
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RESULTS TO DATE

SURVEILLANCE TEAM

John Norberg
Ted Lowe

Tom Brady

assessment methods include prelim
inary hazard analysis, fault tree and
event tree analyses, and consequence
analysis. These are excellent tools for
research in areas considered danger
ous, but where there is not a
well-defined accident history (such as
catastrophic failures, which are low
frequency but high-consequence
events).

Until recently, there was no official
surveillance activity at the Spokane
Research Laboratory. Consequently,
a team composed of personnel from
throughout the center was formed to
carry out surveillance activities. Six
goals were established: (1) To iden
tify and prioritize occu-
pational health and safety
problems in the mining in-
dustry with a focus on min
ing issues in the Western
states, (2) to ensure that re
sources are being used to ad
dress the most important
problems, (3) to track the
effectiveness of health and
safety research over time (a
GPRA requirement), (4) to
develop and refine the proc
esses of surveillance and risk
assessment, (5) to provide
technical surveillance support
to principal investigators and
management, and (6) to en-

Annual Program ofResearch

PROBLEM STATEMENT

Chuck Kerkering
Denise Rains
Eric Zahl

RESEARCH OBJECTIVES

Provide hazard and accident in
formation and the analytical tools
necessary to ensure that the Spokane
Research Laboratory addresses the
most significant health and safety
problems in the mining industry.

Weare currently focusing our
efforts on two approaches philo
sophically defined as the a priori
(proactive) approach and the a pos
teriori (reactive) approach. The re
active approach is concerned with
traditional "body counts"; that is,
numbers of accidents, types, severity,
etc., are recorded for various seg
ments of the mining industry and then
analyzed for trends and correlations.
At present, MSHA is the prime source
of information. There are, however,
many other databases, publications,
and contacts, which we are now inves
tigating as possible sources of infor
mation.

The proactive approach is con
cerned with detecting the presence of
safety and health hazards and their
possible consequences before any ad
verse consequences occur. This ap
proach uses systematic safety assess
ment procedures to identify and elim
inate hazards before accidents are
triggered. Examples of such safety
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may help in formulating effective
engineering interventions.

• Data have been obtained from the
Mine Inspection Data Analysis
System (MIDAS) and some prelim
inary trends have been established
for hearing loss and exposure to
silica in surface mines.

• A "metadatabase" that lists all the
accident, injury, and health data
bases has been constructed that
might be of help to health and
safety researchers. To date, the
most important of these databases
is the MSHA database of coal and
metal/nonmetal mining accidents.

Elaine Cullen

RESEARCH OBJECTIVES

Consolidate the communications
program at the Spokane Research
Laboratory, assess its effectiveness,
and develop new ways to meet the
needs of the customers the laboratory
serves.

PROBLEM STATEMENT

Weare focusing on three major
areas: technology transfer, which
deals with providing technical infor
mation to the mining industry and
other related industries to increase the
level of industry participation in mine
health and safety research; public in-

• A library of surveillance-related
material is being computerized for
easy access.

• A newsletter describing the sur
veillance activity was published.

Systematic Safety Analysis

• A preliminary hazard analysis of
the walkout escapeway in a long
wall mine was completed.

• A qualitative fault tree analysis of
a malfunctioning ore pass was
completed.

COMMUNICATIONS TEAM:

formation, which includes the devel
opment of activities and forums for
the dissemination of broad-based
scientific information to the public;
and public outreach, which uses edu
cational opportunities to teach the pub
lic on the importance of minerals,
science, and technology in everyday
life. These areas encompass all of
SRL's external customers.

RESULTS TO DATE

While in the past there has been no
official Communications Group at
SRL, there has been a strong com
munications function. Consequently,
many of the activities this year are

Office for Mining Safety and Health, NIOSH

• Research has been started on de
veloping a meaningful concept of
risk as applied to mining activities.
Prioritizing mining activities by
risk incurred will help focus health
and safety research.
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Priscilla Wopat

continuations of very effective pro
grams.

Technology Transfer

SRL/NIOSH was represented by a
booth, poster session, or presentation
at several conferences, including the
Governor's Safety Council confer
ence, Northwest Mining Association
convention, Society of Mining and
Metallurgical Engineering conference,
Montana Mining Association, NMA
Communications conference, Western
Mining Coalition conference, Mining
Safety and Health conference, and
National Mining Association conven
tion. Three Technology News' were
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Teachers on tour in a deep underground mine
in northern Idaho during a session of the
Northwest Natural Resources Teacher's Workshop
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published, and a video on SRL entitled
The Spokane Resource was completed.
This video has been shown at several
conferences and to visitors to SRL.
Articles about the laboratory were
published this year in News Link, the
Federal Lab Consortium newsletter,
and in The Far West Bulletin, the FLC
western U.S. newsletter. A Web site
for SRL is under development, and
several patents and inventions are be
ing guided through the system.

Public Infonnation

SRL was represented on the boards
of numerous organizations, including
the Northwest Natural Resources In
stitute, Spokane Area Chamber of
Commerce, Spokane School District's
Public Affairs Advisory Council, the
Federal Executive Association, the
New Century Plan, the Northwest
Mining Association Education Com-

mittee, and the National Minerals Ed
ucation Coalition. A representative
from SRL also participated on the
NIOSH Communication Advisory
team.

Public Outreach

Over 1,000 visitors were given
tours of the Silver Kid Mine, a dem
onstration mine in the basement of the
SRL facility. A televised tour through
the mine was broadcast to over 700
schools in the Pacific Northwest and
Canada as part of the local Educa
tional Service District's "Project
Earth" class.

Several employees participated in
the week-long Northwest Natural Re
sources Teachers' Workshop, during
which hands-on earth science classes
were presented to nearly 70 K-12
teachers. An old-time gold mining
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camp was set up and staffed, and
1,200 rock and mineral kits were built
(with the help of area high school
students) for this workshop and others
like it.

SRL was an integral part of many
regional education organizations, in
cluding the PARTNERS of the Great
er Spokane Area, Northwest Natural
Resources Institute, Chamber Educa
tion Council, Health Improvement
Partnership, Partnership for Learning,
Natural Resources Camp, and Potlatch
Natural Resources Festival. Em
ployees provided educational oppor
tunities at "outdoor education days" at
Camp Reed and Camp Spaulding,
Riverside High School's Career Day,
Bear Lake Outdoor Education Day,
and Tekoa Natural Resources Camp.
Over 3,600 students were reached
during these activities.



••••••••••••••••••••••••••••••••••••••••••••••



I
I
I
I
I
I
I
I
I
I
I
I
I
I

•••••••••••••••••••••••••••••••

Pittsburgh Research
Laboratory



•••
411

••••••••••••••••••••••••••••••••••••••••••



QUIET-BY-DESIGN ENGINEERING NOISE CONTROL
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vious machines and processes that
should be addressed at the design stage
are conveyors, percussion drills, cut
ting heads, and mobile diesel equip
ment.

RESULTS TO DATE

This is a new project. A sound and
vibration laboratory with state-of-the
art measurement and analysis capabili
ties is needed to support this research.
Thus, considerable effort is being
devoted to identifying and procuring
the hardware and software to upgrade
the measurement and analysis capabil
ities of the present Noise Laboratory.
Two members of the noise group have
attended a workshop on noise predic
tion software. We are also seeking

PRINCIPAL INVESTIGATOR: J. Alton Burks
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RESEARCH OBJECTIVE

To work collaboratively with mining
equipment manufacturers to fill gaps
in noise control technology.

PROBLEM STATEMENT

The quiet-by-design technology de
velopment activity is a vital compo
nent of an overall effort to prevent
noise-induced hearing loss. The pri
mary emphasis of the research is to
identify and develop quiet-by-design
technology that can be integrated into
the design of new mining equipment.
Where feasible, cooperative research
with equipment manufacturers will be
sought to ensure a new generation of
quiet mining machines. The most ob-
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PRINCIPAL INVESTIGATOR: J. Alton Burks

TECHNICAL ASSISTANCE FOR HEARING CONSERVATION
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Rider, J.P., et al.
Reducing Longwall Noise with

Acoustical Material on the Shields-A
Preliminary Analysis. SME Preprint
97-108. Presented at SME annual
meeting, Denver, CO, Feb. 24-27,
1997.
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Conducting an acoustical survey in a silica plant

KEYWORDS: Processing plant, silica,
drills, noise control, hearing conserva
tion

Laboratory. Levels of 110 dBA have
been recorded. Discussions are also
underway with a silica operation to
identify intervention strategies for re
ducing noise exposures among mill
workers. To date, measurements of
noise levels and reverberation times
have been obtained on pebble mill and
screening tower facilities at one plant.

RESEARCH OBJECTIVE

RESULTS TO DATE

This is a new project. MSHA has
requested assistance in the devel
opment of retrofitable noise controls
for air-track surface mining drills.
This effort will consist of designing
operator booths and partial barriers,
documenting their acoustical perform
ance, and providing guidelines for
their use. Initial work has concen
trated on measuring the noise levels
produced by a drill at the Lynn Lake

PROBLEM STATEMENT

Twenty-five percent of this nation's
miners continue to work in an envi
ronment where time-weighted aver
age (TWA) noise levels exceed 90
dBA. A key provision of the new
noise regulation proposed by MSHA
will require the industry to use all
available engineering noise controls,
with no credit allowed for the use of
personal hearing protection. Thus,
providing technical assistance to the
industry, especially to small mining
operations, to help them with design
ing and implementing short-term
solutions on existing equipment is
considered a critical adjunct to long
range research in developing new,
quiet equipment. Such assistance will
also provide opportunities to explore
new applications for existing technol
ogies, investigate "hot spots," and in
teract directly with those mine person
nel who are actually responsible for
implementing noise controls.

To control the noise exposure of
miners by identifying and imple
menting intervention strategies that use
existing technologies and information.
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Noise-Induced Hearing Loss and

Its Prevention Among Miners. Pres
entation at New England Mining
Health and Safety conference, New
Britain, CT, April 29-30, 1997.
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RESULTS TO DATE

• Develop a series of noise control
manuals.

• Update the Noise Control Hand
book.

• Implement an industry outreach
program.

• Develop guidelines for the selec
tion and use of personal hearing
protectors.

This is a new project. Preliminary
work is underway to plan, organize,
and conduct a workshop later this year
for all parties having a stake in
preventing NIHL. The workshop will
be used as a forum to examine the
question, "Why are miners still losing
their hearing after 25 years of regula
tion?" A primary goal of the work
shop will be to solicit feedback from

PRINCIPAL INVESTIGATOR: J. Alton Burks
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PROBLEM STATEMENT

RESEARCH OBJECTIVES

To raise the mining industry's level
of awareness about the problem of
noise-induced hearing loss and to
create a sense of urgency to preserve
the hearing of miners.

In spite of progress during the last
two decades, overexposure to noise in
the mining workplace remains a ser
ious problem for many mine workers.
A sustained communication effort to
educate the mining industry about the
problem of noise-induced hearing loss
(NIHL) and the potential solutions
currently available are critical com
ponents of a strategy to eliminate
NIHL among miners. A base of tech
nical information already exists, but it
needs to be reviewed and expanded.
Four major activities have been
identified to date.
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Schematic of infrared-based, coal-rock interface detection system

COAL-ROCK INTERFACE DETECTION SYSTEMS

PRINCIPAL INVESTIGATOR: Gary L. Mowrey
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Ground-Penetrating Radar for

Highwall Guidance. Technology News
462, 1997,2 pp.
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Coal-Rock Interface Detection

Technology Overview. Presentation
at open industry briefing on Enabling
Technologies for Reduced Exposure
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camera with three accelerometers and

two inclinometers. In addition, two
prototype MSHA-approvable, roof
bolt vibration monitoring systems
were developed.

This project was concluded at the
end of FY97.

Office[or Mining Safety and Health Research, NIOSH

RESULTS TO DATE

Two prototype systems were
developed-an infrared-based cm
system that consists of a thermal infra
red imaging camera, three acceler
ometers and two inclinometers, and a
video-based cm system that consists
of a low-light, high-resolution video

A PC-based program was
developed to provide information
about coal rib thickness in real time.
This program is to be used with U.S.
patent 5,500,649, "Method and Ap
paratus for Monitoring the Thickness
of a Coal Rib During Rib Formation, "
which was issued March 19, 1996.

consistent remnant coal layer, which
maintains the competency of the roof
and floor, is also difficult to achieve.
Better sensors would help operators
control machines to reduce the gener
ation of dust and noise and leave the
required amount of roof or floor coal
to provide strata stability.
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To develop and evaluate sensor
technologies to provide operators of
coal extraction machines with en
hanced sensory information for iden
tifying the coal-rock interface.

RESEARCH OBJECTIVE

"IlliG IIJUIY PIEYEIllOI BlAICH

PROBLEM STATEMENT

Sixteen thousand workers operate
face equipment and are at the face for
the entire shift in underground coal
mines. Jobs exposing workers to the
greatest hazards involve the operation
of roof bolters and coal cutters. Any
people standing near these moving
machines is at risk of being exposed to
dust and noise or being struck by the
machines. Occasionally, the roof
and/or rib caves in on the worker.
The operation of mining machines re
quires visual acuity and a trained ear
to determine when floor and roof rock
are beginning to be cut. At mines
where coal must be left in the roof
and/or on the floor, maintaining a
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CONTROL CIRCUIT SAFETY ANALYSIS
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Annual Program ofResearch

RESEARCH OBJECTIVE

To conduct a safety analysis of
processor-based control systems and
safety-related devices for mining. The
objective is to improve the safety of
mining systems and devices by provid
ing guidance for safe application of
this emerging technology. The scope
includes the approval and certification
process, development, testing, and
maintenance.

PROBLEM STATEMENT

Processor-controlled equipment
and systems are increasingly being
employed in mining. Already, the
safe application of this new technology
has challenged MSHA concerning
accidents involving processor-con
trolled longwall shields. Currently,
only permissibility of electrical equip
ment is addressed; hence, the equip
ment can still be unsafe because the
functional safety of processor-based
control is not addressed. This leaves
questions on how to develop, evaluate,

and maintain functional safety, as well
as how to conduct accident investi
gations involving processor control
effectively.

RESULTS TO DATE

A panel composed of repre
sentatives from the mining industry,
equipment manufacturers, an industry
trade association, MSHA, NIOSH,
and academia was formed to discuss
safety issues concerning processor
based mining equipment. The infor
mation and ideas that emerged from
this panel's meetings were crucial in
identifying both the hazards and bene
fits of the technology. Additional
input was received from Pennsylvania
State University and the University of
Alabama, which, after mine site visits,
had completed an industry study to
identify safety issues. Based on this
information, unintentional movement
or "ghosting" of longwall shields was
identified as the most immediate
problem. In addition, potential safety
problems were categorized as soft-
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/"Caving shield

ware, hardware, and human factors
problems for processor control and
served to focus the project.

A study of accident data and pre
vention techniques in other industries
was completed, and more than 200
international standards pertaining to
processor safety were reviewed to
establish their applicability to mining
and their suitability as initial bench
marks. What has resulted is a safety
critical systems approach focusing on
system functional safety. The first step
of this approach is generation of a
system safety program plan (SSPP).
A draft SSPP for mining is about 70%
complete. The SSPP provides guid
ance on all aspects of processor-based
system development, including hard
ware and software safety, documen
tation, maintenance, and functional
safety evaluation criteria.

Compilation of system and soft
ware safety references was completed
and has served to accelerate the
learning curve for the mining industry
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and for project members. The list
contains over 200 international stan
dards, exceptional books, conference
papers, and safety-related Internet
sites. This information has been re
quested by others in the system safety
community such as Underwriter Labs.
In addition, a reference collection of
international standards, handbooks,
guidelines, and text books has been
established. This collection pertains to
topics that include system safety, all
phases of software development, hard
ware, and safety-critical evaluation.

Chris Jobes
William Monaghan

RESEARCH OBJECTIVE

To develop and evaluate the con
cepts and practical use of remote
control systems for mobile mining
equipment so that operating personnel
can be moved away from the hazards
of the immediate area around the
equipment.

PROBLEM STATEMENT

The jobs that expose workers to the
greatest hazards in an underground
coal mine are clustered around the
area where machinery digs coal from
the surrounding rock or involve bolt
ing the roof. Of the 337 deaths and
72,748 severe injuries to workers in
underground U.S. mining operations
between 1986 and 1995, there were
113 deaths and 18,704 severe injuries
involving this equipment.

With remote control of rmmng
equipment, sensors are necessary to
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Tim Lutz

provide the operator with information
on the position and orientation of the
equipment relative to mine geometry
and geographical coordinates, the
positions of all operating appendages,
and the status of other machine
functions. This project addressed all
nonnavigational sensors, data acquisi
tion and communication hardware and
software, control system design and
programming, and the selection, de
sign, and construction of all hardware
for the equipment.

RESULTS TO DATE

A control system for remote
computer control of a continuous
haulage system was designed, built,
coded, and installed. The system
includes both hardware and software.
The control system for haulage was
then integrated with a previously de
signed control system for a mining
machine. Both systems were then
tested as a single system in the Pitts-

the Mining Industry. Paper in Pro
ceedings, 1997 Workshop for In
dustrial Experience with Safety
Critical Systems and Software
(Sydney, Australia, Oct. 10, 1997).
Pp 25-32.

KEYWORDS: System safety, equip
ment safety, processor control, soft
ware, functional safety

Tim Matty
William Schiffbauer

burgh Research Laboratory's Mining
Equipment Test Facility. The control
system performed as specified.

Under a CRADA with Joy Tech
nologies, a cable reel system for con
tinuous mining machines for extended
cut mining was designed. Tests of the
reels were conducted to determine
design ruggedness and ensure that
individual components in the system
were sized properly. The reels per
formed as specified and endured the
test without failing.

A prototype proximity warning
device known as HASARD was de
signed and demonstrated to MSHA at
its request. This device warns per
sonnel when they enter a hazardous
area around any mobile machine. In
FY98, the system will be installed on
a mining machine and evaluated in
mine under a cooperative agreement
with a mining company and MSHA.
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This project was concluded at the
end of FY97.
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RESEARCH OBJECTIVE

Graphical operator interface for machine control
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This project was concluded at the
end of FY97.

A high-resolution, graphical inter
face was developed that provides
control and path planning algorithms,
communication handling, and sensor
data processing for automated miners
and haulage. The graphical user
interface provides the operator with
not only a real-time picture of what is
happening to the equipment, but also
access to equipment control tasks.

With remote control of nnmng
equipment, the operator needs both in
formation on the status and perform
ance of the equipment and the controls
to operate the machines manually.
Operator interface technology was de
veloped and evaluated for automated
miners and haulage.

RESULTS TO DATE

Ed Fries

PROBLEM STATEMENT

An operator interface for use in a
follow-the-leader, straight-ahead min
ing scenario was developed, coded,
tested, and demonstrated. Additions
to the operator interface included dis
plays of various types of sensor data.
The operator interface performed as
specified and provided a more-than
adequate interface with which to oper
ate mining and haulage machines.

The jobs that expose workers to the
greatest hazards in an underground
coal mine are clustered around the
area where machinery digs coal from
the surrounding rock or involve bolt
ing the roof. Of the 337 deaths and
72,748 severe injuries to workers in
underground U.S. mining operations
between 1986 and 1995, there were
113 deaths and 18,704 severe injuries
involving this equipment.

To develop and evaluate the con
cepts for and practical use of operator
interface technology for remote con
trol of mobile mining equipment so
that operating personnel can be re
moved from the hazards of the imme
diate area around the equipment.
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William Schiffbauer

Use of the DynaSight sensor
was studied to evaluate its suit
ability for integrating extraction
and haulage processes to reduce
the potential for miners to get
struck or caught by moving ma
chinery. In a series of tests in
which the sensor was subjected to
machine vibration, shock, dust,
and random target obstructions, it
continued to provide accurate data
and thus was shown to be extreme
ly well suited for this application

A scanning laser range sensor
(Typhoon) was developed. This
sensor scans 3600 in azimuth and
40° in elevation, accumulating
2,048 range data points per revo
lution for each of 200 angles of
elevation. The sensor is useful for
mine mapping, machine guidance,
and obstacle detection.

A "tension inner machine sensor
system" was developed as a simple
solution to follow-the-leader-type
guidance for continuous haulage in
mining systems controlled by remote
computers. The sensor provides in
formation relative to the separation
distance of the continuous haulage and
continuous miner along with the orien
tation of each system relative to the

other. The necessary information
for a continuous haulage system
follows a continuous mining ma
chine during mining, regardless of
method (highwall, room-and-pil
lar, underground punch). This
system consists of three sensors
and a cable reel positioning-and
tensioning system.

/- Minimum
". machine

separatian

John Sammarco

on a continuous mining machine. This
sensor monitors azimuth, pitch, roll,
and position. Tests were conducted in
an open-pit mine to determine the
sensor's accuracy in mining situations.
These tests proved that the HORTA
could provide accurate navigation for
continuous mining machines.

Sensors on continuous mining and haulage
system

Tim MattyChris Jobes

To develop and evaluate the navi
gational systems for remote control
systems for mobile mining equipment
so that operating personnel can be
moved away from· the hazards of the
immediate area around the equip
ment.

PROBLEM STATEMENT

The jobs that expose workers
to the greatest hazards in an
underground coal mine are clus
tered around the area where
machinery digs coal from the
surrounding rock or involve
bolting the roof. Of the 337
deaths and 72,748 severe injur
ies to workers in underground
U.S. mining operations between
1986 and 1995, there were 113
deaths and 18,704 severe injur
ies involving this equipment.

RESEARCH OBJECTIVE

RESULTS TO DATE

An inertial guidance sensor
(a ring laser gyroscope called
HORTA) was modified for use

With remote control of min
ing equipment, sensors are ne
cessary to provide the operator
with information on the position
and orientation of the equipment
relative to mine geometry and
geographical coordinates, the
positions of all operating appen
dages, and the status of other
machine functions. This project
addressed all navigational sen
sors for the equipment being
controlled.

•••••••••••••••••••••••••••••••••••••••••••••
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Navigation system software for use
in a follow-the-Ieader highwall mining
scenario was developed, coded,
tested, and demonstrated. This navi
gation system used HORTA and the
data calculated from the tension
machine positioning system to coor
dinate the mining machine and contin
uous haulage. During the demonstra
tion, the system performed as speci
fied.

This project was concluded at the
end of FY97.
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EQUIPMENT SAFETY ANALYSIS USING COMPUTER SIMULATION
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RESEARCH OBJECTIVE

Develop an accurate three-dimen
sional computer graphics model of
mine incidents. Using this model, an
alyze incidents to determine problems
in equipment operation, function, and
structure and the ways in which their
interaction with human operators may
have contributed to the incident. Pro
vide engineering information to carry
out practical improvements for safe
mine equipment.

PROBLEM STATEMENT

Mining equipment plays a major
role in mining incidents. The second
leading cause of death in underground
mines is the use of powered equipment
in confined spaces. At surface mines,
the use of large, fast-moving haulage
vehicles is the leading cause of
fatalities. Despite new mining meth
ods and technological improvements in
equipment, worker injuries and fatal
ities continue. Currently, there are no
analytical methods or ingenious de
vices (i.e., recorded data from a
"black box") to assist either mine
operators or NIOSH and MSHA rep
resentatives in envisioning under
ground and surface mine incidents.

There is a need to view under
ground and surface mining incidents
as a gradually developing sequence of
multiple events, rather than in terms
of an immediate, last factor in an
emergency situation. The intent of
this research is to re-create and
analyze mine incidents involving min
ing equipment using three-dimensional
computer graphics simulation to ex
amine, evaluate, and determine
changes that need to be made to min
ing equipment or to human interac
tions with this equipment to improve
worker safety.

RESULTS TO DATE

Studies continue on determination
of a safe, practical drill boom speed
for roof bolters. Initial experiments
with human motion data were com
pleted and integrated with a roof
bolter model using JACK, a human
modeling and simulation software.
The results provided valuable model
ing experience in preparation for
additional experiments that will reflect
human-operator anthropometric scal
ing, physical changes in a mine envi
ronment, and variable speeds on the
boom of the roof bolter.

Page 43

A study continues to assist MSHA
in understanding problems associated
with a mine hoist incident. A prev
iously developed mine hoist model
was modified to show some of the
detail of the safety brake device to
give MSHA additional information
into operation of the hoist's brake
system. Results showed further simu
lation detail is needed. The hoist
model is being modified to show the
safety latch mechanism.

BIBLIOGRAPHY
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RESEARCH OBJECTIVE

To determine safe positioning and
work procedures for continuous miner
operators using industrial engineering
methods to evaluate the interactions of
mining sequence, equipment, job
procedures, and mine environment.

RESULTS TO DATE

A fatality scenario has been de
veloped and is being field tested as an
interviewing tool for continuous miner
operators. The scenario allows us to
study and better understand miners'
decision-making processes when turn
ing a crosscut.

Observational data on continuous
miner operators and the face crew
have been collected at several mines to
determine the interactions among
methods, crosscut angles, equipment,
and mining sequences.

PRINCIPAL INVESTIGATOR: Lisa J. Steiner

Investigations and development of
a warning device for unsupported roof
are underway.

Data collected at West Virginia
deep cut mines in collaboration with
the West Virginia State Miner's
Health and Safety Office are being
analyzed. Operator positioning studies
along with the WV State data are lead
ing to a better understanding of the
demands placed on operators and the
methods mine operators use to in
crease safety among crew members.

Ergonomic analyses of an extend
able methane probe for 20-minute gas
checks are continuing as designs are
developed.

KEYWORDS: Coal Ill1rung, remote
control, extended cut mining, human
machine-environment interaction,
safety procedures
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RESEARCH OBJECTIVE

To identity and prevent hazards
associated with underground mining
machinery through the application of
human factors design principles con
sidered either alone or in combination
with simple engineering controls.

PROBLEM STATEMENT

Mining machinery accidents con
tinue to be a leading cause of fatalities
and injuries in underground coal min
ing. Much of the research conducted
to date has attempted to redesign the
equipment or develop experimental
remote control technologies in an
attempt to remove workers from the
hazards. The application of human
factors design principles has been
underutilized and needs to be con
sidered alone or in combination with
simple engineering controls as a
means of decreasing machinery acci
dents in underground mines.

RESULTS TO DATE

A broad range of ongoing tasks
from past and existing projects are be
ing completed or continued as a uni
fied effort. FY97 highlights include-

• Working models of mining ma
chinery controls were designed and
fabricated to demonstrate good and
bad ergonomic features. Concepts ex
hibited included activation forces,
control spacing, control orientation,
and utilization of joystick controls in
lieu of single control levers. The first
use of these models will be at a short
design seminar to be held at the
MSHA Academy for mine trainers.

• J. H. Fletcher and Co., a major
roof bolter manufacturer, was given
details on the advantages and means of
implementing a less abrupt, "soft"
start on its drill motors to prevent
operators' hands from being injured
while beginning the drilling or bolting
cycle. This option was first presented
in a NIOSH report requested by the
manufacturer that evaluated the rela
tive ergonomic effectiveness of its
control designs. Several designs for
the soft start of the drill motors were
discussed with the manufacturer's de
sign engineering manager, and incor
poration of the feature on future roof
bolter machines is being seriously con
sidered.

• A surveillance effort identified
areas that should be included in a suc-
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Working models of mining
machinery controls to demonstrate
good and bad ergonomic features

HUMAN FACTORS DESIGN
FOR MACHINERY SAFETY

PRINCIPAL INVESTIGATOR:
August J. Kwitowski

cessful machinery injury reduction
program, including improved opera
tor protection from ground falls, in
creased operator visibility and ma
chine maneuverability, and improved
tools for materials handling and main
tenance. Additionally, the significant
ly higher frequency of injuries for
roof bolter operators should be ad
dressed by selective redesign of ma
chine components and bolting proce
dures. The project will address these
areas to the extent that available re
sources allow. An effort will also be
made to consolidate results from past
research on machinery into a com
prehensive document.
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SYSTEMS APPROACH TO REDUCE MANUAL TASK INJURIES

Awkward postures adopted in the performance of mining tasks may lead
to increased risk of musculoskeletal injury

••••••••••••••••••••••••••••••••••••••••••••••
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that would be evaluated by NIOSH.
A draft CRADA has been sent to one
of these cooperators. Other accom
plishments include publication of a
case study on injuries associated with
roof bolter tasks. Researchers on this
project have been working with the
newly formed MSHA Ergonomics
Team in its efforts to promote the use
of ergonomics in the mining industry.

KEYWORDS: Machinery safety, hu
man factors, machine control, design
guidelines, operatory-machine inter
face

cooperators have expressed an interest
in initiating an ergonomics process

and an accident analysis of the MSHA
database have been initiated. A break
out session on participatory ergonom
ics in mining was arranged and held at
the conference on "Ergonomics: Ef
fective Workplace Practices." Pro
ceedings of the session have been
placed on the NIOSH Web page and
have been used to promote awareness
of the successful application of
ergonomics in mining. Two potential

Office for Mining Safety and Health Research, MOSH

Unger, R.
A PC-Based Visibility Analysis

Software Package for Underground
Mining Equipment. Paper in Pro
ceedings of the 27th International
Conference on Safety in Mines Re
search Institutes (New Delhi, India,
Feb. 20-22, 1997). Pp. 983-993.

RESEARCH OBJECTIVE

PROBLEM STATEMENT

RESULTS TO DATE

The job analysis portion is in the
surveillance stage. A literature review

There is evidence that work-related
musculoskeletal disorders affect mine
workers to a greater degree than these
disorders affect
workers in other in
dustries. This project
consists of two initi
atives directed at re
ducing work-related
musculoskeletal dis
orders in mining.
The first is to con
duct an analysis of
hazards involved with
manual tasks in
mines using a broad
range of mining
methods. The second
is to evaluate the ef
fectiveness of the
participatory ergo
nomics approach in
the mining industry.

To reduce the incidence and prev
alence of injuries resulting from phys
ically demanding manual tasks.

Mayton, A.G., R. Merkel, and S.
Gallagher

Ergonomic Seat with Visoelastic
Foam Reduces Shock on Underground
Mobile Equipment. Presented at In
ternational Society for Occupational
Ergonomics and Safety Conference.
Washington, DC, June 1-4, 1997.

Page 46



•••••••••••••••••••••••••••••••••••••••••••••

Annual Program ofResearch

Gallagher, S.
Trunk Extension Strength and

Muscle Activity in Standing and
Kneeling Postures. Spine, Vol. 22,
~o. 16, Aug. 15, 1997, pp. 1864
1872.

Gallagher, S.
Trunk Extension Strength and

Muscle Activity in Standing and
Kneeling Postures. Presentation at
37th Annual Brouha Symp.,
Morgantown, WV, Sept. 3-5, 1997.

Gallagher, S, and C. Hamrick
Trunk Extension and Flexion in

Standing and Kneeling Postures: Peak
Torque and Associated Electro
myography of Ten Trunk Muscles.
Abstract in Proceedings ofthe Inter-

national Mechanical Engineering Con
gress and Exposition (Atlanta, GA,
~ov. 17-22, 1996). Pp. 5-6.

Gallagher, S., C. Hamrick, K.
Cornelius, and M. Redfern

The Effects of Vertical Restriction
on the Moment Experienced by the
Lumbar Spine. Abstract in Proceed
ings of the 1997 American Industrial
Hygiene Conference and Exposition
(Dallas, TX, May 17-23, 1997). P.
19.

Gallagher, S., C. Hamrick, K.
Cornelius, and M. Redfern

Peak L5/S1 Moments Associated
with a Cable Hanging Task. Presen
tation at 37th annual Brouha Symp.,
Morgantown, WV, Sept. 3-5, 1997.
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Gallagher, S., D. Landen, and B.
Fotta

An Analysis of Sprain/Strain and
Repetitive Trauma Injuries in the Coal
Mining Industry from 1986-1995.
Abstract in Proceedings, 41st Annual
Meeting Human Factors and Ergo
nomics Society (Albuquerque, ~M,

Sept. 22-26, 1997). P. 1374.

KEYWORDS: Musculoskeletal disor
ders, ergonomics, biomechanics, job
analysis, job design
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James Cawley

RESEARCH OBJECTIVE

To improve the safety of under
ground coal mine workers by deter
mining (1) the ignition characteristics
of oxygen-enriched, methane-air at
mospheres for intrinsic safety tests and
(2) the safe application of laser tech
nology in methane-air atmospheres
containing dust.

PROBLEM STATEMENT

MSHA requested that the Pitts
burgh Research Laboratory conduct
research to characterize whether oxy
gen-enriched methane-air atmospheres
could be used as a testing medium for
MSHA's intrinsic safety approvals
testing. Intrinsic safety devices are in
creasingly voltage-sensitive and do not
lend themselves to traditional testing
methods in which voltage and/or cur
rent are increased to provide a safety
factor. Experience and existing in
trinsic safety testing facilities are
ideally suited to this highly specialized
research.

Laser technology has been pro
posed as a way to measure methane
concentrations at the faces of under
ground coal mines. However, laser
beams have been shown to ignite dust
particles suspended in methane-air at
mospheres at relatively low beam
power levels. MSHA intrinsic safety
evaluation criteria do not address this
emerging technology. Before use of
laser technology becomes widespread,
ignition characteristics must be exam
ined and safe operating procedures in
methane-air atmospheres proposed.

RESULTS TO DATE

Task!

• The rrummum ignition energy
(MIE) for 1.57 mH inductor circuits
in the standard test apparatus using
21 % Oz/(Oz + ~) is approximately
0.33 mJ, not 0.45 mJ as published in
the literature.

• The MIE for 1.57 mH inductor and
104 .uF capacitor circuits in the stan
dard test apparatus occurs with an
8.8% CH4-21 % Oz/(Oz + N z ) mix
ture, not an 8.3% CH4-21 % Oz/(Oz +
Nz) mixture.

• The MIE for 1.57 mH inductor
circuits in the standard test apparatus
with a 10.5-11.0% CH4-30% Oz/(Oz
+ Nz) mixture is 0.115 mJ.

• The MIE for 1.57 mH inductor
circuits in the standard test apparatus
with a 12.5% CH4-40% Oz/(Oz + Nz)
mixture is 0.057 mJ.

• The MIE for 104.uF capacitor
circuits in the standard test apparatus
with a 8.8% CH4-21 % Oz/(Oz + Nz)
mixture is 10.5 mJ. This agrees
roughly with UL 913's estimate of
12.8 mJ, but is greater than the 0.45
mJ from published MIE curves. The
variance may be attributable to the dif
ference in the spark ignition mechan
isms.

• In general, UL 913's empirical
curves are a better estimate of
capacitor MIE than are the published
curves.

Thomas Dubaniewicz

Task 2

• Minimum igniting powers for tar
get areas of 0.031, 0.126, and 0.5
mmz were 0.6, 1.1, and 2.2 W,
respectively, indicating methane-air
ignitability is proportional to the
square root of target area over the
areas studied.

• Optical absorptivity played a more
significant role than ignitabilty of coal
dust particles in igniting methane-air
mixtures over the target areas studied.

• Minimum igniting powers were
relatively independent of methane gas
concentrations from somewhat less
than stoichiometric to 8% methane in
air. This is in contrast to MIE phen
omena, which show a much stronger
dependence on gas concentration.

KEYWORDS: Electrical safety, spark
ignition, laser, dust ignition, intrinsic
safety
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RESEARCH OBJECTIVE

To develop one-, two-, and three
dimensional imaging systems to "see"
into and through unmined roof, floor,
and rib in mines; detect and visualize
concealed safety hazards; and accur
ately measure distance to the hazard
and thickness of multilayered deposits.

PROBLEM STATEMENT

Fundamental problems exist with
imaging hidden anomalies in surface
and underground mines. Conventional
time-domain radar techniques do not
measure electrical properties of the
material and are unable to deal with
the nonlinear nature of the media and
the antenna. This is called dispersion.
A unique frequency-domain technique
was developed and field tested to
overcome the drawbacks of other
methods.

RESULTS TO DATE

The one-dimensional system, called
the radar coal thickness sensor, re
ceived the R&D 1()() and Innovator of
the Year awards. This system meas
ures (1) coal, rock, and concrete
thicknesses from zero to over 10 ft
with an accuracy of 1 in, (2) indivi
dual layers in multilayered deposits,
(3) electrical parameters of the mate
rial, and (4) locations of roof frac
tures.

The two-dimensional version meas
ures distance and azimuth and deter
mines the location of multiple targets.
Progress has been made in the devel
opment of three-dimensional software
and the accompanying field hardware,
but the research is not complete.
Field hardware was designed to re
place laboratory instruments now used
to demonstrate the technology. New
antennae were developed specifically

Office for Mining Safety and Health Research, NlOSH

GEOLOGICAL HAZARD DETECTION

to use in through-the-earth imag-
ing, and dielectric materials
were developed for encasing the
antenna so that it could effective
ly couple energy to the target
media without contacting the
target media. Field tests were
conducted at several highwalls at
surface mines, several under
ground coal mines, and the Lake
Lynn mine. To show that the
system could be configured to
detect roof hazards, limited tests
were conducted in the Bruceton
and Lake Lynn mines. Known
roof faults were detected at the
Bruceton mine. Because of the
limited time available at the
Lake Lynn mine, long-term
measurements of roof movement
collected from a stable platform
could not be properly run.

BIBLIOGRAPHY

Chufo, R.L. Detecting roof faults in the Bruceton mine
An Electromagnetic Spatial/

Spectral Sensor for Geological
Measurements. Paper in Proceedings
of the GPR '96, 6th International
Conference on Ground Penetrating
Radar (Sendai, Japan, Sept. 30-0ct.
3, 1996). Pp. 545-547.

KEYWORDS: Geologic imaging, radar
imaging, underground imaging,
hazard detection, frequency-domain
radar imaging
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FIRE FIGHTING TRAINING AND COMMUNICATIONS
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RESEARCH OBJECTIVE

To determine the state of the coal
industry's fire fighting preparedness in
underground operations

PROBLEM STATEMENT

Fires have been one of the leading
causes of coal mine disasters since the
beginning of mining in this country.
Between 1984 and 1994, MSHA in
vestigated 115 reportable underground
mine fires, or an average of 10 fires
per year. These fires resulted in 28
fatalities and 30 injuries and produc
tion losses totaling hundreds of mil
lions of dollars.

The success of safely controlling
and extinguishing an incipient mine
fire depends on several factors, in
cluding awareness of fire hazards,
early detection of a fire, the availabil
ity of effective fire fighting equip
ment, and response time. This project
addresses two tasks that focus on the
human element in mine fire fighting
and preparedness.

Task 1 includes (a) an assessment
of workers' readiness to fight incipient
fires underground, (b) definition of the
training and technology infrastructure
necessary to respond to underground
mine fires, (c) development of meth
ods to investigate variabilities in re
sponses to fires within and across
mine sites, (d) exploration of innova
tive methods to enhance industry'S
awareness of the dangers of under
ground mine fires, and (e) develop
ment of fire fighting training protocols
for new hires and experienced miners.

Task 2 involves in-depth interviews
with 29 mine rescue veterans regard-

ing their experiences in managing
mine emergencies, including mine
fires.

RESULTS TO DATE

Under a CRADA with a cooper
ating Western coal mine, field tests of
both fire response and fire prevention
preparedness checklists (begun in late
FY96) have been completed. Initial
field tests of both fire hazard identifi
cation and fire risk assessment instru
ments were completed and an instruc
tor's guide was written. Following a
meeting at the cooperator's mine,
work began on developing fire fight
ing training protocols for both inex
perienced and experienced miners.

BIBLIOGRAPHY

Broich, M., K. Kowalski, L. Mallett,
and C. Vaught

Overview of Mine Emergency Re
sponse Training. Presentation to Mid
west Mine Trainers Association,
Pierre Marquette State Park, IL, May
1-2, 1997.

Cole, H., and C. Vaught
Escape from a Mine Fire: An In

teractive Story that Teaches and Tests
Miners' Critical Decision-Making
Skills. Presentation at Fifth Interna
tional Conference on Narrative, Lex
ington, KY, Oct. 18-20, 1996.

Conti, R., W.G. Wiehagen, C.
Vaught, and MJ. Brnich

Underground Mine Fire Prepared
ness, Part 4. Holmes Safety Associa
tion Bulletin, Sept. 1997, pp. 3-10.
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PA, May 14 and June 11, 1997.

Vaught, C., M.J. Brnich, and L.G.
Mallet

Using a Mockup To Teach Mine
Emergency Communications Skills.
Presentation at Illinois Mining Institute
conference, Collinsville, IL, Sept. 25
27, 1997.

Vaught, C., L. Mallett, R. Fowkes,
R. Conti, W. Wiehagen

Underground Mine Fire Prepared
ness, Part 2. Holmes Safety Associa
tion Bulletin, July 1997, pp. 1-4.

Wiehagen, W., R. Conti, C. Vaught,
and R.S. Fowkes

Underground Mine Fire Prepared
ness, Part 3. Holmes Safety Associa
tion Bulletin, Aug. 1997, pp. 3-7.

Wiehagen, W., B. Fotta, and C.
Vaught

Workshop on Miners' Experience
in Fighting Small Underground Mine
Fires. Presentation at open industry
briefing on Mine Fire Preparedness,
Lake Lynn, PA, May 13-14, 1997.

Wiehagen, W., R.S. Fowkes, C.
Vaught, R.S. Conti, and B. Fotta

Underground Mine Fire Prepared
ness, Part 1. Holmes Safety Associa
tion Bulletin, May-June 1997, pp. 14
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sponse training
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Launa G. Mallett

RESEARCH OBJECTIVE

(1) Improve communications dur
ing mine emergencies by developing
an emergency communication protocol
and training package with a memory
aid and (2) develop a stochastic com
puter simulation for training command
center personnel who are responsible
for managing mine rescue operations.

PROBLEM STATEMENT

As mines become safer and major
disasters fewer, the number of indivi
duals having first-hand experience
with major mine emergencies is de
creasing. A gap is being created that
could have serious consequences in
future mine disasters. One concern is
that of the effective evacuation of en
dangered miners. Workers often ne
glect to give or ask for important
information about the situation. This
lack of communication can place
escaping miners at unnecessary risk
and reduce the efficiency of the emer
gency response. A second concern is
inadequate training of first-line com
mand center leaders who would direct
rescue operations if an emergency
should occur at their mines. While
MSHA and some larger mines period
ically stage mock drills, these events
are time consuming to develop, set up,
and present. Furthermore, prepared
ness training is not currently mandated
for these workers.

Since 1984, the Pittsburgh Re
search Laboratory has investigated
many aspects of disasters, including
evacuation, rescue, firefighting, and
emergency management. This re
search will be used to develop and test

an effective emergency communi
cations protocol. It will also be used
to develop the Mine Emergency Re
sponse Interactive Training Simulation
(MERITS) software to be transmitted
to users via the Internet.

RESULTS TO DATE

An emergency communications
training package, the Emergency
Communication Protocol, was drafted.
Authentication of the package was
conducted with a number of safety
professionals. The materials were
then tested during a field experiment
at a cooperating mine. Initial analyses
showed improvements in each of the
six designated categories of infor
mation given and received during the
simulated emergencies. More detailed
analyses and further testing are plan
ned for FY98.

Information required for develop
ing a realistic simulation of a mine
was outlined, and a draft emergency
scenario was started. A map of a
prototype mine was designed with the
assistance of MSHA Tech Support and
then scanned. A work force with
designated skills and responsibilities
was developed for this mine. A thin
ning algorithm was written to identify
mine pathways using scanned mine
maps. Prototype client software for
displaying mine maps in two and three
dimensions was written using Open
Inventor. This map-viewing software
provides pan and zoom capabilities
and can hide or display specific mine
systems (e.g., ventilation, haulage,
communication lines) and objects
(e.g., pillars, paths, miners). A
timer-based utility to update client

Audrey F. Glowacki

map information periodically and
communicate with the host was
developed using Active Server Pages,
Dynamic HTML, and Visual Basic
Script. A Windows NT Web server
was set up for software development
and testing. Conversion of the
MFIRE mine ventilation model to C
language for future integration into
MERITS is 95 % complete.

BIBLIOGRAPHY
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Training for Emergency Com
munication. Presentation to Holmes
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entation at MINESIM '96: 1st Inter
national Symposium on Mine Simu
lation via Internet (National Univ. of
Athens, Greece, Dec. 2-13, 1996).

Kowalski, K, and M.J. Brnich
Characteristics of Leaders in Es

cape from Three Underground Mine
Fires. Presentation at National Mine
Instructors conference, Beckley, WV,
Oct. 15-18, 1996.

•I
••••••••••••••••••••••••41

•41

••••41
41
41

•41
41
41

••••••



••••••••••••••••••••••It
•It
It
It

•It
It
It
It
It
It
It
D
It
It

•It
•••
~

•

Annual Program ofResearch

Mallett, L. G.
How To Combine Smoke Drills

and Hands-On SCSR Training. Pres
entation at National Mine Instructors
conference, Beckley, WV, Oct. 15
18, 1996.

Mallett, L. G.
Who, What and Where: the Com

munication Triangle of Fire. Pre
sented at open industry briefings on
Mine Fire Preparedness, Lake Lynn
Laboratory, May 14 and June 11,
1997.

KEYWORDS: Emergency response,
communication, simulation, training,
Internet

Three-dimensional views of MERITS mine map (experimental version)
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RESULTS TO DATE

Oral agreements have been
made with the proper officials at
three research sites: an under
ground bituminous coal mine in
the eastern United States, a sur
face mine in Pennsylvania's an
thracite region, and the nation's
largest re-builder of heavy truck
parts. Top management at all
three companies has pledged
support, and, where a union is
involved, the local union has
been equally supportive. The
underground bituminous mine
and the surface anthracite mine
already have self-reporting pro
tocols in place to record nonin
jury falls resulting from slips
and trips. Company personnel
have shared these data with re
searchers, and such information

is being used to construct a database
that can be applied at all three sites.

Researchers have compiled MSHA
accident narratives in which slips,
trips, and falls were implicated for the
5-year period between 1990 and 1994.
A questionnaire has been designed to
assess workers' attitudes toward injur
ies resulting from these types of acci

dents. A table-top simulation
that deals with how to investigate
a fall-related injury, developed
independently of this project, has
been identified and is being as
sessed for its efficacy as a pos
sible intervention tool. A risk
assessment instrument has been
identified for use with focus
groups. A literature search has
been completed.

wears out and is replaced, and geo
logical conditions vary over time.
Thus, typical interventions might have
limited application in a mining envi
ronment. Research leading to more
robust intervention addresses (1) inter
vention effectiveness and (2) organi
zation of work.

PROBLEM STATEMENT

To protect miners and others who
work under highly variable environ
mental conditions from injuries related
to slips, trips, and falls by (1) de
veloping a systems-oriented prevention
program that considers all factors in
the traditional hierarchy of controls,
(2) testing this module at select
ed work sites in both the eastern
and western United States, and
(3) on the basis of field test
results, design and distribute an
intervention program to industry.

The National Council on
Compensation Insurance puts the
average cost of a fall or slip
related claim at $13,000. This
figure suggests significant pain
and suffering by the person who
has fallen. It also means that an
employer will be without the
worker's contributions for some
time. Yet fall prevention is one
of the most underdeveloped pro
grams in industry. The fall pre
vention programs that do exist
tend to focus on only one or two
factors in the hierarchy of con
trols (usually elimination of the
hazard or engineering reme
dies). In mining, where 7,007
falls resulting from slips and
trips made this one of the largest
categories of lost time injuries
for the period 1992-1994, a
holistic approach is needed.
That is because mines are com
plex systems in which workers, ma
chines, and the environment all inter
act under conditions of continual
change. Workers move about the
mine and from job to job, equipment

RESEARCH OBJECTIVE
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Jesse Jaspal

RESEARCH OBJECTIVE

To develop an economic model of
end-dumping procedures used by haul
age truck operators in which the social
and economic costs of end-dumping
over an edge are compared to dump
ing short of the edge and using bull
dozers to move and level the material.

PROBLEM STATEMENT

Injury data suggest that the current
practice of using haulage trucks to
dump material directly over an edge
carries a certain amount of risk to
haulage truck operators. This work
seeks to balance these perceptions with
an in-depth analysis of injury data
identified for bulldozer operators
working near an edge and haulage
trucks dumping material directly over
an edge.

RESULTS TO DATE

A subset of injury data was iden
tified for coal and metal/nonmetal
mines that (1) use haulage trucks to
dump material over an edge and (2)
bulldozer operators working near an
edge for the period from 1988 through
1995. The set included 320 lost-time

Fred Turin

lllJurles (degree of injury rated 1
through 4). Narratives were analyzed
for each injury and a coding scheme
was developed that included the activ
ity, result, factors contributing to the
injury, and factors contributing to the
severity of the injury.

The project team collected a set of
operating procedures and safety train
ing materials that relate to haulage
trucks and bulldozers working at
dump sites. These materials were
gathered from MSHA, domestic min
ing firms, and the Canadian govern
ment. Work is in progress to better
organize these materials.

Project team members visited a
surface coal mine in August 1997.
This visit was the first step in obtain
ing cooperation from a mine to serve
as the location for a case study in
which alternatives to dumping directly
over an edge would be explored.
Much information was obtained during
this visit, including inventories of
haulage equipment, safe working pro
cedures, cycling times of haulage
trucks when plug dumping, and in
structional material for haulage truck
operators. Future site visits will offer
an opportunity to collect more detailed

Page 55

William Wiehagen

information relating to cycling times
and equipment operator perceptions of
the safety risks involved while dump
ing over an edge.

A case study approach will be used
in FY98 to determine the merits of a
safety and economics model to use in
comparing differences among dump
ing procedures. Goals are to (1) de
sign data collection forms and proce
dures for the field study, (2) work
with a mine to conduct a time study
and safety assessment (observations
and operator interviews) of the two
procedures, and (3) review and an
alyze injury data comparing end
dumping to dumping short and bull
dozing material over an edge.

BIBLIOGRAPHY

Wiehagen, W., and T. Friend
Applied Research To Enhance the

Training and Performance of Dozer
Operators. Presentation at National
Mine Instructors conference, Beck
ley, WV, Oct. 15-18, 1996.
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prediction, maintenance
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ELEVATOR ASCENDING OVERSPEED PROTECTION
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• Twice during the past year, MSHA
visited the Pittsburgh Research Labor
atory to connect a LMA-751125 wire
rope tester with the DAQS. Several
tests were successfully conducted on
the elevator in Building 23 at the
Bruceton site. As a result of these
meetings and tests, MSHA suggested
additional work to incorporate this
type of data collection into our re
search

RESULTS TO DATE

KEYWORDS: Electrical safety, mine
elevators, mine hoists, elevator safety,
monitoring systems.

• A computerized data acquisition
system (DAQS) was built to monitor
and digitally record pertinent electrical
signals from a hoist and elevator sen
sor. The information collected in
cludes hoist cage acceleration, cage
velocity, hoist motor armature volt
age, armature current, and field cur
rent. Mine-site evaluations of the sys
tem showed that it performed flaw
lessly and was fieldworthy and reli
able.

• An exhaustive survey of sensing
techniques to monitor cage position
and velocity was conducted. Results
showed that a dc tachometer, acceler
ometer, and microwave device proved
reliable and accurate.

• A model elevator has been built for
training MSHA hoist and elevator in
spectors.

Downtime for inspection, main
tenance, and repair significantly de
creases the number of production
shifts available for hoisting. Data sug
gest that much of the country's exist
ing mine hoisting infrastructure is sim
ply not capable of continuing to func
tion in a safe and economic manner
without new facilities, major rehabili
tation of existing facilities, or the
application of new technology. Injur-

ies and fatalities can
result from expo
sure of maintenance
and operating per
sonnel to hazardous
hoisting environ
ments. Thus, re
search is crucial to
improve and in
crease information
flow about hoist op
erating status and/or
to remove person
nel from hazardous
locations near the
hoist.

tion where the counterweight is heavi
er than the car. If the brake fails, the
car will accelerate upward and crash
into the headframe, a condition termed
"overspeed" and "overwind." Since
this project was initiated, at least four
accidents resulting in injuries have
occurred in the United States that fit
the above situation.
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Despite MSHA's required periodic
testing, documented mine hoist and
elevator accidents resulting from elec
trical, mechanical, and structural fail
ures do occur. For example, shaft
accidents associated with the hoisting
cycle may happen when the convey
ance is empty or lightly loaded. Sur
vey data showed that the car is empty
or lightly loaded during 90% of the
hoisting cycles. This creates a situa-

RESEARCH OBJECTIVE

PROBLEM STATEMENT

Governor----1'-

To address specific MSHA con
cerns regarding the improvement of
equipment, methods, and procedures
for inspecting mine hoists and eleva
tors.
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RESEARCH OBJECTIVE

To provide an understanding of
rope deterioration that will enable the
development of effective and reliable
retirement criteria for wire ropes.

RESULTS TO DATE

MSHA requested that the Pitts
burgh Research Laboratory examine a
rope used on a slope hoist that broke
in service in a Pennsylvania mine.
When the rope broke, three loaded
cars rolled back down the slope to
crash at the bottom, and although
there was considerable damage, there
were no injuries. A physical examin
ation showed that the rope was badly
corroded and no oil was present near
the break. Four samples of the rope
were tested on the tensile machine.
Three other samples from the area
near the break showed about a 50%
strength loss compared to a dead wrap
sample. The MSHA retirement criter
ion for a man hoist is 10 %. Reports
on the tests were furnished to MSHA
and to the Pennsylvania State Dept. of
Deep Mine Safety. Samples were giv
en to MSHA personnel to illustrate
corrosion and wear of wire ropes dur
ing training of inspectors.

WIRE ROPE HOISTING SAFETY

At the request of the Pittsburgh
OSHA, a company that processes an
iron powderwas inspected. The com
pany uses a hoist system to lift barrels
of iron fines into a separator. A fatal
accident occurred when a barrel of the
fines was lifted too high and the con
tents spilled, creating a dust cloud of
fine iron powder that ignited, causing
a dust explosion. A report was made
to OSHA with recommendations for
revamping the equipment to prevent
any future accidents of this type.

A meeting organized by the Pitts
burgh Research Laboratory and
MSHA was held at the Wire Rope Re
search Laboratory to discuss wire rope
retirement criteria and to test nonde
structive test instruments. Repre
sentatives from MSHA offices in
Morgantown, Pittsburgh, and Denver;
Bridon American; the Wire Rope
Technical Board from Washington,
DC; CANMET; Noranda Technology
Centre; Rotesco; and NDT Technol
ogies attended. Wires were removed
from a 70-ft-long, 1-l/2-in test rope
and tested by three types of NDT
instruments brought to the meeting by
manufacturers. All instruments per
formed favorably. The same instru
ments were also tested using a rope
from the fatigue test machine that was
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ready for retirement; after the tests,
the samples were analyzed. Results
from the tests of the two ropes will be
compared and a report written.
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Large pump motor at a coal preparation plant, one of 60 motors monitored in the field tests

PRINCIPAL INVESTIGATOR: Gerald T. Homce

MAINTENANCE SAFETY FOR ELECTRIC MOTORS
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centage of cage-rotor induction-motor
failures are indeed preceded by meas
urable changes in specific electrical
parameters. Work in FY97 focused
on completing comprehensive analyses
of all motor data collected through
June 30, 1997, as well as a thorough
review of plant maintenance records
to annotate these data. This informa
tion will ultimately be used to create a
practical, automated, on-line motor
monitoring system. Work this year
also included a major upgrade to the
data collection computer system used
at the plant. The changes will reduce
the system from three networked com
puters to a single PC and will allow
data analysis as well as system control
and modifications to be done remotely
from the Pittsburgh Research Labora
tory.

KEYWORDS: Mine, electric, motor,
predict, maintenance

Analysis of data collected thus far
strongly suggests that a significant per-

RESULTS TO DATE

A memorandum of agreement has
been put in place with a large south
western Pennsylvania coal mine allow
ing the Pittsburgh Research Labora
tory to install an experimental motor
condition monitoring system in its
preparation plant. Using this system,
motor terminal voltage and current
measurements are being stored and
analyzed to determine if on-line moni
toring can, under actual field condi
tions, recognize deterioration signa
tures on motor input power prior to
failure.

mal operation to detect subtle changes
in terminal information that may
indicate deterioration.

Office for Mining Safety and Health Research, MaSH

PROBLEM STATEMENT

RESEARCH OBJECTIVE

Equipment maintenance in mining
and mineral processing operations is
often a hazardous activity. Mainte
nance safety can be improved, how
ever, by the use of predictive mainte
nance techniques that allow repair
work to be scheduled rather than being
done on an emergency basis. Cage
rotor induction electric motors are one
of the most common components
found in mining and mineral
processing equipment. The approach
under investigation is based on contin
uous monitoring of motors during nor-
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To develop a method of predictive
maintenance for induction electric
motors that will overcome limitations
of currently available methods.
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Gerald Homce

RESEARCH OBJECTIVE

Provide scientifically valid recom
mendations for protecting workers
from electrocution.

PROBLEM STATEMENT

Electrocution causes approximately
10% of all mining fatalities each year.

Approximately 162,000 workers at
surface mines are exposed to overhead
powerline hazards. Between 1980 and
1996, 47 fatalities were caused by
overhead powerlines. Operators of
trucks, drill rigs, and cranes, and
workers carrying metallic objects
were most often victims of overhead
line electrocution.

Over 17,000 workers in under
ground coal mines are at risk from
hazards associated with improperly
rated electrical cables. Cables on
reels are especially hazardous because
overheating of the cable leads to
premature failure of the insulation.
Current MSHA rating practices have
been shown to underrate round cables
and overrate flat cables. The Insulat
ed Cable Engineers Association
(ICEA), which writes cable ampacity
standards for the National Electrical
Code, and MSHA recently collabor
ated with the Pittsburgh Research Lab
oratory to devise a test program to
supply ICEA with appropriate data for
reevaluating reeled cable ratings for
mining.
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ELECTRIC SHOCK PREVENTION

PRINCIPAL INVESTIGATORS

Peter Kovalchik

RESULTS TO DATE

Work on overhead line hazards this
year has included data collection and
preliminary data analysis. Detailed
accident investigation reports have
been obtained for 75 overhead line
contacts that occurred at mining
operations between 1980 and 1996.
Initial analysis has shown that about
two thirds of these contacts took place
in noncoal mines. Direct worker
contact was the most common factor,
followed by crane operation.

Four separate dynamic tests using
an optical time domain reflectometer
(OTDR) were conducted to measure
the temperature of electrical conduc
tors in a mine trailing cable.

KEYWORDS: Electrical safety, trail
ing cables, electrical shock, overhead
powerlines, shuttle cars, derating fac
tors, ampacity



To evaluate ground fault protection as to its
suitability for use on anthracite mine power
systems.

411

•411

411

•••
411

•••••
411

••
411

••
411

•••••••
411

•
411

411

••
411

411

••41
411

••••
411

••

Yenchek, M.R., J.C. Cawley, J.S.
Peterson, and J.L. Kohler

Distinguishing Motor Starts from
Short Circuits Through Phase-Angle
Measurements. NIOSH Report of In
vestigations 9638, 11 pp.

phase. Finally, a grounded power
system featuring a wye-delta ground
ing transformer was modeled using
commercial power system analysis
software. This model will enable fault
evaluations to be conducted at various
points throughout the system. Calcu
lations of ground fault currents will
ensure that the grounding transformer
and resistor are appropriately rated.
Laboratory observations were docu
mented and test results summarized in
a letter report to MSHA.

BIBLIOGRAPHY

KEYWORDS: Shock, grounding, relay,
protection, model
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Interconnection of ground fault relay (GFR) and current sensor

Life-cycle tests were conducted on
the voltage relay. After 100,000
operations, the drop-out voltage was
unchanged. The devices were then
tested in the Mine Electrical Labora
tory on both grounded and unground
ed, three-phase power circuits with a
5- or 50-horsepower motor serving as
a load. Ground fault relay (GFR)
operation was also confirmed while
installed on a circuit featuring a
single- to three-phase convertor, an
arrangement common in remote loca
tions of the anthracite region. Dif
ferences in ground fault sensitivity
were observed between the two exist
ing phases and a third manufactured

to interconnect components, which
could result in premature failure
should the relays be exposed to signifi
cant amounts of vibration. The sen
sitivity and response time of each
relay were inversely related; that is,
the greater the sensed current, the
faster the relay activated. The units
were subjected to voltage surges typi
cally expected on industrial power
systems. No relay was adversely
affected by these high-magnitude,
short-duration impulses. All current
sensing units performed normally in
environmental tests ranging from -40
to +60 degrees Celsius. The elec
tromechanical voltage relays dropped
out at higher-than-rated voltages at
temperatures above 20 degrees.

Michael R. Yenchek

PRINCIPAL INVESTIGATOR:

RESEARCH OBJECTIVE

CIRCUIT PROTECTION
UNDERGROUND MINING

RESULTS TO DATE

The commercial relays evaluated
were provided by MSHA and con
sisted of three current-sensing models
and one voltage-sensing model. The
units were first examined to determine
if their construction was acceptable for
a mine environment. The voltage
relay had exposed line voltage termin
als and was not housed in an insulated
or grounded enclosure. All current
sensing models used fine-gauge wire

The power systems of anthracite
mines in northeastern Pennsylvania
are typically powered at 480 volts,
three phase. They supply light electri
cal loads, such as pumps up to 75 hp.
The power sources are traditionally
ungrounded and lack direct or derived
neutrals and grounding resistance to
limit fault current. In addition, many
circuit breakers do not feature pro
tection against ground faults as speci
fied in Title 30 of the Code of Federal
Regulations. To bring these systems
in compliance with current federal
safety standards, the Mine Electrical
Systems Division of MSHA I s Pitts
burgh Safety and Health Technology
Center requested that the Pittsburgh
Research Laboratory conduct an in
vestigation to identify suitable ground
fault protection.

PROBLEM STATEMENT
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IMPROVED SAFETY FOR SMALL MINES
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RESEARCH OBJECTIVE

To define the disproportionate risk
of workers employed at small mining
operations and determine ways to re
duce this risk.

PROBLEM STATEMENT

Workers who are employed at
small mining operations are at greater
risk of serious injury or death on the
job than those who work at larger
mines. This project focuses on better
defining the disproportionate risk of
those jobs and determining means to
reduce the risk. Ways to make im
proved technologies, safety informa
tion, and training materials available
to employees at small mines are also
being evaluated.

RESULTS TO DATE

Analysis of the hypothesis that low
underground working heights may be
responsible for some of the safety per
formance of small mines has been
completed. Results indicate that risk
varies by seam height, but the rela
tionship differs depending on the type
of accident. For instance, lower
seams correlated with higher risks for
some types of machinery-related acci
dents, while higher seams correlated
with slipping and falling, falling rock,
and certain other types of machinery
accidents. Additional studies will in
vestigate causal factors in addition to
working height. Resource availabil
ity, job switching, and regional varia
tions have been investigated through
analyses of data on workforce training
and job functions.

Project staff are coordinating ef
forts with MSHA, the Holmes Safety
Association, and other organizations
addressing safety issues in small
mines. This work includes active par
ticipation and analytical support to the
Pennsylvania State Committee for
Small Mines Health and Safety. Proj
ect staff helped to organize the first
New England Mining Health and Safe
ty Conference in April 1997 and the
Mid-States Mining Safety Conference
in September 1997. These confer
ences were well attended in areas
where small mining operations pre
dominate.

A search of the scientific literature
on successful methods of transferring
safety information and training to
small organizations has identified a
general lack of research in this area.
A review of this literature will build
upon a feasibility study completed by
the University of Kentucky. Existing
training materials for small mines
have been collected from MSHA col
laborators and USBM archives and
will be summarized in an evaluative
review.
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and behavioral interventions designed
to influence workers' and employers'
attitudes may be useful. A draft
report was completed during FY97.
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Lynn L. Rethi
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PRINCIPAL INVESTIGATORS

segments of the mining industry were
tracked. These data were used to
identify specific problem areas by ex
amining changes in the rates and types
of accidents, as well as locations of
accidents, in which independent con
tractor employees were involved. The
data have also been used as resource
material in training sessions by many
Part 48 instructors throughout the
mining industry. Additionally, explor
atory investigations were conducted of
169 independent contractor employees
who worked at various types of coal
and metal/nonmetal mines. The ob
jective was to develop a profile of
these workers in order to better define
this subset of the mining population.
The subjects completed questionnaires
that asked for information on em
ployee demographics, work experi
ences, training, safety awareness, and
safety experiences with a mining com
pany. Preliminary data suggest that
administrative interventions, such as
improved site-specific hazard training

1985

Fatality incidence rate, 1983 through 1995

1983

WORKER SAFETY FOR INDEPENDENT CONTRACTORS

In the second problem area, two
types of interventions were investi
gated. MSHA mandates "that the
safety of independent contractor work
ers on mine property is the ultimate
responsibility of the production opera
tors at the mine." However, indepen
dent contractors are also cited by
MSHA for violations committed by
them or their employees. Clearly, the
issues of company responsibility and
accountability are concerns of both
mining industry operators and inde
pendent contractors. Similar concerns
were addressed recently in the petro
chemical and construction industries
as comprehensive safety programs
were developed and implemented for
all persons in the workplace. The
strategy was to set responsibilities for
every employee, including those

working for independent
contractors. This ap
proach has produced pos
itive results with regard
to improved safety per
formance. It was, there
fore, posited that certain
elements of these com
prehensive safety pro
grams, if applied to the
mining industry, could
also affect independent
contractor safety. To this
end, two papers were
published in which oper

a ..........._ ....._ ....._ .........._ .....__..............._ ......_ .........._....&.--t ator and independent con-
1995 tractor safety responsi

bilities were developed
and discussed as to how
they could be applied to
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RESEARCH OBJECTIVE

PROBLEM STATEMENT

RESULTS TO DATE

In the area of
surveillance, 10
year employment
and injury trends
for independent
contractors in all

Investigations to
date have focused
on two areas: (1)
collection and anal
ysis of injury data
(surveillance) and
(2) identification of
potential interven
tion measures.

From 1991 through 1995, indepen
dent contractors accounted for 25.5 %
of all fatalities in coal mining (47 of
184) and 37.1% of the fatalities in
noncoal mining (56 of 151). These
numbers far exceed the proportion of
independent contractor employees to
the entire mining work force (an aver
age of 17% in 1995). With the con
tinued growth of this segment of the
mining industry, these injury trends
may continue or, perhaps, worsen.
To diminish this possibility, effective
interventions need to be identified, in
vestigated, and implemented for man
aging the safety of independent con
tractors.

Edward A. Barrett

Page 62

To investigate safety issues and
develop effective interventions for
reducing injuries to independent
contractors working on mine property
in all segments of the mining industry.
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mining. These responsibilities were
based on eight of the most common
elements found after completing a
literature search and reviewing several
comprehensive safety programs from
general industry. To date, at least
four mining companies have initiated
partnerships with MSHA. The work
ing agreements established include
many of the elements noted above.

Thirty-three factors contributing to
injuries among independent contrac
tors during a 6-year period were iden
tified and categorized during FY97.
Frequencies and the relationship of
these factors to employee accidents
and job classifications were studied,
and trends and patterns were noted. A
draft report has been completed that
provides a database of information on
factors that may have contributed to
the 122 fatalities among independent
contractors from 1990 through 1995.
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SURVEILLANCE

PRINCIPAL INVESTIGATOR

Deborah Landen

RESEARCH OBJECTIVE

Produce a surveillance report de
scribing trends in injury and illness
incidence and hazard exposures during
1986-1995.

PROBLEM STATEMENT

This project will enumerate and
describe the diseases, injuries and
hazards related to work in the mining
industry using many data sources.
Trends in existing data will be de
scribed, and needs for additional data
sources for future surveillance will be
assessed. Results of the project will
be a key factor in defining NIOSH
priorities for research in mining.

KEYWORDS: Mining, health, safety,
hazards, surveillance
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Fatal injuries per 100,000 workers for mining commodities
and all industries by year
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HAZARD RECOGNITION
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Kathleen M. Kowalski
Lynn Rethi

RESEARCH OBJECTIVE

To improve the hazard recognition
skills of miners, thus increasing safe
intervention behaviors and reducing
injury in the mining industry.

PROBLEM STATEMENT

The safety of the worker is, in
part, dependent upon his or her ability
to perceive hazards in the workplace.
If a hazard is not recognized, the
hazard cannot be avoided. Descrip
tive accident report data have shown
that "failure to perceive" the hazard
consistently appears as a contributing
factor leading to the injury or fatality.
Thus, the inability of miners to recog
nize hazards is an ongoing problem.
To this end, a new training method for
improving hazard recognition skills
needs to be investigated, developed,
and evaluated.

RESULTS TO DATE

What do fighter pilots and miners
have in common? They are learning
to recognize hazards using the "de
graded" technique developed by the
U.S. military. Traditionally, fighter
pilots learned to recognize targets by
studying photos taken under the best
of conditions (a "highlighted" training
approach). However, research has
shown that the pilots did better when
trained with less-than-ideal (degraded)
pictures of the targets. Degraded
refers to pictures in which cloud
cover, rain, poor weather conditions,
natural barriers, buildings, or other
obstructions partially hide the object
conditions that pilots would likely

PRINCIPAL INVESTIGATORS

Edward A. Barrett

encounter in real life.

The U.S. Bureau of Mines
(USBM) began this effort by con
ducting a major review of the litera
ture available on the topics of psychol
ogy, military target identification,
pilot and gunnery officer training,
transportation safety, and automobile
operator behavior, as well as research
into sensory function and visual infor
mation processing. The purpose of
the search was to identify relevant
concepts that could be applied in the
training of miners to enhance their
ability to recognize hazards. The re
sults were published in USBM Infor
mation Circular 9422, entitled Hazard
Recognition in Mining: A Psycho
logical Perspective.

In 1993, a project was initiated in
which the goal was to design a training
program to determine if this theory
could be applied to hazard recognition
training in the mining industry. To
compare the effectiveness of high
lighted versus degraded hazard recog
nition training, researchers developed
several experimental and control train
ing modules. Miners trained with the
degraded training module scored sig
nificantly higher on tests than those
trained in the more traditional, high
lighted manner. We conducted two
additional field studies involving over
2,600 miners in underground coal
mines in the South and Midwest. Inci
dence rates at these mines dropped
more than 25% drop, which manage
ment and researchers attributed, in
part, to the degraded hazard recogni
tion program.

Richard Fowkes
Roberta Calhoun

In 1996, the degraded method of
training was incorporated into a train
ing video with the collaboration of the
Illinois Dept. of Natural Resources
and Illinois Eastern Community Col
lege. The video is accompanied by an
instructor's guide and slides to form a
training module. This module was de
veloped for both surface and under
ground mining operations and depicts
scenes from both locations to intro
duce the degraded method of hazard
recognition training.

In addition, a hazard recognition
program for underground limestone
mines was developed and tested in the
field. This program incorporates both
the highlighted and degraded methods
to explore the visual cues necessary in
identifying roof and rib hazards found
in an underground limestone mine.
This module incorporates the degraded
method and combines the use of three
dimensional visuals to teach partici
pants hazard recognition skills. The
module has been well accepted within
the mining industry and is now avail
able from the Mine Safety and Health
Academy.
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at MSHA instructor's training course,
Parkersburg, WV, Nov. 6, 1996.

Kowalski, K., and L. Rethi
The Degraded Image Hazard Re

cognition Program. Training video,
instructor's manual, and slides.
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Hazard Recognition Training in
Underground Limestone Mines. Pres
entation at technology transfer seminar
on Underground Stone Rib and Roof
Control, Paducah, KY, Dec. 11,
1996.
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Frequency of lone lightning strikes fits a power function extremely well

LIGHTNING STRIKE HAZARD REDUCTION
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KEYWORDS: Lightning, explosions,
blasting, risk assessment, coal
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In support of MSHA, a multi
functional team of researchers has
been formed. This team has met to
discuss the situation and decided there
is reasonable probability that lightning
energy can ignite methane gas in deep
coal mines. Presently, the group is
reviewing existing literature on the
subject.

Office for Mining Safety and Health Research, NIOSH

About 40 million lightning strikes
have been recorded. In addition, at
mospheric electric field measurements
in excess of normal levels are being
recorded. 50 far, about 4 million
lightning strikes have been examined
to identify those that are spatially
separate from other lightning strikes.
Trends that fit power functions very
well have been identified. These
trends are affected by geography.

RESULTS TO DATE

gob areas is also a problem. Develop
ing a risk-based lightning warning al
gorithm would both increase and im
prove the use of lightning warning
systems.

PRINCIPAL INVESTIGATOR: Lon Santis
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PROBLEM STATEMENT

Lightning is the leading cause of
unplanned detonations in mining. It
was responsible for 40 such incidents
reported to M5HA between 1978 and
1993. Lightning is thought to have
been responsible for seven under
ground coal mine explosions in the last
3-112 years. Little is known about the
penetration of lightning energy deep
into the earth. Why explosions are
occurring in supposedly nonexplosive

RESEARCH OBJECTIVES

To develop a risk-based lightning
warning algorithm and to study under
ground coal mine explosions caused
by lightning.
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Roy H. Grau, III

comparing accident incidence rates
during continuous mining for extended
cut and nonextended cut mines indi
cated that mine workers in the face
area of extended cut mines were near
ly 1.5 times more likely to be injured
than workers in nonextended cut
mines. Finally, the data from the un
derground study at RoxCoal, Diamond
TB Mine were reanalyzed to compare
the long-term roof stability of extend
ed cut areas to standard cut areas.

Grau, R.H., III, and E.R. Bauer
Ground Control Worker Safety

During Extended Cut Mining. Paper
in Proceedings of16th International

Bauer, E.R., GJ. Chekan, and LJ.
Steiner

Stability Evaluation of Extended
Cut Mining in Underground Coal
Mines. Presentation, ISRM Intern.
Symp. and 36th U.S. Rock Mech.
Symp., June 29-July 2, 1997. Ab
stract, paper no. 302. (Full paper
available on CD-ROM.)

Year

1991]9901989

o

to determine safe depths of cut accur
ately will likely result in an increase in
unplanned roof falls and associated
worker injuries and fatalities.

Mines were visited to investigate
worker health and safety during ex
tended cut mining at Pattiki Mine, IL,
Dotiki Mine, KY, Big Mt. 16 Mine,
KY, and Foidel Creek Mine, CO.
Two-dimensional modeling of strata
deflection and stress concentrations
accompanying the mining of extended
cuts was completed. The use of roof
span calculations for estimating safe
depths of cut was investigated and de
termined not to be a suitable tech
nique. A more reliable method of de
termining safe extended cut depths
was developed using the Coal Mine
Roof Rating (CMRR). Roof fall fatal
ities for 1996 were reviewed and
added to the Fatality Database. Sever
al investigations were conducted for
MSHA and the State of West Virginia
that addressed the safety of extended
cut mining sequences. An analysis

RESULTS TO DATE

6RESEARCH OBJECTIVES

To investigate the effects of ex
tended cut mining on the coal industry
in terms of accidents, roof falls, and
worker safety, and to develop and im
plement control strategies that will en
hance the safety of mine workers dur
ing the extraction of extended cuts.

Eric R. Bauer

PROBLEM STATEMENT

Past practice in the U.S. coal
industry when using continuous min
ing machines has been to advance the
face 20 ft at a time, then support the
exposed mine roof. This sequence of
mining and roof supporting limits the
areal extent of unsupported mine roof
and minimizes the time between ex
posure and support of the roof. To
day, in contrast, by using remotely
controlled operations, mine operators
are increasing the depth of cut to as
much as 65 ft. In 1995, 436 mines in
the United States had received a vari
ance to mine cuts deeper than 20 ft.

However, little is known about the
ground control and roof stability of
extended cutting and whether this sys
tem of extraction exposes mine work
ers to greater risks of injury from un
planned roof falls. Obviously, the po
tential for roof falls increases as both
the area and the time that the roof is
unsupported increases. Between 1988
and 1995, over 28 % of the roof fall
fatalities occurred during the mining
of extended cuts. Also, nearly 7,500
documented roof fall accidents were
reported in mines approved to extract
extended cuts, resulting in over 1,600
injuries. As cut depths approach and
surpass 40 ft, prediction of safe depths
of cut becomes more critical. Failure

•••••••••••••••••••D
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EVALUATION OF HIGHWALL STABILITY PROBLEMS IN COAL MINES
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KEYWORDS: Highwall stability, rock
falls, embankment failures, surface
coal mining, auger mining

as modeling auger mining scenarios to
determine the appropriate web width
between auger holes, designing
canopies to minimize canopy collapses
during massive rock falls, and
studying the use of chemical coatings
on highwalls to reduce weathering
effects.

A near-vertical highwall at an Appalachian drift coal mine that poses a serious
hazard to workers

RESULTS TO DATE

Researchers in this fact-finding
study conducted an in-depth accident
and exposure investigation, conducted
a literature review, collaborated with
other offices and agencies (i.e., SLR,
MSHA, PaDER), conducted a survey
of mine operators, and visited several
field sites. The types of highwalls
were broken into three categories
(drift, surface, and auger sites), and
specific criteria were listed to
minimize highwall stability problems.
These criteria and results are detailed
in a project summary report. It
appears that highwall stability at coal
mine sites is not a growing problem;
however, certain aspects of highwalls
may require additional research, such

RESEARCH OBJECTIVES

PROBLEM STATEMENT

The highwall is the exposed
overburden on the uphill side of a strip
mine or the entry location for a drift
mine. Most coal mines possess some
type of highwall face that is subjected
to many factors that often cause
failure of the overburden. Since
1990, 7 miners have been fatally
injured and 115 were injured because
of highwall failures.

To evaluate and identify geotech
nical factors causing highwall rock
falls and embankment failures at coal
mine portal sites and at surface
operations.

KEYWORDS: Extended cut, remote
control, continuous mining, worker
safety, ground control
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Steiner, L.J., and E.R. Bauer
Extended Cut Effects on Ground

Control and Face Crew Safety.
Presentation at 57th annual meeting of
the Kentucky Mining Institute, Nov.
14-15, 1996.

Conference on Ground Control in
Mining, eel. by S. S. Peng and C. T.
Holland (Morgantown, WV, Aug.
5-7, 1997). Pp. 283-288.



PRINCIPAL INVESTIGATOR: Dennis Dolinar

DESIGN OF MINE ROOF SUPPORT SYSTEMS

Alarge percentage of the more than 2,500 roof falls reported each year involved
supported roof.

Page 69

perfonnance (1) in a cribless recovery
room and (2) in nonsystematic pat
terns. At the first field site, a crib
less recovery room for a longwall
operation was instrumented and
monitored to determine if such a
support system couId provide adequate
roof reinforcement as the longwall
was being recovered. The data from
this experiment are currently being
analyzed. At the second field site, the
limitations of spot bolting in main
taining a safe work area were iden
tified. Results demonstrated the im
portance of using a full bolting plan in
areas where roof problems are ex
pected.

BIBLIOGRAPHY
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tation at Roof and Rib seminar, Dec.
11, 1996, Paducah, KY.

KEYWORDS: Roof support, roof and
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ground mine safety, roof support
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Mucho, T.P., A.T. Iannacchione, C.
Mark, D.R. Dolinar, and J. Bevan

Safe Roof Support Technology for
Rapid Entry Development Project.
Presentation to Joy Mining Machin
ery, Dec. 23, 1996, 108 pp.

Dolinar, D.R., D.C. Oyler, and C.S.
Compton

Using Extensometers To Detect
Potential Roof Falls. Paper in Pro
ceedings of 16th International Con
ference on Ground Control in Min
ing, ed. by S. S. Peng and C. T.
Holland (Morgantown, WV, Aug.
5-7, 1997).

Fieldwork has been conducted at
two sites to examine support

RESULTS TO DATE

factor in the selection of roof sup
ports. This situation is due to a lack
of proven, generally accepted support
design procedures and methods.

Both experimental and historical
data on roof behavior, support per
formance, and roof fall occurrences
have been obtained from a number of
mines. These data show a correlation
between roof behavior and support
performance. Statistical data based on
over 2,500 accidental roof falls in
underground coal mines have been
analyzed. Although the quality of the
reports is variable, at least 31 % of the
reported falls occurred under support
ed roof. The data also show strong
evidence that support length is a major
factor in reducing roof falls and that
most falls occur in intersections.

Annual Program ofResearch

PROBLEM STATEMENT

To develop a support system
methodology that assures the instal
lation of a support system engineered
to minimize or prevent roof falls in
underground operations based on local
mine conditions.

RESEARCH OBJECTIVES

Over the past 5 years, 30 of the
53 fatalities caused by ground falls in
underground coal mines occurred
under supported roof. These fatal
ities highlight the inadequacy of the
design of support systems installed to
prevent roof falls and to maintain a
safe working environment. In gen
eral, roof support systems are not
designed or engineered; instead, in
stallations are based on past and
personal experience, trial and error,
or the choices made by a neighboring
mine. A roof support vendor's per
suasiveness and wares are also a
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mine, ground control, rock mechanics

Iannacchione, A.T.
The Occurrence and Remediation

of Coal Mine Bumps. Presentation at
MSHA-sponsored Bounce Rendezvous,
Grand Junction, CO, April 8, 1997.

Heasley, K.A., and G.J. Chekan
A New Laminated Overburden

Model for Coal Mine Design. Pres
entation at technology transfer seminars
on New Technology for Ground Con
trol in Retreat Mining, Uniontown, PA,
Mar. 26; Norton, VA, April 8;
Pikeville, KY, April 10; Charleston,
WV, April 17; and Evansville, IN,
April 22, 1997.

Heasley, K.A.
Using Boundary-Element Programs

for Multiple-Seam Mine Design.
Presentations at Workshop on Multiple
Seam Ground Control and Mine
Design, Norton, VA, July 22, and
Charleston, WV, July 24, 1997.

Heasley, K.A.
Numerical Modeling for Minimiz

ing Coal Bumps. Presentation at
MSHA-sponsored Bounce Rendezvous,
Grand Junction, CO, April 8, 1997.

INNOVATIVE GEOLOGIC AND
ENGINEERING TECHNIQUES TO
REDUCE THE INCIDENCE OF
MOUNTAIN BUMPS

PRINCIPAL INVESTIGATOR:
Keith Heasley

Bump assessment map for a Virginia coal
mine

Heasley, K.A.
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Model for Coal Mine Design. Paper in
Proceedings: New Technology for
Ground Control in Retreat Mining.
NIOSH Information Circular 9446,
1977.

Heasley, K.A.
Overview of Numerical Modeling

for Coal Mine Design. Presentation at
MSHA-sponsored short course on Coal
Mine Design, Charleston, WV, Dec.
12, 1996.
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was developed to minimize bump po
tential during mining operations. This
fiscal year, an intuitive user interface
was created that greatly simplifies
modeling and analyzing the new stress
analysis program. On the topic of
assessing bump environments, prelim
inary research was completed on using
the geologic and stress classifications
techniques CMRR, ARMPS, and
ALPS for quantitative assessment of
bump potential. In addition to numer
ous presentations on bump research,
the database on coal bumps is being
organized as a Web site.

£ !
'1:_..~

PROBLEM STATEMENT

RESEARCH OBJECTIVES

In this project, a laminated numer
ical model, LAMODEL, that deter
mines stresses, displacements, and
energy release levels within seams

RESULTS TO DATE

Coal bumps are the sudden,
violent expulsion of coal from a pillar
or rib into an adjacent entry. On the
average, one or two miners are seri
ously injured every year and one is
killed every other year because of coal
bumps. The exact mechanics of coal
bumps are still not completely un
derstood, and it is believed that this
lack of fundamental knowledge is the
primary hindrance to further bump
mitigation.

To reduce the incidence of bumps
through (I) new design concepts for
engineering control of bump-prone
geologic and stress conditions, (2) im
proved techniques for assessing bump
prone geologic environments and
stress conditions, and (3) dissemina
tion of bump-control information and
technologies to the mining industry.
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GROUND CONTROL FOR PILLAR EXTRACTION
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Annual Program ofResearch

Christopher Mark

RESEARCH OBJECTIVES

To improve the safety of
underground coal miners working on
retreat mining sections by developing
engineering tools for better mine
design.

PROBLEM STATEMENT

Between 1989 and 1996, 25% of
the roof and rib fall fatalities occurred
on retreat mining sections. This is a
disproportionately high number of
fatalities in that less than 10% of all
u.s. underground coal production
comes from retreat mining sections.

RESULTS TO DATE

Highlighting this year's accom
plishments was a series of technology
transfer seminars and open industry
briefings. Over 30 technical presenta
tions were given during FY97.

• Over 350 mining industry person
nel attended seminars on retreat min
ing that were held in Indiana, Ken
tucky, Pennsylvania, Virginia, and
West Virginia. In addition to the tech
nical presentations, participants re
ceived hands-on training with the Ana
lysis of Retreat Mining Pillar Stability
(ARMPS) and the Laminated
Boundary-Element Model
(LAMODEL) computer programs.

• Two seminars were conducted at
the National Mine Academy at the re
quest of MSHA. These seminars in
cluded training for roof control spec
ialists and roof control supervisors.

PRINCIPAL INVESTIGATORS

• Two-day short courses on coal
mine ground control were also given
at the request of A. T. Massey Coal
Co. and Peabody Coal Co. Approxi
mately 90 engineers and operational
managers attended these meetings.

A Windows version of the
ARMPS program was prepared under
contract with Southern Illinois Uni
versity. This program has been well
received by industry, and over 400
copies have been requested. All fatal
ities that occurred during retreat min
ing between 1989 and 1996 were ana
lyzed to determine contributing fac
tors and probable causes. Conclusions
have been published and presented.
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MITIGATING GROUND
FALL HAZARDS IN THE

STONE INDUSTRY

PRINCIPAL INVESTIGATORS:

Leonard J. Prosser
Anthony T. lannacchione

RESEARCH OBJECTIVES

To prevent injuries and fatalities
to workers employed in the under
ground stone industry.

PROBLEM STATEMENT

The incidence rates for under
ground stone miners are higher than
for workers in other industries.

RESULTS TO DATE

A December 1996 safety seminar
provided information on roof and rib
control to 180 stone industry employ
ees. A new remote monitoring safety
system has been developed and pre
liminary field tests were conducted.
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INNOVATIVE SUPPORT
TECHNOLOGIES FOR GATE

ROADS AND BLEEDER
ENTRIES

PRINCIPAL INVESTIGATORS:

Thomas Barczak
Gregory J. Molinda

RESEARCH OBJECTIVES

To promote improved mine safety
by developing new support technol
ogies that reduce the risk of escape
way blockage and materials handling
injuries and to develop guidelines to
ensure the appropriate use of these
new roof support technologies.

PROBLEM STATEMENT

New support systems are being
developed in record numbers for
economic as well as ground control
reasons. It is essential that these new
support technologies be properly eval
uated to ensure their safe design and

application. Investigators are using
the unique mine roof simulator load
frame to promote development and
safe use of these new supports. Field
studies are needed to develop guide
lines for various mine conditions.

RESULTS TO DATE

Laboratory tests of 10 prototype
support systems have been completed,
and five of these systems have been
satisfactorily developed for mine use.
These systems include: (1) the
Hercules crib support, (2) the Link-N
Lock crib support, (3) the Propsetter
support; (4) the Can support; and (5)
the 3-C. Assessments have been
completed of three innovative support
systems in western mines and a field
evaluation of three innovative support
systems in an eastern coal mine.
Plans are being finalized for a tech
nology transfer effort in FY98,
providing funds from other sources
are available.

The project was terminated at the
end of the second year.

BIBLIOGRAPHY
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PRINCIPAL INVESTIGATOR: Charles D. Litton

REMOTE METHANE MEASUREMENTS

Remote optical methanometer evaluated at the Pittsburgh Research Laboratory

Page 73

veloped, with a major focus being
placed on the development of an opti
cal device that used diode laser tech
nology.

KEYWORDS: Gas detection, methan
ometer, LIDAR, optics, spectroscopy
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average methane concentrations less
than 0.125 %. This particular device
does not provide any information
about the spatial distribution of meth
ane within the immediate face area,
nor will it easily be made permissible
for flammable atmospheres.

Numerous discussions relating to
this problem were held with mine
operators, MSHA, and UMWA. The
general conclusions were that cost
(< 5 K), permissibility, and need to
resolve spatial methane concentrations
represent the major constraints for
future development of optical devices.
With these constraints in mind, addi
tional discussions and meetings were
held with other researchers in the field
of remote gas detection and measure
ment to identify approaches that ap
pear to be most feasible and capable
of satisfying these constraints. Direc
tions for the research to be conducted
in next fiscal year were then de-

Annual Program ofResearch

RESEARCH OBJECTIVES

PROBLEM STATEMENT

RESULTS TO DATE

The Code of Federal Regulations,
Title 30, Part 75.362, requires that
methane be measured periodically at
the working face to verify that levels
of methane are maintained well below
the lower explosive limit. Such meas
urements must be made from under
permanently supported roof using ex
tendable probes or other acceptable
means. As the practice of extended
cut mining increases, such measure
ments must be taken from distances of
40 to 50 ft and become much more
difficult and time-consuming.

To develop techniques to measure
methane concentrations at working
coal faces from a remote location for
the purpose of satisfying current regu
latory requirements for periodic meth
ane checks and preventing worker ex
posure to unsupported roof.

During this fiscal year, we were
successful in developing a number of
short-term solutions to the problem.
These included a drop-off, large-dis
play methanometer that could be
placed near the face by a continuous
miner and activated remotely, a flex
ible hollow tube that could be
"snaked" to the face so that a sample
of gas could be drawn through the
tubing to a conventional methan
ometer, and a large-display methan
ometer that could be pushed to the
face on a bicycle-like chariot. A mod
ified remote optical device was evalu
ated in 15 experiments in a specially
constructed tunnel and found to be
effective at distances up to 28 ft and at
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CHARACTERIZATION AND MITIGATION OF MINE GAS EMISSIONS

PRINCIPAL INVESTIGATORS:

Office for Mining Safety and Health Research, NIOSHPage 74

William Diamond

RESEARCH OBJECTIVES

Characterize the geotechnical and
engineering factors influencing the
release and migration of hazardous
concentrations of methane and other
gases into the underground workplace.

PROBLEM STATEMENT

Increased methane emission levels
resulting from the unpredictable inter
actions between geology and mining
practices may lead to an underground
mine explosion. The trend in the coal
industry to increase the size of long
wall panels is an important factor that
has led to elevated methane emissions
in underground coal mines and is the
focus of this research effort.

RESULTS TO DATE

Eight SF6 tracer gas tests have
been conducted at a longwall mine
operating in the Pittsburgh Coalbed,
PA. The objective of the tests is to
characterize the movement of methane
in inaccessible underground locations
and to evaluate the effectiveness of
existing methane control systems.
Test results from the seven under
ground releases and one venthole
injection indicate a high degree of
ventilation air-flow and gas movement
segregation between the former
bleeder entries and the interior regions
of the caved gob.

Evaluation of the COALGAS
coalbed methane reservoir numerical
model and gas production-emission
simulator was completed. The model
was successfully used in a history
matching exercise to test its capabil-

ities in simulating the release of gas
from strata associated with an active
longwall and the subsequent migration
of the gas through the gob to the
ventholes.

Two rock samples were collected
for a preliminary reconnaissance char
acterization study of hazardous gas
associated with trona mining in Wyo
ming. Currently, the oil shale sample
from the mine floor has desorbed only
a trace amount «0.01 cm3/gm) of
methane and higher hydrocarbons, and
the run-of-mine trona has released no
hydrocarbon gas.

RD 100 Award

F. Garcia and SJ. Schatzel were
recipients of Research and Devel
opment Magazine's RD 100 award for
the portable modified direct method
testing apparatus, September, 1997.
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PRINCIPAL INVESTIGATOR: Richard J. Mainiero

TOXIC FUMES FROM EXPLOSIVES AND BLASTING AGENTS

Annual Program ofResearch Page 75
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dures currently used for gas analysis
with instruments that measure in real
time.

Evaluations of available computer
detonation codes for calculating toxic
fume production are proceeding. A
relatively new code (CHEETAH)
from Lawrence Livermore National
Laboratory is currently being employ
ed to examine various equations-of
state (eos) to describe the chemical
equilibrium at thousands of degrees
Kelvin and tens of thousands of atmos
pheric pressures. Toxic fumes of non
ideal explosives are also being deter
mined using a work principle from
thermodynamics with a novel zero
net-interaction constraint.

Chaiken, R.F., and RJ. Mainiero
Determining Toxic Fumes from

Explosives. Presentation at Western
States Section of the Combustion Insti
tute, Livermore, CA, April 14-15,
1997.

sues through the development of a
large-scale facility for measuring the
toxic fumes from blasting agents. The
results will enable explosives manu
facturers and blasters to formulate,
test, and detonate explosives and to
develop blasting patterns leading to
elimination of the potential for expo
sure to toxic fumes, particularly in
large (multitonnage) blasting opera
tions.

Toxic fumes have been measured
for nine ANFO (ammonium nitrate/
fuel oil) formulations, three commer
cial blasting agents, and five com
mercial high explosives. For ANFO,
the results for carbon monoxide (CO)
and nitrogen oxides (NOJ production
are following expected trends based on
results of earlier studies. CO produc
tion increases with increasing fuel oil
content, while NOx production is at a
minimum for 6% fuel oil and in
creases with decreasing fuel oil con
tent. Analytic efforts are underway to
replace lengthy wet chemical proce-

RESULTS TO DATE

Installation of an automated gas sampler in an
instrument housing at a bleeder fan site. Tracer gas
(SF6) released during a field study migrates through
inaccessible workings and is monitored at all potential
migratory pathways by the sampler units.

RESEARCH OBJECTIVES

To determine the quantity of toxic
fumes produced by detonating blasting
agents, determine the effect of explo
sive composition, water content, and
confinement on fumes production, and
develop and validate a computational
method based on Chapman-Jouguet
theory to predict toxic fumes produc
tion.

PROBLEM STATEMENT

Traditional techniques for the ex
perimental determination of toxic
fumes produced by the detonation of
high explosives are not applicable to
blasting agents. To detonate properly,
blasting agents require confinement, a
significant booster, a charge diameter
of 3 in (7.5 cm) or greater, and
charge lengths greater than two times
the charge diameter. Without these
conditions, blasting agents will not
detonate at full order, leading to a
misrepresentation of the gaseous pro
ducts. This project addresses these is-
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SEALS FOR EXPLOSION CONTROL

The facility for detonating large (up to 10 Ib), confined charges in a controlled volume consists of a portion of a mine entry
enclosed between two explosion-proof bulkheads. The chamber, which has a total volume of 9,666 fe, is equipped with an air

circulation system and is vented through the mine's airflow. Charges can be detonated in the chamber under a variety of
confinements.
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RESULTS TO DATE

The strength characteristics and air
leakage resistance of six reinforced
cementitious seal and stopping designs
were evaluated under overpressures
ranging from 20 to 455 kPa. Size
scaling relationships (seal design to
mine roadway dimensions) and the
ability of a seal design to withstand the
required explosion overpressure with
in 24 hours of explosion completion
were also studied. The program is
based on the idea that a seal's resis
tance to horizontal overpressures can
be predicted on the basis of time
related measurements of displacement,
static pressure, and acceleration. The
successful completion of this evalu
ation program resulted in seal designs

form better in terms of strength, air
leakage resistance, and durability.
Full-scale tests are being conducted at
the experimental mine at the Lake
Lynn Laboratory.

0fice for Mining Safety and Health Research, MOSH

New seals are being
designed for use in un
derground coal mines to
provide increased protection
against ignitions that origin
ate within the gob or other
mined-out areas. It is neces
sary to evaluate the strength
and air leakage resistance of
these designs before they are
used. It is expected that
these new seal designs will
reduce materials handling,
thereby reducing personnel
injuries, and shorten overall
seal installation times, which
would reduce the amount of
time miners are exposed to
hazardous conditions. The
new seals should also per-

PROBLEM STATEMENT

of existing and proposed new explo
sion-resistant seals for underground
coal mines.

PRINCIPAL INVESTIGATOR: Eric S. Weiss

RESEARCH OBJECTIVES

FUll-scale, reinforced cementitious seal
instrumented with transducers and accelerometers
to measure displacement of the seal during an
explosion

To evaluate the strength char
acteristics and resistance to air leakage

Mainiero, R.J.
A Technique for Measuring Toxic

Gases Produced by Blasting Agents.
Presentation at the 23rd Annual
Conference on Explosives and Blast
ing Technique, Las Vegas, NV, Feb.
2-5, 1997.
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ANFO samples used in thermal stability tests

PROBLEM STATEMENT

PRINCIPAL INVESTIGATORS:

RESULTS TO DATE

A practical method using isotherm
al ovens and sample containers made
of various metals was developed to
evaluate the temperature stability of
ANFO in the range of 20° to 80° C.
Thermal stability tests involved 12
ANFO samples tested at 60° and 80°
C, four sample holder metal com
binations, and heating periods of 1 or
3 days. The samples consisted of
ANFO containing 6% each of 12 dif
ferent oil mixtures: diesel fuel (sam
ple 1); 3% diesel fuel plus 3% high
viscosity oils (from a mine site, new
motor oils manufactured from repro
cessed oil stock, and one new syn
thetic motor oil) (samples 2 through
6); 5% diesel fuel plus 1% graphite
(sample 7); and 6% each of the higher
viscosity oils (samples 8 through 12).

KEYWORDS: ANFO, thermal stability,
reprocessed oil
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All samples except sample 7 react
ed at 80° C in a steel pipe with zinc
caps. Sample 1 was most reactive,
samples 2 through 6 were moderately
reactive, and samples 8 through 12
were least reactive.

All samples were heated to 60° C,
but were nonreactive at that tempera
ture. All ANFO samples were found
not to be cap sensitive. The viscosity
of the oil samples was also measured.

T.S. BajpayeeThomas Ruhe

SAFETY OF WASTE OIL IN
EXPLOSIVES

Mines have instituted a practice of
disposing of used lubricating oil by
reprocessing it and using it as a sub
stitute for fuel oil in ammonium
nitrate/fuel oil (ANFO) blasting
agents. MSHA allows reprocessed oil
to be substituted for up to half the fuel
oil in ANFO but does not allow the
use of stored ANFO made with
reprocessed oil if its temperature is
above 57° C because of reactivity
heating. The agency has requested
data on the safe use of reprocessed oil
at high ambient temperatures. This
information will be used as a basis for
more relevant regulations.

RESEARCH OBJECTIVES
Develop a practical method to

evaluate temperature stability of
ANFO in the range of 20 0 to 80° C,
obtain data on the stability of ANFO
made with reprocessed oil at such high
temperatures, and determine if
reprocessed oil can be safely used in
ANFO blasting agents stored at these
temperatures.

BIBLIOGRAPHY
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tion Materials. Paper in Proceedings
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that can withstand overpressures up to
455 kPa while minimizing air leak
ages. The program will aid in devel
oping a model that can relate roadway
conditions and pressure ratings to a
particular seal design requirement.

Weiss, B.S., LV. Mutton, L.L.
Cashdollar, and K.R. Kohli

Evaluation of Tecrete-Reinforced
Cementitious Seals. Final Report for
MOA 14-09-0050-3739, Oct. 17,
1997,54 pp.

Weiss, E.S., and W.A. Slivensky
Seals for Fire and Explosion

Control. Presentation at open industry
briefing on Mine Fire Preparedness,
Fairchance, PA, May 14 and June 11,
1997.
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KEYWORDS: Seal, explosion, over
pressure, Lake Lynn Laboratory,
stopping
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Detonator
Under
Test

Ruggedized
RCS Gauges'

KEYWORDS: Malfunction, detonator,
explosive, shock wave, rift compres
sion
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nents, and ruggedness trends for
charge components as deduced from a
refined malfunction probability model.
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Rift compression fixtures for ranking ruggedness of explosives and
detonators

Research results include a repre
sentative description of cross-hole
wave interactions, laboratory simula
tors for imposing compression impact,
ranking techniques for establishing
damage resistance of charge compo-

ators, although the calibrated fixtures
will be useful if incident investigations
require such determinations. The sta
tistical information acquired can be
utilized in conjunction with the refined
malfunction probability model to gen
erate specific explosive malfunction
trends for a wide range of compres
sions, including cross-hole interac
tions.

RESULTS TO DATE

PROBLEM STATEMENT

There have been no changes in
published representative interactions
for shock waves and rift compres
sions, although the four different
laboratory simulators used to rank the
damage resistance of charge com
ponents (quasistatic, rift compression,
regular shock wave, and ultra-slapper)
have been refined and calibrated. The
last three types require dynamic cali
bration, which was completed this
year, thereby allowing researchers to
interpret resistance-to-damage statis
tics for the four different cap-sensitive
explosives tested. Reduced mass
detonator studies were conducted to
understand the detonator malfunction
mechanism and fixture response to
reduced detonator output. Termin
ation of the project precludes ranking
the ruggedness of commercial deton-

MALFUNCTION OF
EXPLOSIVES IN DELAY

BLASTING

RESEARCH OBJECTIVES

PRINCIPAL INVESTIGATOR:
Michael S. Wieland

Certain natural mechanisms cause
malfunctions in delay-detonators and
cap-sensitive explosives during blast
ing of underground coal, which raises
the prospect of increases in toxic
fumes or misfiring incidents.

To develop technologies that meas
ure the wave-impact damage resis
tance of commercial delay-period det
onators and cap-sensitive explosives.
To model how much charge malfunc
tions would be reduced if more rugged
components were used under those
same delay-blast conditions.
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A detonator is sent skyward and a 25-ft-tall fireball erupts during a test

DETONATOR TRANSPORT CONTAINERS
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RESEARCH OBJECTIVES

To establish guidelines for evaluat
ing the safety of detonator container
boxes on mining vehicles.

PROBLEM STATEMENT

Over 4 billion pounds of explosives
are transported over public highways
(often in quantities in tens of thou
sands of pounds) to mines and con
struction sites each year. A separate
container is needed when detonators
and explosives are transported on the
same vehicle to prevent the accidental
initiation of a detonator so it does not
set off the entire explosive load.
However, nine mixed-load fire inci
dents resulted in four mass detonations
on public highways since 1977. The
mining laws on this situation are in-

PRINCIPAL INVESTIGATOR: Lon Santis

consistent and poorly defined and
were developed without tests or con
sideration of fire hazards. Research
ers on this project seek to quantify
how much protection the mining stan
dards for hardwood offer. They will
also examine other barrier materials,
including composite materials.
MSHA will use the results of this
study to clarify and possibly revise its
ambiguous legal mandate. The Insti
tute of Makers of Explosives is also
considering revising its standard for
public highways after NIOSH sug
gested safety improvements based on
test observations.

RESULTS TO DATE

Sixteen detonator boxes were tested
in bonfires. Eight thermocouples
were used to monitor each test, and
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each test was recorded on video. Pre
liminary results have been reported in
conference proceedings. Barrier tests
on various laminated and hardwood
partitions have been completed and
will be reported in FY98.

BIBLIOGRAPHY

Santis, L.D.
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EXPLOSION PREVENTION
AND SUPPRESSION

PRINCIPAL INVESTIGATOR:
Kenneth L. Cashdollar

RESEARCH OBJECTIVES

To improve worker safety through
research on the prevention and sup
pression of mine explosions, with par
ticular emphasis on the problem of
frictional ignition of methane in
mines; to obtain basic data on the ex
plosibility and ignitability of dusts,
gases, and vapors from mining and
other industries; to develop instru
ments and procedures for character
izing explosion hazards; and to assist
in the forensic investigation of acci
dental explosions.

PROBLEM STATEMENT

Explosions in underground coal
mines are caused by accumulations of
coal dust and/or methane. Explosions
can be prevented by minimizing meth
ane concentrations through ventilation,
by adding sufficient rock dust to make
the coal dust inert, by eliminating
ignition sources, and by the use of
barriers and seals to mitigate explo
sions. Since 1980, there have been 88
fatalities resulting from explosions in
U.S. coal mines, including 10 in 1989
and 12 in 1992. The potential for a
major disaster involving multiple fatal
ities is a primary concern. Research
on the mechanisms of gas and dust ex
plosions and their mitigation is needed
as a basis for the development of tech
niques and strategies for preventing
explosions and suppressing them in
underground mines and above-ground
processing plants.

RESULTS TO DATE

An open industry forum on Fric
tional Ignitions was held in November

1997 at the Pittsburgh
Research Laboratory. The
forum covered the problems
of frictional ignitions and
suggested solutions, such as
the wethead continuous min
ing machine. Explosion re
search, primarily in the
20-liter laboratory chamber,
has focused on the effects of
coal dust and rock dust par
ticle size. Confirmation of
laboratory data through full
scale tests has started in the
Lake Lynn experimental
mine. Development of stan
dard test methods for
flammability, explosibility,
and ignitability is being
coordinated with OSHA,
ASTM, and NFPA. Coop
erative and in-house efforts
have continued on the devel
opment of rock dust meters to evaluate
the sufficiency of rock dusting in coal
mines. Currently, prototype units are
in use by the MSHA Mt. Hope
Laboratory and by the Kentucky Dept.
of Mines and Minerals. The coal dust
explosibility meter, a variation of the
rock dust meter, shows promise for
measuring the explosibility of coal
mine dust samples without being cali
brated for the specific size of coal
dust. Mine dust samples supplied by
MSHA are also being used to deter
mine particle-size distributions of coal
mine dust. A joint NIOSH-Polish pro
posal to hold an international con
ference on mine seals and barriers has
been approved.

Other NIOSH centers and govern
ment agencies have been given assis
tance with their investigations of ex
plosion accidents. For example, an
ongoing NIOSH investigation has
shown that flammable hydrogen gas is
being generated inside the sealed
frames of two farm plows that were
involved in explosions. In addition, a
study of the flammability of mixtures
of volatile organic compounds and

hydrogen have been completed for
LMITCO, the operator of the Dept. of
Energy's Idaho National Engineering
Laboratories.
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MINE FIRE DETECTION STRATEGIES AND TECHNOLOGY

PRINCIPAL INVESTIGATOR: J.C. Edwards
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sion mode smoke sensor and an op
tical path sampling smoke sensor were
set off earlier than the 2-ppm CO
alert. A prototype optical diesel dis
criminator fire sensor was designed,
fabricated, and tested in a series of
small-scale laboratory tests. The re
sults indicated that where levels of
optical density were less than 0.04 to
0.05 11m, no optical scattering was
measured for diesel smoke, while
relatively intense scattered signals
were measured for smoldering coal
smoke.

Edwards, J.C., G.F. Friel, R.A.
Franks, and J.J. Opferman

Mine Fire Detection under Zero
Airflow Conditions. Ch. 52 in Pro
ceedings of the Sixth International
Mine Ventilation Congress, ed. by
R. V. Ramani. Soc. Min. Eng.,
Littleton, CO, 1997, pp.331-336.

Edwards, J.C.
Overview of Mine Fire Detection.

Presentation at Second International
Conference on Fire Research and En
gineering, Gaithersburg, MD, Aug.
10-15, 1997.
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In-mine diesel fuel fire

KEYWORDS: Mine, fire, detection,
smoke, carbon monoxide

Litton, C.D.
Diesel-discriminating Mine Fire

Sensors.. Paper in Proceedings ofthe
27th International Conference ofSafe
ty in Mines Research Institutes, Vol.
2, ed. by B.B. Dhar. Pp. 1013-1022.

detectors are inadequate 30 m from a
300-kW fire, (2) a diffusion-mode
smoke sensor can be as effective in
detecting mine fires as a diffusion
mode CO sensor, and (3) using CO
buoyancy-induced spreading rates
along a mine roof, recommendations
can be made for sensor spacings in a
mine entry. Additional in-mine fire
experiments with diesel fuel were con
ducted to determine how dilution
caused by turbulent mixing, leakage
around a brattice, and a junction with
a fresh air splint affected CO sensor
deployment under normal mine air
flow conditions. It was determined
that (I) CO concentrations 2 ppm
above background are compatible with
smoke sensor alarm times (2) a uni
form products-of-combustion distribu
tion can be expected 30 hydraulic
diameters downwind of the fresh air
junction, and (3) an ionization diffu-

PROBLEM STATEMENT

RESULTS TO DATE

RESEARCH OBJECTIVES

This project develops strategies for
mine fire detection using state-of-the
art mine fire detection technologies to
prevent mine fire injuries and fatali
ties. Strategies are based upon in
mine fire experiments and application
of mathematical models for analysis.

To investigate the level of mine fire
detection and alarm capability cur
rently possible using state-of-the-art
technology .

Analyses were completed of mine
fire detection under zero airflow con
ditions. It was shown that, based upon
in-mine diesel fuel fires, (I) thermal
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MINE FIRE PREPAREDNESS

Page 82

RESEARCH OBJECTIVES

To enhance the current state of fire
preparedness in underground mines by
identifying, evaluating, and integrating
optimal systems, equipment, and
protocols to detect, respond to, con
trol, and suppress underground fires.

PROBLEM STATEMENT

Underground mine fires are a con
tinuing threat to the life and safety of
miners. The state of fire preparedness
for underground mines can be en
hanced by employing of large-scale
tests and evaluations of current tech
nology. Improved training protocols
for miners and mine rescue teams
need to be developed and evaluated.

RESULTS TO DATE

Experiments in the Lake Lynn
underground mine continued with
6,000- and 3,OOO-felmin, diesel-pow
ered, high-expansion foam generators
connected to the inflatable feed tube
partition. The 6,OOO-felmin, high-ex
pansion foam generator with a con
stant driving force used 42 % less
foam concentrate to fill an entry in
less than half the time of the 3,000
ft3/min foam generator. Experiments
also showed that the partition can be
successfully deployed in an entry with
a 240-fe/min airflow by using a nylon
net secured to the roof and ribs.
Under an MOA with Cyprus Amax
Twentymile Mine, a mine emergency
response training simulation was con
ducted. Field tests of an underground
coal mine fire preparedness checklist
continued. Under a CRADA with
TeleMagnetic Signaling Systems,
wireless receivers were constructed
and connected to devices such as

PRINCIPAL INVESTIGATORS: Ronald Conti

strobe lights to map an escape route
for evacuating underground personnel.
A high-temperature, superconducting,
low-frequency receiver developed by
Los Alamos National Laboratory was
evaluated in the Lake Lynn Labora
tory. Under working agreements with
the Pennsylvania Dept. of Deep Mine
Safety and CONSOL, simulations of
mine rescues were developed and con
ducted. Two open industry briefings
on mine fire preparedness and one
briefing on the Carins Iris helmet
mounted thermal-imaging camera
were held.

KEYWORDS: Fire detection, control,
and suppression; emergency response
and mine rescue

Mine rescue team member wearing
the Carin Iris thermal imaging camera
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PRINCIPAL INVESTIGATOR: Alex C. Smith

PREVENTION AND EXTINGUISHMENT OF
MINE FIRES

Fire suppression facility

Page 83

KEYWORDS: Water mist, diesel fuel
storage areas, extinguishment, coal
mine fires, suppression systems

thus far indicate that "extinguishing
effectiveness" is dependent on droplet
size, nozzle pressure, and flow rate,
as well as fire size and location.

RESULTS TO DATE

A large-scale fire suppression
system facility was constructed at the
Lake Lynn Laboratory to simulate an
underground diesel fuel storage area.
The facility's fire test area is con
figured as a 78-ft-long main entry with
a 40-ft-long crosscut located at the
center of the entry. The entry and
crosscut are 18 ft wide and 7 ft high.
The entire test area was fireproofed
and equipped with thermocouples and
gas instruments for monitoring tem
peratures and CO, CO2, and 0.J con
centrations. The facility is equipped
with a water pump capable of deliver
ing water at pressures up to 200 psi,
the pressure required to generate
water mists, and an oil-water separa
tor and liquid storage system to re
cycle all water and diesel fuel. Ex
periments were conducted to evaluate
how droplet size, pressure, flow rate,
and nozzle type affected the ability of
water mist suppression systems to
extinguish diesel fuel fires in restricted
areas. To evaluate these factors, vari
ous nozzle types and spacing configur
ations were also used to extinguish 0.5
and 2 MW fires. The fires were
located either in the center of the
crosscut, against one wall in the cross
cut, or in the corner of the crosscut
against a permanent stopping. Results

PROBLEM STATEMENT

RESEARCH OBJECTIVES

To evaluate the effectiveness of
water mist fire suppression systems
for extinguishing fires in diesel fuel
storage areas.

Annual Program ofResearch

MSHA has identified mobile diesel
powered equipment as the largest
source of fires in underground mines.
Of particular interest is the fire risk
associated with the storage of large
quantities of diesel fuel in under
ground storage areas. Researchers
from the Pittsburgh Research Labora
tory and others have shown that water
mist technology may be applicable for
fighting diesel fuel fires, and MSHA
has requested that NIOSH investigate
this technology. The effectiveness of
water mist in the underground mining
environment is affected by several fac
tors, such as the type of storage
container and configuration of the
storage area, and will depend upon
interaction between water droplets and
ventilation, temperature, and corro
sive atmospheres.

Large-scale experiments will be
used to determine the relationship be
tween the extinguishing effectiveness
of water mist and mist properties, fire
type and geometry, and fire detection
and system activation times. The
results will be used to provide engi
neering guidelines for the design, in
stallation, maintenance, and inspection
of water mist fire suppression systems
in underground diesel fuel storage
areas. The results will also be used to
determine if water mist technology is
applicable for the suppression of other
types of mine fires.
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PRINCIPAL INVESTIGATOR: Charles D. Litton
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EFFECT OF AIRFLOW ON FIGHTING MINE FIRES
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• Reducing air velocity should be
avoided because fire hazards tend to
increase when air velocity is low,

• Any increase in air velocity should
consider the closeness of the belt sur
face to the entry roof as an important
factor.
KEYWORDS: Fire fighting, ventilation,
fire safety, flame spread, combustion

• Increases in air velocity to values
greater than the critical velocity to
prevent backflow can be beneficial for
gaining access to the fire, and

In the small-scale tests, it was
found that when the conveyor belt sur
face is close to the roof of the tunnel,
faster flame spreading rates and high
er CO concentrations are produced
using both high and low air velocities,
although these effects were more pro
nounced at higher air velocities. In
addition, the CO2:CO ratio was sub
stantially lower for belts near the roof,
indicating more fuel-rich combustion.
In this situation, increasing the air
velocity resulted in more intense fires
and higher rates of CO production,
while for tests in which the conveyor
belt was farther from the roof, in
creases in air velocity produced more
intense fires, but lower rates of pro
duction of CO. In addition, when the
conveyor belt was farther from the
roof, the CO2:CO ratios did not indi
cate any transition to fuel-rich com
bustion. The major conclusions were
that-

fuel, corresponding to heat release
rates of 235 kW and 2,600 kW. For
the smaller fire, the minimum air
velocity to prevent backflow was 1.3
mis, while for the larger fire, the min
imum air velocity was 1.78 m/s.

In another series of large-scale
tests, the minimum air velocities
necessary to prevent backflow of com
bustion products were determined for
two tray fires of NO.2 liquid diesel

series of large-scale tests, air velocity
was changed during stages of flame
spread along horizontal lengths of
styrene-butadiene rubber conveyor
belt. Most tests were conducted using
a single strand of belting with a length
of 15.2 m. These tests indicated that,
where the major hazards were an in
crease in the rate of flame spreading,
CO concentrations, and depleted O2

concentrations, a reduction in air
velocity generally resulted in an in
crease in the fire hazard regardless of
the initial air velocity. On the other
hand, increases in air velocity had no
positive effect unless the air velocity
was increased by a factor of 2 or
more. Intermediate increases in air
velocity, for example from 1.5 to 2
mis, neither increased nor decreased
the resultant fire hazards.

PROBLEM STATEMENT

Both large-scale and small-scale
tests have been conducted at the Lake
Lynn Laboratory to assess changes in
fire hazards that occur when ventila
tion air velocity is changed. In one

Checking ventilation air velocity during a large-scale fire test at the surface
fire gallery at the Lake Lynn Laboratory

RESEARCH OBJECTIVES

RESULTS TO DATE

When fighting a fire in an under
ground mine, the question of whether
to change ventilation airflow often
arises, and information relevant to the
consequences of such changes is need
ed to make a decision that will have a
positive impact on the fire-fighting
operation and minimize worker expo
sure to fire hazards.

To develop guidelines for assessing
the impact of changing ventilation air
flow to facilitate fighting mine fires
and minimizing worker exposure to
fire hazards.
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Inspecting SCSR's for long-term
performance in the field

LIFE SUPPORT SURVIVAL
AND MINE RESCUE

PRINCIPAL INVESTIGATOR:
John Kovac

RESEARCH OBJECTIVES

To develop the technology to in
crease the chances for miners to sur
vive and escape a mine fire, explo
sion, gas outburst, or water inunda
tion, and to improve the safety and
effectiveness of mine rescue, recov
ery, and fire fighting efforts.

PROBLEM STATEMENT

The underground environment is
not benign for any type of equipment,
including self-contained self-rescuers
(SCSR). The U.S. Bureau of Mines
was engaged in testing SCSR I S in un
derground coal mines since 1981 to
ensure their viability. Many design
flaws were identified during this time,
resulting in manufacturer recalls and
design changes. In addition, this pro
gram aided in determining the service
life of SCSR's, that is, when the
apparatus should be retired and when
it was safe to continue using it. The
program for evaluating SCSR's has
been continued under NIOSH.

RESULTS TO DATE

In the program's sixth phase, sev
eral MSA Portal-Pack SCSR's were
found that had potassium oxide dust in
the breathing circuit that would cause
severe coughing if inhaled. MSA has
ceased production of the Portal-Pack
and has replaced it with the Life-Saver

60. Tests of the Life-Saver 60 found
that, after approximately 50 min of
use at a moderately high work rate,
the breathing bag seal to the chemical
canister melted and opened to ambient
air. The manufacturer has voluntarily
stopped sale of the apparatus and is
working to fix the problem.

Escaping from a mine (the only cir
cumstance when a miner should don
an SCSR) means that a miner must go
on foot and under oxygen from the
deepest point of the mine to the
surface. An important concern ex
pressed by miners, mine operators,
and manufacturers is: How many
SCSR's does a miner need to make
such an escape? The answer is that
the number depends on many factors,
such as the miner's body weight,
escape distance and grade, condition
and height of the escapeway, how
much useable oxygen an SCSR stores,
SCSR readiness, and expectations.
The results of a joint MSHA/NIOSH
project in which mock escapes at 145
underground coal mines throughout
the United States were monitored are
being analyzed.
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Much life support research re
volves around using a breathing and
metabolic simulator (BMS) to test
closed-circuit breathing apparatuses
(CCBA). Before the development of
the simulator, it was not possible to
evaluate the performance of closed
circuit apparatuses objectively because
tests on human subjects do not provide
a sufficiently quantitative or repeatable
metabolic load on the apparatus. Sev
eral years ago, MSA built three
BMS's to test CCBA's in both the de
velopment stage and on a production
line. This year, Ocenco, Inc., an
SCSR manufacturer, built and deliver
ed BMS's for NIOSH's Morgantown
laboratory and the Navy Coastal Sys
tems Center, Panama City, FL.
Cooperation among these organiza
tions in efforts to refine and standard
ize BMS design will be led by the
Pittsburgh Research Laboratory.

The BMS is being used in a per
formance comparisons of 14 mine res
cue breathing apparatuses that are
now, or have been, commercially
available, with the goal providing
users and manufacturers with a back
to-back comparison of various appara
tus types. During the past year, the
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Siebe Gorman Aerorlox, a liquid-oxy
gen apparatus, and the new Litton
Litpak II, a mixed-gas system, were
tested. Prototype apparatuses are also
being tested with the BMS at the re
quest of both manufacturers and other
government agencies.

BIBLIOGRAPHY
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ciety for Respiratory Protection, Am
sterdam, Holland, Sept. 22-25, 1997.

RESEARCH OBJECTIVES

The Lake Lynn Laboratory is a
unique multipurpose research labora
tory designed to provide a full-scale
realistic environment for research in
health and safety technology. The
laboratory plays a crucial role in con
ducting full-scale operational research
by providing continued development,
maintenance, and operational support
to the numerous specialized under
ground and surface test facilities.

PROBLEM STATEMENT

The Lake Lynn Laboratory pro
vides an isolated surface facility and a
full-scale, underground coal mine for
conducting research in mine disaster
prevention and response, as well as
numerous other health and safety
problems in both underground and
surface mines. Specific research in-

Kyriazi, N.
NIOSH Tests Self-Rescuers. Mine

Regulation Reporter, Vol. 10, No. 14,
July 14, 1997.

Kyriazi, N., and J. Shubilla
Long-Term Field Evaluation of

Self-Contained Self-Rescuers. Pres
entation at International Society for
Respiratory Protection, Amsterdam,
Holland, Sept. 22-25, 1997.

LAKE LYNN LABORATORY

PRINCIPAL INVESTIGATOR: Eric Weiss

eludes the development and evaluation
of fire suppression systems and early
warning technologies; development
and evaluation of ventilation seals,
stoppings, and bulkheads; evaluation
of prototype mining equipment and
sensors; ventilation studies; roof sup
port technologies; evaluation of explo
sive incendivity; determination of ex
plosion limits for combustible dusts
and ignitability of mists and vapors;
and respirable dust deposition and
diesel particulate studies. The infor
mation generated as a result of this re
search is vital to agencies such MSHA
in the development of regulations to
protect mining personnel from the
many hazards associated with their
jobs.

RESULTS TO DATE

The Lake Lynn Laboratory contin
ues to support and coordinate the num-

Kyriazi, N., and J. Shubilla
Self-Contained Self-Rescuer Field

Evaluation: Fifth-Phase Results.
NIOSH Report of Investigations 9635,
1997.

KEYWORDS: Respiratory protection,
closed-circuit breathing apparatus,
mine rescue, breathing and metabol
ism simulation, oxygen cost.

erous research efforts for the Pitts
burgh Research Laboratory, other
NIOSH laboratories, MSHA, other
governmental and industrial organi
zations, and colleges and umversities.
Through the use of in-house con
tractors and an outside contractor, a
new fire suppression facility has been
constructed. West Virgima Univer
sity's Dept. of Mimng Engineering
continues to use the facility as a field
location for its mine surveying class.
Two open industry briefings on Mine
Fire Preparedness were conducted at
the laboratory, and throughout the
year, rrline rescue exercises were con
ducted with Pennsylvama state teams
and other rescue teams from the min
ing industry.

KEYWORDS: Lake Lynn Laboratory,
health and safety, explosions, fires,
explosives
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RESEARCH OBJECTIVES

To disseminate information obtain
ed from analyses of multiple-seam
mining case studies to customers
through technology transfer work
shops.

PROBLEM STATEMENT

Recent response from MSHA re
garding priority health and safety is
sues has indicated that ground control
problems associated with multiple
seam mining are common in many
mining districts. MSHA realizes that
information is available and recom
mends that a program be developed to
transfer research concerning multiple
seam design and planning to interested
customers. In the past, dissemination
of this information has been through
traditional channels, such as confer
ences, symposia, peer articles, and
government publications. A focused
means to transfer this technology to
the industry has never been organized.
To meet the needs of our customers, a
more concentrated effort to distribute
this information is required.

RESULTS TO DATE

Predicting multiple-seam inter
actions in advance of mining can be
come a very complex problem be
cause of numerous mining scenarios
and different geologic conditions be
tween two or more seams. A signifi
cant amount of research has been
conducted in the past decade by both
government and university researchers
in which case studies were analyzed
and mine design and geologic factors
were correlated using a systems design
approach. This research has led to the
development of expert systems and
numerical models that can be used as
a predictive tool for assessing interac
tion potential among mines. The ob
jective of the project is to disseminate
this information to customers through
technology transfer workshops.

The information will come from
three major sources.

• Case study analyses of multiple
seam mining problems have led to
mine design and planning recommen
dations. This information is readily
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available in various government and
university publications and was com
bined into a single publication for dis
tribution.

• Virginia Polytechnical Institute,
through the Generic Minerals Insti
tutes, developed a Windows-based ex
pert system (the Multiple-Seam Analy
sis package or MSAP) that analyzes
interaction potential for different seam
sequences and mining scenarios.

• LAMODEL is a displacement-dis
continuity program developed by the
Pittsburgh Research Laboratory and is
a state-of-the-art research tool to pre
dict stress in multiple-seam opera
tions.

Technology transfer workshops
were attended by 199 participants.
Over 200 copies of the proceedings
and both MSAP and LAMODEL pro
grams were distributed. Attendees in
cluded MSHA ground control inspec
tors, consultants, and representatives
of the mining industry, as well as
researchers from the Pittsburgh Re
search Laboratory.

KEYWORDS: Multiple-seam mIllmg,
ground control, mine design, pillar
design, numerical modeling
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INFLUENCE OF COAL SEAM PROPERTIES ON DUST GENERATION
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Effect of dry air loss moisture in coal on both dust cloud electrostatic
field and airborne respirable dust
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seam on the electrostatic charge in the
dust cloud. The resultant effect of
these factors is that different per
centages of coal particles < 10 porn are
dispersed as airborne respirable dust.
The higher ranked bituminous coals
from the eastern regions of the United
States produced more dust particles,

Office[or Mining Safety and Health, NIOSH

experiments indicate that a combina
tion of several factors are associated
with the generation of airborne respir
able dust (ARD). The most likely fac
tors are (1) the coal rank, which
affects the amount of coal dust parti
cles in the product and (2) the effect
of air dry loss moisture in the coal
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RESEARCH OBJECTIVES

PROBLEM STATEMENT

In laboratory experiments, five
ranks of bituminous coals were
crushed to study the various factors
influencing airborne respirable coal
dust generation. The results of these

RESULTS TO DATE

About 120,000 miners are employ
ed in the U. S. coal mining industry
and are potentially exposed to airborne
respirable coal dust. NIOSH's Coal
Worker's X-Ray Surveillance pro
gram showed that at the current coal
mine dust standard of 2.0 mg/m3

, the
prevalence of pneumoconiosis among
coal workers at the category 2 level or
greater was 10% for workers with 30
years of exposure. A NIOSH criteria
document recommended that the dust
standard be reduced to 1 mg/m3

•

Prior research shows that underground
airborne dust generation is correlated
to coal seam type. Understanding the
effects of coal seam and rock compo
sition on respirable dust generation
could identify new avenues for sup
pressing coal mine dust.

To determine the effects of coal
seam composition on airborne respir
able dust generation and to evaluate
the rock matrix petrographically to de
termine the effects of grain size and
shape, degree of cementation, and
mineral composition on the generation
of airborne respirable silica dust.



Proper positioning of operator can control exposure to respirable silica dust
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greater electrostatic fields in the dust
cloud, and lower percentages of
airborne respirable dust per amount of
< 10-JLm particles in the fines than the
lower ranked coals of western regions.
Future research should focus on deter
mining if coal dust charging properties
can be exploited by using surfactants
to improve water spray dust suppres
sion and if pneumoconiosis is in part
influenced by the greater dust-charg
ing properties of higher ranked coals.

Five different shale samples and
one sandstone sample were also crush
ed during laboratory experiments to
study the various factors influencing
airborne silica dust generation. The
results from these experiments show
that the proportion of silica in the rock
material is not indicative of the pro
portion of silica present in the dust
generated. The amount of silica dust
generated in the laboratory seemed to
be more related to the compressive
strength of the rock. Notable incon
sistencies in the amount and size dis
tribution of silica dust generated by
the roll crushing apparatus and contin
uous mining machines in the field indi
cate differences in the rock-breaking
mechanisms of these two machines.
Extracting rock with a continuous
mining machine is postulated to in
volve more grinding than does the roll
crusher apparatus.

KEYWORDS: Crushing process, air
borne respirable dust (ARD), coal
rank, charge-induced electrostatic
field, silica dust.

CONTROLLING
RESPIRABLE SILICA DUST
DURING UNDERGROUND

MINING

PRINCIPAL INVESTIGATOR:
Gerrit V. R. Goodman

RESEARCH OBJECTIVES

To develop methodologies for con
trolling respirable silica dust expo
sures during underground coal mining.

PROBLEM STATEMENT

The Federal Coal Mine Health and
Safety Act limits the amount of res
pirable coal mine dust to a permissible
exposure limit (PEL) of 2.0 mg/m3 for
a working shift. If the dust sample
contains more than 5% silica by
weight, the dust standard is reduced.
This is equivalent to a PEL for silica
of 0.10 mg/m3

. In a recent NIOSH
criteria document, it was suggested
that the recommended exposure limit
(REL) for respirable coal dust be re
duced to 1 mg/m3

• The current REL
for respirable silica is 0.05 mg/m3

.

According to recent MSHA statistics,

approximately 40% of the samples
collected from operators and helpers
on continuous miners exceeded 5 %
silica. Furthermore, roughly 25 % of
the samples from underground work
ers in the remaining (nonbolting) oc
cupations had silica percentages in
excess of 5%. Such levels represent
an unacceptable health risk to U.S.
coal miners and suggest that available
methods are unable to control silica
dust exposures during underground
coal mining. Research must, there
fore, focus on development of new
control technologies or improvements
in older ones.

RESULTS TO DATE

Work this fiscal year examined the
effectiveness of water sprays in con
fining the dust under the cutting boom
of a continuous mining machine.
With the help of a cooperating mine,
two water sprays were mounted on the
left and right sides of a continuous
miner near the scrubber inlets. These
sprays induced addi-tional airflow
along the sides of the miner to im
prove confinement of the dust cloud.
The results of this study showed that
the sprays reduced the dust flowing
back over the continuous mining ma
chine to the remote operator location.
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Summary of respirable dust levels measured during cutting passes at 13 longwalls
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KEYWORDS: Silica dust, coal mining,
respirable dust, ventilation, sur
veillance
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Tail- to- head

A final task dealt with the control
of dust exposures on a miner-bolter.
Unlike regular continuous miners, a
miner-bolter often operates with an
independent mobile loading machine.
In a typical operation, coal is cut,
dumped on the mine floor, and then
transferred into shuttle cars by the
loading machine. Dumping and load
ing both generate additional dust that
flows back over the miner and bolter
operators. A study at a miner-bolter
operation showed that dust levels were
affected more during the loading
phase of the mining cycle. Exposures
were greatest for the bolter operator
on the exhaust tube side of the con
tinuous miner.

the continuous mining machine. To
reduce personal dust exposure, the
operator should be positioned away
from the rollback and outby the mouth
of the exhaust curtain.
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A second task emphasized the im
portance of proper positioning of the
operator of the remote mining ma
chine during deep cutting. Dust roll
ing back over the machine to the
remote operator was measured. At
one operation using an intake curtain,
the exposure of the operator was
nearly four times the intake dust level.
This was attributed to the operator
leaving the fresher airflow behind the
curtain and walking into higher dust
levels that flowed over the mining ma
chine. To reduce personal dust expo
sures, it is recommended that this in
dividual stay within the mouth of the
blowing curtain. At a second opera
tion where an exhaust curtain was
used, exposure of the mining machine
operator was nearly five times the in
take dust level. This also was attri
buted to the miner operator entering
the high dust levels rolling back over



IMPROVING DUST CONTROL TECHNOLOGY FOR LONGWALL MINING
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RESEARCH OBJECTIVES

To determine the state of the art of
longwall dust control technology in the
United States, identify particularly
effective dust control practices, invest
igate application of new control tech
nology to reduce worker exposure,
and disseminate this information to the
mining industry.

PROBLEM STATEMENT

Over the last 15 years, longwall
production has increased four-fold,
and recent compliance sampling indi
cates that over 27% of shearer opera
tor samples exceed the 2.0 mg/m3

standard. The potential for increased
dust generation and the proximity of
mine workers to multiple dust sources
exacerbates the problem of dust ex
posure in longwall mining operations.
Past advances in longwall dust control
technology have been tempered by
significant production gains. Im
provements in longwall dust control
technology must be developed to re
duce the exposure of longwall workers
to respirable dust.

RESULTS TO DATE

Data obtained from surveys at 13
longwall operations were analyzed to
determine the state of the art of long
wall dust control technology. These
data indicate that the effectiveness of
control technology varies widely
throughout the industry, but in gen
eral, ventilating air and spray water
are being applied now at higher levels
than ever before on longwalls. Stud
ies also show that "basic" control
technology has not been universally
applied throughout longwall operations

and that technology transfer efforts
need to be more effective in dis
seminating control technology infor
mation.

The application of two-phase
(water and compressed air) spray
nozzles for an external spray system
on longwall shearers was evaluated at
the full-scale longwall gallery. Re
sults of these tests indicate that dust
reductions with the two-phase spray
system were similar to reductions ob
tained with conventional sprays.
However, the two-phase spray system
did reduce water consumption by over
30%.

Two-phase spray nozzles were also
evaluated on a simulated longwall face
at the Pittsburgh Research Labora
tory's experimental mine. Two-phase
spray manifolds were positioned at 25
ft intervals along the simulated long
wall face in an attempt to maintain a
"clean" air split in the worker walk
way. Dust was sampled to determine
their effectiveness. Preliminary re
sults indicate that the manifolds would
need to be placed closer together to
improve air splitting down the length
of the face. Closer spacing of the
manifolds would require a greater
number of manifolds and higher quan
tities of spray water and compressed
air and would make the system less
feasible at operating faces.
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CONTROL OF RESPIRABLE DUST IN NONCOAL MINES AND MILLS
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pebble mill of brick, and results of the
monitoring will enable researchers to
evaluate whether the design has an
effect on dust levels.

Work was begun on a new project
to determine the impact of structural
design on respirable dust concentra
tions inside mill buildings. U.S.
Silica's Berkeley Springs plant in
Berkeley Springs, WV, was surveyed
in September of 1997. The Berkeley
Springs plant is one of the largest
silica sand operations in the country.
Numerous locations in the screening
tower and pebble mill buildings were
sampled to monitor dust levels during
72 hours of operation. The screening
tower is constructed of block and the

RESULTS TO DATE

In February, a dust survey was
completed at a wet-processing
portland cement operation in western
Pennsylvania. The objective was to
determine respirable dust concen
trations at various locations throughout
the plant. Thirteen sampling locations
were monitored continuously for 70
hours. This work was a follow-up
study to an identical evaluation
performed in July of 1996. This
work allows a comparison of dust
levels during the two extreme
weather conditions. A similar analy
sis was performed at a dry-processing
plant the previous year. The results
are being finalized, and all infor
mation will be compiled into a report.

cinogen. MSHA's records have
shown that since 1974, more than
82,000 of the 134,000 full-shift air
samples collected by inspectors in the
metal/nonmetal mining industry have
contained at least 1% quartz. The oc
cupations with the highest exposures in
the entire surface metal/nonmetal min
ing industry were bagging and packing
and cleanup.

Instruments sampling respirable dust
concentrations near pebble mill in

portland cement plant

PROBLEM STATEMENT

RESEARCH OBJECTIVES

This research program addresses
one of the priority research areas
specified in the National Occupational
Research Agenda (NORA): To pro
vide the basis for reducing chronic ob
structive pulmonary disease. Dust
such as crystalline silica is harmful be
cause it causes progressive deteriora
tion of the lungs once it has become
embedded in tissue. Within the last
year, the International Agency for Re
search on Cancer (IARC) has classi
fied crystalline silica as a human car-

To determine effective control
technology to reduce worker exposure
to silica and other harmful contamin
ants in mineral processing plants.
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MSHA's compliance dust records showing underground metal/nonmetal
occupations with the highest percentage of samples exceeding the

permissible exposure limit.

environment and determine high
exposure job functions, as well as key
factors in or sources of these high ex
posures. Abatement control research
will be initiated in the most critical
areas found during this preliminary
investigation.

80
70
60
50
40
30
20
10
o ;L...======"""""~---'.==--=--=__--=---.. --"---- -~

CONTROL OF SILICA DUST IN UNDERGROUND METAL/NONMETAL MINES

RESEARCH OBJECTIVES

PROBLEM STATEMENT

All respirable dust (particles having
an aerodynamic diameter of 10 micro
meters or less) is harmful to workers
because of its ability to get into the
alveolar regions of the lungs. Some
dust, like crystalline silica, is even
more harmful because it causes pro
gressive deterioration of the lungs
once it becomes embedded in the
tissue. The goal of this research is to
determine effective control technology
to reduce worker exposure to silica
and other harmful dusts in under
ground metal/nonmetal mines.

RESULTS TO DATE

To develop control technology to
provide a healthier work environment
for underground metal/nonmetal min
ers.

This project began in the spring of
1997. An extensive literature search
was completed to identify previous
work in this area. Discussions were
held with other NIOSH laboratories to
see if any additional information could
be obtained on related work. In
addition, we have had meetings with
MSHA, National Mining Association,
and a number of labor unions to dis
cuss this new program area. Our goal
is to determine the most critical areas
of worker exposure to silica and other
harmful dust in underground metal/
nonmetal mines. A substantial amount
of communication among the various
partners is needed to establish a plan
of action for this research. We antici
pate visiting a number of operations to
observe problems in the underground

•••••••••••••••••••••••••••••••••••••••••••••
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Circular drill shroud was more than 99% efficient in reducing
airborne respirable dust

SURFACE MINE DUST CONTROL
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On June 18-19, 1997, a unique
deck shroud on a surface coal mine
drill at the Sky Haven Mine, Clear
field, PA, was evaluated. The shroud
is unique in that it is circular in
design, has no open seams, and is
capable of being hydraulically raised

and lowered to make
contact with the
ground. Tests consist
ed of comparing the
shroud in full contact
with the ground to the
shroud partially raised
to simulate a leak.
Respirable dust con
centrations were less
than 0.5 mg/m3 and 52
mg/m3 for the two
conditions, respective
ly, yielding dust re
duction efficiencies
greater than 99%.

are likely to include drills, dozers,
pans, and trucks. During the surveys,
dust control methods and their oper
ating parameters will be documented.
The effectiveness of dust control
methods used at the various operations
will be analyzed.

The second phase of the project
will investigate those areas where dust
control technology is deficient. Since
rock drills are expected to be the most
significant source of silica, the focus is
likely to be on reducing the amount of
silica dust generated by the drilling
operation.

RESULTS TO DATE

To address these problems, the
project is divided into two phases.
The first phase will assess silica dust
sources and current control technology
at surface mines. Dust source surveys
will be conducted at mines having both
poor and good dust compliance sam
pling histories; these mines will be
selected with the assistance of MSHA
health specialists at district offices.
The sampling focus will be on sources
associated with occupations histori
cally identified by NIOSH as having a
high incidence of silicosis and/or iden
tified by MSHA as having a high risk
of exposure to quartz. These sources

additional seven cases of silicosis.
Further examina-tion of surface
miners has shown that the incidence of
lung abnormalities is not limited to
drillers.

Office for Mining Safety and Health, NIOSH

PROBLEM STATEMENT

RESEARCH OBJECTIVES

From 1988 to 1992, the average
concentration of respirable crystalline
silica in samples collected by MSHA
inspectors and mine operators was
greater than the permissible exposure
limit (PEL) established by MSHA at
0.1 mg/m3 for all surface occupations
combined. Exposures of drillers and
drill helpers to respirable crystalline
silica are of particular concern: aver
age concentrations ranged from 0.15
to 0.51 mg/m3

, up to 70% of all
samples exceeded
MSHA's PEL, and up
to 82% exceeded
NIOSH's recommend
ed exposure limit. In
1992, NIOSH report
ed 23 cases of silicosis
in rock drillers rang
ing from 25 to 60
years of age who had
between 3 and 20
years of drilling ex
perience. Most of
these cases involved
operators in their 30' s
and 40' s, indicating
that high silica expo
sure levels were asso
ciated with their occu
pation. A recent study
of 91 surface coal
mine drillers found an

To provide a broad-based approach
toward the eradication of silicosis in
surface mining operations through
evaluation of current control tech
nologies and sources of occupational
dust, representative sampling, and
testing of new control technology.
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IMPROVED APPLICATION AND MONITORING OF DUST CONTROL PARAMETERS

PRINCIPAL INVESTIGATOR: Jay F. Colinet

100 r----------------------,

Silica Dust Control on Surface
Coal Mine Drills. Presentations at
Regional Silica Conference, MSHA
District 3, Morgantown, WV, Sept.
4, 1997; MSHA District 7, Pineville,
KY, Sept. 10, 1997; and MSHA Dis
trict 7, Hazard, KY, Sept. 11, 1997.

Silica-It's Not Just Dust. Joint
NIOSH-MSHA-OSHA Bulletin, 1997.
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KEYWORDS: Respirable dust, sur
face coal mines, blast hole drills

RESULTS TO DATE

vention of worker exposure to exces
sive levels of respirable dust remains
a primary concern for the coal mining
industry. MSHA sampling results
indicate that at any given time, 25 % of
operating longwalls are out of com
pliance with the applicable dust stan
dard. Water spray systems and de
livery of suitable quantities of ventilat
ing air are the primary means that
operators use to limit worker exposure
to respirable mine dust. Water and air
systems must be improved to reduce
dust generation and afford adequate
protection to mine workers under a
variety of operating conditions.

An experimental test program and
sampling protocol were developed to
evaluate the effects of changes in face
ventilation levels, water quantities,
and water pressures on respirable dust
levels for shearer drum and external
spray systems, spray system design,
mining height, and cutting direction in
longwall operations. In phase I of the
project, 90 tests were completed in the

Synthetic 30-layer

PROBLEM STATEMENT

Best Practices for Surface Drill
Dust Control. Presentations at Re
gional Silicosis Conference, National
Mine Academy, Beckley, WV, Aug.
4, 1997; and Logan County Commun
ity College, Logan, WV, Aug. 5,
1997.

Silica Dust Control on Surface
Coal Mine Drills. Presentation at
joint labor-industry briefing, Jasper,
AL, June 3, 1997.

The most recent results of the x-ray
surveillance program for underground
coal mine workers indicates that ap
proximately 8% of those workers with
20 to 24 years of experience contract
coal workers pneumoconiosis. Pre-

Efficiency of filter panels in collecting respirable silica

Key

E2i:1 11.2 m/s
[;a 17.8 m/s

10-layer 15-layer 20-layer Brush

FILTER PANEL

RESEARCH OBJECTIVES

70

60

80
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Technology to Reduce Silica Dust
Exposure of Surface Drill Operators.
Presentation to Holmes Safety Asso
ciation, Oakland, MD., Oct. 26,
1996.

Surface Mine Dust Control
Technology. Presentation to Inger
soll-Rand, Garland, TX, Oct. 24,
1996.

Annual Program ofResearch

To evaluate the interactions and ef
fectiveness of ventilating air and spray
water for longwall dust control and to
quantify the impact of recent changes
in flooded-bed scrubber operations on
dust collection capability.
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Office for Mining Safety and Health, MOSH

Dust detector tube to be used with a
low-flow-rate pump that displays

differential pressure continuously

Tests of the dosimeter in parallel
with conventional personal dust sam
pling filters have been completed. Six
different coal dusts were aerosolized
in a laboratory dust chamber, and 118
triplicate observations were obtained.
For individual coal types, the correla
tion coefficients were between 0.90
and 0.97. The precision of the two
methods was similar: the personal
samplers had a coefficient of variation
of 11.83% and the new detector had a
coefficient of variation of 13.96 %.
For all coal types tested, the data were
best described by a power function
where y = 1.43xo.85 with a correla
tion coefficient of 0.73. The method
became more accurate at higher dust
loadings, so that all laboratory data
with mass loadings greater than an
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PERSONAL DUST
DOSIMETER

Assessing respirable dust levels in
mining workplaces is currently time
consuming and expensive. An inex
pensive personal dosimeter would per
mit more frequent sampling with re
sults immediately available to the
worker. More timely dust exposure
information may improve the chances
that dust levels will be reduced
promptly to avoid repeated dust over
exposure.

RESEARCH OBJECTIVES

A personal dust dosimeter has been
fabricated based on the correlation of
increasing differential pressure across
a filter with increased dust mass load
ing. The device uses a section of
porous foam to collect the nonrespir
able fraction of the dust and passes the
respirable dust to the filter across
which pressure is measured. The
foam preclassification device was
evaluated at NIOSH's Hamilton Lab
oratory using the aerodynamic parti
cle sizer to match foam penetration
characteristics with those of a 10-mm
nylon cyclone. It was determined that
the best approximations of cyclone
performance was a 4-mm-in-diameter,
25-mm-long section of foam operating
at a face velocity of 35 cm/sec.

PROBLEM STATEMENT

RESULTS TO DATE

PRINCIPAL INVESTIGATORS: Jon
C. Volkwein and Steven J. Page

To develop an inexpensive personal
dust monitor based on the correlation
of increasing differential pressure
across a filter with increased mass
loading of the filter.

KEYWORDS: Dust control, longwall,
ventilation, water sprays

Colinet, J.F.
Silica Collection Efficiency of

Filter Panels for Flooded-Bed Scrub
bers. Presentation at 1997 National
Conference to Eliminate Silicosis,
Washington, D.C., Mar. 25-26, 1997.

Colinet, J.F., and R.A. Jankowski
Dust Control Considerations for

Deep-Cut Faces When Using Exhaust
Ventilation and a Flooded-Bed Scrub
ber. SME Preprint 97-48. Presenta
tion at SME annual meeting, Denver,
CO, Feb. 24-27, 1997.
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It is suspected that panels in which
density has been reduced by as much
as 75% are allowing greater quantities
of respirable coal and silica dust to
pass through the scrubber, increasing
exposures of mine workers. Labor
atory tests were conducted with six
different filter panels to quantify silica
collection efficiency. Results indicate
that the least dense panel can allow
over 40% of respirable silica to pass
through the scrubber. In contrast, the
most dense filters remove over 90%
of silica, and these panels are recom
mended for improved silica dust col
lection.

longwall test gallery, which had been
configured to represent a 7-ft mining
height and the shearer cutting in a
head-to-tail direction. The gallery has
been reconfigured to simulate tail-to
head cutting, and tests will resume as
soon as modifications to the gallery
ventilation system are completed.



METHANE ASSESSMENT IN AUGER HIGHWALL MINING

PRINCIPAL INVESTIGATOR: Jon C. Volkwein

Measuring explosive gas concentrations in augered mining holes using a wireless
transmitter

Page 97

RESULTS TO DATE

BIBLIOGRAPHY:

Tests in the Safety Research Coal
Mine have demonstrated that data can
be transmitted using a multiple-fre
quency radio signal through a 6 in. in
diameter, loo-ft-long hole that con
tains an auger drill string. This system
uses an inexpensive radio transmitter
and receiver to send the signal, which
includes data on gas concentrations.
A mineworthy transmitter has been
purchased and coupled with the meth
ane monitor.

Volkwein, J. C.
Control and Monitoring of Gas in

Blind Auger Headings. Paper in
Proceedings of the 6th International
Mine Ventilation Congress (Pittsburgh,
PA, May 20, 1997). Pp.165-168.

KEYWORDS: Auger, highwall, meth
ane, wireless data transmission

PROBLEM STATEMENT

PROVISIONAL PATENT APPLICATION

Dust Detector Tube, Jon C.
Volkwein, Steven J. Page, and Harry
Dobroski, Jr. Filed July 3, 1997,
CDC Ref. No. 1-004-9710.

KEYWORDS: Coal, respirable dust,
sampling, assessment, pressure

Auger highwall mining machines
are increasingly encountering explo
sive quantities of methane gas. Use of
conventional monitoring technology is
impossible because extending the elec
trical cable that carries the monitoring
signal through the auger's drill string
is not practical.

RESEARCH OBJECTIVES

equivalent concentration of 2 mg/m3

fell within ±25% of the power func
tion. Assessment of the method under
field conditions has begun with the
results from two underground mines
agreeing well with the laboratory data.
A patent application has been filed on
the invention.

Annual Program ofResearch

To develop a method to assess
methane concentrations in augered
mining holes where the rotating
auger's drill string prevents the use of
conventional methane monitors and
hard-wired communication with the
operator.
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EXTENDED CUT AIR DELIVERY SYSTEMS

Methane gallery used for extended cut ventilation tests
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KEYWORDS: Face ventilation, methane
control, monitoring, face ventilation
effectiveness

Evaluating Ventilation Parameters
for Extended Cut Mining. Paper in
Proceedings: Ventilation '97 (Ottawa,
ON, Sept. 14-17, 1997).

Office for Mining Safety and Health, NlOSH
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Impact of Balanced and Unbal
anced Intake and Scrubber Flows on
Face Methane Concentrations. Paper
in Proceedings: 6th International
Mine Ventilation Congress (Pittsburgh,
PA, May 16-22, 1997).

BI BUOG RAPHY

The quanti ty of air reaching the
end of 40- and 20-ft empty box cuts
during an extended cut was evaluated.
These box cuts were simulated with
the model mining machine positioned
at the beginning of the slab cut. Meth
ane concentrations were measured at
the face. The results show the effects
of various curtain setbacks and intake
flows on face airflow.

curtain and tubing set-back distance,
equipment configuration). The re
sults provide data for comparing peak
and average methane readings at the
face to concentrations measured at
other locations.

RESEARCH OBJECTIVES

PROBLEM STATEMENT

Studies were conducted at the Pitts
burgh Research Laboratory's venti
lation test gallery to evaluate face
ventilation and monitoring of methane
concentrations during the mining and
bolting of extended cut faces. Two of
the studies examined alternative sam
pling strategies for taking gas meas
urements every 20 min at the face.
Full-scale roof bolting and mining
operations were simulated. A series
of tests were conducted using a range
of operating conditions (intake flow,

The deeper a mining machine cuts,
the more difficult it becomes to main
tain adequate airflow at the face.
More efficient face ventilation systems
for methane control and improved
sampling strategies for monitoring the
performance of these controls must be
developed.

RESULTS TO DATE

All mining personnel who work un
derground in face areas are exposed to
particulates and gases that are pro
duced as a result of the mining opera
tion. Accumulations of methane near
the face present a significant safety
hazard. Methane concentrations
greater than 5% can be ignited by fric
tional heating that occurs when metal
mining bits strike the rock. Providing
adequate face airflow to dilute and re
move methane as it is liberated at the
face is the primary means for pre
venting frictional ignitions.

To develop improved face ventila
tion techniques that will increase
airflow distribution at the face and to
improve monitoring of methane levels.
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PRINCIPAL INVESTIGATOR: Robert J. Timko

EFFECTS OF AIRFLOW ON ESCAPING MINE FIRES
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Annual Program ofResearch

RESEARCH OBJECTIVES

To reduce the likelihood that an
underground fire goes undetected by
developing a hazard evaluation pro
gram for operating coal mines. To
expand the level of fire detection at
hazardous locations by improving fire
detection methods or increasing the
quantity of fire detection devices in
those areas.

PROBLEM STATEMENT

An underground fire is perhaps the
most hazardous emergency confront
ing miners because it can generate tre
mendous quantities of both gaseous
and solid contaminants in a very short
time. Typically, ignitions that occur
without witnesses become more fully
developed before they are positively
identified and therefore are more diffi
cult to extinguish. Because it is im
possible to eliminate all fires, it is im
portant to identify and catalog poten
tial fire sources as well as the
detection methods that are already in
place. Many hazards are normally
unmanned, including power centers,
rectifiers, conveyor belts, belt drive
mechanisms, and air compressors.
Locating these sources and describing
techniques for reducing their potential

as fire hazards, either by adding re
dundant detection devices or improv
ing alarm response time, will reduce
the likelihood of fires at these sources
becoming well developed before they
are detected.

RESULTS TO DATE

An examination of historical mine
fire data found that fires occurring in
belt entries were the most likely to
cause injuries, while those in main
haulageways were responsible for the
highest number of fatalities. Fires in
main haulageways were also the most
likely to require that the immediate
area be sealed before the fire could be
extinguished. A study that looked
more closely at fire detection at vari
ous underground locations found that
redundant detection methods did exist,
but that these varied from place to
place within a mine. Face, near-face,
and belt locations had the highest
levels of redundant safety devices
because (1) more time was spent in
designing methods that could continu
ously monitor and rapidly extinguish
an ignition in these areas and (2)
miners spent a larger portion of their
workday in these areas, which tended
to make an ignition more likely to be
witnessed and more quickly and safely
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extinguished. Conversely, haulage
ways had the lowest level of redun
dancy because miners are present less
often and the types of equipment
located in haulageways are so varied
that it is more difficult to design
detection strategies for specific pieces.

In FY97, efforts were concentrated
on identifying the locations for poten
tial fire in haulage entries. Because of
the wide variation in haulage entries in
different mines, this has been more a
complex problem than originally
thought. It now appears that corporate
philosophy relative to mine engi
neering has a lot to do with mine haul
age design. In other words, if a
power center is vented to the return in
a specific way in one mine owned by
a specific company, it is likely that
other mines owned by the same com
pany will have similar designs. If this
proves to be the case, hazardous loca
tions may be able to be modified
through general management decrees
rather than mine by mine.

This research was terminated at the
end of FY97.

KEYWORDS: Fire hazards, ventilation,
system redundancy, haulage entries,
fire detection



Size-selective submicrometer fraction compared to ReD analysis for diesel aerosol
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Method development for diesel
exhaust aerosol was advanced by issu
ance of a contract to produce a com

mercial version of a NIOSH
developed size-selective sam
pler. Evaluation of the com
mercial prototypes will be
conducted in FY98. In addi
tion, a round-robin test of
diesel aerosol particulate
analysis using both the
NIOSH 5040 and the Euro
pean elemental carbon test
protocols was completed.
This test included labora
tories in the United States,
the United Kingdom, and
Europe. Results show that
total carbon measured by
these methods agrees very
well, but that elemental

1.40 carbon is method-dependent.

analytical methods for diesel parti
culate were conducted in an under
ground survey in a Canadian nickel
mine and in an ongoing cooperative
effort with MSHA. Analytical
methods investigated included a size
selective sampling method, respirable
combustible dust (RCD) method, and
NIOSH Method 5040 for elemental
carbon and total carbon. Results from
81 comparison samples in the Canadi
an survey show that each measure
ment technique is appropriate for die
sel exhaust aerosol. Size-selective
sampling and RCD gave identical
results for diesel particulate concen
trations, and both elemental carbon
and total carbon correlated highly with
these measurements. At this mine,
elemental carbon accounted for 50%
of the measured total carbon.

1.201.00

RESULTS TO DATE

This work addresses both meas
urement and control of diesel emis
sions. Comparisons of sampling and

Measuring worker exposure to
toxic agents is the first step in deter
mining the exposure-dose response re
lationship and quantifying the associ
ated risk. Exhaust components, such
as diesel particulate matter (DPM)
(exhaust aerosol) and nitrogen dioxide
(N02), are considered of prime im
portance. This work and development
of diesel controls through directed
contract work have contributed to
MSHA's current efforts to develop a
diesel particulate standard.

mendation from an advisory commit
tee to establish a diesel exhaust aerosol
standard and to establish regulations to
minimize exposure to all diesel pollut
ants in underground coal mines.

Office (or Mining Safety and Health, MOSH

INSTRUMENTATION-DIESEL

0.60 0.80
ReD, mg/m3

0.40

PRINCIPAL INVESTIGATORS: Bruce Cantrell and Emery Chilton
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PROBLEM STATEMENT

RESEARCH OBJECTIVES

0.00 +----+-------,1------+-----1-----+----+------1
0.00

Current Intelligence Bulletin 50
(NIOSH, 1988) recommended that
"whole diesel exhaust be regarded as
a 'potential occupational carcinogen,'
as defined in the Cancer Policy of the
Occupational Safety and Health Ad
ministration. " NIOSH further stated
that "though the excess risk of cancer
in diesel-exhaust-exposed workers has
not been quantitatively estimated, it is
logical to assume that reduction in ex
posure to diesel exhaust in the work
place would reduce the excess risk."
The International Agency for Re
search on Cancer (1989) also classi
fied diesel exhaust as "probably car
cinogenic to humans." In addition,
MSHA (1988) received a recom-

Reduce worker exposure to diesel
emissions in underground mines.
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PRINCIPAL INVESTIGATOR: Kenneth Williams
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Annual Program ofResearch

Passive samplers for measuring
N02 exposure, developed in a
cooperative program with MSHA,
were used in six mine surveys. These
samplers included Palmes-type tube
samplers and a sampler using dust
type cassettes developed by the
Pittsburgh Research Laboratory.
Twenty sampler pairs were used in
each mine. The mean comparison
ratio is 1.16 ±0.38. The large vari
ance is suspected to result from sam
pler handling errors in the field.
These tests and work with electro
chemical, solid state sensors, and
chemiluminescence detectors are con
tinuing.

Under contract, the University of
Minnesota Center for Diesel Research
(CDR) defined maintenance pro
cedures for underground diesels using

RESEARCH OBJECTIVES

To reduce worker exposure to haz
ardous respirable aerosols in the min
ing workplace through improved
measurement and control technology.

PROBLEM STATEMENT

Prolonged inhalation of respirable
coal mine dust can cause coal workers
pneumoconiosis (CWP). Between
1968 and 1990, CWP caused the
deaths of 55,467 American coal min
ers. Accurate measurement of res-

emISSIOns measurements. MSHA has
distributed these procedures in a
report on an emissions-assisted main
tenance procedure (EAMP) for diesel
powered equipment. The report is
also available on the NIOSH Internet
Web site. This procedure uses meas
ured exhaust CO and CO2 to deter
mine the state of a diesel engine and
whether or not it needs repair. Other
work on diesel control technique char
acteristics includes the use of after
treatment devices, alternate fuels, and
modern engine technology in modify
ing diesel engine exhaust to reduce
worker exposure. Currently, the
CDR and NIOSH are conducting a
study in a Canadian nickel mine to in
vestigate the effect of a 50% soy
methyl-ester, low- sulfur diesel fuel
mixture on particulate and gas emis
sions from a diesel load-haul-dump
vehicle.

INSTRUMENTATION

pirable dust is crucial to reducing dust
exposures and eliminating this disease.
Real-time dust monitoring is the most
effective way to locate areas where
dust controls are needed and, subse
quently, to determine how well these
controls are working. Silicosis, which
is caused by quartz in mine dust, is
another genuine concern for Ameri
ca's mining workforce. The National
Coal Workers Autopsy Study records
that 12% of miners have silicosis
lesions. Other studies show that > 5%
of surface mine workers have sili
cosis. Better ways to measure quartz
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will enable the health and enforcement
community to pursue improved epi
demiology, describe dose-response
relationships in detail, and verify the
effectiveness of control technology.
This project directly addresses the
NORA Priority Research Area of
"Exposure Assessment Methods De
velopment" by developing technology
to measure respirable dust.
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RESULTS TO DATE

A dust monitor that
measures respirable
dust continuously was
developed. This sen
sor uses the inertial
behavior of a specially
tapered, vibrating tube
to measure the mass in
a sample of dust. By
drawing air through
the tube, the sensor
collects dust from the
mine air on a filter.
The more dust on the
filter, the greater the
mass, which decreases
the frequency of oscil-
lation of the tube. By
measuring changes in frequency, the
amount of dust can be determined.
Phase 2 evaluations of prototypes have
been completed in two mines.
Laboratory and in-mine tests have
shown that a properly designed sensor
based on this technology can operate
successfully in the underground coal
mine environment and provide accur
ate, continuous measurements of res
pirable dust concentrations. A field
test protocol for 10 monitors was
written and presented to participating
mines. The production monitors will
be evaluated first in laboratory tests
and then in underground coal mines as
they become available.

Another technology for measuring
the mass of sampled respirable dust is
the resonant filter membrane mass
monitor (RFM3). In this approach, a
filter membrane is stretched taut and
made to vibrate. As the filter collects
dust, resonant frequencies of vibration
decrease. Those changes in frequency
can be related to the mass of dust
collected. NIOSH had sponsored
early research on the device and is
now cooperating with the developer by
evaluating prototypes at the Pittsburgh

Prototype dust monitor

Research Laboratory. The monitor's
dust sampling capabilities and the
effects of humidity on the instrument's
output were tested; while the RFM3
agreed with gravimetric measurements
to within ±25 % for mass loadings
above 0.5 mg, it was shown that
humidity affects the glass fiber filters
currently used. When sampling dust
free air at 23 DC and 60% relative
humidity, the monitor indicated a mass
gain of more than 50 mg.

NIOSH has developed a method for
analyzing the quartz content of coal
mine dust samples directly on the col
lection filter using FTIR spectroscopy.
Twenty-five field samples of coal dust
on 37-mm PVC filters were analyzed
first by the on-filter method and sub
sequently by the established P-7
method. The correlation between the
two methods is extremely high; how
ever, the on-filter method consistently
reports quartz mass values about a
third higher than the P-7 method.
Different ways of calculating spectro
scopic results or preparing analytical
standards may be causing this system
atic variation. Further research is
expected to resolve this question.

Office for Mining Safety and Health, MOSH

Under contract, Spectros
Associates wrote special
ized software to automate
on-filter quartz analysis.
Once perfected, the soft
ware will allow refine
ments of the analytical
method to proceed more
rapidly by reducing the
need to manipulate the
samples by hand.
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able dust, continuous dust monitor,
size selective aerosol sampling
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• Name

t

• John Bevan

• Fred Biggs

• Lani Boldt

• Curtis Clark
Pamela L. Drake• Marc T. Filigenzi

• Jami M. Girard

I
Wayne L. Howie• Grant King• Mark Larson

• Russell L. Levens• Lewis Martin• Ron Mayerle

• Ed McHugh

• Robert McKibbin

• Art Miller

• G. G. Miller

• Richard Miller• Timothy J. Orr

• John K. Owens

• Todd M. Ruff
Doug Scott• Brad Seymour

•• Steve Signer
C. B. Sunderman•• Peter Swanson

• Doug Tesarik

• Walter K. Utt
Jerrfey K. Whyatt• Ted Williams
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SPOKANE RESEARCH LABORATORY

E-mail Phone Areas of expertise

tzb8@cdc.gov 354-8044 Mechanical engineering, machine design, three-
dimensional CAD

fbb3@cdc/gov
ctb6@cdc.gov 354-8006 Civil engineering, surface mining
coc2@cdc.gov 354-8045 Mechanical engineering, machine design
pCd8@cdc.gov Exposure assessment, chemical hazards
mgf4@cdc.gov 354-8085 Mechanical engineer, computer modeling
jpg2@cdc.gov 354-8070 Slope stability, rock mechanics, monitoring,

instrumentation
wch7@cdc.gov 354-8051 Instrumentation, electronics
gbk9@cdc.gov 354-8046 End effector design, system integration
mjI6@cdc.gov 354-8031 Rock mechanics, computer modeling of rock

mass behavior, numerical modeling
rhI5@cdc.gov Ground water hydraulics, statistical analysis
Ijm8@cdc.gov 354-8077 Mechanical engineering, ground control
rrm3@cdc.gov 354-8031 Geology, remote sensing
egm8@cdc.gov 354-8025 Surface ground control database, geology
rom8@cdc.gov 354-8067 Rock mechanics nstrumentation, machine and

instrument design
aomO@cdc.gov 354-8028
gdm3@cdc.gov 354-8048 Project management, equipment automation,

safety management
rom9@cdc.gov 354-8015 Mechanical engineering, bearing fatigue
tao9@cdc.gov 354-8088 Scientific visualization
jdo4@cdc.gov 354-8007
ter5@cdc.gov 354-8053 Electrical engineering, control/instrumentation
dus3@cdc.gov 354-8056 Seismic tomography
zia8@cdc.gov 354-8019 Rock instrumentation instrumentation, backfill

research
zjaO@cdc.com 354-8003
cps5@cdc.gov 354-8049 Control systems, embedded systems

programming
pis7@cdc.gov 354-8072 Mining-induced seismicity, geophysics
det4@cdc.gov 354-8052 Numeric modeling, backfill research
wauO@cdc.gov 354-8050 Artificial intelligence, data analysis

354-8068
tew9@cdc.gov 354-8060 Underground instrumentation, vein mining
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PITTSBURGH RESEARCH LABORATORY 41
41

Name E-mail Phone Areas of expertise t
Dean Ambrose add5@cdc.gov 892-6650 Simulation analysis 41
T. S. Bajpayee tgb9@cdc.gov 892-6636 Explosives tThomas M. Barczak thbO@cdc.gov 892-6557 Ground control
Edward A. Barrett ehbl@cdc.gov 892-4349 •Eric R. Bauer ehb2@cdc.gov 892-6518 Coal mine ground control, instrumentation, 41

statistical data analysis tMichael 1. Bmich, Jr. tzb9@cdc.gov 892-6840 Mine emergency response
41Roberta Calhoun rkcO@cdc.gov 892-4352

Bruce Cantrell bec4@cdc.gov 892-4019 Respirable dust, diesel exhaust, constituents, 41
diesel engine operation •Kenneth L. Cashdollar kgcO@cdc.gov 892-6753 Dust and gas explosibility, particle size analysis tJames Cawley gzc4@cdc.gov 892-6654 Electrical engineering, intrinsic safety

Andrew B. Cecala aic1@cdc.gov 892-6677 Respirable dust 41
Frank Chase fbc3@cdc.gov 892-4325 Geology, ground control 41
Gregory J. Chekan gcc8@cdc.gov 892-6541 Multiple-seam mine design and ground control.

41Numerical modeling applications
Emery Chilton gzc5@cdc.gov 892-6644 Toxic gases t
Jay F. Colinet gzc6@cdc.gov 892-6825 Respirable dust •Ronald S. Conti rkcr@cdc.gov 892-4262 Mine fire preparedness, mine rescue simulations,

41fire fighting, and emergency response
William P. Diamond wbd5@cdc.gov 892-6551 Methane drainage, coal geology t
Dennis Dolinar dfd6@cdc.gov 892-6549 Ground control, rock mechanics, support system t

design tThomas Dubaniewicz tcd5@cdc.gov 892-6596 Electrical engineering,intrinsic safety.
J. C. Edwards jce9@cdc.gov 892-6760 Fire research, ventilation, mathematical •modeling •Richard Fowkes rdf2@cdc.gov 892-6188 •Ed Fries ebf9@cdc.gov 892-6652
Sean Gallagher sfg9@cdc.gov 892-6445 Ergonomics, biomechanics t
Audrey F. Glowacki afg5@cdc.gov 892-4456 Simulation, software design 41
Gerrit V.R. Goodman gcg8@cdc.gov 653-6515 Respirable dust, ventilation, surveillance •Roy H. Grau, III, rig7@cdc.gov 892-6562 Ground control, ventilation, hydrology

tKeith A. Heasley kgh5@cdc.gov 892-6524 Rock mechanics, geomechanical modeling,
bumps •Gerald T. Homce gdh3@cdc.gov, 892-4392 Electrical engineering, mining electrical power •systems

41Anthony T. Iannacchione aai3@cdc.gov 892-6581 Mining and civil engineering
Chris Jobes cjf5@cdc.gov 892-4236 •John G. Kovac jkk5@cdc.gov 892-6471 •Peter G. Kovalchik pdkO@cdc.gov 892-6098 Electrical engineering, mine elevators, mine 41trailing cables
Kathleen M. Kowalski kek2@cdc.gov 892-4021 •August J. Kwitowski adk6@cdc.gov 892-6474 Mining machinery safety, remote machine 41

operation 41Deborah Landen ddI4@cdc.gov 892-4079 Epidemiology, surveillance
Jeff Listak jOI9@cdc.gov 892-4373 Respirable dust •Charles D. Litton chI3@cdc.gov 892-6752 Optics, molecular spectroscopy •Tim Lutz tcl9@cdc.gov 892-4251 41
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edw9@cdc.gov 892-4330
wielanms@cdc.gov 892-6620
kfw5@cdc.gov 892-6646

892-6099
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Name

Richard J. Mainiero
Launa G. Mallett
Christopher Mark
Tim Matty
William M. McKewan
Gregory J. Molinda
William Monaghan
John A. Organiscak
Steven J. Page
Deno M. Pappas
Leonard J. Prosser
Robert F. Randolph
Lynn Rethi
Thomas C. Rube
John J. Sammarco
Lon Santis,
Steven J. Schatzel
William Schiffbauer

George Schnakenberg

Alex C. Smith
Lisa J. Steiner
Robert J. Timko
Charles Vaught
Jon C. Volkwein

Eric S. Weiss
Michael S. Wieland
Kenneth L. Williams
Michael R. Yenchek

E-mail

rom6@cdc.gov
Ijm7@cdc.gov
cnm7@cdc.gov
thm5@cdc.gov
wcm9@cdc.gov
gdm4@cdc.gov
wdm2@cdc.gov
jd03@cdc.gov
sep8@cdc.gov
dhp2@cdc.gov
Ifp2@cdc.gov
rgr4@cdc.gov
Ifr2@cdc.gov
ter3@cdc.gov
zia4@cdc.gov
Ins4@cdc.gov
zia6@cdc.gov
wcs7@cdc.gov

gis3@cdc.gov

aos6@cdc.gov
Ins6@cdc.gov
rgtO@cdc.com
cav9@cdc.gov
jdvl@cdc.gov

Phone

892-6625
892-6658
892-6522
892-4385
892-6642
892-6890
892-6656
892-6675
892-6669
892-6559
892-4423
892-4360
892-6686
892-6416
892-4207
892-6117
892- 6521
892-6835

892-6655

892-6766
892-6446
892-6684
892-6830
892-6689

Areas of expertise

Explosions and explosives
Sociology, emergency management
Pillar design, ground control

Ground control

Respirable dust
Dust, sampling, measuring
Ground control
Geology

Explosives

Commercial explosive safety
Methane control, coal geochemistry
Equipment injury prevention, navigation system
design/development, mechanical system
design/development.
Equipment injury prevention, computer system
design/development.

Industrial engineering, ergonomics
Ventilation, fires
Organizational analysis
Dust, sampling, ventilation, methane,
instrumentation
Ventilation seals, dust and gas explosibility

Measurement and control of respirable aerosols
Electrical hazards
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